
APPLICATION OF RADAR AND INFRARED IMAGERY
TO A QUANTITATIVE GEOMORPHOLOGICAL

INVESTIGATION OF THE MILL CREEK DRAINAGE
BASIN, SOUTH-CENTRAL OKLAHOMA

Item Type text; Dissertation-Reproduction (electronic); maps

Authors Cannon, Philip Jan

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:07:16

Link to Item http://hdl.handle.net/10150/288130

http://hdl.handle.net/10150/288130


INFORMATION TO USERS 

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 

Xerox University Microfilms 
300 North Zwb Road 
Ann Arbor, Michigan 48106 



74-4175 

CANNON, Philip Jan, 1940-
APPLICATION OF RADAR AND INFRARED IMAGERY TO A 
QUANTITATIVE GEOMORPHOLOGICAL INVESTIGATION OF 
THE MILL CREEK DRAINAGE BASIN, SOUTH-CENTRAL 
OKLAHOMA. 

The University of Arizona, Ph.D., 1973 
Geology 

University Microfilms, A XERQ\ Company, Ann Arbor, Michigan 

COPYRIGHTED 

BY 

PHILIP JAN CANNON 

1973 

iii 

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED. 



APPLICATION OF RADAR AND INFRARED IMAGERY 

TO A QUANTITATIVE GEOMORPHOLOGICAL INVESTIGATION 

OF THE MILL CREEK DRAINAGE BASIN, SOUTH-CENTRA I. OKLAHOMA 

by 

Philip Jan Cannon 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF GEOSCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN GEOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 3 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Philip Jan Cannon 

entitled APPLICATION OF RADAR AND INFRARED IMAGERY TO A 
QUANTITATIVE GEOMORPHOLOGICAL INVESTIGATION OF THE 
MILL CREEK DRAINAGE BASIN, SOUTH-CENTRAL OKLAHOMA 

be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy 

/3  / -* .  /•?;>? 
Dissertation Director Date 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance:-

7. /f7A 

This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this dissertation are allow
able without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this manu
script in whole or in part may be granted by the copyright 
holder. 

SIGNED: 



ACKNOWLE DGMENTS 
—i 

The greatest reward I have received from the pursuit 

of a career in science has been the encouragement and 

support magnanimously given to me by several giants among 

men. The doors in the halls of science are locked and each 

time I encountered one I could not open some great man 

would put his hand on my shoulder and say "You can do it, 

try it again". The first person to tell me this, was my 

father, Philip 0. Cannon, who provided me with the basic 

scientific education I needed to enter college. But, more 

important than that was the insatiable thirst for knowledge 

he created within me. 

My first two years of college were difficult and 

would have ended in disaster without the help I was given 

by Floyd 0. Wilcox, Jr. and Henry Grundmann. These two men 

took time from their businesses to help me learn the basics 

of college physics. When I needed work these men always 

had a job for me that paid more than I was worth. 

When I started studies at the University of Oklahoma 

in 1961 I took my first college course in geology. The 

professor for this course was Dr. Arthur J. Myers. No other 

person has influenced my intellectual endeavors as greatly 

as Dr. Myers. For six strained and impoverished years I was 

iv 



V 

spurred on by his unfaltering faith in my capabilities. My 

deepest hope is that some of his intense dedication to the 

science of geology has infected me. 

Upon the completion of a Master's of Science in 

geology I worked for the U. S. Geological Survey in Flag

staff, Arizona. While working in the USGS Moon Program 

I had the fortune to meet many of the great men of science. 

Among these men two stand the tallest, Dr. L. C. Rowan 

and Dr. K. Watson. I am sincerely grateful to these two 

men who unquestionably respected my work and opinions. This 

respect from Drs. Rowan and Watson was the encouragement 

that sent me back to school to work towards a Ph.D. in 

geology. 

While working towards a Ph.D. in geology at The 

University of Arizona I have become acquainted with six more 

outstanding men. These men have comprised a committee that 

has not passed judgement on me but has helped, encouraged, 

and befriended me. I am deeply grateful to Dr. W. B. Bull, 

Dr. L. M. Gould, Dr. W. C. Lacy, Dr. J. F. Schreiber, Jr., 

Dr. S. R. Titley, and Dr. R. F. Wilson for their guidance 

and understanding. 

It is ray utmost wish that my professional career 

becomes one that these twelve men will be proud. 

I wish to acknowledge the U. S. Geological Survey 

for providing the topographic maps, photographs, and remote 

sensing data for this paper. 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS viii 

LIST OF TABLES xiii 

ABSTRACT xiv 

INTRODUCTION 1 

Purpose and Scope 1 
Selection of the Study Area 1 

LOCATION AND DESCRIPTION OF AREA 5 

Physiography •. . 5 
Soils 6 
General Geology 10 
Stratigraphy 12 

DETAILED QUANTITATIVE GEOMORPHOLOGICAL INVESTIGATION 
OF THE MILL CREEK DRAINAGE BASIN 16 

Areal Parameters 16 
Drainage Basin Hierarchy 20 
Stream Densities 28 
Elongation Ratios 32 
Relief Ratios 41 
Crenation Ratio 59 
Quantitative Values and Stream Adjustment .... 63 
Stability Index 86 
The Regimen of Mill Creek 93 
Summary of Quantitative Geomorphological 

Investigation , 102 

APPLICATIONS OF RADAR IMAGERY TO A QUANTITATIVE 
GEOMORPHOLOGICAL INVESTIGATION OF THE MILL CREEK 
DRAINAGE BASIN 106 

Introduction and Description 106 
Areal Parameters Ill 
Summary of the Applicability of Radar Imagery . . 120 

vi 



vii 

TABLE OF CONTENTS—Continued 

Page 

APPLICATIONS OF INFRARED IMAGERY TO A QUANTITATIVE 
GEOMORPHOLOGICAL INVESTIGATION OF THE MILL CREEK 
DRAINAGE BASIN 122 

Introduction and Description 122 
Areal Parameters 129 
Summary of the Applicability of 

Infrared Imagery 131 

SUMMARY OF CONCLUSIONS 134 

APPENDIX A: GLOSSARY OF SELECTED TERMS AND 
SYMBOLS 139 

APPENDIX B: CROSS REFERENCE FOR THE 62 COMPONENT BASINS 
USED IN THE DETAILED TOPOGRAPHIC STUDY . . 143 

REFERENCES 144 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Index Map of Oklahoma Showing the Location 
of the Mill Creek Drainage Basin 2 

2. Generalized Geologic Structure Map of the 
Arbuckle Mountains, Oklahoma . . 4 

3. The Mappable Soil Units of the Mill Creek 
Drainage Basin 8 

4. Generalized Paleozoic Stratigraphy of 
South-Central Oklahoma 11 

5. Drainage Map of Mill Creek .. in pocket 

6. A Chart Showing the Drainage Basin Hierarchy. . 22 

7. Histogram Showing the Average Lengths of the First 
Order Streams in the 62 Component Basins . 24 

8. Histogram Showing the Average Lengths of the 
Second Order Streams in the 6 2 Component 
Basins 25 

9. Histogram of the Bifurcation Ratios between 
the First and Second Order Streams of 
the 62 Component Basins 26 

10. Histogram of the Bifurcation Ratios 
between the Second and Third Order 
Streams of the 62 Component Basins .... 27 

11. Map Showing the Outlines of the Component Basins 
of Mill Creek and Their Stability Index 
Values in pocket 

12. Histogram of Total Stream Densities for 
the 62 Component Basins . 31 

13. Histogram of First Order Stream Densities 
for the 62 Component Basins 33 

14. Histogram of Second Order Stream Densities 
for the 62 Component Basins ' 34 

viii 



ix 

LIST OF ILLUSTRATIONS—Continued 

Figure Page 

15. Values Used in the Computation of 
Elongation Ratios 36 

16. Histogram of Elongation Ratios, Er^, for 
the 62 Component Basins 38 

17. Histogram of Elongation Ratios, Er2, for 
the 62 Component Basins 39 

18. Histogram of Elongation Ratios, Er3, for 
the 62 Component Basins 40 

19. The Profile of Mill Creek along the Main 
Channel 4 3 

20. Histogram of Relief Ratios, Rr^, for the 
6 2 Component Basins 45 

21. Histogram of Relief Ratios, Rz^, for the 
62 Component Basins 46 

22. Histogram of Relief Ratios, R^, for the 
62 Component Basins 47 

23. Histogram of Relief Ratios, Rr4, for the 
62 Component Basins 48 

24. Plot of the Relief Ratios, Rr4, of the 6 2 
Component Basins to their Downstream 
Positions 50 

25. Plot of Relief Ratios, Rr*, to the Total Stream 
Densities of the 62 Component Basins .... 52 

26. Plot of Relief Ratios, Rr4, to the Total Stream 
Densities of the Third Order Component 
Basins 53 

27. Plot of Relief Ratios, Rr4, to the Total Stream 
Densities of the Fourth Order Component 
Basins 55 

28. Plot of Relief Ratios, Rr4, to the Total Stream 
Densities of the 14 Fifth and 2 Sixth 
Order Component Basins 56 



LIST OF ILLUSTRATIONS—Continued 

x 

Figure. _ Page 

29. Plot of Relief Ratios, Rr4, to the First 
Order Stream Densities of the 62 
Component Basins 57 

30. Plot of Relief Ratios, Rr/j, to the Second 
Order Stream Densities of the 62 
Component Basins 58 

31. The Crenation Ratio, Dr 61 

32. Histogram of the Crenation Ratios, Dr, for 
the 62 Component Basins 62 

33. Lazy S Basin #1 66 

34. Lazy S Basin #2 67 

35. Anadarche Basin #1 68 

36. Anadarche Basin #2 69 

37. Sycamore Basin #1 70 

38. Sycamore Basin #2 71 

39. Diagrammatic Profiles 72 

40. A Hypothetical Unadjusted Drainage Basin .... 74 

41. Hypothetical Drainage Basins in 
Transition Stage 75 

42. A Hypothetical Well-Adjusted Stream System ... 76 

43. A Chronological Listing of the Steps that a 
Drainage Basin takes as it Evolves from 
an Unadjusted Stage towards an Adjusted 
Stage 79 

44. Theoretical Graph of Stream Discharge 81 

45. Plot of the Elongation Ratios, Er3, of the 
62 Component Basins to Their Downstream 
Positions 83 



LIST OF ILLUSTRATIONS—Continued 

xi 

Figure Page 

46. Plot of the Crenation Ratios, Dr, of the 
62 Component Basins to Their Downstream 
Positions 84 

47. Histogram of the Stability Indices, DE-^, for 
the 62 Component Basins 88 

48. Histogram of the Stability Indices, DE2, for 
the 62 Component Basins 89 

49. Histogram of the Stability Indices, DE3, for 
the 62 Component Basins 90 

50. Plot of the Stability Indices, DE3, of the 
Component Basins to their Corresponding 
Elongation Ratios, and Crenation 
Ratio, Dr 92 

51. Plot of the Stability Indices, DE^, of the 
62 Component Basins to Their Downstream 
Positions . 96 

52. Profiles of the Mill Creek 
Drainage Basin in pocket 

53. Present Drainage in the Mill Creek Area .... 99 

54. A Reconstruction of the Possible Pre-Pleistocene 
Drainage in the Mill Creek Area 101 

55. Possible Future Distribution of Some of the 
Major Drainage in the Mill Creek Area . . 103 

56. A Portion of the Mill Creek Drainage Net, 
Constructed from Low Altitude Radar 
Imagery 112 

57. K-band, Real Aperture Radar Imagery of the 
Southern Part of the Mill Creek Drainage 
Basin 113 

58. Drainage Nets Constructed from Intermediate 
Altitude Radar Imagery ..... 114 

59. K-band, Real Aperture Radar Imagery of the 
Southern End of the Mill Creek 
Drainage Basin 115 



xii 

LIST OF ILLUSTRATIONS—Continued 

Figure Page 

60. K-band, Real Aperture Radar Imagery of the 
North-Central Portion of the Mill 
Creek Basin 116 

61. A Drainage Net Constructed from a Single 
Strip of Radar Imagery 118 

62. Predawn Infrared Imagery of Part of the 
South-Central Portion of the Mill 
Creek Drainage Basin 124 

63. Midmorning Infrared Imagery of Part of 
the South-Central Portion of the 
Mill Creek Drainage Basin 126 

64. Midafternoon Infrared Imagery of the 
Area Shown in Figure 63 127 

65. Midafternoon Infrared Imagery of the 
Elbow Creek Drainage Basin 128 

66. Drainage Net of Elbow Creek Constructed 
from Midafternoon Infrared Imagery ..... 130 

67. Drainage Net of Elbow Creek Constructed 
from Predawn Infrared Imagery 130 



LIST OF TABLES 

Table Page 

1. Physical and Computed Data for the Mill 
Creek Drainage Basin and 62 Component 
Basins 18 

2. Physical, Computed, and Theoretical Data 
For the Mill Creek Drainage Basin and 
62 Component Basins 19 

3. Data Taken from the Topographic Study 
of the Six Control Basins Which 
Represent Certain Stages of Adjustment ... 78 

4. Radar Bands 109 

5. The Areal Parameters and Theoretical Data 
Taken From the Topographic Study and 
Radar Imagery of Mill Creek 119 

6. The Areal Parameters and Theoretical Data 
Taken From the Topographic Study and 
Infrared Imagery of Elbow Creek 132 

xiii 



ABSTRACT 

In order to evaluate the application of radar and 

infrared imagery to quantitative geomorphology, a drainage 

net was constructed of the Mill Creek drainage basin 

containing 8,799 first order streams and representing over 

1,420 miles of stream channels. Since this drainage net 

was to provide the reference for an evaluation of radar and 

infrared remote sensing techniques, it was carefully con

structed from topographic maps and low altitude aerial 

photographs, and then investigated in detail. The investi

gation indicated a need for more rigorous parameters in 

certain aspects of quantitative geomorphology and that no 

relative drainage basin hierarchy exists to aid in communi

cating the results of some geomorphic studies to other 

investigators. 

This investigation proposes a relative drainage 

hierarchy for 62 component basins which comprise 84 percent 

of the area of the Mill Creek drainage basin, and the 

selection of some explicit parameters for use in the 

calculation of elongation and relief ratios. One of the 

parameters suggested for use in calculating relief and 

elongation ratios is the total of the average stream lengths 

for each basin. This parameter is closely related to the 
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entire drainage basin and reflects the hydrogeologic regimen 

of the drainage basin better than the other parameters 

presently used in quantitative geomorphology. The investi

gation also indicates that stream density is influenced in 

this region by both relief and rock type. A major influence 

of relief is on the density of first order streams. The 

first order streams make up 60 percent of the total length 

of stream channels in the Mill Creek drainage basin. 

A new quantitative expression is proposed, the 

crenation ratio, which is calculated by dividing the 

diameter of a circle with the same area as the basin by 

the diameter of a circle having the same perimeter as the 

basin. The crenation and elongation ratios are both related 

to the relative stability of the regimen of a drainage 

basin. Therefore, in order to express both these ratios 

in one value, a stability index (the product of the crenation 

and elongation ratios) is suggested. An attempt is made to 

indicate how the relative stability of the component basins 

might be related to the regimen of the major basin. 

Quantitative drainage-net data were derived from 

airborne radar and thermal infrared imagery of the Mill 

Creek drainage basin. These data were compared carefully 

and contrasted with the quantitative data taken from the 

detailed topographic and photographic investigation. This 

comparison indicates that the usefulness of radar imagery 

as a quantitative geomorphic tool depends on the size of 
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the area to be investigated, the relief, and the distri

bution of vegetation. Radar imagery provides usable areal 

information for basins greater than about thirty square miles 

in area for regions of low relief (50-300 feet) like the 

Mill Creek drainage basin. From this remotely sensed areal 

information meaningful bifurcation ratios, elongation ratios, 

drainage densities, crenation ratios, and stability indices 

can be calculated. 

The infrared imagery can provide excellent geomor-

phic information for smaller basins (1-6 square miles) that 

are the size of the component basins of Mill Creek. The 

detail of the information is dependent upon the altitude 

and the time of acquisition. The predawn imagery can provide 

details of channel-ways in areas of dense vegetation that 

cannot be seen on aerial photographs, and the means to make 

an extremely accurate inventory of surface water distri

bution. Both predawn and daytime infrared imagery are able 

to provide quantitative information about the drainage net 

that is comparable to similar information taken from some 

photographic and topographic studies. 



INTRODUCTION 

Purpose and Scope 

The purpose of this study was to determine how a 

detailed quantitative geomorphic investigation of an area 

could be supported by radar and infrared imagery. An 

important part of this study was to discern those quanti

tative geomorphic parameters that would lend themselves 

to recognition on radar and infrared imagery. A detailed 

drainage net was constructed from topographic maps and low 

altitude aerial photographs to provide a reference for the 

evaluation of the radar and infrared imagery and an indica

tion of the areal parameters that would be useful to this 

study. Corresponding quantitative geomorphologic data were 

taken from the radar and infrared imagery of the area of 

study. These data were compared and contrasted with the 

data obtained from the detailed topographic and photographic 

investigation. The results of the comparison were used to 

indicate the applications of radar and infrared imagery to 

some quantitative geomorphologic investigations. 

Selection of the Study Area 

The Mill Creek drainage basin in south-central 

Oklahoma (Fig. 1), was selected as the area for study 

1 



Figure 1. Index Map of Oklahoma Showing the Location of the Mill Creek Drainage 
Basin 3 

The area indicated by the diagonal lines is the Mill Creek drainage 
basin and the inset containing it is the location of figure 2. 
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because radar and infrared imagery of the area had been 

obtained as part of a USGS-NASA remote sensing studies 

program. Also available were recent 1:24,000 scale 

topographic maps with a contour interval of 10 feet, and 

excellent aerial photographs of the Mill Creek drainage 

basin. The area is accessible; the geology is diverse, 

but not incomprehensibly complex. 

Mill Creek drainage is of significance to Oklahoma 

geology and ecology because it is a representative tributary 

of the Washita River (Fig. 2). The Washita River drains 

12,000 square miles of the state's most important 

agricultural region. 
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Figure 2. Generalized Geologic Structure Map of the Arbuckle Mountains, Oklahoma 

The Mill Creek drainage basin is located approximately north-south 
across the Eastern Province of the Arbuckle Mountains. The area 
above is shown in figure 1 and the scale is 1:500,000. 

it*. 



LOCATION AND DESCRIPTION OF AREA 

Physiography 

The Mill Cx*eek drainage basin is in the Eastern 

Province of the Arbuckle Mountains in south-central 

Oklahoma (Fig. 2). The Mill Creek area is characterized by 

low rolling hills, broad grass-covered divides, and tree-

lined creeks. The average local relief throughout the 

basin is less than 150 feet. The maximum local relief is 

32 3 feet, and is located in the extreme southern part of 

the basin where Mill Creek cuts a narrow water gap through 

upturned Paleozoic strata. The total relief of the entire 

basin is 690 feet. 

The Mill Creek area is considered subhumid, receiv

ing 35.05 inches of precipitation annually (Environmental 

Science Services Administration, 1968). About 30 percent 

of this precipitation falls as rain showers during May and 

June. The area is warm; the mean annual number of days with 

a maximum temperature of 90°F and above is more than 91. 

The mean annual number of days with a minimum temperature of 

32°F and below is less than 59. 

The impact of man on the geomorphology of the area 

has been minor with no serious gullying and rilling having 

been caused. The writer attempted to deal with the geomor

phology as if it was completely in its natural state. 

5 
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Drainage was considered as it had been, before the numerous 

stock ponds were constructed. More than 75 percent of the 

area is pasture land, covered with native grasses. The 

area is not overgrazed; therefore, almost stable environ

mental conditions exist. 

Soils 

This section on soils and the following sections 

on general geology and stratigraphy, are presented to 

provide the reader with additional information and 

references that may be personally desirable. Several 

publications containing maps are available on the soils 

of the area and numerous reports and maps have been 

published on the geology of the Arbuckle Mountains and 

the Mill Creek area. Brief written descriptions are 

presented here, therefore, to provide the individual reader 

with some supplemental material on these subjects, which 

are not necessarily pertinent to an understanding of the 

material presented in the following chapters of this 

inves tigation. 

Most of the soils of the area are directly related 

to the underlying bedrock. A narrow strip of alluvial soil 

is adjacent to the main channel of Mill Creek in the central 

and northern parts of the drainage basin. There are 

published soil surveys for Murray County (Fitzpatrick, and 

others, 1939) and Pontotoc County (Fitzpatrick, and others, 
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1941). A soil survey of Johnston County has been recently 

completed (Dent Burgess, U.S.D.A., oral commun., Sept. 22, 

1969, Johnston County Soil Service, Tishomingo, Oklahoma), 

but no plans have been made to publish it. 

According to the work done by Fitzpatrick and others 

(1939 and 1941), six mappable soil types occur in the area 

(Fig. 3). The most prevalent soil type is the Denton stony 

clay loam, which is smoothly rolling stony lithosol, under

lain by limestone. The 6 to 8 inches of surface soil is 

a dark-brown calcareous clay loam. This is underlain with 

10 or more inches of a brown or yellow highly calcareous 

clay. In some places, this soil material is several feet 

thick. Large limestone boulders and outcrops are so 

numerous in most places that the growth of cultivated crops 

is impossible, and the land is used only for pasture. 

The Durant fine sandy loam is a brown Prairie soil 

developed from pure quartz sandstone or slightly calcareous 

quartz sandstone. The surface soil is a dark-brown loose 

friable fine sandy loam which extends to a depth of 11 

inches or more. In places, small fragments of ferruginous 

sandstone are scattered over the surface. The upper part 

of the subsoil is dark-brown fine sandy loam. Below a 

depth of about 22 inches, the subsoil is a reddish-brown 

clay loam. This soil is inherently fertile; approximately 

80 percent of this soil is in cultivation. However, this 

soil covers less than 10 percent of the Mill Creek area. 



Unit Type Source 

Denton stony 
clay loam 

smoothly rolling 
stony lithosol 

limestone 

Durant fine 
sandy loani 

brown Prairie soil quartz 
sandstone 

Newtonia very 
fine sandy loam 

dark brown Prairie 
soil 

dolomitic 
limestone 

Tishomingo soil 
material 

irregular stony 
lithosol 

granite 

Grayson clay 
loam 

dark heavy Prairie 
soil 

shale 

Osage clay 
loam 

dark alluvial soil stream 
transported 
materials 

Figure 3. The Mappable Soil Units of the Mill Creek Drainage Basin 

(after Fitzpatrick and 
others, 19 39 and 1941) 



9 

Another minor soil is a Prairie soil that is 

developed from dolomitic limestone. This is the Newtonia 

very fine sandy loam. The thin 4 to 5 inches of surface 

material is chocolate-brown finely granular very friable 

very fine sandy loam. It grades downward into a dark 

reddish-brown silty clay loam. This layer extends to depths 

of 1 or 2 feet and rests on dolomitic limestone. This soil 

is associated with the Denton stony loam and is not 

cultivated. 

The Tishomingo soil material is developed from the 

granites in the southern part of the area. This area is 

a rough, broken and hilly land that consists largely of 

granite outcrops, quartzite pebbles, and arkosic gravel. 

Between the outcrops is a fairly deep-brown or light-brown 

gravelly fine sandy loam, Which supports a fair growth of 

post oak, black-jack oak, elm, hickory, and hackberry trees. 

This land cannot be cultivated, and is poor for grazing. 

Consequently, most of the land of this type has been left 

wild. This soil type is the second most abundant soil type 

in the Mill Creek basin. 

The Grayson clay loam is a dark heavy Prairie soil 

developed from shale. The surface soil is a very dark 

brown friable clay loam that extends down to about 8 inches. 

Below this is a slightly darker and more compact clay loam 

or clay, continuing to a depth of about 19 inches. The 

subsoil is a gray or light-gray clay loam and may extend 
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down for several feet to an underlying calcareous shale. 

Practically all of this soil is cultivated and shows the 

effects of intense erosion. 

The alluvial soil is the Osage clay loam. It is 

composed of materials washed from the surrounding Prairie 

soils. The topsoil is about 14 inches thick, and consists 

of a very dark brown or black friable clay loam. This 

grades downward into a dark brown clay loam that extends down 

several feet to chert gravel. As this soil occurs only in 

minor amounts in a strip parallel to the main channel of 

Mill Creek in the central and northern part of the basin, 

it is partly cultivated, partly grazed, and some of it is 

left wild. 

General Geology 

The rocks exposed in the Mill Creek drainage basin 

consist principally of a sequence of Upper Cambrian, 

Lower and Middle Ordovician sedimentary rocke, and 

Precambrian igneous rocks (Fig. 4). The Lower Paleozoic 

rocks rest unconformably upon an irregular surface developed 

on Precambrian igneous rocks (Ham, 1949, p. 47). The igne

ous rocks (Tishomingo Granite and Troy Granite), apparently 

comprised a land mass during Late Precambrian time (Ham, 

Denison, and Merritt, 1964, p. 32). The granitic land mass 

persisted throughout the Early and Middle Cambrian Period 

as well, because the Upper Cambrian Reagan Sandstone is the 



11 

Group or 
Formation 

Thickness 
(feet) Character of the Rocks 

P
e
r
m
.
 

Pontotoc 0-
1500 

Red shale, arkose, and limestone 
and arkosic conglomerate 

G •rH 
to 
nj 
ffl 

a) 
M 
0 
e 
•a a 

as 
•H 
a 
at 
> 

i—l 

Hoxbar 3500 
Gray and brown shale, calcareous 
sandstone, bioclastic limestone, 
minor chert conglomerate 

G •rH 
to 
nj 
ffl 

a) 
M 
0 
e 
•a a 

as 
•H 
a 
at 
> 

i—l 
Deese 3000-

8000 

Gray, brown, and red shale, 
massive sandstone, several chert 
conglomerates, minor limestone 

< 
a) 
Si -p 

01 
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Figure 4. Generalized Paleozoic Stratigraphy of South-
Central Oklahoma 

(after Jacobsen, 1959) 
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oldest sedimentary rock deposited on the granites in the 

Mill Creek area of the Arbuckle Mountains (Ham. 1969, p. 8). 

Minor exposures of Pennsylvanian sedimentary rocks 

are present in the northern part of the Mill Creek drainage 

basin. The rocks consist of thin pebble-cobble conglom

erates interstratified with marine strata (Ham, 1969 , p. 18) . 

Small remnants of Lower Cretaceous sedimentary rocks 

occur in the extreme northern and southern portions of the 

drainage basin. In the southern portion, the Baum Limestone 

Member of the Paluxy Formation rests unconformably on up

turned Paleozoic strata and Precambrian granite (Wayland 

and Ham, 1955). Thin deposits of the Lower Paluxy Sandstone 

rest on granite in the south, and on Pennsylvanian sedi

mentary rocks in the northern portion of the drainage 

basin. A small exposure of limestone that appears similar 

to the Baum Limestone overlies Pennsylvanian conglomerates 

in the northern part of the drainage basin. 

The Cretaceous rocks were deposited upon a nearly 

flat erosional surface cut by the transgressing Early 

Cretaceous seas. 

Stratigraphy 

The Paleozoic sedimentary rocks of the Mill Creek 

area are divisible into three major lithostratigraphic 

units: (a) Upper Cambrian-Lower Devonian marine sedimentary 

rocks, mostly carbonates; (b) Upper Devonian and 
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Mississippian dark shales; and (c) Pennsylvanian dark shales, 

sandstones, thin marine limestones, and local conglomerates. 

The total thickness of these sedimentary rocks in the 

region of the Arbuckle Mountains is 34,000 feet, and they 

rest upon a floor of Middle Cambrian volcanics and Precam-

brian intrusives (Ham, 1969, p. 7). 

Upper Cambrian through Lower Devonian sedimentary 

rocks constitute about 90 percent of the outcrops in the 

Arbuckle Mountains. In maximum development over the 

Arbuckle anticline, the sequence is 11,000 feet thick and 

consists mostly of limestone. Over the Tishomingo and 

Hunton anticlines, the equivalent beds are 6,500 feet thick 

and consist mostly of carbonates, although the Arbuckle 

Group, making up about two-thirds of the sequence, is 

dolomite rather than limestone. The stratigraphic units, 

listed in ascending order, are the Timbered Hills Group, 

Arbuckle Group, Simpson Group, Viola Limestone, Sylvan 

Shale, and Hunton Group. 

Upper Paleozoic strata of southern Oklahoma are 

chiefly of clastic derivation, and the first sediments 

(Upper Devonian and Mississippian) are overwhelmingly 

dominated by dark shales (Ham, 1969, p. 12). The sharply 

defined change from long-continued, shallow-water marine 

environments to those of euxinic deeper waters marks one 

of the great divisions in the Paleozoic evolution of 

southern Oklahoma. 
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The earliest representative is the Upper Devonian 

Woodford Formation. Consisting of bituminous shales and 

chert, it was deposited upon an unconformable surface of 

substantial relief and wide extent. Overlying Mississip-

pian strata begin with the Sycamore Formation, composed 

of silty limestone interbedded with dark shale. It is 

succeeded upward by the Caney Formation and Springer Group, 

also consisting of dark shales. Rocks of the Springer 

Group are characterized, in addition, by abundant thin 

siderite beds and plates. This dark shale sequence is 

over 6,000 feet thick in the Ardmore basin. 

The stratigraphic succession of Pennsylvanian beds 

in the Ardmore basin adjoining the Tishomingo and Arbuckle 

anticlines is 18,000 feet thick (Jacobsen, 1959, p. 26). 

In ascending order it comprises the Dornick Hills Group, 

Deese Group, and Hoxbar Group. The strata are mostly gray 

shales and sandstones interspersed with thin beds of 

limestone. 

Slight uplift of the Arbuckle Mountains area began 

during the deposition of the Deese Group (Desmoinesian) and 

continued slowly throughout Missourian and Early Virgilian 

time. In Late Virgilian time the Arbuckle orogeny strongly 

folded the thick Paleozoic sediments and produced the major 

existing structures of southern Oklahoma. The Desmoinesian 

and younger Pennsylvanian rocks are conglomerate-bearing 



15 

and record both the beginning and the close of mountain-

building in the Arbuckle Mountains region. 

The conglomerates of the Ada Formation, and the 

Collings Ranch and Vanoss Conglomerates, rest with 

pronounced angular unconformity on older rocks that were 

steeply folded during culmination of the Abruckle orogeny. 

These Late Virgilian conglomerates are exposed now only 

around the Arbuckle anticline and northward into the 

Sulphur area (Ham, 1969, p. 18). They are also the 

conglomerates that crop out in the northern part of the 

Mill Creek drainage basin. Most of these coarse clastic 

sediments were derived from the Arbuckle and Tishomingo 

anticlines. 

The Paleozoic rocks and structures of southern 

Oklahoma were planed-off to a nearly flat erosional 

surface by the advancing Early Cretaceous seas. The Trinity 

Group (Comanchean) was deposited upon this erosional surface 

(Wayland and Ham, 1955, pp. 12-13). The Paluxy is the 

lowest formation of the Trinity Group. The Baum Limestone 

member and the Paluxy Sandstone member of the Paluxy 

Formation are near shore marine rocks. They constitute 

the Cretaceous rocks that occur in the Mill Creek area. 



DETAILED QUANTITATIVE GEOMORPHOLOGICAL 

INVESTIGATION OF THE MILL CREEK 

DRAINAGE BASIN 

Areal Parameters 

The initial phase of this study was to conduct 

a detailed quantitative geomorphic investigation of the 

Mill Creek drainage basin using topographic maps and 

aerial photographs. Part of this investigation was to 

ascertain which of the parameters, that could be taken 

from the topographic maps and the aerial photographs, 

also could be taken from the radar and infrared imagery. 

It was realized that the areal parameters of length and 

area would be the most applicable. 

A drainage net was made of the Mill Creek basin 

on a base of 1:24,000 topographic maps (Fig. 5, in pocket). 

Field work and aerial photographs aided in establishing an 

accurate network of channels. Personal field observations 

over a period of four years (196 8-1971) indicated that the 

length of a first order stream was dependent upon the inten

sity of a particular rainshower. The heavier the rainshower, 

the closer to the drainage divide, sheetflow would collect 

in sufficient quantities to initiate channel flow. The 

headward portion of first order streams in the basin are 

16 
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gentle swales that extend from the drainage divide to a 

definite channel which may be in the valley of the first 

order stream or in the valley of a higher order stream 

segment. The first order streams in the drainage net were 

extended to a point near the drainage divide where, under 

moderate rainfall conditions (0.5 to 1.5 inches per hour, 

depending upon previous ground conditions of wet or dry), 

sheetflow would begin to collect as definite channel flow. 

Stream segments of the drainage net were numbered 

with the ordering system suggested by A. N. Strahler 

(1957, p. 914). 

Measurements were made of the drainage net to 

obtain values for area, perimeter, length and number of 

stream segments and length of the main channel. These 

physical quantities are listed in tables 1 and 2 along 

with the values computed from them. The computed values 

are bifurcation ratios, average lengths of stream segments, 

stream densities, total of all stream lengths, and the 

total of average stream length. The various terms and 

computed values used in this study are discussed and 

explained in following sections of the text and in Appendix 

A. Appendix B provides a cross reference that can aid in 

the location of any of the 62 component basins on tables 1 

and 2. 

The Mill Creek drainage basin covers an area of 

96.5 square miles and has a perimeter of 71.5 miles. The 



Phy 
Creek 

ELEVATION 
sub&aSim 

AT MOinU OP AREA OP PERXJCTEft 
sub&aSim MAIN CHANNEL IASII OP 9A8XB 

BASIN HAKE RAKE (VEET) <SQ. MILES) (MILES) FIRST stem 

Perihelioo 8 11(7 2.22 7.54 140 39 ApeM ft 11(7 4.17 10.23 291 74 Bean X 11*$ 0.44 2.95 42 12 Sandy s 115* 0.4S 3.75 37 B SlI^lOB s 115* 0.91 5.11 74 14 

Sp«ctr\a s 1141 1.73 5.48 101 27 To fob* ten* s 1137 0.48 3.71 44 11 Scullin s 1X32 2i59 7.27 141 28 Ptlacr s 1128 0.87 3.98 44 13 
Rat 1 1124 0.21 1.97 11 2 
Hou»« 1 1119 0.22 1.99 9 2 Morgan s 111S 1.10 4.70 40 12 Cat Homb X 1112 0.32 2.41 45 18 S/nehrcnoua s 1102 1.04 4.73 129 32 Calcita X 10*5 0.35 2.44 39 7 

Retina 1041 3.49 11.17 225 57 
Insolatioo ft 1059 3.88 10.45 319 74 
Pontine s 1057 2.1S 7.97 214 S4 
Bourbon s 105S 0.39 2.0S 45 9 Cardinal 8 1053 0.50 3.40 •3 14 

Money 8 1049 0.42 2.7* 72 19 
Artucfcl* X 1044 0.47 2.84 42 9 
J.T.'t 8 1027 0.45 4.29 92 23 
•09 X 1020 0.21 1.97 21 s 
Crazy Coopar X 1019 0.71 4.01 IS 14 

Red Tulip X 1002 0.49 3.47 •2 11 
Rcwili s 993 4.24 13.04 449 105 
Nytrt s 919 2.47 8. 78. 240 57 
Happy X 914 0.10 1.17 S 2 
Peneplain s 904 1.13 5.49 •9 19 

Skid X 982 0.72 4.50 S7 12 
Thrrou la 957 7.93 12.84 539 124 
Partdita 1 952 1.75 4.40 247 40 
Coffar s 942 0.11 1.74 14 4 
Haybalina s 934 0.33 2.90 31 • 
Siai).» 909 1.04 4.73 104 19 
Oead Cow X 907 0.37 3.75 50 12 
Granite X 905 0.15 2.08 14 3 
5 i fu X 805 0.22 2.04 31 7 
Meioftia s 874 0.54 3.37 39 10 

01« Ton's s 158 1.35 S.4S 99 21 
Bee Branch s 854 4.84 13.12 434 99 
Xylan X 144 0.88 4.40 54 12 
Debbie I • 35 0.34 2.72 47 11 
Ana X 811 0.28 2.14 23 4 

Plus I 813 0.38 2.45 40 12 
Elbow s 809 2.54 7.14 229 41 
Kaltenbach s 795 4.40 9.44 304 49 
Purgatory s 774 0.84 4.12 54 11 
Selcmia s 759 1.08 5.10 92 14 

Elliptical 1 740 0.18 2.39 24 2 
Nefinou# X 738 0.54 4.05 93 20 
starno s 720 0.54 2.95 92 2Q 
Hidden X 714 0. 05 1.30 35 • 
Belli* s 497 1.09 *.51 142 29 

Playboy s 493 0.S8 3.43 99 19 
Oani • 482 0.48 3.92 113 24 
Tentacla s 452 0.13 l.SS 19 9 
Delta t 447 2.01 7.53 254 54 
veraifon s 439 0.29 2.57 99 IS 

Apocalypse • 438 0.44 3.75 197 43 
Terminator s 434 0.43 3.14 91 19 

Hill Craak s 435 94.55 71.50 8799 1987 

OP STREAMS IT OMSK 

AD fouxm rxpTt szra SEVE> 



TABLE 1 

Physical and Computed Data For the Mill 
Creek Drainage Basin and 62 Component Basins 

>T OKOBI 
rxrn sim 

FIRST/  
SECOND 

•xnmcATxoa unoi 

SECOND/ 
THIRD 

THIRD/ 
rocxn 

rOURT*/ 
firm 

rirr*/ 
SIXTH 

sixrm/ 
SEVDTTt FIRST SECOffO 

TOTAL ST R E AM LD6T1I  tFOTt  

THIRD rOCRR fJfTt 

1 3.00 3.45 3.07 3.00 01, 000  23,000 17 000 13,400 
1 3.IJ 5.95 4.33 3.00 170,40Q 4 4 ,2 0 0  30 coo 11,400 

3 .50  0. 00  2.00 29 , 200  7,  0C0  4  000 400  
4 .42  0.00 19.000 7 .CC0  7 400  
4 . 75  4.00 4 .00  41 ,400  10 ,400  7  000  * • 4 0 0  

3 .74  4. 50  4 .00  57 ,400  20 ,409  15  400  9,000 
4.10 3 .47  3 .00  29 ,  000  9 ,CC0  3  400  3 ,000  

1  5 .11  4 .47  3 .00  2 .00  93 ,000  22 ,400  11 4C0  11,000 
3 .  31  3 . 25  4 .00  24 ,400  11 ,4C0  4  0 0 0  4 , 000  
5 . 50  2 .00  7 ,400  2 ,000  X 000 

4 .00  2 .00  5 ,200  2 ,400  1  400  
5 .00  3 .00  4.00 42 ,000  14 ,400  4 000 4, 000  
4 .04  5.33 3.00 24 ,000  11 ,200  2 200  2,400 
4 .00  5 .3 9  O.OO 70 ,200  21 ,000  4 200  9,000 
5 ,43  3.50 2.00 20 ,400  4 ,200  S 000  lOO 

1  3 .95  4.75 4.00 2.00 132 ,200  40 ,400  10 000  23,000 
1  4.31 3 .09 3.10 0 .0 0  173,000 5 7 ,0 0 0  27 000  10 ,000  
1  3*  94  4.50 4 .00  2.00 102 ,000 30 , 400  14 200  14,000 

5.43 4.00 2.00 21 , 000  4 ,400  5 400  1,400 
5 .10 S .M  3.00 30,400 0,200 4 200 9,000 

3.79 3 .00 S.00 37 ,200  10 ,200  » 000 4,000 
4.07 9.00 2 4 ,4 0 0  0 , 400  ft 200 
4 .00  5*75 4.0# 45 ,200  11 ,000  0 000  7,200 
4,20 5.00 11 ,400  3,000 2 000 
4 .0 4  3.50 4 .M 33 ,000  11 ,000  7 000 4,000 

5 .04  3 .00 3.00 20,200 0,200 3 000 0,400 
2  1  4.20 3 .50  3.75 4 .00  2 .00  241 ,400  00,090 30 200 21,400 
1  4 .22  4.30 4 .33  3 .00  131 ,400  41 ,200  21  000  14,400 

2 .50  2.00 4 ,200  1 ,400  1  000 
4.00 0. 33 ].M 5 0 ,0 0 0  17 ,200  4 000  9.0Q0 

4.75 0.00 2 .00 30 ,200  10 ,200  0 400  240 
1  4. 35 4. 1 3  4 .00  5 .00  351,600 105, 6 0 0  52  400  43, 200  
1  4 .12  4 .4 2  3.25 4 .00  114,000 37 , 200  17  400  12,200 

4 .00  4.00 4,200 2 ,200  2 400 
3 .07 2.40 3 .M  14 ,400  4 ,000  1  000 3,400 

5 .47  1.00 5.00 53,200 22 ,200  • 200 5,300 
4 .14  0. 0 0  3.04 2 3 ,2 0 0  4,090 3 400  4,000 
5 .33  3 .00  9 ,0 0 0  2 ,339  9  400 
4 .43  7 .00  13 ,400  4 ,400  2 490 
3 .0 0  5 .00  2 .0 *  19 ,400  4 ,1 0 0  4 400  1 ,200  

4 .24  3 .00  7 .00  54 ,200  19 ,000  10  000  7 ,400  
1  4 .39  4 .1 2  12 .00  2 .00  245 ,80C  91  ,GG0 41  400  25 ,000  

4 .44  4 . 00  9.00 29 , 200  10 ,400  4 400  5,400 
4. 27  2 . 75  4.00 21,800 0, 200  3  400  2 ,000  3.03 0. 00  12 ,400  5 ,400  3  200  

3 .33  3 .00  4.00 15 ,400  0,000 3  400  2,000 
2  1  5 .51  3 .42  3 .00  2 .00  2 .0C  127 ,000  32 ,090 20  000 0, 400  
1  4 .41  4 .00  7 .50  2 .00  144 ,000  41 ,030  34 200  15 ,000  

4.91 5 .50  2.00 20 ,200  11 ,000  7 000  2 ,000  
5 .04  4 .44  3 .00 44 ,400  11 ,400  11 000  4,000 

13 .00  2.00 11 ,100  5 ,4 0 0  000 
4 .45  5 .00  4.00 36 ,400  5,030 5  000 4,000 

1  4 .40  5 .00  2.00 2 .00  35 ,20 0  10 ,200  4 200  2 ,400  
4 .37  0.00 9 ,0 0 0  2 , 000  2  400 
5 .07  7.00 4.00 44 ,400  20 ,400  11 000  0,400 

4 .44  0.33 3.00 33 ,000  14 ,000  5  000 3,000 
4.34 4.33 O.OO 49 ,000  14 ,000  » 400 4,000 
3 .75  4.00 2.00 9 ,000  3 ,4 0 0  1  400 1 ,200 
4 .74  4.75 0.00 106,600 3 5 ,4 00  20  400 13,200 
5.93 5 .00  3.00 34 ,000  7 ,400  I 000 5,200 

1  4.50 0.30 5.00 2.00 57 ,000  19,000 » 200 0,000 
1  4 .24  2.17 3 .00  2 .00  26,000 12,000 5  400  4 , 000  

>,000 

m90 

9 ,000  
20,000 

5 ,200  

12,000 
0,000 

10,000 
7 ,000  

23.*4* 

7 ,400  

0,000 
2,000 

240  

4 .CJC  

2,000 
2,000 

4 .41  5* 00 5 .00  4 ,521 ,000  1 ,479 ,000  745 ,000  400 ,740  122 ,040  1 0 9 ,* : :  
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Physical, Comput 
Mill Creek Drain 

IOT3U. LENGTH 
ELEVATION AT T OT AL  OP  AL L  S TREAMS  
M OUTH OF  MA IN  RE L IE F  wi r : - : i : ;  b a s tn  

BASI N MAKE C HANNEL (P S ET )  (FEET)  ( F E E T )  

P e r i he l i on  1167  158  1 4 1 ,2 0 0  
A f MtX  1167  159  2 7 8  . 000  
5«an  1163  85  44  , 200  
Sandy  1158  147  34  , 200  
S i a^ so n  1156  149  65 .200  

Spec t rua  1143  112  103 ,200  
T o mb s to n e  1137  85  45 ,400  
Scu l l i n  1132  143  1 4 6 ,4 0 0  
P « lM r  1128  97  46 ,000  
lU t  1124  81  11 ,400  

Bous t  1119  75  9 , 400  
Morgan  1115  110  70 .000  
Ca t  woaan  1112  112  42 ,000  
Sy n ch ro n o u s  1102  133  106  , 400  

1095  110  31 ,700  

Re t i na  106  3  192  2 2 9  . 600  
In so l a t i on  1058  187  296 , 600  
Pon t i a e  1057  178  173 .600  
Bourbon  1055  100  32  . 400  
Ca r d i na l  1053  122  56  , 600  

Mone y  1049  143  61 ,200  
Ar buck l e  1044  97  36 .200  
J .T ,  •»  1027  165  69 ,400  
H O ?  10 2 0  83  18 .200  
Crazy  Coopa r  1018  167  5 6 ,6 0 0  

Red  T u l i p  1002  135  44 ,600  
Rowan  993  221  44* ,600  
Myer s  999 166  2  37 ,000  
H ap py  994  70  7 . 600  
Penep l a in  994  17?  81 ,000  

Sk i d  992  129  59 .240  
Th ree s i l e  957  114  571  . 600  
Pa rad i s e  952  209  19 : , 300  
Cof f e r  94 2  113  i : , s oo  
Maybe l i ne  936  125  26 . 000  

S i m i l e  90 9  134  83  4 BOO 
Dead  Cov  907  165  3"  ,  ~> 00  
G ra n i t e  905  141  14 ,400  
S i gma  885  123  z : , 630  
Me ios i s  •  76  15S  34 .390  

O le  Toa*a  859  127  91 ,40 0  
Baa  Bra nc h  854  291  411 .430  
Xy  l e a  844  208  51 . 600  
Debb i e  835  17?  35 ,400  
Axon  819  124  2 1 ,4 0 0  

Flux 813  120  33 .800  
E lbow 809  164  200 ,200  
Ka l t enbaeh  795  267  277 , 000  
Pu rga to ry  776  129  49 ,000  
Se l en i i a i  759  143  71 ,300  

E l l i p t i c a l  740  1 9 2  l i , 000  
Nefa r i oua  739  2 3 6  5 2 ,8 0 0  
S t e r eo  720  153  5 4 ,2 4 0  
H idden  714  119  13 ,400  
• e l i ua  697  294  102 ,400  

P l ayboy  < •1  190  55 ,800  
O n i  692  17 0  78 ,400  
Ten t ac l e  632  190  15 ,800  
Oe l f ca  647  3 2 3  175 ,800  
V e  rml fo  r a  639  214  48 ,600  

Apoc a lype  a  639  195  9 4 ,9 0 0  
Te rmi na t o r  634  1S4  51 ,000  

LENGTH 
ALOW 3  *!AIN 

CH A N N E L  
(FEET)  

16 ,  9 00  
19 , 000  

7 ,630  
9 , 200  

11,600 

11 ,000 
6  , 9 0 0  

1 7 ,8 0 0  
8 , 0 0 0  
4 ,400  

4 .000  
7 ,400  
5 ,400  

1 1 . 2 0 0  
6  , 0 0 0  

15 ,800  
27 .BOO 
16 . 900  
6 .900  
8 ,400  

6 ,000  
6.800 11.000 
4 ,000  

10 ,900  

9 , 900  
35 , 400  
1 7 ,8 0 0  

3 ,400  
14 , 000  

10 .400  
29 ,600  
12.200 

4 ,200  
5 ,200  

9 ,600  
9 ,400  
5 ,000  
4 ,400  
7 ,203  

12,600 
29 ,000  

9 ,000  
6  ,000  
4 ,900  

5 ,300  
18,000 
26,200 

9 ,800  
12,800 

6,000 
9 ,400  
4 ,000  
3 .000  

15 , 400  

8 ,000 
8 ,400  
3 ,600  

18,600 
7 ,200  

LENGTH 
OP  BASIN CHORD {FEE?) 

15 ,500  
19 ,740  
6,100 
9 .700  

11 ,000  

12.600 
6 ,400  

14  , 260  
7 ,0 0 0  
4 ,200  

4 ,140  
7 ,6 0 0  
5 , 200  
8 ,56 0  
4 ,900  

22,600 
20 ,440  
16 ,300  

5 ,300  
6 ,300  

5 ,200  
6,000 
8,100 
4 ,300  
9 ,000  

7 ,1 4 0  
2 4 ,3 0 0  
15 ,  300  

3 ,100  
10 ,400  

1 0 , 0 0 0  
24 ,400  
11 ,443  

3 , 800  
5 ,400  

9 ,700  
9,500 
4 ,700  
4 ,040  
6 ,5 0 0  

10 ,600  
23 ,120  

9 ,030  
6,000 
4 ,300  

5 , 700  
12 ,300  
18 ,700  

8,000 
8,800 

5 , 880  
8 ,900  
5 ,640  
2 ,760  

12 ,320  

11100 
7 ,960  
3 ,000  

16,000 
5 ,700  

9 , 200  
8 ,400  

6 ,920  
6,*40 

TOTAL OP  
AVERAGE 
STREAM 
LENGTH 
(FEET)  

12 .356 .4  
13 .917 .7  

5 .109 .2  
8,810.1 
9 . 344 . 7  

13 .723 .8  
5 .721 .3  

17 .050 .3  
9 ,4  36 .0  
3 ,490 .9  

3 ,450 .0  
7 . 780 . 0  
4 .433 .3  

11 . 237 . 9  
4 ,022 .5  

23 .401 .5  
25 .969 .4  
1 5 .5 9 3 .3  

5 .216 .7  
8 .175 .1  

7 .0 1 3 .5  
6 .683 .8  
9 .669 .6  
4 .112 .4  
9 ,043 .4  

9 .918 .4  
3 5 ,0 0 9 .9  
16 .837 .4  

3 .440 .0  
11.808.6 

6 .560 .1  
30 .292 .3  
12 .493 .4  

3 .337 .5  
5 .235 .5  

8 .5 1 9 .9  
*,«<S4.') 
4 ,629.2 
3,609.3 
5 .6 9 0 .5  

1 0 ,3 8 0 .3  
2 3 . 5 1 0 . 6  

8 . 933 . 0  
4 ,059 .3  
4 . 639 . 1  

4 .823 .3  
12  , 687 ,9  
14 .003 .5  

7 ,094 .9  
9 ,836 .8  

3 ,953 .8  
6 .931 .4  
3 .882 .6  
2 ,907 .1  

10 , 333 . 5  

6 , 045 .1  
6 .615 .7  
2 .651 .7  

16 .822 .7  
6 ,675 .3  

7 .469 .8  
6 ,694 .6  

DRAINAGE DENSITY 
MILES/SQ. KILE 

12.0 
12.6 
19 . 9  
14 .  1  
13 .5  

11 .3  
12.6 
10 .  7  

9 . 9  
9 . 9  

8. 0  
1 2 . 0  
24 .2  
18 . 9  
16.8 

12 .4  
14 .4  
14 . 9  
15 . 9  
21 .  3  

27 .5  
14 .3  
20.2  
16.1 
15 .0  

17 .0  
13 .  5  
1 6 . 8  
13 .3  
13 .  5  

15 . 2  
1 3 .6  
20 .4  
18 .5  
14 .5  

16.1 
19 .0  
17 .9  
17 .  5  
11 .4  

1 2 .7  
11 .4  
1 1 . 0  
19 .4  
14 .2  

15 .0  
14 . 9  
11 . 9  
11 .0  
12 .5  

18 .4  
18 .4  
18 .7  
44 .1  
17 .7  

17 .  9  
21 . 7  
21 .9  
16. 5 
31 .4  

27 .1  
22.0 

Ki l l  CrMk  635 *90 7 ,497 ,580  212 ,256  138 ,969 .6  162 , 165 . 3  14 .7  



TABLE 2 

Physical, Computed, 
Mill Creek Drainage 

and Theoretical Data For the 
Basin and 62 Component Basins 

T OTAL Or  
AVE RASE 

ELONGATION RATIOS  
DENSITY OP  D E N SIT Y  OP  

R ELIEF  RATIOS  

LENGT H S TREA M  F IRST  ORDER SECOND ORDER B r l  E r 2  t z x  RJT .  R r _  R r  
)F  BASIN LENGTH DRAINAGE DENSITY S TREAM ST R E AM J  1  2  3  

3R D I  PEE?)  (FEET)  (ULES/ SQ .  NILE  MILES/ SQ.  MILE  M ILES/SQ.  M ILE  CD/LMC CD/CHORD C D / T A L  R /CD R/LMC R / C H O R D  

15 ,  , 590  12  , 356 .4  12 .0  6 . 9  2 .0  0 .528  0 .573  0 .718  0 .0178  0 .0 0 9 4  0 .0102  
1 9 .  , 740  13 ,  , 917 .7  12 .6  8 . 0  2 .0  0 .640  0 . 616  0 .874  0 .0130  0 .0083  0 .0080  

6 ,  , 100  5  , 1 0 9 .2  18 .9  12 .  5  3 .  3  0 . 521  0 .649  0 .  775  0 .0215  0 .0112  0 .0139  
a ,  ,  700  8  , 8 1 0 .1  14 .1  8 . 1  2 .8  0 .439  0 .  464  0 . 456  0 . 0364  0 .0160  0 .0169  

i i .  , 300  9 ,  , 344 .7  13 ,5  8 . 6  2 . 1  0 .490  0 .517  0 .608  0 .0262  0 .0128  0 .0135  

12 ,  , 600  13  , 723 .8  11 .3  6 . 2  2 .2  0 . 603  0 .6 2 2  0 .571  0 .0143  0 .0086  0 .0089  
6 ,  , 400  5 ,  , 721 .3  1 2 .6  8 . 0  2 .7  0 .722  0 .767  0 .858  0 .0173  0 .0125  0 . 0133  

1 4 .  , 260  1 7  , 050 .3  10 .7  6 . 8  1 .6  0 .538  0 .671  0 .561  0 .0149  0 .0080  0 .0100  
7 ,  , 000  8 ,  , 4  36 .0  9 . 9  5 .  3  2 .4  0 . 695  0 .  795  0 .6 5 9  0 . 0174  0 .0 1 2 1  0 .0139  
4 ,  , 200  3 ,  , 490 .9  9 . 9  6 .6  1 . 7  0 .632  0 .662  0 .797  0 .0291  0 .0 1 8 4  0 . 0193  

4 ,  , 140  3  , 450 .0  8 . 0  4 . 4  1 . 7  0 .  700  0 . 676  0 .8 1 2  0 . 0268  0 .0188  0 .0 1 8 1  
7 ,  , 600  7 ,  , 780 .0  12 .0  7 . 3  2 .8  0 .845  0 .823  0 .804  0 .0 17 6  0 .0149  0 .0145  
5 ,  , 200  4  , , 433 .  3  24 .2  15 .0  6 . 4  0 .632  0 . 656  0 .770  0 . 0328  0 .0207  0 .0215  
8 ,  ,  560  11  , 237 .9  18 .9  12 .5  3 . 7  0 .548  0 . 716  0 .  546  0 .0 2 1 7  0 .0119  0 .0155  
4 ,  , 900  4  , , 0 2 2 ,5  16 .8  10 . 8  3 .2  0 . 592  0 .7 2 5  0*883  0 .0310  0 .0183  0 .0224  

22 ,  , 630  23  , 4 0 1 .5  1 2 .4  7 . 1  2 .  S  0 .  310  0 . 4 9 2  0 .478  0 .0173  0 . 0054  0 .0085  
20 ,  , 440  25  , 8 6 9 .4  14 .4  8 . 4  2 . 7  0 .422  0 .574  0 .454  0 .0159  0 .0067  0 .0091  
16 ,  ,  300  13  , 593 .3  14 .9  9 . 0  2 .6  0 .520  0 . 536  0 .560  0 .0 2 0 4  0 .0106  0 .0109  

5 ,  ,  300  5  , 216 .7  15 .9  10 .  3  2 . 1  0 .543  0 . 696  0 .  7C7  0 . 0270  0 .0147  0 .0189  
6 ,  ,  300  8  , 175 .1  21 .  3  14 .4  3 . 0  0 .  502  0 . 670  0 .  516  0 .0289  0 .0 1 4 5  0 .0 1 9 4  

5 ,  , 200  7  , 013 .5  27 .5  16 ,7  4 .6  0 . 643  0 .7 4 2  0 .550  0 .0370  0 .0238  0 .0275  
6 .  , 000  6  . 683 .8  14 .3  8 . 8  3 .4  0 .606  0 . 686  0 .616  0 .0235  0 .0143  0 .0162  
8 ,  ,  100  9  , 669 .6  20 .2  13 .1  3 .  2  0 . 437  0 .593  0 .497  0 .0 3 4 4  0 . 0150  0 .0 2 0 4  
4 ,  ,  300  4  , 112 .4  16 .1  10 .2  3 . 3  0 .689  0 .641  0 .670  0 .0301  0 .0 2 0 7  0 .0193  
9 ,  , 000  8 , 043 .4  1 5 .0  8 . 8  2 .9  0 .465  0 .558  0 .624  0 .0333  0 .0 1 5 5  0 . 0186  

7 ,  . 1 4 0  8  , 818 .4  1 7 .0  10 .7  2 . 3  0 .428  0 .587  0 . 476  0 .0322  0 .0138  0 .0189  
24 ,  ,  300  35  , 009 .9  13 .5  7 . 9  2 .6  0 . 421  0 .613  0 . 426  0 .0148  0 .0062  0 .0091  
15 ,  ,  300  16  , 837 .4  16 . 8  9 .  3  4 . 3  0 . 547  0 . 636  0 .578  0 .0171  0 .0093  0 .0108  

3 ,  , 100  3  , 440 .0  13 .3  7 .  4  2 . 8  0 .573  0 .628  0 . 566  0 .0359  0 .0206  0 . 0226  
10 ,  , 400  11  , 808 .6  13 ,5  8 . 4  2 .8  0 . 453  0 .610  0 .537  0 .0279  0 . 0126  0 .0170  

10 ,  , 000  6  . 563 .1  15 .2  10 .0  2 . 6  0 .487  0 . 506  0 .7 7 2  0 .0255  0 . 0124  0 .0129  
24 ,  , 400  30  . 292 . )  1 3 .6  8 . 3  2 .5  0 . 567  0 .688  0 .  554  0 . 0068  0 .0039  0 .0 0 4 7  
11 ,  , 443  12  , 493 .4  20 .4  12 .5  4 . 0  0 . 647  0 .690  0 .6 3 2  0 .0265  0 . 0 1 7 1  0 .0183  

3 ,  , 8 0 0  3  , 337 .5  18 .5  10 .6  3 .7  0 .470  0 .520  0 .592  0 .0572  0 . 0 2 6 9  0 .0297  
5 ,  , 403  5  . 235 .5  14 .5  9 . 3  2 .2  0 .666  0 .641  0 .661  0 .0361  0 .0240  0 .0231  

8 ,  , 700  8  . 519 .9  16 .1  9 .6  4 . 0  0 .633  0 .698  0 .713  0 .0221  0 . 0140  0 .0154  
9 ,  ,  50  9  q  , *54 .1  1 9 .0  11 .  7  2 . 4  0 .388  0 .429  0 .421  0 .0153  0 . 0 1 7 6  0 .0194  
4 .  ,  7 0 0  4  , 6 2 9 . 2  1 7 . 9  11 .2  2 .4  0 .464  0 .494  0 .5 0 2  0 . 0 6 0 7  0 . 0 2 8 2  0  . 0  300  
4  ,  . 0 4 0  3  . 6 8 9 . 3  1 7 . 5  1 1 .4  3 . 9  0 .638  0 .6 9 5  0 .  761  0 .0438  0 . 0 2 8 0  0 .0304  
6 ,  ,  500  5  , 6 9 0 . 5  11 .4  6 . 5  2 . 2  0 .620  0 ,687  0 .784  0 .0347  0 .0 2 1 5  0 .0238  

10 ,  , 6 0 0  1 0  .  3 8 0  .  3  12 .7  7 . 5  2 . 7  0 .551  0 . 656  0 .6 6 9  0 .0183  0 .0101  0 .0120  
23 ,  ,  120  2 3  , 5 1 3 . 6  1 1 .4  6 . 8  2 . 5  0 .537  0 .674  0 .663  0 .0187  0 . 0 1 0 0  0 .0126  
8 ,  , 0 0 0  8  , 9 3 3 . 3  1 1 . 0  6 . 2  2 .2  0 .622  O .  700  0 . 627  0 .0371  0 .0231  0 .0260  
6 ,  , 0 0 0  4  . 059 .3  18 .4  11 .  3  4 . 2  0 .598  0 .598  0 .884  0 .0493  0 .0 2 9 5  0 .0295  
4 ,  ,  300  4  , 639 .1  14 .2  8 . 3  3 .6  0 . 657  0 .733  0 .6 7 9  0 .0393  0 .0258  0 .0288  

S ,  ,  7 0 0  4  . 823 .3  1 5 . 0  7 . *  4 .  3  0 . 639  0 . 650  0 .768  0 .0324  0 .0207  0 .0211  
12 ,  ,  300  1 2  . 687 .9  14 .9  9 . 4  2 . 4  0 .528  0 .772  0 .748  0 .0173  0 .0091  0 . 0133  
18 ,  , 700  14  . 003 .5  11 .9  7 . 0  2 .6  0 .477  0 .668  0 .8 9 2  0 .0214  0 .0102  0 .0143  

8 ,  , 000  7  , 094 .9  1 1 .0  6 .  3  2 . 6  0 .558  0 . 683  0 .770  0 . 0236  0 .0132  0 .0161  
8 ,  , 800  9  . 836 .8  12 .5  7 . 7  2 . 0  0 .484  0 .7 0 4  0 .629  0 .0231  0 .0112  0 . 0163  

5 ,  , 880  3  , 953 .0  1 8 .4  12 .0  5 . 5  0 .427  0 .4  36  0 . 648  0 .0710  0 .0303  0»0  310  
8 ,  , 900  6  . 931 .4  1 8 .4  12 . 7  2 .0  0 .467  0 .493  0 . 633  0 . 0538  0 .0 2 5 1  0 .0265  
S ,  ,  640  3  . 882 .6  18 . 7  12 .1  3 .5  1 .103  0 .782  1 .136  0 .0347  0 .0382  0 .0271  
2 ,  ,  760  2  , 907 .1  44 .1  29 .9  6 . 6  0 .474  0 .515  0 .489  0 .0837  0 .0397  0 .04  91  

12 ,  ,  320  10  , 333 .5  17 .7  11 .2  3 . 5  0 .4 0 4  0 .505  0 .602  0 .0457  0 .0 1 8 4  0 .0231  

7 ,  , 100  6  . 045 . 1  17 .9  10 .6  4 . 5  0 .571  0 . 643  0 . 756  0 .0394  0 .0225  0 .0254  
7 ,  , 960  6  . 615 .7  21 .7  1 3 .4  4 . 4  0 .586  0 .618  0 .744  0 . 0346  0 .0202  0 .0214  
3 ,  , 000  2  . 651 .7  21 .9  13 .6  4 . 7  0 .610  0 .732  0 .829  0 .0819  0 .0500  0 .0 6 0 0  

16 ,  , 000  16  . 822 .7  16 .5  10 .0  3 .  3  0 . 45S  0 .529  0 . 503  0 .0382  0 .0 1 7 4  0 .0202  
5 ,  ,  700  6  , 675 .3  31 .4  22 .1  4 . 8  0 .446  0 .564  0 .481  0 . 0666  0 .0297  0 .0375  

6 ,  , 920  7  . 469 .9  27 .1  16 .3  5 . 6  0 .52 7  0 .700  0 .649  0 .0402  0 .0212  0 .0282  
6 ,  . 5 4 0  6  . 6 94 .6  22 .0  11 .2  5 . 5  0 .470  0 .604  0 . 590  0 .0390  0 . 0183  0 .0235  

138,969.6 1(2,ICS.3 14.7 • J 2.9 0 .341  0.011ft 0.00325 



Data For the 
mponent Basins 

KTION RATIOS  RELI EF  RATIOS  
CREM ATI ON 

RATIOS  STA BILITY  INDICES  

E r 2  

CD/ CHORD 

E r 3  

CO/TAL 

" l  

R/CD 

R r 2  

R/LMC R/CHORD 

**4  

R /TAL 

Or  

c o / xu  

M 1  

Dr  x  E r 4  

D E j  

O r  x  E r^  

DE 
3  

Dr  x  £ r  

0 .5 73  
0 .6 16  
0 .649  
0 .464  
0 . 51 7  

0 .7 1 8  
0 . 874  
0 .  775  
0 . 4 5 8  
0 .608  

0 .0 1 70  
0 .0130  
0 .021 5  
0 .0364  
0 .0262  

0 .0094  
0 .0083  
0 .0112  
0 .0160  
0 .0128  

0 . 0102  
0 .0080  
0 .0139  
0 .0 1 6 9  
0 .0 1 3 5  

0 .0 128  
0 .0114  
0 . 016 6  
0 .0 167  
0 .0 159  

0 .9756  
0 .7077  
0 .7987  
0 .6404  
0 .6621  

0 .5151  
0 . 4529  
0 .4161  
0 .2811  
0 .3244  

0 .5 5 9 0  
0 .4359  
0 .5184  
0 .2971  
0 .3423  

0 . 7005  
0 . 6185  
0 .6 1 9 0  
0 .2933  
0 .4026  

0 .622  
0 . 76 7  
0 .671  
0 .  795  
0 . 662  

0 .S71  
0 .8 5 8  
0 .561  
0 .659  
0 .  797  

0 .0143  
0 .0173  
0 .0149  
0 .0174  
0 .0291  

0 .0086  
0 .0 1 2 5  
0 .0080  
0 .0121  
0 .0184  

0 . 0089  
0 .0133  
0 .0100  
0 . 0139  
0 .0193  

0 . 0082  
0 .0149  
0 .0034  
0 .0115  
0 . 0232  

0 .0208  
0 .7878  
0 .7831  
0 .0306  
0 .0399  

0 .4949  
0 .5608  
0 .4213  
0 .5773  
0 .5308  

0 . 5105  
0 .6042  
0 .5255  
0 .6603  
0 .5560  

0 .4697  
0 .6759  
0 .4393  
0 .5 4 7 4  
0 .6 6 9 4  

0 .676  
0 .  823  
0 .656  
0 .716  
0 . 725  

0 .8 12  
0 .  8 0 4  
0 . 7  70  
0 . 546  
0 .803  

0 .0260  
0 .0176  
0 .0328  
0 .0217  
0 .0310  

0 .0108  
0 .0149  
0 .0207  
0 .0119  
0 .0103  

0 .0101  
0 .0 1 4 5  
0 .0 2 1 5  
0 .0 1 5 5  
0 .0224  

0 .0217  
0 .0141  
0 .0253  
0 .0116  
0 .0273  

0 .8814  
0 .7921  
0 .7778  
0 . 7715  
0 .8596  

0 .6 1 7 0  
0 .6693  
0 .4916  
0 .4228  
0 . 5089  

0 . 5950  
0 .6519  
0 .5102  
0 .5524  
0 .6232  

0 .7157  
0 . 6  36  0  
0 . 5989  
0 .4212  
0 .7590  

0 .492  
0 .  574  
0 .  5  3 6  
0 . 696  
0 .670  

0 .4 7 8  
0 . 454  
0 .  560  
0 .  707  
0 .516  

0 .0173  
0 .0159  
0 .0204  
0 .0270  
0 .0289  

0 .0054  
0 .0067  
0 .0106  
0 .0147  
0 .0 1 4 5  

0 .0085  
0 .0 0 9 1  
0 . 0109  
0 . 0189  
0 .0194  

0 .0082  
0 . 0072  
0 .0114  
0 . 0192  
0 .0149  

0 .5920  
0 .6682  
0 .6 6 0 4  
0 .8287  
0 .7387  

0 .1835  
0 .2820  
0 .3434  
0 .4500  
0 .3706  

0 .2913  
0 .3835  
0 .3 5 4 0  
0 .5768  
0 .4949  

0 .2 8 3 0  
0 .3 0 3 4  
0 .3698  
0 .5S59  
0 .3812  

0 .  742  
0 . 606  
0 .  593  
0 .6 41  
0 .550  

0 .550  
0 .616  
0 .497  
0 .670  
0 . 624  

0 .0370  
0 .0235  
0 .0344  
0 . 0  301  
0 . 0333  

0 .0238  
0 .0143  
0 .0150  
0 .0207  
0 .0 1 5 5  

0 .0275  
0 .0162  
0 .0204  
0 .0193  
0 .0166  

0 .0201  
0 .0145  
0 .01 71  
0 . 0202  
0 .0208  

0 .8 3 2 4  
0 .8630  
0 .6677  
0 .8 3 2 4  
0 .7449  

0 .  5 3 5 2  
0 .5230  
0 .2918  
0 .5735  
0 .3464  

0 .6176  
0 .5920  
0 . 3959  
0 .5336  
0 .4157  

0 .4578  
0 .  5316  
0 .  3 3 1 8  
0 . 5577  
0 .4648  

0 .5 07  
0 .613  
0 .636  
0 .621  
0 .6 1 0  

0 .476  
0 .426  
0 .570  
0 .566  
0 .  5 3 7  

0 .0322  
0 .0148  
0 .0171  
0 .0359  
0 .0279  

0 .0138  
0 .0062  
0 .0093  
0 .0206  
0 .0126  

0 .0189  
0 .0091  
0 .0108  
0 .0226  
0 .0170  

0 .0153  
0 .0063  
0 .0099  
0 .0203  
0 .0150  

0 .6001  
0 .6 7 9 1  
0 .6597  
0 .0230  
0 .6640  

0 .2911  
0 . 2859  
0 . 3609  
0 .4 7 1 6  
0 .3012  

0 .3992  
0 .4163  
0 .4196  
0 .5168  
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drainage net contains 8,799 first order streams that 

represent over 80 percent of the total length of all the 

stream segments in the drainage basin. The total length of 

all the stream segments is approximately 1,420.0 miles. The 

highest order stream segment in the drainage basin is one of 

seventh order. 

Drainage Basin Hierarchy 

For consistency, definitions of terminology were 

made and used throughout this investigation. The main 

channel of a basin is the one consisting of the cumulative 

length of the highest order stream segment, and the connect

ing, longest succeeding next lower order segments at the 

junctions where the higher order segments begin. The major 

basin is the largest basin (in areal extent) with which the 

investigation is concerned. A component basin is one that 

empties into the main channel of the major basin. A sub-

basin is any basin that does not empty into the main channel 

of the major basin under consideration. 

The Mill Creek drainage basin was partitioned into 

62 component basins that comprise approximately 84 percent 

of Mill Creek's total area. This was done in order that 

the lesser basins could be investigated for possible 

reciprocal relationships between the component basins and 

the major basin. Reciprocal relationships are indicated by 

mutual counterparts or values between two or more subjects. 
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To place some significance on the rank of component basins 

within a major basin, they are termed as either superior or 

inferior component basins. The basins whose drainage divides 

constitute in any part a portion of the major basin's 

drainage divide are termed superior basins. The remaining 

component basins are termed inferior basins. 

This provides a hierarchical terminology for the 

subranking of basins in any situation {Fig. 6). The 

subbasins of Mill Creek can also be ranked superior or 

inferior. Hence, all lesser basins in any system can be 

appropriately ranked and the meaning of the rank properly 

communicated between investigators. For example: the Mill 

Creek drainage basin is a superior component basin of the 

Washita River drainage basin and a subbasin of the Red 

River drainage basin of which the Washita River drainage 

basin is a superior component basin. 

The 62 component basins were each investigated as 

was the whole of the Mill Creek drainage basin. Their 

areal parameters and calculated values are also listed 

in tables 1 and 2. The values for the total relief of each 

basin were taken from the topographic base. In order to 

search for reciprocal relationships between the component 

basins and the major basin, much of the calculated data and 

all of theoretical values derived for the 62 component basins 

are expressed in histograms. The histograms are charts of 

frequency distributions of the ordinary double coordinate 
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Major Basin 
The largest basin under 
investigation. 

Component Basin Any basin that empties 
into the main channel of 
the major basin. 

Superior Component Basin A component basin whose 
drainage divide consti
tutes in any part a 
portion of the major 
basin's drainage divide. 

Inferior Component Basin A component basin whose 
drainage divide is not a 
part of the major ba
sin's drainage divide. 

Subbasin A basin that does not 
empty into the main 
channel of the major 
basin under considera
tion . 

Figure 6. A Chart Showing the Drainage Basin Hierarchy 
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type. Each value is located by reference to two scales, 

one of which extends horizontally on the X axis and the 

other vertically on the Y axis. The class frequencies 

(in this case number of component basins) are the ordinate 

values plotted against the Y axis and the class intervals 

(the various calculated or theoretical values) are the 

abscissa values scaled on the X axis. 

When data such as the mean average lengths of 

first and second order streams and the bifurcation ratios 

between first, second, and third order streams of the 

component basins are expressed in histograms (Figs. 7, 8, 

9, and 10), they provide the investigator with a concise 

expression of the range of the values. A comparison of 

the histograms in figures 7 and 8 indicates that the aver

age length of first order streams m the component basins 

has a smaller range of values than the average length of 

second order streams. Therefore, a smaller sample of 

component basins could provide a more representative mean 

value for the average length of first order streams in the 

Mill Creek drainage basin, than for the average length of 

second order streams. 

A similar comparison can be made of the histograms 

(Figs. 9 and 10) for the bifurcation ratios of the first 

and second order streams and the second and third order 

streams. The comparison indicates that the range of values 

for the bifurcation ratios between the first and second 
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Figure 7. Histogram Showing the Average Lengths of the 
First Order Streams in the 62 Component Basins 

The average length of the first order streams in 
the 62 component basins is 527.5 feet. This is 
close to the value for the average length of all 
the first order streams in the Mill Creek drain
age basin which is 513.8 feet. 
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Figure 8. Histogram Showing the Average Lengths of the 
Second Order Streams in the 62 Component Basins 

The average length of the second order streams in 
the 62 component basins is 752.5 feet. Notwith
standing the spread of values for the lengths, 
the average length of all the second order 
streams in the Mill Creek drainage basin is 
744.7 feet. The difference between these two 
average lengths is less than the difference 
between the same values for the first order 
streams shown in figure 7. 



Figure 9. Histogram of the Bifurcation Ratios between 
the First and Second Order Streams of the 
62 Component Basins 

The bifurcation ratio between the first and 
second order streams for the entire Mill 
Creek drainage basin is 4.43. 
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Figure 9. Histogram of the Bifurcation Ratios between the 
First and Second Order Streams of the 62 Compo
nent Basins 
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The bifurcation ratio between the second and 
third order streams for the entire Mill Creek 
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order streams of the component basins is considerably more 

narrow than the range of values for the bifurcation ratios 

between the second and third order streams. 

A map (Fig. 11, in pocket) showing the outlines of 

the component basins was constructed to provide an indication 

of how the 16 percent of the area of the Mill Creek drainage 

basin (not included the 62 component basins) was distributed 

throughout the basin. This area is represented by a narrow 

strip of land, adjacent to the main channel of Mill Creek, 

which is drained by many small inferior component basins. 

It was treated separately from the 6 2 selected component 

basins and included in the complete values for the entire 

Mill Creek drainage basin. The area is referred to, only 

for the purpose of this report, as the inner basin area. 

Stream Densities 

Stream densities are calculated values that can 

be readily taken from areal parameters. Because of this, 

they should lend themselves to the purpose of this study, 

which is the evaluation of radar and infrared imagery as 

sources for the areal parameters. Therefore, stream 

densities are extensively evaluated here in the detailed 

topographic and photographic study. 

Stream densities are expressed in miles of channel 

per square mile of area. The stream densities for the 62 

component basins range from 8.0 miles per square mile to 



44.2 miles per square mile (Table 1). The extremes of this 

range of values are represented by third order component 

basins. The fourth and higher order component basins range 

approximately from 10 to 17 miles per square mile. The 

mean stream density for the component basins is 15.8 

miles per square mile, but this value is heavily weighted 

by the high stream densities of the small, third order 

basins. The mean stream density of the area represented 

by the component basins is 14.3 miles per square mile. 

The mean stream density of the inner basin area (Fig. 11) 

is also 14.3 miles per square mile if the 36.6 miles of the 

sixth and seventh order segments of the main channel of 

Mill Creek are not included. If again, this 36.6 miles 

of the main channel are not considered, the mean stream 

density for the whole Mill Creek basin is 14.3 miles per 

square mile. Including the 36.6 miles, the stream density 

of the inner basin area increases to 16.6 miles per square 

mile and, the overall stream density for the Mill Creek 

basin becomes 14.7 miles per square mile. 

From this observation it can be reasoned, if the 

stream density was a constant value throughout a major 

basin, that the stream density of the major basin would 

still be greater than that of the component basins. Field 

observations indicate the amount of area drained by direct 

overland run off into the main channel of Mill Creek is 
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nonexistent in most places, and for all situations is 

negligible. Drainage is so arranged that water enters the 

main channel of Mill Creek only through established channel-

ways. The writer believes that perhaps the length of the 

main channel of a major basin as large as Mill Creek or 

larger should not be included in a meaningful stream density. 

A histogram of the stream densities (Fig. 12) for 

the 62 component basins shows a polymodal distribution 

and wide range of values. The wide-range of values is due 

to the spread of stream densities for the third order 

component basins. The reason for the third order basins 

having a greater spread of values probably is that the 

effective range in relief per unit of area is larger for the 

smaller, third order, basins than the fourth and higher 

order basins. Inspection of the drainage net of Mill Creek 

(Fig. 5) reveals that a second factor influencing stream 

density is bedrock geology. In the Mill Creek drainage 

basin, the stream density is greater on granite than on 

limestones or sandstones for basins of similar size and 

relief. From this observation, as a general rule in the 

Mill Creek area, the more impervious the bedrock the greater 

the stream density and, for basins located on the same rock 

type, the higher the relief the greater the stream density. 

In the Mill Creek drainage basin, therefore, the total 

stream density is for the most part a function of the way in 

which relief and bedrock geology are interrelated. 
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Figure 12. Histogram of Total Stream Densities for the 62 Component Basins 

The total stream density of the Mill Creek drainage basin is 14.7. 
The smaller, third order component basins have the greatest range 
of values, from 8.0 to 44.2 miles per square mile. The fourth and 
higher order component basins have values that range approximately 
from 10.0 to 17.0 miles per square mile. 
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Over 60 percent of the total of all stream lengths 

in the Mill Creek drainage basin is composed of the first 

order streams, and approximately 20 percent is due to the 

lengths of the second order streams. As the lengths of the 

first and second order streams account for 80 percent of the 

total of all stream lengths, they have a great influence on 

the total stream density of the drainage basin. In order to 

investigate this influence, the stream densities of the first 

and the second order streams were calculated for the 6 2 

component basins and listed in table 2. A histogram of the 

first order stream densities (Fig. 13) of the component 

basins exhibits a polymodal distribution similar to the 

distribution shown in the histogram of total stream densities 

(Fig. 12). A histogram of the second order stream densities 

(Fig. 14) of the component basins has a narrow monomodal 

distribution. This suggests that the first order streams 

are responsible for the wide polymodal distribution exhibited 

by the histogram of total stream densities (Fig. 12) of the 

component basins. 

Elongation Ratios 

The elongation ratio was considered important to 

this investigation because it is calculated from areal 

parameters that can be taken from radar and infrared imag

ery. The elongation ratio expresses how the outline of a 

basin departs from a circular shape. It is calculated 
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Figure 13. Histogram of First Order Stream Densities for the 62 Component Basins 

This polymodal distribution is similar to the distribution of total 
stream densities show in figure 12. The density of first order streams 
in the Mill Creek drainage basin is 8.8 miles/sq. mile. 
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Figure 14. Histogram of Second Order Stream Densities for 
the 62 Component Basins 

The density of second order streams in the Mill 
Creek drainage basin is 2.9 miles/sq. mile. 
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by dividing the diameter of a circle having the same area 

as the basin by the length of the basin's main channel. 

This elongation ratio (termed Er^) was calculated for each 

of the 62 component basins and the Mill Creek drainage basin 

and listed in table 2. 

The choice of the length of the main channel as the 

divisor in the elongation ratio appeared to the writer to 

have shortcomings. Often the main channel set by definition 

in this paper (Appendix A) would seem to be overly long or 

too short. The writer looked for other ways to better 

express this parameter and experimented with two values as 

a substitute for the length of the main channel in deter

mining elongation ratios (Fig. 15). One value was the 

straight line length between the two most distant points 

on the basin's perimeter. This length was termed the basin 

chord and it gave a good representation of the elongation 

of some stream basins. However, if the basin was curved or 

crescent shaped, it gave a poor value of elongation and 

had no relationship to the streams in the basin. This 

elongation ratio, Er2, was also listed in table 2. 

The second value used as a divisor to determine 

elongation ratios was the total average stream lengths 

for each basin. This value was obtained by summing the 

average lengths of the stream segments for each order. 

The total of average stream lengths was chosen because 

it is related to all the stream segments within a basin 
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Figure 15. Values Used in the Computation of Elongation 
Ratios 

This figure ^h^ws the component basin, Cardinal 
Creek, and tlx. s source of the values used to 
calculate the elongation ratios. The lines 
represent the lengths of the values drawn to 
scale with the drainage basin. Line A is the 
length of the main channel, line B is the 
basin chord, and line C is the total of average 
stream lengths. The arrows on the perimeter of 
the basin indicate where the basin chord was 
measured. The heavy line in the drainage net is 
the main channel. 
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and produces a ratio that can be more closely duplicated by 

different workers. Also, the effects of odd-shaped basins 

and unusual lengths of main channels are reduced. This 

elongation ratio, Er^, was also listed in table 2. 

Histograms (Figs. 16, 17, and 18) were constructed 

of the values for the three different elongation ratios 

(Er-^, E^, and Er^) of the 62 component basins of Mill 

Creek for the purpose of comparison. Also, the arithmetic 

mean and mean deviation (see Appendix A) were calculated for 

each group of elongation ratios and shown on the histograms. 

The comparison indicates that the spread of values for the 

62 component basins, provided by each of the different elon

gation ratios, did not differ greatly. The histograms 

show that the length of the basin chord moderates the 

limits for the values of the elongation ratios, whereas, 

the total of average stream lengths provides a symmetrical 

grouping of values. 

The elongation ratio, Er^, for the 62 component 

basins has the lowest value for the arithmetic mean, .557, 

whereas the elongation ratio, Er^, has the highest value for 

the arithmetic mean, .657. This indicates that the basins 

are considered to be most elongate when they are evaluated 

with the elongation ratio, Er^, than when they are evalu

ated with the elongation ratios, E^ and Er^. 
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Figure 16. Histogram of Elongation Ratios, Er^, for the 6 2 
Component Basins 

The elongation ratio, Er^, is calculated by 
dividing the diameter of a circle having the 
same area as the basin by the length of the 
main channel. The lower the value of the 
elongation ratio, the more elongate the basin. 
This elongation ratio, Er^, has the lowest 
arithmetic mean, .557, of the three different 
types of elongation ratios. The elongation 
ratio, Er-^, for the Mill Creek drainage basin 
is .276. 



39 

30 

25 

w 
£ 
H 
w 
<3 
ffl 
fa 
O 

W 

D 
S3 

20 

15 

10 -

5 -

Arithmetic Mean = .6 32 

Mean Deviation = .0 74 

Figure 17. 

.5 1.0 1.5 
ELONGATION RATIOS, Er2 

Histogram of Elongation Ratios, Er2, for the 62 
Component Basins 

The elongation ratio, Er2, is calculated by 
dividing the diameter of a circle having the 
same area as the basin by the length of the 
basin chord. This elongation ratio has the 
smallest mean deviation, .074, of the three 
different types of elongation ratios. The 
elongation ratio, Er2, for the Mill Creek 
drainage basin is .421. 



40 

20 

15 
M 
H 
U3 
< 
CQ 
Pn 
O 
« 

§ 
53 

Arithmetic Mean = .657 

Mean Deviation = .113 

5 • 

0  ' I ' ' ' ' . 1 1  , —  
.5 1.0 1.5 

ELONGATION RATIOS, Er3 

Figure 18. Histogram of Elongation Ratios, Er., for the 62 
Component Basins 

The elongation ratio, Er^, is calculated by 
dividing the diameter of a circle having the 
same area as the basin by the total of average 
stream lengths for the basin. This elongation 
ratio has the highest value for the arithmetic 
mean, .657, and the greatest mean deviation, 
.113, of the three different types of elongation 
ratios calculated. The higher the value of the 
elongation ratio, the less elongate is the basin. 
Therefore, the basins evaluated with this elonga
tion ratio are less elongate than when they are 
evaluated with the other elongation ratios, Eri 
and Er2« The elongation ratio, Er^, for the Mill 
Creek drainage basin is .361. 
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Relief Ratios 

The preliminary purpose of this paper was to dis

cern useful areal parameters that could be obtained from 

radar and infrared imagery. The relief ratio was considered 

as being important to the investigation because the ratio 

involves a parameter (basin length) that can be obtained 

from radar and infrared imagery. 

The relief ratio of a drainage basin is defined 

by Schumm (1956, p. 612) as, "the ratio between the total 

relief of a basin (elevation difference of lowest and high

est points of a basin) and the longest dimension of the basin 

parallel to the principal drainage line." This definition 

is not explicit enough because investigators have variously 

interpreted "the principal drainage line" to be the length 

of the longest stream in the basin, the length of a smooth 

line measured parallel to some undefined main channel, or 

the length of a line from the mouth of the stream to the 

farthest point on the drainage divide. 

The relief ratio does not give an approximation 

of the overall surface slopes in a basin as has been stated 

by Schumm (1956, p. 612). The fundamental concept of the 

relief ratio is that of an expression of an overall channel 

gradient, with the relief within the basin being distributed 

along the length of the basin. The relief ratio is a 

natural tangent value of this gradient and is generally two 

to ten times less than the mean slopes in most natural 
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drainage basins. In the Midwest and Central Southwest, the 

gradient expressed by the relief ratio for large basins, 

100 square miles or greater, is always close to the gradi

ent of higher order stream segments. The relief ratio for 

Mill Creek is 0.0042. The gradient for the seventh order 

stream segment is 0.0035, but some reaches along this 

segment have a gradient that is greater than 0.0044 

(Fig. 19). 

The relief ratio is helpful because it provides 

a rough expression of how the relief of a basin is distrib

uted throughout the basin. However, the parameter used for 

length in calculating the relief ratio should be more 

precisely defined. A suggestion would be to substitute for 

"the principal drainage line" the term "main channel" as 

defined in a previous part of this paper. 

In order to find a more suitable substitute for 

the length parameter in the relief ratio, four relief ratios 

were calculated for each of the 6 2 component basins and 

Mill Creek drainage basin using four different values for 

length. The substitute first considered was the diameter 

of a circle having the same area as the basin. This length 

parameter would be directly related to the area of the basin 

and would give a relief ratio that better expresses the 

distribution of relief to area. The values for this relief 

ratio, Rr-^, are listed in table 2. 
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The three other values considered were the ones 

used to calculate the three elongation ratios: the length 

of the main channel, the basin chord, and the total of the 

average stream lengths. These relief ratios were termed, 

an(̂  Rr4' respectively, and listed in table 2. 

The length of the main channel provides a relief ratio that 

probably represents the value that Schumm (1956) was after 

with the length of "the principal drainage line." The 

relief ratio calculated using the basin chord would provide 

a value that might represent a regional slope, but various 

peculiarities of basin shapes could make this value 

unrealistic. 

The fourth parameter, the total of the average 

stream lengths, provides a relief ratio, Rr^, whose value 

is not as greatly influenced by abnormal main channel 

lengths and odd basin shapes as are the values of the 

other three relief ratios, Rr^, R^, and R^. Also, as in 

the situation with the elongation ratios, the use of the 

total of the average stream lengths provides a value that 

is closely related to the entire drainage net of the basin. 

In order to obtain a comparison of the values for 

the different relief ratios, histograms (Figs. 20, 21, 22, 

and 2 3) were constructed of the values for the 62 component 

basins of Mill Creek. The arithmetic mean and mean devia

tion were also calculated for each type of relief ratio 

and listed on the histograms. The relief ratios, Rr^, for 
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Figure 20. Histogram of Relief Ratios, Rr^, for the 62 
Component Basins 

The relief ratio, Rr-^, is calculated by dividing 
the total relief by the diameter of a circle 
having the same area as the basin. This relief 
ratio shows the highest arithmetic mean and the 
greatest mean deviation for the four different 
types of relief ratios. Its histogram and mean 
values depart so significantly from the histo
grams, arithmetic means, and mean deviations of 
the other three types of relief ratios that it 
might be considered as not representative. The 
relief ratio, Rri, for the Mill Creek drainage 
basin is .0118. 
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Figure 21. Histogram of Relief Ratios, Rr2, for the 6 2 
Component Basins 

The relief ratio, Rr^, is calculated by dividing 
the total relief by the length of the main 
channel of the basin. This relief ratio has the 
lowest arithmetic mean and the smallest mean 
deviation of the four different types of relief 
ratios. The relief ratio, Rr2, for the Mill 
Creek drainage basin is .0032. 
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Figure 22. Histogram of Relief Ratios, Rr3, for the 62 
Component Basins 

The relief ratio, Rr3, is calculated by dividing 
the total relief by the length of the chord of 
the basin. The relief ratio, Rr3> for the Mill 
Creek drainage basin is .0049. 
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Figure 23. Histogram of Relief Ratios, Rr4, for the 62 
Component Basins 

The relief ratio, Rr4, is calculated by dividing 
the total relief by the total of the average 
stream lengths for the basin. This relief ratio 
is closely related to the entire drainage basin 
and perhaps better reflect the hydrogeologic 
regimen of the drainage basin under considera
tion. The relief ratio, Rr^, for the Mill Creek 
drainage basin is .0042. 
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the component basins calculated with the diameter of a 

circle having the same area as the basin have the highest 

arithmetic mean, .0323, and the greatest mean deviation, 

.0119. Its histogram and mean values depart so signifi

cantly from the histograms, arithmetic means, and mean 

deviations of the other three types of relief ratios that 

it might be considered as not representative. The values 

for the other three types are so similar that for most 

problems any of the three could be used with similar 

results. However, as previously indicated, the relief 

ratio calculated with the total of the average stream 

lengths is more closely related to the entire drainage 

basin and perhaps better reflects the hydrogeologic regimen 

of the drainage basin under consideration. 

There appears to be no reciprocal relationship 

between the relief ratios of the component basins and any 

of the relief ratios derived for the major basin, Mill 

Creek. The only factor that, perhaps, could be considered 

as related is that the value of any relief ratio for the 

major basin is near the lowest value of the relief ratios 

for the component basins. 

In order to obtain an indication of how the 

conditions that affect the relief ratio are distributed 

throughout the Mill Creek drainage basin, a plot (Fig. 24) 

was made of the values for the relief ratio, Rr^, to the 

downstream position of each of the 62 component basins. 
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Figure 24. Plot of the Relief Ratios, Rr,j, of the 62 Component Basins to their 
Downstream Positions 

The relief ratios are plotted in the order the corresponding basins 
are encountered along the main channel of Mill Creek from the 
headwaters to the mouth. The plot indicates that the greatest 
effect of relief is in the lower portion of the basin which is the 
region of largest local relief. The relief ratio for the Mill 
Creek basin is .0042. 
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The plot indicated that the greatest values for the relief 

ratios of the component basins are located in the lower 

portion of the Mill Creek drainage basin. This lower 

portion is the region of greatest local relief in the major 

basin. The writer believes that displaying the various 

values for the component basins in a downstream plot, such 

as shown in figure 24, would provide the investigators of 

major basins with a presentation of how a given parameter 

varies in the downstream direction in a major basin. 

As shown, in the section Stream Densities, a 

relationship exists between stream density and relief. 

Possible replationships between stream densities and relief 

ratios of the component basins also were investigated. To 

investigate this several plots of relief ratio, Rr^, to the 

various stream densities were made. The first plot is of 

the relief ratios, Rr^, against the total stream densities 

of the component basins (Fig. 25). The plot exhibits a 

moderate degree of scatter, with a general increase in the 

value of the relief ratio, corresponding with an increase 

in the total stream density. To investigate this general 

relationship the relief ratio was plotted to the total 

stream density of the component basins by the order of the 

component basins. The plot of the relief ratio to the total 

stream density of the third order component basins (Fig. 26) 

shows overall only a slight increase in the value of the 

relief ratio with increase of stream density. 



Figure 25. Plot of the Relief Ratios, Rr^, to the 
Total Stream Densities of the 62 
Component Basins 

The graph indicates that there is a 
slight general increase in stream dens 
with increase of relief. 
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Figure 25. Plot of Relief Ratios, Rr^, to the Total Stream 
Densities of the 62 Component Basins 



Figure 26. Plot of Relief Ratios, Rr4, to the Total 
Stream Densities of the Third Order 
Component Basins 

The values for the 12 third order basins 
shown in the plot have a greater scatter 
than the values for the higher order 
basins shown in figures 27 and 28. 
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The other plots (Figs. 27 and 28) exhibit a 

greater general increase in the relationship between the 

values. The plot (Fig. 2 7) of the relief ratio to total 

stream density for the fourth order component basins shows 

as good a degree of scatter as is shown in figure 25. As 

only two sixth order component basins are present they are 

included with the fifth order component basins in figure 28. 

This plot shows about the same degree of scatter as the 

plot of the fourth order basins (Fig. 27). These plots of 

relief ratios to total stream densities by the order of the 

component basin seem inconclusive. Although, the third 

order basins show the greatest range in total stream density, 

the fourth and fifth order basins show the greatest range in 

values for the relief ratio. 

To investigate the relief ratio a little further, 

plots were made of the relief ratios of the component basins 

to their first and second order stream densities (Figs. 29 

and 30). A comparison of the two plots indicates that with 

an increase in the value for the relief ratio, in general, 

a moderate increase in first order stream density takes place 

(Fig. 29). On the other hand no significant increase in the 

second order stream density with an increase in the value of 

the relief ratio is apparent. The conclusion drawn from this 

comparison is that in the Mill Creek drainage basin, the 

greatest influence on total stream density by relief is the 

significant increase in the density of first order streams. 



Figure 27. Plot of Relief Ratios, Rr^, to the Total 
Stream Densities of the Fourth Order 
Component Basins 

The plot shows the values for 34 fourth 
order basins. 
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Figure 27. Plot of Relief Ratios, Rr4, to the Total Stream 
Densities of the Fourth Order Component Basins 



Figure 28. Plot of Relief Ratios, Rr^, to the Total 
Stream Densities of the 14 Fifth and 2 
Sixth Order Component Basins 

The Xs represent the 2 sixth order basins 
and the 14 dots represent the fifth order 
basins. 
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Figure 28. Plot of Relief Ratios, Rr4, to the Total Stream 
Densities of the 14 Fifth and 2 Sixth Order 
Component Basins 



Figure 29. Plot of Relief Ratios, Rr^, to the First 
Order Stream Densities of the 62 Component 
Basins 

The scatter is greater on this plot than 
on the plot of second order stream densi
ties shown in figure 30, because of the 
influence of relief on the first order 
streams. 
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Figure 29. Plot of Relief Ratios, Rr*, to the First Order 
Stream Densities of the 62 Component Basins 



Figure 30. Plot of Relief Ratios, Rr^, to the Second 
Order Stream Densities of the 62 Component 
Basins 

The values shown on this plot show little 
scatter indicating that relief has minor 
influence on the density of second order 
streams. 
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Stream Densities of the 62 Component Basins 
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Therefore, in areas underlain by similar lithologies, the 

density of the first order streams can provide useful 

information about relief. 

Crenation Ratio 

The purpose of this portion of the investigation 

was to search for areal parameters that could be possibly 

taken from radar and infrared imagery as well as from 

topographic maps and aerial photographs. However, the 

number of areal parameters available are few and their 

absolute values commonly are unrevealing. Through the 

course of this investigation it became evident that any 

meaningful values that could be calculated or derived from 

these areal parameters would serve as useful reference 

material in the evaluation of radar and infrared imagery as 

sources of quantitative geomorphic data. 

The elongation ratios, discussed in this paper, are 

expressions of how a basin generally departs in shape from 

a circle. However, the elongation ratios relate only to the 

area of the basin and provide no distinction between basins 

of different shaped perimeters. For example, two basins 

having equal areas and equal totals of average stream lengths 

would have the same elongation ratio although one basin had 

a smooth perimeter and the other had a deeply notched or 

scalloped perimeter. These two basins obviously exhibit a 

difference in shape, and an attempt was made to express this 
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difference quantitatively with areal parameters being the 

sources of basic data. 

Using the areal parameters of basin area and perim

eter as sources of data an expression was derived and 

termed the crenation ratio. The crenation ratio is an 

indication of how the perimeter of a drainage basin departs 

from a smooth circular line. It is calculated by dividing 

the diameter of a circle having the same area as the 

drainage basin by the diameter of a circle having the same 

perimeter as the drainage basin. How the crenation ratio 

expresses the differences in basin shape is portrayed in 

figure 31. The value of the crenation ratio approaches 

unity for basins with smooth circular perimeters. The more 

crenated the perimeter, the smaller the value of the ratio. 

A small value for the ratio indicates that the corresponding 

drainage basin is highly interlocked with the adjacent 

drainage basins. 

The crenation ratio was calculated for the Mill 

Creek drainage basin and each of the 62 component basins. 

These values are listed in table 2. In order to obtain 

an idea of the range of the values for the 62 component 

basins, their crenation ratios were used to construct a 

histogram (Fig. 32). The arithmetic mean and the mean 

deviation were also calculated. The arithmetic mean for 

the component basins is .7508 while the value for the 

crenation ratio for the major basin is .4871. Although 
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Figure 31. The Crenation Ratio, Dr 

The crenation ratio is an indication of how the 
perimeter of a basin departs from a smooth 
circular curve. The ratio is calculated by 
dividing the diameter of a circle having the 
same area as the basin by the diameter of a 
circle having the same perimeter as the basin. 
Part a. shows how two basins having equal areas 
(Ai and A2) but different perimeters (P^ and 
P2) differ in their crenation ratios (Dr^ and 
Dr2). Part b. shows how two basins having 
equal perimeters but different areas differ in 
their crenation ratios. The value for Dr^ in 
Part b. would be unity. The lowest value for 
the crenation ratio would be for Dr2 in Part a. 

Given: 
A1 > A2 

P1 " P2 

Then: 
Dr1> Dr, 
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Figure 32. Histogram of the Crenation Ratios, Dr, for the 
62 Component Basins 

The calculation of the crenation ratio is 
described in figure 31. The crenation ratio for 
the Mill Creek drainage basin (.4871) is slight
ly lower than the minimum value that the 
component basins show. 
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the range of values is small for the component basins there 

is not a reciprocal relationship with the major basin. 

Quantitative Values and Stream Adjustment 

In the course of this investigation an attempt 

was made to find which quantitative values of a drainage 

basin might be related to stream adjustment. Due to the 

diverse nature of the geology, the area (Fig. 2) surrounding 

Mill Creek was well suited to such a study. Therefore, 

this section presents the study that was undertaken and 

the possible applications of the quantitative values 

discussed in previous sections of this paper to stream 

adjustment in the Mill Creek area. 

By definition (Salisbury and Atwood, 1908, p. 52), 

the highest degree of adjustment is when each stream course 

in a drainage net is controlled by structural factors. 

Therefore, the lowest degree of adjustment is where a 

stream system shows no relationship to structural features. 

Initial thoughts were that a statistical analysis 

of the orientation of stream segments with structural 

geology would provide useful numbers. Later consideration 

brought the realization that this would only be an exercise 

in proving the definition, and not one that required 

geologic perspicacity. 

It was anticipated that there would be a strong 

relationship between stream order and the type of stream 
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(consequent, obsequent, resequent, and subsequent). In a 

well-adjusted stream system, first order streams would be 

obsequent or resequent, second order streams would be 

subsequent, and third order streams and greater would be 

subsequent or consequent. W. M. Davis in 1899 (Davis, 1909, 

p. 262) had similar thoughts: 

The growth of subsequent streams and drainage 
areas must be at the expense of the original conse
quent streams and consequent drainage areas. All 
changes of this kind are promoted by the occurrence 
of inclined instead of horizontal rock layers, and 
hence are of common occurrence in mountainous regions, 
but rare in strictly horizontal plains. The changes 
are also favored by the occurrence of strong contrasts 
in the resistance of adjacent strata. In consequence 
of the migration of divides thus caused, many streams 
come to follow valleys that are worn down along belts 
of weak strata, while the divides come to occupy the 
ridges that stand up along the belts of stronger 
strata; in other words the simple consequent 
drainage of youth is modified by the development 
of subsequent drainage lines, so as to bring about 
an -increasing ado us tment °f streams to structures > 
which is highly characteristic of the mature stage 
of the geographical cycle. Not only so; adjustments 
of this kind form one of the "strongest, even if one 
of the latest, proofs of the erosion of valleys by 
the streams that occupy them, and of the long-
continued action in the past of the slow processes 
of weathering and washing that are in operation today. 

Unfortunately, the results of this study indicate 

that the relationships of stream types to stream order are 

of little or no value in defining stream adjustment. 

Data from six selected drainage basins, located in 

south-central Oklahoma near Mill Creek, are presented here 

to demonstrate which quantitative values are related to 

stream adjustment; two basins are completely unadjusted, two 
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are in the stages of becoming adjusted, and two basins 

appear to be well adjusted. The choice of the basins was 

based on a previous geomorphic study of south-central 

Oklahoma (F. A. Melton, 1959). 

The two basins that contain well-adjusted streams 

(Lazy S Basin #1 and Lazy S Basin #2, Figs. 33 and 34) are 

in an area of steeply dipping Paleozoic sedimentary rocks 

on the south flank of the Arbuckle Uplift (Fig. 2). Two 

other basins showing no apparent relationships to any 

structures (Anadarche Basin #1 and Anadarche Basin #2, 

Figs. 35 and 36) are located 3 miles east of Ardmore, 

Oklahoma. They are on the flat-lying Cretaceous Paluxy 

Sandstone, which lies unconformably upon the steeply dipping 

sequence of Pennsylvanian sedimentary rocks in the Ardmore 

basin. The final two basins (Sycamore Basin #1 and Sycamore 

Basin #2, Figs. 37 and 38), contain streams that are cutting 

through the flat-lying Cretaceous sedimentary rocks and are 

in the stages of becoming adjusted. They are on the South 

Flank of the Arbuckle Uplift about 20 miles east of the well-

adjusted streams and 2 miles west of the Mill Creek basin. 

The relationship between geologic structure and the three 

sets of drainage basins is shown in figure 39. 

The values listed in table 3 indicate that the 

well-adjusted streams and the totally unadjusted streams 

have similar quantitative values. But, the streams in 

the stages of becoming adjusted exhibit anomalous values. 
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Figure 33. Lazy S Basin #1 

This basin represents a well adjusted basin. 
The basin has a high elongation ratio and most 
of the first order streams are adjusted to 
structure. 
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Figure 34. Lazy S Basin #2 

This is a well adjusted basin similar to 
Lazy S Basin #1 (Fig. 33). 
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Figure 35. Anadarche Basin #1 

This is a completely unadjusted stream system, 
because the streams show no relationship to 
underlying structure. 
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Figure 36. Anadarche Basin #2 

This is a completely unadjusted stream system 
similar to Anadarche Basin #1 (Fig. 35). 
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Figure 37. Sycamore Basin #1 

This basin represents a transition stage 
between an unadjusted basin and a well 
adjusted basin. 
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Figure 38. Sycamore Basin #2 

This basin is similar to Sycamore Basin #1 and 
also represents a transition stage between an 
unadjusted basin and a well adjusted basin. 
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Figure 39. Diagrammatic Profiles 

Diagrammatic profiles of the drainage basins 
shown in figures 40, 41, and 42. Part A is a 
completely unadjusted stream as shown in 
figure 40 and represented by Anadarche Basins 
#1 and #2 (Figs. 35 and 36). Part B is a stream 
that is beginning to become adjusted. The major 
streams have cut into the underlying structure 
and are becoming adjusted. This is similar to 
the stream systems in figure 41 and the 
Sycamore Basins #1 (Fig. 37) and #2 (Fig. 38). 
Part C is a well-adjusted stream with all of the 
system being influenced by structure. This is 
similar to the stream system in figure 42 and 
the Lazy S Basins #1 (Fig. 33) and #2 (Fig. 34). 
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No outstanding linear relationships seems established as a 

stream evolves from an unadjusted state into a completely 

adjusted one. However, careful consideration does indicate 

that certain values are related to the evolvement and 

provide information as to how the evolution is enacted. The 

values for the elongation ratios indicate that as the stream 

becomes influenced by structure, its basin changes from an 

ovoid one to an elongate one, then back to a roughly circular 

one as the stream becomes adjusted. 

This progression, which is evidenced by the elonga

tion ratios, was first discussed by W. M. Davis (1909, 

p. 343). lie indicated that in the early stages after 

rejuvenation, drainage basins became more and more elongate 

until the major streams began to near a base level and are 

slowed in down-cutting, then letting the smaller transverse 

streams catch up in areal development. 

Figures 40, 41, and 42, indicate how this appears 

to happen. The first streams to become influenced by the 

underlying structure are the major ones. This is logical 

because the major streams are always the lowest streams 

in the basin and would, of course, be the first to 

encounter new structures by down-cutting. The major 

streams become adjusted first and as an adjusted course 

is the easiest and the most rapid course to follow, the 

major streams accelerate their headward growth; out

stripping the growth of the lower order streams until they 
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Figure 40. A Hypothetical Unadjusted Drainage Basin 

A hypothetical drainage basin containing stream 
systems unrelated to structure. This drainage 
system evolves into the systems shown in 
figure 41 when the major streams cut down into 
the underlying structure. A hypothetical 
longitudinal stream profile of this basin and 
geologic cross-section are shown in Part A of 
figure 39. 
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Figure 41. Hypothetical Drainage Basins in Transition 
Stage 

Hypothetical drainage systems in the process of 
becoming adjusted to geologic structure. The 
higher order streams are already adjusted. 
These will evolve into the system in figure 42 
as the streams become better adjusted. 



Figure 42. A Hypothetical Well-Adjusted Stream System 

Even if the higher order streams begin to 
wander, the first and second order streams 
are adjusted to geologic structure indicating 
a well-adjusted system. 
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reach the underlying structure. When the major streams 

near their base level, they decrease their rate of down-
V 

cutting and lateral growth of the basin becomes dominant. 

The last streams to become adjusted in the basin are the 

first order streams. 

From the values on table 3 and the outlines of the 

basins and their stream systems, quantitative factors 

related to stream adjustment can be compiled. The well 

adjusted streams have high elongation ratios, .79 to .90. 

A stream is not considered well adjusted until all the 

first order streams are influenced by structure. If the 

first, second, and third order streams are well adjusted 

but the higher order streams appear not so well adjusted, 

the system should still be considered well adjusted if the 

basin has a high value for the basin elongation ratio. From 

the diagrammatic well-adjusted basin shown in figure 42 

and in the outlines of the two well-adjusted basins from 

Oklahoma, Lazy S Basin #1 and #2, (Figs. 15 and 16) a well 

adjusted basin is represented by a rough quadrilateral shape. 

A chronological listing of the steps that a drainage basin 

takes towards a state of increasing adjustment is presented 

in figure 4 3. 

The elongation of a drainage basin is an important 

geomorphic parameter. It is related to the manner in which 

the water that falls within a basin is distributed. The 

distribution determines how the potential energy of the 



TABLE 3 

Data Taken from the Topographic Study of the Six Control Basin 

Area, Sq. Miles 

Perimeter, Miles 

Total Stream Density 
Miles/Sq. Miles 

First Order Stream 
Density 
Miles/Sq. Miles 

Relief, Feet 

Relief Ratios* 
Feet/Foot 

Rr. 

Rr-

Rr. 

Rr 

Adj usted 
Lazy S Lazy S 
Basin #1 

.990 

4 . 41 

18.2 

10 .4 

310 

.052 

.0 32 

.033 

.047 

Basin #2 

.610 

3. 38 

18.1 

10 .7 

290 

.062 

.043 

.043 

.049 

In 
Sycamore 
Basin #1 

.607 

4.82 

16.8 

11.2 

210 

.045 

.016 

.019 

.026 

Elongation 
Ratios* 

Er. 

Er, 

Er-

. 6 2  

.63 

.90 

. 6 8  

.70 

. 79 

. 36 

.43 

.57 

Crenation 
Ratios * 

Stability 
Indices*-

Dr 

DE. 

DE-

DE 

,803 

495 

507 

720 

. 821 

.562 

.570 

.646 

. 574 

.208 

.245 

. 325 

*Defined in Appendix A 
-•-Discussed in the following section titled, "Stability Index". 



TABLE 3 

c Control Basins Which Represent Certain Stages of Adjustment 

In Transition Unadjusted 
Sycamore Sycamore Anadarche Anadarche 
Basin #1 Basin #2 Basin #1 Basin #2 

.607 .214 .834 .423 

4.82 2.12 4.06 2.77 

16.8 24.0 15.7 14.7 

11-2 16.1 8.75 8.98 

210 

.045 

,016 

.019 

.026 

. 36 

.43 

.57 

. 574 

. 208 

. 245 

. 325 

170 

.062 

.030 

.033 

.039 

. 49 

. 54 

.63 

.773 

. 380 

.418 

.488 

120 

.022 

. 012 

.016 

.017 

.55 

.74 

. 77 

. 799 

.443 

.587 

.614 

110 

.028 

.019 

.019 

.025 

.67 

.67 

.87 

.8 34 

.557 

.557 

. 722 

ty Index". 
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UNADJUSTED TO 
GEOLOGIC STRUCTURE 

1. major streams begin to intersect 

structure 

2. major streams deepen channels and 

begin rapid headward erosion 

3. basins begin to elongate. 

4. headward eroding major streams 

capture portions of other basins 

5. basins become very elongated and 

have low elongation ratios 

6. major streams slow their rates of 

down-cutting and headward erosion 

7. transverse streams widen basin 

and shift divides 

8. transverse streams pirate adjacent 

systems by abstraction 

9. basins become rectangular in shape 

and attain higher elongation ratios 

10. first order streams become adjusted 

to geologic structure 

ADJUSTED TO 
GEOLOGIC STRUCTURE • 

Figure 43. A Chronological Listing of the Steps that a 
Drainage Basin takes as it Evolves from an 
Unadjusted Stage towards an Adjusted Stage 
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water will be released. Consider two basins of equal area, 

relief, and stream density, but of dissimilar shapes. One 

is circular and the other is elongate. The drainage net of 

the circular basin is more complex and although it contains 

the same length of channels and number of stream segments, 

it is a higher order basin. The elongate basin will be a 

lower order basin having higher bifurcation ratios between 

the lowest order stream segments. The elongate basin is 

the more simple flume, and the amount of discharge would 

increase downstream in a nearly linear fashion (Fig. 44). 

The energy available for down-cutting and headward erosion, 

therefore, would be greater in the elongate stream. 

The crenation ratios for the basins in transition, 

like the elongation ratios, are lower in value than for the 

other basins (Table 3). This means that not only are 

the basins in transition more elongate, but they have 

perimeters that are possibly more crenate. This observation 

raises two questions: why are the basins in transition 

more crenate, and are the elongation ratios and the 

crenation ratios related? 

The more a basin's shape departs from a circle, the 

lower the value of the crenation ratio, even if the perimeter 

remains a nearly smooth line (Fig. 31, part b). The 

elongation of the shape of a basin, therefore, lowers the 

value of its crenation ratio, as well as lowering the value 

of its elongation ratio. The crenation ratio expresses how 
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increasing discharge 

Figure 44. Theoretical Graph of Stream Discharge 

This theoretical graph shows the differences in 
discharge per downstream position for a circular 
basin and an elongate basin having equal areas 
and similar runoff characteristics. The separa
tion of the two curves indicates that the 
erosive energy is greater in the headward 
portion of the elongate basin than in the head-
ward regions of the circular basin. The curves 
were calculated by adding the amount of area 
that would be increasingly drained by the main 
channel from the headwaters to the mouths of a 
theoretical elongate basin and a theoretical 
circular basin. 
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crenated is the perimeter of the basin and would provide a 

low value for a basin having a circular shape but a scal

loped perimeter. So, it is not just another expression of 

elongation. 

In the discussion on stream adjustment it was noted 

that drainage basins change their regimen by shifting their 

perimeters and those basins that are the most actively 

shifting their divides and suffering the most change are 

the basins in transition. Of course, these basins would 

have highly crenate perimeters as rates of headward erosion 

would vary throughout a single basin. 

Since, the elongation ratio and the crenation ratio 

seemed to be related to the situation where a stream was 

changing its regimen relative to other basins in the nearby 

area, it was considered pertinent to compare those values 

taken for the 6 2 component basins of Mill Creek. In order 

to compare the 62 component basins with each other, sepa

rate plots of the elongation ratio, Er^, and the crenation 

ratio, Dr, of the component basins were made to their 

downstream positions (Figs. 45 and 46). These plots should 

indicate those basins that are most actively migrating 

headward and shifting their -perimeters. 

The plots indicate that the values for the elonga

tion and the crenation ratios range in amount from the 

headwaters to the mouth, but not necessarily in a corre

sponding manner. The plot for the elongation ratios (Fig. 



Figure 45. Plot of the Elongation Ratios, Er3, of the 62 Component Basins 
to their Downstream Positions 

The elongation ratios are plotted in the order the corresponding 
basins are encountered along the main channel of Mill Creek from 
the headwaters to the mouth. The plot indicates the areas where 
elongate component basins are located within the major basin. The 
lower the value for the elongation ratio the more elongate the 
basin. The elongation ratio, Er^, for the Mill Creek Basin is .361. 
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Figure 46. Plot of the Crenation Ratios, Dr, of the 62 Component Basins to 
Their Downstream Positions 

The crenation ratios are plotted in the order the corresponding 
basins are encountered along the main channel of Mill Creek from the 
headwaters to the mouth. The lower the values for the crenation 
ratio the more crenated the perimeter of the basin. The value for 
the crenation ratio of the Mill Creek drainage basin is .4 871. 
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45) shows that the area with the greatest number of elon

gate basins is near the middle of the Mill Creek drainage 

basin. Also, the plot of crenation ratios (Fig. 46) shows, 

possibly, a slight correspondence in the same area of the 

Mill Creek drainage basin with the elongation ratios. 

The mean deviation about the arithmetic mean was 

used to set arbitrary limits on the elongation ratios and 

the crenation ratios of the 62 component basins. Basins 

whose values fell within the limits of the mean deviation 

could be considered normal, relative to the group of compo

nent basins under consideration, whereas, those above the 

limits could be considered stable and those below as 

unstable. For the elongation ratio the stability limit 

of .770 and above encompasses the adjusted and unadjusted 

basins in table 3, while the lower limit of .544 does not 

quite put the transitional basins into the unstable group. 

However, their values are below the mean and close to the 

lower limit. The situation is similar for the crenation 

ratio. The upper limit of .8159 is passed by one adjusted 

and one unadjusted basin, and the values of the other two 

from table 3 are close to the limit. One of the basins 

in transition is below the lower limit of .6857, while the 

other basin is just below the mean. Therefore, in the case 

of the 62 component basins, the limits set by the mean 

deviation might indeed represent the extremes and could 

be used to point out the relative most unstable basins. 
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Stability Index 

Two values, the elongation ratio and the crenation 

ratio, appear to be related to the potential of a stream to 

change its regimen. Both of these values are obtainable 

from radar and infrared imagery, which makes them important 

to this investigation. From the values for the elongation 

ratios and the crenation ratios listed in table 2 for the 

62 component basins and in table 3 for the six control 

basins, it is difficult to indicate that a basin is rela

tively stable or unstable from two separate values. This 

is due to the situation that the values of the elongation 

ratio of a basin does not necessarily correspond with the 

value of the crenation ratio. This gives the situation 

where a basin might be considered relatively stable according 

to the value of the elongation ratio, but relatively 

unstable according to the value of the crenation ratio. The 

reverse situation with the values for the two ratios can 

also occur. 

A single expression of these two values is important 

in order to apply the concept of relative stream basin 

stability. This single expression can give a general 

indication of the stream basin's susceptibility to change. 

A single expression was made by multiplying the elongation 

ratio by the crenation ratio. This would provide an expres

sion that would be proportional to the two values. As the 

values for both the elongation ratio and the crenation ratio 



approach unity so does the value of their product approach 

unity. The expression is a dimensionless number because 

the elongation ratio and crenation ratio have no units. 

This expression is termed the stability index, DE. 

Since three different elongation ratios were calculated 

it seemed applicable to derive stability indices with each 

one for the 62 component basins and the 6 control basins. 

The three stability indices were given the symbols DE^, 

DE2, and DE3. The values for the 62 component basins are 

listed in table 2 and the values for the 6 control basins 

are listed in table 3. 

For the purposes of evaluation and comparison the 

values for the three different stability indices of the 

62 component basins were plotted in histograms (Figs. 47, 

48, and 49). The arithmetic means were also calculated 

for the three indices and listed with their respective 

histogram. The values of the arithmetic means and the 

mean deviations of the stability indices are equal to the 

products of the arithmetic means and mean deviations of 

the elongation ratios and the crenation ratio. The compar 

ison shows that the range of values is similar to the 

range of values shown by the elongation ratios (Figs. 16, 

17, and 18) that were used to calculate the stability 

indices. As with the elongation ratios, any of the three 

stability indices could probably be used with similar 

results. The stability index, DE3, calculated with the 



Figure 47. Histogram of the Stability Indices, DE^, 
for the 62 Component Basins 

The stability index is an indication of 
a basin's potential to undergo change. 
The lower the value the greater the 
potential to undergo change. The stabil
ity index, DEt, is calculated by 
multiplying the crenation ratio, Dr, by 
the elongation ratio, Eri. The stability 
index, DE-^, for the Mill Creek drainage 
basin is .1344. 
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Figure 47. Histogram of the Stability Indices, DE-^, for 
the 62 Component Basins 



Figure 48. Histogram of the Stability Indices, DE~, 
for the 62 Component Basins 

The stability index, DE2, is calculated 
by multiplying the crenation ratio, Dr, 
by the elongation ratio, Er2. The 
stability index, DE2, for the Mill Creek 
drainage basin is .2051. 
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Figure 48. Histogram of the Stability Indices, DE2/ for the 
62 Component Basins 



Figure 49. Histogram of the Stability Indices, DE^, 
for the 62 Component Basins 

The stability index, DE3, is calculated 
by multiplying the crenation ratio, Dr, 
by the elongation ratio, Er3» The 
stability index, DE3, for the Mill Creek 
drainage basin is .1758. This stability 
index is considered to be the most 
valuable one because of its relationship 
to all the streams in a basin. It is 
listed as to the downstream position of 
the 62 component basins in figure 51, and 
displayed on the map in figure 11. 



90 

30 

25 

20-

cn 
S3 
M 
CO 
< 1 c m 15 
pLI 
o 
OS 
w 

gio 

5-

Arithmetic Mean = .4999 

Figure 49. 

.5 1.0 
STABILITY INDEX, DE^ 

Histogram of the Stability Indices, DE3, 
the 62 Component Basins 

for 



91 

elongation ratio, Er^, is considered by the writer as the 

most applicable value. The reasons for this are the same 

as those presented previously on the relief ratio, Rr^, and 

the elongation ratio, Er3« Those reasons are based on the 

acceptance of the total of average stream lengths as the 

value that is perhaps best suited to purposes of this paper. 

In order to provide a pictorial example of how the 

stability index, DE^, is related to the elongation ratio, 

Er^, and the crenation ratio, Dr, a graphical plot {Fig. 50) 

was made of their values. The crenation ratio is plotted 

on the ordinate and the elongation ratio is plotted on the 

abscissa with the resultant stability index shown along 

a diagonal axis. The plot then demonstrates that the more 

elongate and crenate the basin, the relatively less stable 

the basin. The plot indicates that the values of the 

crenation ratios increase with an increase in the values of 

the elongation ratios for the 62 component basins. As both 

ratios have a common numerator, the diameter of a circle 

having the same area as the basin, the relationship could 

be spurious. If the relationship is real or not depends 

upon the relationship between the denominators of the ratios. 

The relationship is real and not spurious, because in general 

for a group of drainage basins the total of average stream 

lengths increases with an increase in the length of the 

drainage basin's perimeter. This is an obvious relation

ship and the purpose of the plot (Fig. 50) is not to exhibit 
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ELONGATION RATIO, Er3 

Plot of the Stability Indices, DE3, of the 
Component Basins to their Corresponding 
Elongation Ratios, Er3, and Crenation 
Ratios, Dr. 

The stability index, DE^, is calculated by 
multiplying the elongation ratio, Er^, by the 
crenation ratio, Dr. The purpose of"this plot 
is to demonstrate how the values of the crena
tion and elongation ratios are combined to 
represent the relative stability of the compo
nent basins of Mill Creek. Increases in 
crenation and/or elongation correspond to 
decreases in the numerical values of their 
ratios. The more round a basin's shape and the 
smoother its perimeter, the greater is the value 
of the basin's stability index, which appears to 
correspond to an increase in the relative sta
bility of the basin. The line A represents the 
arithmetic mean of the elongation ratios and 
line B represents the arithmetic mean of the 
crenation ratios. The line C indicates the 
arithmetic mean for the stability index. The 
X near the left side of the plot represents 
the entire Mill Creek drainage basin. 
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it, but to demonstrate how the values of the crenation ratio 

and the elongation ratio are combined to represent the 

relative stability of the component basins of Mill Creek. 

The arithmetic means for the elongation ratios and 

the crenation ratios for the 62 component basins intersect 

at the point which is the arithmetic mean for the stability 

indices (.4999) . The points at which the extremes of the 

mean deviations for the ratios meet (.3730 and .6270, on 

the axis of the stability index) are arbitrarily taken to 

represent the limits on a normal group of the component 

basins. These basins are labeled normal, only in the 

sense that the basins having stability indices with values 

below .373 are considered relatively to be the least 

stable (most active) and those with values above .627 

are considered to be the most stable (least active). The 

values of the stability indices for the 62 component 

basins only refer to the relative stability of the compo

nent basins of Mill Creek. 

The Regimen of Mill Creek 

The purpose of this section is to show possible 

applications of some of the quantitative values, discussed 

in previous sections of this chapter, to an analysis of 

the regimen of Mill Creek. This is considered important 

to the purpose and scope of this paper. Because, if these 

values have merit in such an analysis and they can be 
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obtained from radar and/or infrared imagery, then data 

taken from the radar and infrared imagery could possibly 

be used in such an analysis. 

The regimen of a basin refers to the systematic 

network that conducts water through the basin. This 

regimen is represented by every stream segment within the 

basin and the manner in which each segment influences the 

water that flows through it. The evolution of the six 

control basins discussed in a previous section of this 

chapter from an unadjusted to an adjusted stage involved 

changes in regimen. All basins that periodically or 

continually receive water are changing their regimens. 

Drainage basins change by either increasing their drainage 

network or by losing parts of it. The basins grow by 

simple headward erosion which lengthens the stream segments 

and by the piracy of stream segments from adjacent basins. 

When a drainage basin grows it is at the expense of 

other nearby basins. Therefore, these adjacent basins 

would be changing their regimen by the loss of parts of 

their drainage systems. 

Considering how drainage basins change, no truly 

stable drainage basins can exist. However, the manner in 

which basins do change indicates that the basins change at 

different rates relative to one another. The relative rates 

of change between basins would depend upon the base level, 

the rock type, and the amount of precipitation in the area 
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of the basins. However, it appears from this investigation 

that in areas where base level, the rock type, and climate, 

are held very nearly constant, relative rates of change are 

indicated by the elongation and crenation of a basin. These 

relative rates are expressed in the stability indices of the 

component basins of Mill Creek and should provide an 

indication of the areas within the Mill Creek drainage basin 

that are possibly undergoing change at different rates 

relative to other areas. The stability indices for the 62 

component basins of Mill Creek were listed in a downstream 

plot (Fig. 51) to provide an indication of areas where rates 

of relative stability might differ. The plot (Fig. 51) 

shows that several basins in the middle regions and a few 

in the southern portion near the mouth of the Mill Creek 

drainage basin are undergoing relatively higher rates of 

change than most of the other component basins. 

The reason for obtaining an indication that possibly 

some of the component basins are undergoing relatively 

greater rates of change than the rest of the Mill Creek 

drainage basin is because the regimen of Mill Creek will 

change as a function of the relative stability of its 

component basins. The relatively least stable component 

basins indicate where change in the major basin's regimen 

has occurred, and where change in regimen will most likely 

continue at a greater rate than in other parts of the 

major basin. 



Figure 51. Plot of the Stability Indices, DE3, of the 62 Component Basins 
to their Downstream Positions 

The stability indices are plotted in the order the corresponding 
basins are encountered along the main channel of Mill Creek from 
the headwaters to the mouth. Low DE3 values indicate low stability. 
These values are displayed on the map of component basins shown in 
figure 11. 
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In order to attempt to determine where changes have 

occurred, why they occurred, and where they might continue 

to happen in the Mill Creek regimen, the map of component 

basin outlines (Fig. 11) was used to display selected ranges 

for the values of the stability indices of the component 

basin. The downstream plot (Fig. 51) indicates regions 

along the main channel of low stability values, but provides 

no information as to which side of the main channel were 

the areas of low stability. Nor does the plot show the 

relative sizes of the component basins having low stability 

index values or if the basins are superior or inferior. 

The values are displayed on the map (Fig. 11) in four 

ranges. Values below .373 are the least stable and 

values from .373 to .500 are in the less stable part of 

the normal group. The values from .500 to .627 are 

considered the more stable part of the normal group and 

values greater than .62 7 are the most stable. 

The map showing the distribution of the stability 

indices (Fig. 11) indicates that the component basins of 

two parts of the Mill Creek drainage basin are relatively 

less stable than the rest of the basin. This is based 

on there being a preponderance of basins having values for 

the stability index, below .37 3 and .500 in these 

two areas. One area is in the north-central portion that 

extends from Granite Creek to Retina Creek. The other 
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area is the extreme southern part of the basin from 

Terminator Creek to Elliptical Creek. 

In order to determine possible reasons for the 

two areas being relatively out of balance, the gradient of 

the main channel (Fig. 19) of Mill Creek was studied. The 

profile of the gradient shows two anomalous areas of high 

gradient, both of which correspond to the areas of low 

values for the stability indices. These areas of higher 

gradient could be accounted for by rejuvenation of sections 

of Mill Creek. This rejuvenation should be evidenced by 

other geomorphic features. The drainage basin morphology, 

indicated by topographic profiles of Mill Creek drainage 

basin (Fig. 52, in pocket), is more rugged here in the south

ern area and the local relief is greatest. 

If this rejuvenation was due to the lowering of 

Mill Creek's base level (the Washita River); there would 

be evidence of rejuvenation in other local basins of similar 

size. Inspection of the nearby basins (Fig. 53) of similar 

size (Rock Creek, Pennington Creek, and Oil Creek) shows 

no similar indication of rejuvenation. However, this 

inspection revealed that Rock Creek appears to be a misfit 

stream. Misfit in the sense that it has a valley that is 

deeper and wider than the lower part of Mill Creek (Fig. 

52), but it drains a smaller area (Fig. 53). 

South of the town of Mill Creek in the southern 

end of Threemile Creek's basin, the divide between the Mill 
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Figure 53. Present Drainage in the Mill Creek Area 

Scale of this figure is 1:250,000. The present 
drainage of the area has possibly evolved from 
the drainage shown in figure 54. 



100 

Creek drainage basin and Rock Creek drainage basin is only 

34 feet above the elevation of the main channel of Mill 

Creek. This area is a broad valley that makes a noticeable 

gap in the drainage divide. Apparently this is a wind gap 

through which the main channel of Mill Creek once ran. The 

upper 65 percent of the Mill Creek drainage basin was once 

the upper portion of Rock Creek (Fig. 54). A northward 

eroding stream similar to Sycamore Creek (Fig. 53) pirated 

the headwaters of Rock Creek in the recent geologic past. 

The gradient of the small stream was greater than 

Rock Creek's, and not enough time has elapsed for the effect 

of the gradient in the lower region to have been absorbed by 

the present regimen of Mill Creek. Consequently, Rock Creek 

still shows the effect of this change in regimen. As it 

has been indicated by the discussion in the section on 

elongation ratios, this loss and gain of portions of basins 

is the true manner in which stream systems grow and change 

their regimen. 

Figure 54 shows how Mill Creek and some of the 

nearby streams possibly have evolved. As portions of the 

Cretaceous overlap were eroded from the area, the rapidly 

eroding, small ancestral Mill Creek captured the headwaters 

of the prehistoric Rock Creek. 

Using further the concept of streams evolving by 

loss and gain from capture, a map displaying how the major 

streams in the Mill Creek area will perhaps change with 



Figure 54. A Reconstruction of the Possible Pre-
Pleistocene Drainage in the Mill Creek 
Area 

The heavy lines indicate the possible 
pre-Pleistocene drainage and the lined 
areas represent the possible extent cf 
outliers of Cretaceous rock. The northern 
portion of Mill Creek was the upper part 
of Rock Creek and the lower portion of 
Mill Creek was a smaller, northward 
eroding stream. By gain and loss of 
portions of basins by piracy the drain
age evolved into the present configuration. 
The scale of this figure is 1:250,000. 



101 

IM 
o 

-

2 MILES 

Figure 54. A Reconstruction of the Possible Pre-Pleistocene 
Drainage in the Mill Creek Area 
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time was complied (Fig. 55). The northern portion of Mill 

Creek will possibly be diverted towards the west and Rock 

Creek will capture the headwaters of Pennington Creek. 

Summary of Quantitative 
Geomorphological 

Investigation" 

The investigation has presented several suggestions 

for providing geomorphologists with more explicit quantita

tive values and a method of subranking basins. The 

subranking of basins provides a reference for an under

standing of possible reciprocal relationships between basins. 

Some quantitative geomorphic values apparently express 

certain relative conditions of a basin's regimen. 

In order to construct a reference to evaluate the 

application of radar and infrared imagery to quantitative 

geomorphologic problems, the values of several areal 

parameters were collected. This search for areal parameters 

revealed the need for a drainage basin hierarchy. A drain

age basin hierarchy was conceived for relative subranking 

of basins which will provide a means for the accurate 

communication of rank between investigators. The drainage 

basin hierarchy applies to any basin, regardless of size, 

with the basin under consideration being the major basin 

and the hierarchy applying to its component basins. 

The subranking of a basin into component basins 

provided a means to investigate possible reciprocal 



Figure 55. Possible Future Distribution of Some of the 
Major Drainage in the Mill Creek Area 

The heavy lines indicate the possible 
future distribution of some of the drain
age in the area. The upper portion of 
Mill Creek has been pirated to the west 
and Rock Creek has captured the upper 
portion of Pennington Creek. The scale 
of this figure is 1:250,000. 
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Figure 55. Possible Future Distribution of Some of the 
Major Drainage in the Mill Creek Area 
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relationships between the component basins and the major 

basin. Two types of quantitative values provide good 

mutual values that can be taken from the component basins 

and considered as representative of the entire major basin. 

One type is the mean average lengths of stream segments 

by order. The other type is the bifurcation ratios taken 

between the number of stream segments of one order to 

the number of segments of the next higher order. 

In the Mill Creek drainage basin stream densities 

of the component basins are a function of both relief and 

bedrock. The stream densities of the component basins 

increase as the relief becomes greater and the bedrock 

decreases in permeability. The major influence on stream 

densities by relief is expressed in the first order streams, 

the higher the relief of component basins located on the 

same type of bedrock, the greater the density of first 

order stream segments. 

• elongation ratio and the relief ratio are 

redefined to be calculated with explicit parameters for 

length which will be a great improvement over the previous, 

poorly defined, values. One of the explicit parameters, 

the total of average stream lengths, will provide a closer 

relationship between the values of the ratios and the 

entire drainage net. 

The new quantitative value, the crenation ratio, 

is introduced to express how the perimeter of a basin 
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departs from a smooth round circle. The crenation ratio 

provides an indication of the degree to which a drainage 

basin is interlocked with the adjacent drainage basins. 

As lobes of the interlocked basins are lost or added, the 

divides shift, changing areas and total stream lengths. 

There appears to be no reciprocal relationships between 

the values for the crenation, elongation, and relief ratios 

of the component basins and the corresponding values for 

the major basin. 

Drainage basins that are most actively changing 

their regimens have low values for the elongation and 

crenation ratios. This indicates that they are more 

elongate and crenate than the other basins. The two ratios 

are multiplied by each other to produce a single expression 

that provides an indicator of the relative stability of 

the basins. This single expression is termed the stability 

index and used to indicate the relative stability of the 

component basins of Mill Creek. The component basins of 

Mill Creek are in various states of relative stability 

and this was used to provide an indication of how Mill 

Creek's regimen has possibly been altered and how it will 

perhaps change in the future. 



APPLICATIONS OF RADAR IMAGERY TO A QUANTITATIVE 

GEOMORPHOLOGICAL INVESTIGATION OF THE 

MILL CREEK DRAINAGE BASIN 

Introduction and Description 

Radar imagery is a spatial presentation of the 

relative differences in returns of radar energy from 

surface features. Although radar imagery gives the appear

ance of a black and white photograph with low illumination, 

it is not a photograph, but an electronically constructed 

image of the various ways in which surface features reflect 

the radar energy. 

Radar imagery offers several advantages over aerial 

photographs. Since radar imagery is produced independently 

of solar illumination, and is unaffected by clouds and rain 

except for heavy thunderstorms, it can be used in regions 

of polar night or humid tropics when photographs cannot 

be taken with notable success. It has been demonstrated 

that in the humid mid-latitudes that time available for 

radar imaging exceeds that for obtaining acceptable, mapping 

quality air photographs by 5 to 10 fold {McCoy, 1967). 

Some of the advantages of radar imagery are as 

follows: 

1. All-weather. 

2. Much greater areal coverage than mapping 
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cameras carried at the same altitude, thus providing 

a different perspective. 

3. Does not produce the familiar foreshortening 

or convergence effect seen in oblique aerial 

photographs. 

4. Increased areal coverage, which in some cases 

could provide a savings of time and money. 

5. Commonly shows more stream detail than a 

topographic map of the same scale (this depends 

upon the system used). 

6. It can provide quantitative geomorphic data. 

7. By use of a synthetic aperture antenna system, 

radar resolution is (theoretically) rendered 

independent of height of the aircraft above the 

terrain. 

Radar imagery has been promoted as a remote sensing 

technique with great but indefinite possibilities. The 

evaluation of radar imagery as a geologic tool was under

taken as a part of a U. S. Geological Survey program called 

Remote Sensor Application Studies. Radar imagery was 

obtained of the program's Mill Creek test site and the 

Arbuckle Mountains in south-central Oklahoma, and of parts 

of the Wichita Mountains in southwestern Oklahoma. 

The first problem was to understand precisely what 

was on the ground that was being portrayed on the radar 

imagery. This problem was approached by taking photographs 
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of the imagery into the field with aerial photographs of 

the area covered in the imagery. This brought about an 

understanding of the recorded appearance of certain cultural 

features, subtle topography, and the major vegetation, such 

as trees. Prior to this study, radar imagery had been 

extensively evaluated as a tool for vegetation discrimina

tion (Morain and Simonett, 196 7). 

The second problem in the evaluation of the imagery 

as a geologic tool was to determine the effects of look-

direction and altitude on the information of the imagery. 

To investigate these effects, radar imagery was subsequently 

obtained of the Mill Creek test site and the Arbuckle 

Mountains with differences in look-direction and altitudes 

of acquisition. These experiments provided significant 

information as to the geological capabilities of radar 

imagery. 

From the results of this study several pertinent 

points were made about the radar imagery and its application 

to geologic problems. The real aperture, K-band (Table 4), 

cross-polarized radar imagery provides the best geologic 

information, particularly at altitudes of acquisition 

between 10,000 and 20,000 feet above ground level. This 

is based on the information about outcrop geometry which 

is directly related to geologic factors (Rydstrom, 1967). 

Information derived from radar imagery about outcrop 

geometry is strongly altitude-dependent due to changes in 



TABLE 4 

Radar Bands 

Bands Frequency Wavelength 

P 300 Mhz 1 meter 

UHF 300 Mhz - Ghz 1 meter - 30 cm 

L  1 - 2  G h z  3 0  -  1 5  c m  

S  2 - 4  G h z  1 5  -  7 . 5  c m  

C  4 - 8  G h z  7 . 5  -  3 . 7 5  c m  

X  8 - 1 2  G h z  3 . 7 5  -  2 . 4  c m  

K/a 12.5-18 Ghz 2.4 - 1.67 cm 

K 18-26.5 Ghz 1.67 - 1.13 cm 

Ka. 26.5 - 40 Ghz 1.13 - .75 cm 

Mx 40 Ghz .75 cm 

Provided through the courtesy of L. C. Rowan, U. S. 
Geological Survey, Denver, Colorado. 
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resolution. The actual resolution decreases with increase 

in altitude because the strength of the propagated signal 

is not increased correspondingly, therefore the smaller 

the scale of the outcrop geometry, the lower the best 

altitude of acquisition. 

Enhancements of subtle topography and vegetation 

can provide applicable information about geologic structure 

(Rowan and Cannon, 19 70). The greatest information from 

the effects of vegetation is acquired at acquisition alti

tudes lower than 12,000 feet above ground level. Good 

structural information produced by the enhancement of 

gentle topography is available at all altitudes of 

acquisition; however, the best data for this use is obtained 

from around 20,000 feet above ground level, because of the 

lessening of the effects of high energy return from vege

tation and cultural features. 

The soil types present in the Mill Creek drainage 

basin could not be identified on the radar imagery used 

in this investigation. Lundien (1966) and Simonett and 

others (196 7) indicate that radar is much less sensitive 

to soil-texture variations than it is to vegetation differ

ences. It appears that in areas where there are great 

differences in the structure of the plants on different 

soil types, the soils might be discriminated and indirectly 

identified. 
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For the investigation of radar imagery as a tool 

in the quantitative geomorphological analysis of the Mill 

Creek basin, the writer utilized the results from the 

U. S. Geological Survey program. The results indicated 

that the high quality K-band, real aperture radar imagery 

is the best radar imagery to use as a source of geomorphic 

parameters. 

Areal Parameters 

In the Mill Creek area the relief is so low (between 

50 and 100 feet) that the major source of geomorphic infor

mation from the radar imagery was due to returns from 

vegetation growing along stream channels. The relief is 

of adequate magnitude (200 to 300 feet) to provide useful 

returns only in the extreme southern part of the drainage 

basin. Since enhancement of vegetation is so important, 

the radar imagery acquired at low altitude (12,000 feet 

above ground level) provides the most information on the 

location of streams. A portion of a drainage net (Fig. 56) 

constructed on this low-altitude radar imagery (Fig. 57) 

gave the main channel of Mill Creek the rank of fifth order. 

Drainage nets (Fig. 58) constructed on intermediate-

altitude (19,000 feet above ground level) radar imagery 

(Figs. 59 and 60) produced a rank of fourth order for the 

main channel. There was no information provided by the 

radar imagery on any first or second order streams. 



2 Miles 

Figure 56. A Portion of the Mill Creek Drainage Net, Constructed from 
Low Altitude Radar Imagery 

This drainage net gives the main channel of Mill Creek the 
rank of fifth order. The imagery from which this net was 
constructed is shown in figure 57. 
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Figure 57. K-band, Real Aperture Radar Imagery of the Southern Part of the 
Mill Creek Drainage Basin 

The portion of the Mill Creek drainage basin is located within 
the black lines. This imagery was taken at 12,000 feet above 
ground level with an east look-direction. The drainage net 
constructed from this image is shown in figure 56. The scale 
is about 1:130,000. North is to the right. 

(a) 
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Figure 58. Drainage Nets Constructed from Intermediate 
Altitude Radar Imagery 

Part A is the southern portion of the Mill 
Creek basin and gives the main channel the 
rank of fourth order. The imagery that Part 
A was taken from is shown in figure 59. 
Part B is the central portion of the Mill 
Creek basin and also gives the main channel 
the rank of fourth order. The imagery that 
Part B was taken from is shown in figure 60. 
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Figure 59. K-band, Real Aperture Radar Imagery of the 
Southern End of the Mill Creek Drainage Basin 

This imagery was taken at 19,000 feet with a 
south look-direction. It is the imagery from 
which the drainage net in Part A of figure 58 
was taken. 



116 

, 
|. "*,{. i 

• **- ' 

Figure 60. K-band, Real Aperture Radar Imagery of the 
North-Central Portion of the Mill Creek P ̂ in 

This imagery was taken at 19,000 feet above 
ground level with a south look-direction. It 
is the imagery from which the drainage net 
shown in Part B of figure 58 was taken. The 
city in the upper left corner is Sulphur, 
Oklahoma. 
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In the component basins of Mill Creek, only the 

major stream channels usually could be recognized. However, 

the actual rank of a stream's order does not determine its 

ability to be recognized on radar imagery. The contrast 

of heavy vegetation along the stream channels or the degree 

of relief determines if the channel is discernible. In 

areas covered completely by heavy vegetation or having low 

relief, radar imagery is a poor source of detailed geomor-

phic information. 

It is not possible to get quantitative slope and 

relief information of an area of low relief like the Mill 

Creek drainage basin from unclassified radar imagery. 

Therefore, slope and relief information was not available 

from the radar imagery used in this investigation. 

A drainage net (Fig. 61) of Mill Creek was construc

ted from a single strip of radar imagery. The scale of 

the radar imagery was about 1:144,000, and the resolution 

was approximately 50 feet. The areal parameters of area, 

perimeter, length of main channel, and total average 

stream lengths were taken from this drainage net of the 

Mill Creek drainage basin. These data were compiled 

(Table 5) and compared with the data from the detailed 

topographic map study. 

The comparison of the data indicated that there 

was poor agreement on area and perimeter between the topo

graphic study and the radar imagery. The area is 96.55 
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Figure 61. A Drainage Net Constructed from a Single Strip 
of Radar Imagery 

Data from this drainage net are compiled and 
compared with data from the detailed topographic 
study (see Table 5). The scale of the imagery 
that this net was taken from is 1:144,000. 



TABLE 5 

The Areal Parameters and Theoretical Dat 
the Topographic Study and Radar Imagery 

Areal Parameters and 
Theoretical Data 

Area (sq. miles) 
Perimeter of Basin (miles) 
Number of Streams by Order 

1st 
2nd 
3rd 
4 th 
5 th 
6 th 
7th 

Bifurcation Ratios 
1/2 
2/3 
3/4 
4/5 
5/6 
6/7 

Total Stream Lengths (feet) 
1 s t  

2nd 
3rd 
4th 
5th 
6 th 
7th 

Average Stream Lengths (feet) 
1 s t  

2nd 
3rd 
4th 
5 th 
6 th 
7th 

Total Length of all Streams 
with in Basin (feet) 

Length along Main Channel (feet) 
Total of Average Stream Lengths (feet) 
Drainage Density (miles/sq. mile) 
Elongation Ratios CD/TAL, Er 
Crenation Ratios CD/XD, Dr 3 

Stability Indices Dr x Er^ 

Data Taken From 
Detailed Topographic Stu 

96 . 55 
71.50 

8,799 
1,987 
451 
90 
18 
3 
1 

4 . 
4 , 
5 
5, 
6 

43 
41 
00 
00 
00 

3.00 

4,521,000 
1,479,800 
745,000 
408,740 
122,040 
109,600 
111,400 

513.8 
744. 7 

1,651.8 
4 ,541.5 
6,780.0 
36,533.3 
111,400.0 

7,497,580 
212,256 
162,165.3 

14 . 7 
. 361 
.4871 
. 1758 



TABLE 5 

Areal Parameters and Theoretical Data Taken From 

Topographic Study and Radar Imagery of Mill Creek 

Data Taken From Data Taken From 

Detailed Topographic Study Radar Imagery 

96.55 61.0 
71.50 51.5 

8 ,799 
1 ,987 
451 
90 
18 
3 
1 

78 
21 
4 
1 

4 .43 
4 . 41 
5 . 00 
5 .00 
6 . 00 
3.00 

3. 70 
5 . 25 
4 .00 

4 ,521 ,000 
1,479,800 
745,000 
408,740 
122,040 
109,600 
111 , 400 

513. 8 
744 . 7 

1,651.8 
4 ,541.5 
6,780.0 
36,533.3 
111,400.0 

324,000 
139,300 
77,000 
88,800 

4 ,150 
6 ,650 
19,230 
88 ,800 

7,497,580 629,100 
:t) 212,256 176,400 
is (feet) 162,165.3 118,830 
le) 14.7 2.0 

.361 .392 

.4871 .5375 

.1758 .2130 
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square miles and the perimeter is 71.5 miles on the topo

graphic study. On the radar imagery the area was calculated 

to be 61.0 square miles and the perimeter was 51.5 miles. 

The number of stream segments by order appears to 

be greatly in error on table 5 unless it is kept in mind 

that a first order stream segment on the radar imagery is 

actually a fourth order stream segment. Therefore, all of 

the stream orders are shifted down three orders on the 

radar imagery by the resolution limits. It is apparent 

then that the radar imagery provides a good account of the 

number of higher order stream segments. 

Considering that the rest of the data taken from 

the radar imagery concerns the fourth and higher order 

stream segments, the radar imagery is a moderate source of 

quantitative information for drainage basins down to about 

one-third the size of the Mill Creek drainage basin. The 

agreement between the elongation and crenation ratios taken 

from the two sources is reasonably good, notwithstanding 

that the resolution and scale of the radar imagery is 

considerably less than that of the Mill Creek topographic 

study compiled at a scale of 1:24,000. 

Summary of the Applicability of Radar Imagery 

The usefulness of radar imagery as a quantitative 

geomorphic tool depends on the size of the area to be 

investigated, the relief, and the distribution of vegetation. 
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Although the radar imagery provides no quantitative infor

mation on relief, it does provide usable areal information 

for basins greater than 30 square miles in area. From the 

areal parameters, meaningful elongation ratios, bifurcation 

ratios, drainage densities, crenation ratios, and stability 

indices can be calculated. 



APPLICATIONS OF INFRARED IMAGERY 

TO A QUANTITATIVE GEOMORPHOLOGICAL INVESTIGATION 

OF THE MILL CREEK DRAINAGE BASIN 

Introduction and Description 

Infrared imagery was also taken of portions of 

the Mill Creek drainage basin, as a part of the U. S. 

Geological Survey's program called Remote Sensor Applica

tion Studies, The wave length of the electromagnetic 

radiation recorded was between 8 and 14 microns. This 

was the region of an atmospheric window and of the peak 

emission of natural surfaces. 

The imaging system used, Reconofax-IV (HRB Singer 

RX-IV), has an instantaneous field of view of 3 millira-

dians and an angular scanning width of 60° perpendicular 

to the flight path (± 30° from nadir). With these spatial 

characteristics, the system has a linear identification 

resolution decrease of three feet for every 1,000 feet of 

altitude. The optimal thermal resolution of the 

Reconofax-IV system is 0.30°K. 

The infrared imagery was taken at three different 

times of day, and each time it was acquired from three 

different altitudes. The times of acquisition were pre

dawn, midmorning, and midafternoon. The altitudes were 

122 
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6,000, 11,000, and 21,000 feet above ground level. The 

infrared images were taken at predawn to remove the 

differential heating effects of relief and changes in the 

position of the sun. Since the sun is the source of the 

energy recorded on the imagery, the predawn imagery shows 

the residual heat energy left in the surface materials. 

There will be differences in surface temperatures 

during the predawn because various materials cool (give 

up energy) at different rates due to differences in their 

thermal inertias. Thermal inertia (k^Cp) is the product 

of three physical parameters: the thermal conductivity 

(k), the density (^), and the specific heat (Cp) (Schultz, 

1968, pp. 1845-1846). 

On predawn infrared imagery (Fig. 62) the valleys 

are dark (cool) and the surrounding hill slopes are bright 

(warm). The valleys are cooled more rapidly than the hill 

slopes by the effects of topography and humidity. As the 

surrounding air cools it increases in humidity and becomes 

heavier. This cool air then sinks into the topographic 

lows, increasing the rates of cooling for the surfaces 

in the valleys. If there is surface water in the channel 

it will appear bright (warm) providing that the width of 

the channel is within the resolution of the system. Ponds 

and other bodies of surface water also appear bright. 

The predawn infrared imagery is of great use in 

applied lithologic problems (Rowan and others, 1970), but 
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Figure 62. Predawn Infrared Imagery of Part of the South-Central Portion 
of the Mill Creek Drainage Basin 

This imagery was taken from 6,000 feet above ground level, just 
before dawn. The brightest (warmest) areas are warm surface 
waters. The town of Mill Creek is just north of the center of 
the imagery and Elbow Creek is the southeast corner. The large 
stream is the main channel of Mill Creek. 
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in areas of more than low relief, the daylight infrared 

imagery is overwhelmed by the effects of topography. 

On daylight infrared imagery (Figs. 63, 64, and 

65), the surface water is dark (cool) and the valley sides 

and hill slopes will be in various tones depending on the 

orientation of the sloping surfaces with respect to the 

sun's position. The bright (warm) sides are facing the 

sun and the darker (cooler) sides face away from it. This 

gives the effect of a surface that is illuminated with 

low-angle light, similar to a shaded relief map. 

The spatial identification resolution decreases 

with an increase in altitude, and the width of the ground 

swath increases. The thermal resolution remains unchanged. 

The imaging system has a narrow width of ground swath. 

Therefore, it requires several flight lines to provide 

complete coverage of an area the size of Mill Creek. 

Because of this, only a portion of the Mill Creek drainage 

basin was investigated with infrared imagery. 

Soil types could not be identified on the avail

able infrared imagery of the Mill Creek drainage basin. 

Heat flow through soil is extremely complex (Myers, 1970, 

p. 2 88) and the major factor influencing the heat flow 

is moisture content. Soil conditions are so dependent 

upon weather conditions (Carson, 1961) that it will take 

a long range ground monitoring program just to provide a 

reference for the evaluation of infrared imagery as a tool 



0 
I-

1 mile 
j 

Figure 63. Midmorning Infrared Imagery of Part of the South-Central Portion 
of the Mill Creek Drainage Basin 

This imagery was taken at 6 , 0 0 0  feet above ground level, near 

midmorning. The dark (cool) areas are surface water. This is 

approximately the same area shown in figures 62 and 64. 
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Figure 64. Midafternoon Infrared Imagery of the Area Shown in Figure 6 3 

The surfaces of rock and soil are warmer and the contrast makes 
the areas of surface water appear cooler. This imagery was also 
taken at 6,000 feet above ground level. 
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Figure 65. Midafternoon Infrared Imagery of the Elbow 
Creek Drainage Basin 

This is a component basin of Mill Creek located 
in the southern part of the drainage basin. 
This imagery was taken at 6,000 feet above 
ground level. The drainage net shown in 
figure 66 was constructed from this figure. 



129 

for soil identification. Presently, the best remote 

sensing tool to use in the identification of soils is 

color photography. 

Areal Parameters 

Drainage nets (Figs. 66 and 6 7) were constructed 

of a component basin of Mill Creek, Elbow Creek, from 

infrared imagery taken at 6,000 feet above ground level. 

The drainage nets were made from the predawn and midafter

noon imagery. The midmorning imagery was not included 

because it was nearly identical to the midafternoon imag

ery. The data (Table 6) from the drainage nets were 

compared with each other and the data taken from the 

topographic study. 

Since on predawn infrared imagery the valleys 

appear as dark areas and the hillslopes are bright, drain

age nets can be constructed, depending upon the contrast 

between the valley and the surrounding hillslopes. In 

the areas of carbonate rocks, the actual first order 

streams can be mapped and a drainage net with detail 

approaching that of the topographic base can be made. 

In other areas, where there is insufficient con

trast in the thermal properties of the hillslopes and 

the valley floors for this type of mapping, drainage maps 

can be made of the valleys that have water running in them. 

In an area of Mill Creek underlain by granite, the mapping 
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Figure 66. Drainage Net of Elbow Creek Constructed from 
Midafternoon Infrared Imagery 

Data taken from this drainage net are listed in 
table 6. 
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Figure 67. Drainage Net of Elbow Creek Constructed from 
Predawn Infrared Imagery 

Data taken from this drainage net are listed in 
table 6. The predawn infrared imagery provides 
the most detailed drainage information. This 
figure was constructed from imagery similar to 
that shown in figure 62. 
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of surface flow provides good information through actual 

second order streams and in some rare cases on the first 

order streams. 

Commonly it is not possible to find and follow a 

stream course on aerial photographs, because of the vege

tation. This is particularly true where the granite crops 

out in the southern portion of the Mill Creek basin. The 

predawn infrared imagery can provide a detailed drainage 

map of the higher order streams (third and greater) that 

is better than that available from topographic maps or 

low altitude aerial photography, since the emitted thermal 

flux from the water rises through the vegetation and can 

be recorded by the infrared imaging system. 

Predawn infrared imagery provides the most informa

tion for this type of study of the three specific times of 

acquisition. The areal parameters (Table 6) taken from 

the predawn imagery are comparable to those taken from 

aerial photographs and the topographic base. 

Summary of the Applicability of Infrared Imagery 

Infrared imagery can provide excellent geomorphic 

information about small basins the size of the component 

basins of Mill Creek. The detail of the information is 

dependent upon the altitude of acquisition. Predawn 

infrared imagery can provide details of channel-ways in 

areas of dense vegetation. It can also provide an 



TABLE 6 

The Areal Parameters and Theoretica 
Topographic Study and Infrared Im, 

Areal Parameters and 
Theoretical Data 

Area (sq. 
Perimeter 
Number of 

miles) 
of Basin (miles) 
Streams by Order 

1st 
2nd 
3rd 
4 th 
5 th 
6 th 

Bifurcation Ratios 
1/2 
2/3 
3/4 
4/5 
5/6 

Total Stream Lengths (feet) 
1st 
2nd 
3rd 
4 th 
5 th 
6 th 

Average Stream Lengths (feet) 
1st 
2nd 
3rd 
4th 
5th 
6 th 

Total Length of all Streams 
Within Basin (feet) 

Length along Main Channel (feet) 
Total of Average Stream Lengths (feet) 
Drainage Density (miles/sq. mile) 
Elongation Ratios CD/TAL, Er-j 
Crenation 
Stability 

Ratios CD/XD, Dr 
Indices Dr x Er-

Data Taken 

From Detailed 

Topographic Study 

2 .54 
7 . 34 

229 
41 
12 
4 
2 
1 

5.58 
3.42 
3.00 
2 . 0 0  
2 . 0 0  

127,000 
32,800 
20 ,800 
8 ,800 
6 ,800 
4 ,000 

554 .6 
8 0 0  . 0  

1 ,733.3 
2  , 2 0 0  . 0  
3 ,400 .0 
4 ,000 .0 

2 0 0  , 2 0 0  
18 ,000 
12,687 .9 

14 .9 
.748 
.7698 
.5758 



TABLE 6 

Parameters and Theoretical Data Taken From the 
>hic Study and Infrared Imagery of Elbow Creek 

Data Taken Data Taken Data Taken 

From Detailed From Predawn From Midafternoon 

Topographic Study Infrared Imagery Infrared Imagery 

2.54 3.58 2.72 
7.34 8.65 6.95 

229 49 40 
41 14 9 
12 3 2 
4 11 
2 
1 

5.58 3.50 4.45 
3.42 4.66 4.50 
3.00 3.00 2.00 
2.00 
2.00 

127,000 68,800 51,000 
32,800 30,500 22,400 
20,800 12,900 14,350 
8,800 14,650 4,000 
6 ,800 
4 ,000 

554.6 1,400 1,270 
800.0 2,180 2,500 

1,733.3 4,300 7,175 
2,200.0 14,650 4,000 
3,400 .0 
4,000 .0 

200,200 126,850 91,750 
18,000 20,500 18,350 

) 12,687.9 22,530 14,945 
14.9 6.8 6.6 
.748 .501 .656 
.7698 .965 .841 
.5758 .4830 .5520 



excellent means to make an extremely accurate inventory 

of surface water distribution. The predawn infrared 

imagery provides the best geomorphic information available 

from a single sensor source. 



SUMMARY OF CONCLUSIONS 

The initial part of this investigation was intended 

to provide a reference for the evaluation of radar and 

infrared imagery as a geomorphic tool. This initial part 

not only provided a reference to base the evaluation on, 

but also gave insight to some of the shortcomings and 

applications of quantitative geomorphology. The investiga

tion indicated that there was a need for more rigorous 

parameters in certain aspects of quantitative geomorphology 

and that there existed no relative drainage-basin hierarchy 

to aid in communicating the results of some geomorphic 

studies to other investigators. The proposed drainage-

basin hierarchy used in this study is considered a step 

towards improving communication in drainage-basin analyses. 

For consistency, definitions of terminology were 

made and used throughout the investigation. The main 

channel of a basin is the one consisting of the cumulative 

length of the highest order stream segment and the connect

ing longest succeeding next order segments at the junctions 

where the higher order segments begin. The major basin 

is the largest basin (in areal extent) with which the 

investigation is concerned. A component basin is one which 

empties into the main channel of the major basin, and a 
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subbasin is any basin that does not empty into the main 

channel of the major basin under consideration. 

The subranking of a basin into component basins 

provided a means to investigate possible reciprocal rela

tionships between the component basins and the major basin. 

Two types of quantitative values provide good mutual values 

that can be taken from the component basins and considered 

as representative of the entire major basin. One type is 

the mean average lengths of stream segments by order. 

The other type is the bifurcation ratios taken between 

the number of stream segments of one order to the number 

of segments of the next higher order. 

In the Mill Creek drainage basin stream densities 

of the component, basins are a function of both relief and 

bedrock. The stream densities of the component basins 

increase as the relief becomes greater and the bedrock 

decreases in permeability. The major influence on stream 

densities by relief is expressed in the first order 

streams, the higher the relief of component basins located 

on the same type of bedrock, the greater the density of 

first order stream segments. 

Several explicit parameters were suggested for 

use in calculating relief and elongation ratios. The 

most important of these explicit parameters is the total 

of the average stream lengths for each basin. This 

parameter is closely related to the entire drainage basin 
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and reflects the hydrogeologic regimen of the drainage 

basin better than the other parameters presently used in 

quantitative geomorphology. 

A new quantitative value, the crenation ratio, is 

introduced to express how the perimeter of a basin departs 

from a smooth round circle. The crenation ratio provides 

an indication of the degree to which a drainage basin is 

interlocked with the adjacent drainage basins. As lobes 

of the interlocked basins are lost or added, the divides 

shift, changing areas and total stream lengths. There 

appears to be no reciprocal relationships between the 

values for the crenation, elongation, and relief ratios of 

the component basins and the corresponding values for the 

major basin. 

Drainage basins that are most actively changing 

their regimens have low values for the elongation and 

crenation ratios. This indicates that they are more 

elongate and crenate than the other basins. The two ratios 

are multiplied by each other to produce a single expression 

that provides an indication of the relative stability of 

the basin. This single expression is termed the stability 

index and used to indicate the relative stability of the 

component basins of Mill Creek. The component basins of 

Mill Creek appear to be in various states of relative 

stability and this was used to provide an indication of 
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how Mill Creek's regimen has possibly been altered and how 

it will perhaps change in the future. 

The second part of this investigation was an at

tempt to evaluate the possible application of radar imagery 

to the quantitative geomorphic study done in the first 

portion. Quantitative geomorphic data were derived from 

airborne radar imagery of the Mill Creek drainage basin. 

These data were carefully compared and contrasted with 

the quantitative drainage-net data taken from the detailed 

topographic and photographic investigation. This comparison 

indicated that the usefulness of radar imagery as a 

quantitative geomorphic tool depends on the size of the area 

to be investigated, the relief, and the distribution of 

vegetation. Although unclassified radar imagery provides 

no quantitative information on relief in areas like Mill 

Creek, it does provide usable areal information for 

drainage basins greater than approximately 30 square miles 

in area. 

From this areal information meaningful bifurcation 

ratios, elongation ratios, drainage densities, crenation 

ratios and stability indices can be calculated. 

The third part of this investigation was concerned 

with an evaluation of thermal infrared imagery as a source 

of quantitative geomorphic data. Quantitative geomorphic 

data were derived from airborne thermal infrared imagery 

of a portion of the Mill Creek drainage basin. These data 
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were carefully compared and contrasted with some of the 

quantitative data taken from the detailed topographic and 

photographic investigation. The comparison indicated that 

the infrared imagery can provide excellent geomorphic 

information for smaller basins that are the size of the 

component basins of Mill Creek. The detail of the informa

tion is dependent upon the altitude and the time of 

acquisition. The predawn imagery can provide details of 

channel-ways in areas of dense vegetation which cannot 

be seen on aerial photographs, and the means to make an 

extremely accurate inventory of surface-water distribution. 

Both predawn and daytime infrared imagery are able to 

provide geomorphic information that is comparable to 

information taken from some photographic and topographic 

studies. 

Radar and infrared imagery can be used in conjunc

tion to counteract their shortcomings, providing a new 

and valuable tool to the quantitative geomorphologic 

investigations of drainage basins. Regional evaluations 

of drainage basins can be made with radar imagery and 

infrared imagery can provide special data about small 

component basins and portions of basins. 



APPENDIX A 

GLOSSARY OF SELECTED TERMS AND SYMBOLS 

Adjustment. Refers to the relation between a stream and the 
underlying geologic structure. The highest degree of 
adjustment is when each stream segment in a drainage net 
is controlled by structural factors. 

Areal Parameters. The physical parameters of length, area, 
and number. 

Arithmetic Me an. The mean of a set of quantities is their 
sum divided by the number of quantities. The arithmetic 
mean takes all the signs of the quantities as positive. 
Frequently the term average is used as synonymous with 
arithmetic mean. Strictly speaking, however, this is 
incorrect since there are averages other than the arith
metic mean. 

Average Stream Length. The average length of all stream 
segments of the same stream order. 

Bifurcation Ratio. Ratio of number of stream segments of 
one order to the number of segments of the next higher 
order. 

CD. A symbol representing the diameter of a circle having 
the same area as a basin. 

Chord. The distance between the two most widely separated 
points on the perimeter of a basin. 

Component Basin. Any basin that empties directly into the 
main channel of a major basin. 

Crenation Ratio, Dr. A ratio calculated by dividing the 
diameter of a circle having the same area as a basin by 
the diameter of a circle having the same perimeter as 
the basin. It is an indication of how the perimeter of 
a basin departs from a smooth circular curve. 

DEi. A symbol representing the stability index calculated 
using the elongation ratio, Er^. 
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DE?. A symbol representing the stability index calculated 
using the elongation ratio, E^. 

DE3. A symbol representing the stability index calculated 
using the elongation ratio, Er3. 

Drainage-Basin Hierarchy. A system which is used to sub-
divide and rank drainage basins. 

Drainage Density. Ratio of total length of all channels or 
stream segments within an area to that area in miles per 
square mile. 

Drainage Net. The network of channels that drain an area. 

Elongation Ratio. A ratio that expresses how the outline 
of a basin departs from a circular shape. (See the 
definitions for Erj_, E^, and Er3.) 

Er1. A symbol representing the elongation ratio determined 
by dividing the diameter of a circle having the same 
area as the basin by the length of the basin's main 
channel. 

Er?. A symbol representing the elongation ratio determined 
by dividing the diameter of a circle having the same 
area as a basin by the length of the basin's chord. 

Er3« A symbol representing the elongation ratio determined 
by dividing the diameter of a circle having the same 
area as a basin by the basin's total of average stream 
lengths. 

Interior Component Basin. A component basin whose drainage 
divide is not a part of the major basin's drainage 
divide. 

Inner Basin Area. A narrow strip of land adjacent to the 
main channel and drained by many small inferior 
component basins. 

LMC. A symbol representing the length of the main channel 
of a basin. 

Main Channel. The channel within a basin that consists of 
the cumulative length of the highest order stream seg
ment and the connecting longest succeeding next order 
segments at junctions where the higher order segments 
begin. 
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Major Basin. The largest basin under investigation. 

Mean Deviation. The mean deviation is the mean value of the 
absolute values of the deviations from the mean (see 
arithmetic mean). It is a measure of absolute varia
bility and is sometimes called the average deviation or 
the mean absolute deviation. It is used to define a 
range of values when a maximum and a minimum are desired 
but, is not recommended as a measure of precision. 

Reciprocal Relationship. Refers to where two or more sub-
jects have a mutual counterpart or value. 

Relief Ratio. The ratio between the total relief of a 
basin and the longest dimension of the basin parallel 
to the principal drainage line. (See definitions for 
Rr^, Rr2/ R^, and Rr4.) 

Rri. The symbol for the relief ratio determined by dividing 
the total relief of a basin by the length of the diameter 
of a circle having the same area as the basin. 

R£2• T̂ e symbol for the relief ratio determined by dividing 
the total relief of a basin by the length of the main 
channel of the basin. 

Rr^. The symbol for the relief ratio determined by dividing 
the total relief for a basin by the length of the basin 
chord. 

Rr4. The symbol for the relief ratio determined by dividing 
the total relief of a basin by the total of the average 
stream lengths. 

Stability Index. A value related to a basin's ability to 
undergo change, determined by multiplying the basin's 
elongation ratio (E^) by its crenation ratio. 

Stream Density. Means the same as drainage density. 

Stream Order. The rank of a stream segment in a drainage 
net. 

Subbasin. A basin that does not empty into the main channel 
of the major basin under consideration. 

Superior Component Basin. A component basin whose drainage 
divide constitutes in any part a portion of the major, 
basin's drainage divide. 
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Total Drainage Density. Means the same as drainage density 
but used to emphasize the inclusion of all stream 
segments within an area. 

Total of Average Stream Lengths, TAL. The cumulative 
length of all of the average stream lengths for a basin. 

Total Relief, R. The difference between the highest point 
on the drainage divide and the elevation at the main 
channel's mouth of a basin. 

Total Stream Length. The cumulative length of all stream 
segments within a basin. 

XD. A symbol representing the diameter of a circle having 
the same perimeter as a basin. 



APPENDIX B 

CROSS REFERENCE FOR THE 6 2 COMPONENT BASINS 
USED IN THE DETAILED TOPOGRAPHIC STUDY 

ELEVATION AT ELEVATION AT 
BASIN NAMES IN MOUTH OF MAIN MOUTH OF MAIN BASIN NAMES ! 

LPHABETICAL ORDER CHANNEL (FEET) CHANNEL (FEET) DOWNSTREAM POS] 

Apex 1167 1167 Pcrihelion 
Apocalypse 638 1167 Apex 
Arbuckle 1044 1163 Bear) 
Axon 818 1158 Sandy 
Bean 1163 1156 Simpson 

Bee Branch 854 1143 Spectrum 
Bourbon 1055 1137 Tombstone 
Calclte 1095 1132 Scullin 
Cardinal 1053 1128 Palmer 
Cat tfoman 1112 1124 Rat 

Coffer 942 1119 House 
Crazy Cooper 101$ 1115 Morgan 
Dead Cow 90? 1112 Cat Woman 
Debbie 035 1102 Synchronous 
Delta 647 1095 Calcite 

Elbow 809 1063 Retina 
Elliptical 740 1058 Insolation 
Flux 813 1057 Pontiac 
Granite 90S 1055 Bourbon 
Happy 984 1053 Cardinal 

Helium . 697 1049 Money 
Hidden 716 1044 Arbuckle 
Bog 1020 1027 J.T.'• 
House 1119 1020 Hog 
Insolation • 1058 1018 Crazy Cooper 

J.T.'a 1027 1002 Red Tulip 
Kaltcnbach 795 993 Rowan 
Maybeline 936 988 Myers 
Meioais 876 984 Happy"1 

Honey ' 1049 984 Peneplain 

Morgan 1115 982 Skid 
Myers . 988 957 Threetnile 
Nefarious 738 952 Paradise 
Ole Tom's 658 942 Coffer 
Omni 682 936 Maybeline 

Palrer 1128 908 Sixmile 
Paradise 952 907 Dead Cow 
Peneplain 984 905 Granite 
Perihelion 1167 885 Sigma 
Fleyboy 683 876 Meiosis 

Pontlac 1057 658 Ole Tom's 
Purgatory 776 854 Bee Branch 
Hat 1124 844 Xylem 
Red Tulip 1002 835 Debbie 
Retina 1063 618 Axon 

Rowan 993 813 Flux 
Sandy 1158 609 Elbow 
Scullin 1132 795 Kaltenbach 
Selenium 759 776 Purgatory 
Sigma 885 759 Selenium 

Siitpson 1156 740 Elliptical 
Sixmilo 908 738 • Nefarious 
Skid 982 720 Stereo 
Spectrin 1143 716 Hidden 
Stereo • 720 697 Holiuia 

Synchronous 1102* 683 Playboy 
Tentacle 652 662 Omni 
Terminator 636 652 Tentacle 
Threemlle 957 647 Delta 
Tonbstone 1137 639 "Verrotfor» 

Vermiform 639 '638 Apocalypse 
Kyi em •44 636 Terminator 
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FIGURE 5. DRAINAGE MAP OF MILL CREEK. 
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FIGURE II. MAP SHOWING THE OUTLINES OF THE 

COMPONENT BASINS OF MILL CREEK AND THEIR 

STABILITY INDEX VALUES. 



PUI* 

KALTCMfACH 

D THEIR 
iTtiie 



SELENIUM 



FIGURE II. MAP SHOWING THE OUTLINES OF THE 
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FIGURE 52. PROFILES OF THE 

MILL CREEK DRAINAGE BASIN. 

SEE FlOUIIE 5 FOR LOCATIONS. 
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FIGURE 52. PROFILES OF THE 

MILL CREEK DRAINAGE BASIN. 

SEE FieUftE 8 FOR LOCATIONS. 
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