
SPATIAL CRGANIZATIGN OF

MCRPHCMETRIC CHARACTERISTICS

OF THE NORTH CAROLINA COASTAL PLAIN

A Thesis

Preser.ted to

the Faculty of tne Depart”;ent of Geography

East Carol 1r.a LTiivarsity

Geography Research Paper Nur.ber 21

In Partial Fulfillment

of the Requirements for the Degree

Master of Arts in Geography

by

Billy E. Giles

August 1974

n Y UWJM



SPATIAL ORGANIZATION OF

MORPHOMETRIC CHARACTERISTICS OF

THE NORTH CAROLINA COASTAL PLAIN

by

Billy E. Giles

APPROVED BY:

SUPERVISOR OF THESIS

■—U-—

CHAIRMAN OF THE DEPARTMENT OF GEOGRAPHY

&Ljrt
Robert E. Cramer

DEAN OF THE GRADUATE SCHOOL

'"^ji^eph G^. Boyotipy

517260



Billy E. Giles. SPATIAL ORGANIZATION OF MORPHOMETRIC CHARACTERISTICS

OF THE NORTH CAROLINA COASTAL PLAIN. (Under the direction of Richerd A.

Stephenson) Department of Geography, August, 1974.

The purpose of this study Is to examine the spatial distribution

of morphometric characteristics on the Coastal Plain of North Carolina.

Twenty-nine morphometric variables are measured in 170 third-order

drainage basins of the Coastal Plain. These drainage basins are grouped

on the basis of the coastal terrace on which they are located and on the

basis of the major drainage system of which they are a part. The morpho-

metric data was analyzed by a factor analytic technique.

By grouping and mapping individual factor scores derived from the

statistical procedure, it was determined that the terraces are more

closely related to spatial distribution of morphometric characteristics

than the drainage systems. The stage of development and the elevation

of the drainage basins were concluded to be significant elements in

explaining the distribution of morphometric characteristics. Structural

and climatic controls were not found to be related to the spatial vari-

ation in morphometry.
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CHÂPTZR T

INTRCDüCTIO^i

Traditionally, physiographic or regional geoT.orpnic studies have

used qualitative criteria to delimit landform regions. Sedrock structure,

geologic history, general lar.dfcrm characteristics, and climatic charac-

teristies have been utilized as the basis for forming regions, the rela-

tive importance of each criteria varying from area to area and from study

to study. The many attempts to divide the United States into physio-

graphic provinces (Fer.neman, 1915; 1931; 1938; Atwood, 1940; Thornbury,

1965; Hunt, 1967) illustrate the problems encountered as a resulo of the

use of inconsistent and qualitative criteria for determining landform

regions.

The widespread use of quantitative techniques in landform analysis

initiated principally by the works of Horton (1945) and Strahler (1950;

1952a; 1952b; 1954; 1956; 1957; 1958) has transformed the description of

landforms from a purely qualitative and deductive study to a quantitative

science capable of providing researchers with numerical data of practical

value. Geomorphologists, particularly those with a geologic background,

have made frequent use of numerical techniques to analyze geomorphic

processes and forms, the relationships between form elements, and the

genetic aspects of landforms. Most geographers, meanwhile, have been

reluctant to apply quantitative techniques to the descriptive and spatial

analysis of landforms. The use of numerical data and analytical tech-

n'ques by geographers offers an alternative to the reliance on qualitative



data and the subjective approach in che regionalization of lanafor.n

units.

The study of landfor.r.s by geographers has been justified by

Zakrzewska (1967, p. 165):

. . . there is a suostantial basis for recognizing a field of land
form geography. Land form studies can be meaningfully pursued by
geographers because there are many approaches, often untapped,
which are strongly geographic in nacure and thus able to contribute
to the development of the field of geography as a whole.

Zakrzewska (1967, p. 128) identifies the following approacnes to the

study of landforms as geographic:

1) descriptive analysis of the present land form;
2) functional analysis of land form;
3) analytical studies of the covariation of individual land form

elements; and
4) analytical studies of spatial variations in land fo'i'in.

Kesseli (1950) has advocated the search for geomorphic landscapes,

or regions of similar and of different landform types, through the study

of assemblages of landforms. Woodruff (1964) has stated "... attempts

to establish quantitatively and describe landform regions are worthy

endeavors for the physical geographer."

Statement of Problem

This study attempts through the statistical analysis of morpho-

metric parameters to arrive at a spatial organization of the landform

of the North Carolina Coastal Plain. Since the Coastal Plain is a

fluvially eroded landscape, the drainage basin is used as the basic unit

for measurement. Drainage basins on the North Carolina Coastal Plain

may be grouped in various ways. One of the more obvious ways is to put

all basins that are contained within a large river basin into one group.



For example, all tributary basins of rne Tar River car. be classed to-

gether. Another less com.T.on method of categorizing tne drainage basins

is to group them on the basis of the terrace which they are coated.

For example, all basins located on the Wiccmico terrace can be placed

into one category.

Because the major streams generally flow in an east or southeast

direction across the Coa Í Í â » Tí 04^1d pc^4^c«ilcii "cilû

coastline, the Coastal Plain car. be effectively divided i.nto a grid with

the major drainage-basin divides and the terraces serving as boundary

lines for each cell in t.he grid. By collecting data depicting surface

features from a sample of basins in each cell and statistically comparing

the morphometric properties of each basin, an attempt can be made to

determine a regionalization of the Coastal Plain, The drainage basins

are described by their morphometric properties. Also, an attempt can be

made to relate these categories to other physical characteristics.

Significance of Research

This research differs from previous attempts to apply quantitative

techniques to drainage basin analysis in two important ways: 1) the

degree of fluvial dissection and energy gradient of the study area, and

2) the use of quantitative analysis on the North Carolina Coastal Plain.

Although morphometric data from maturely developed fluvial systems

in a wide variety of climatic regions have been published, very little

information from low energy surfaces is available. Although Chose, et al.

(1967) have described the morphometry of relict drainage nets in Western

Rajasthan and Ongley (1974) has analyzed drainage basins on the Cobar
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attempt to regionalize or to analyze in any way the landforms of the

Coastal Plain, using quantitative techniques.

Sources of Data

Morphometric data may be obtained from a variety of sources

including aerial photographs, field measurement, and topographic mea-

sûrement. Field measurement requires a considerable amount of time and

aerial photographs are expensive. Topographic maps seem to provide the

most convenient and least expensive method of measuring mapped variables.

The data used in this study have been obtained from topographic

maps published by the U. S. Geological Survey. The 7 1/2 minute (1:24000)

and 15 minute (1:62500) series were used. The completeness of the map

coverage varies between different parts of the Coastal Plain. Large



portions of the Coastal Plain have never been n'lapped at e".tner scale^

while another large portion has not been xapped since early in the 20th

century. The southern half of the study area has the n.ost co:r.plete map

coverage, while the coverage of the northern half is less complete.

However, the maps which are available are dispersed in such a way to

make it possible to obtain an adequate number of sampling points.

Using data collected from tcpc^rc.pnic maps the Coasaai P:a'in w.. ;

be regionalized into areas of morphometric similarity. First, however,

the theoretical basis for this research and a review of related literate

is discussed. This discussion is followed by a description of the stuay

area. Chapter IV includes the statement of hypotheses and the model

formulation. Chapter V lists che morphomecric parameters used as var1-

ables in this research. The concluding chapters discuss the results of

the statistical tests and their application to the physical character-

isties of the Coastal Plain.



Chapter ïi

The Drainage Basin

to a particular channel or t t U • à t

measured and characteri

which a balance can be struck in terms of inflow and outflow of moisture

and energy.

The analysis of drainage basins, either as single units or as a

group of basins which, taken together comprise a distinct morphological

region, has particular relevance to the study of landforms (Doornkamp and

King, 1971, p. 3). The development of a landscape is equal to the sum

total of the development of each individual drainage basin of which it is

composed. The fact that morphological regions can be recognized suggests

not only that within each region the drainage basins have forms similar

to each other but also that these basins are evolving in a way similar

to each other. Thus, by analyzing the development of each drainage

basin, greater understanding of the landscape as a whole may be achieved.
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Open Systems

The introduction of general systems theory into geomorphic

analysis (Strahler, 1950; 1952a) has emphasized the drainage basin as a

morphological unit. The drainage basin may be thought of as an open

system in near steady state or in a form of quasi-equilibrium in which

there is a balance between the import and export of material and energy.

Once this form of equilibrium has been reached the drainage system

becomes self-regulating and any change in the environment results in

adjustments within the system. Hack (1960, p. 85) has stated this con-

cept in this theory of dynamic equilibrium:

. . . within a single erosional system all elements of topography
are mutually adjusted so that they are down wasting at the same
>"av;e. The fo>'ms and pi-ocesses are in a steady state of balance

Chorley (1952, p. 33) has stated ". . . direct analogies exist between

the classic ooen systems and drainage basins, slope elements, stream

segments and all othe:- form assemblages of a landscape."

Strahler (1954, p. 4-40) has reviev/ec the application of open

systems theory to drairage bas'n analysis, stating that in a graded

d''’r.inage has'ln t^e steady state manifests itself in the development of

certain tcpographic characteristics which achieve a time-independent

state. Cons’de'•’oc' over a very long soar of time, however, continual

^-'eadjustment o: cemeonents in the steady state is required as relief

lo'A'e’ss a:K’ aval'able energy diminishes. The topographic forms will

corresponding'y s'scw a slow evolution. Validity of the Horton system

of fluvial morphometry depends upon the theory that, for a given inten-

sity cf erosion processes acting upon a mass of given physical properties.
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the conditions of s'jrface relief, slope, and channel configuration reach

a time-independent steady state in which morphology is adjusted to

transmit through the system just the quantity of debris and excess water

characteristically produced under the controlling regimen of climate.

If controlling factors of climate or geologic material are changed, the

steady state is upset. Through a relatively rapid series of adjustments,

serving to reestablish a steady state, appropriate new values of basin

geometry are developed.

The element of time cannot be removed from consideration in open

systems theory even if drainage systems are said to reach a time-

independent state. A steady state of dynamic equilibrium requires a

period of t’ime before it is ach‘’’e'/ed. Until this state is established

the '"nf uence of the in'’'tia^ c'^'^d’t'cns is "'^■’^lected in the form of the

landscape and the development cf the system can be determined by studying

th'Ts form, "ho atta’nment a cone'tion of steady state Is dependent

on the rate at which the landscaoe becomes adjusted to energy flow.

Uhe''’e the rate is rap‘'d the iancscaoe tends to lose much of its initial

characteristics a"d heccm:^s adjusted to the cu'i^rent processes operating
« « rA f "! 0 ^ ^
wi^ . i ■.^t\ • ^ 5 ; V _* ..

Dimens'"o^al Analvsis

ha <ins

1 ono '

p-■’ ahal'^'s's o'^nm'ts the ov-^ntitative stu'^'y of drainage

to be p'^aced on a sound geomet'^'cal and mechanical basis (Strahler,

TTe fundamental form elements of fluv'ally dissected landmasses

^.c mass, and time, whether used singly or combined as products,

r^-ps-Arrh 'jn nQ.'-''’«"a and Techanical propert’^ss of a drainage
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basin. Strearn length, relief, and basin perimeter have the dimension of

length. Drainage density has an inverse length dimension. Areal measures

have the dimension length squared. Volumes have the dimension of length

cubed. Dimensionless parameters include stream number and channel slope.

Combinations of dimensional elements produce dimensionless ratios (e.g.,
n

basin circularity, stream length ratio, ruggedness number). Dimensionless

ratios describe pure shape or form, irrespective of scale.

An important concept of dimensional analysis applied to drainage

basins is geometrical similarity. Two drainage basins are geometrically

similar when all corresponding landform elements are in the same ratio

and all dimensionless properties have identical values in the corresponding

parts of both systems. Landfomrs evo^ving from the same geologic processes

and mate'.'lals possess a high degree of geometrical similarity which makes

possible the 'recognition an^d classification cf landforms.

Porten's Lav;s of Drainage Comoositior

The basis -l^or mc’rphometr':c analysis of drainage basin character-

isties is the concept of stream order-'ng. Although previous methods of

c-'an-'el o'^dering had been suggested, the vridespread use of stream ordering

in gecmorphology began v/ith the wo'.rk of Horton (1932, 1945). In the

. . . unbranched ■f'inge'rtip tributa’ries a^e always designated as of
orde'r , tributaries u"' streams cf the 2c, order receive branches
or t:r-<;s-g?r-;es of the 1st order, but these only; a 3d order stream
;':us'.: '"eco'l’/e 0"? o!" more tributa'''ies of the 2d order but may also
'.'ecsive 1st c:x'er t-1butaries. A 4th order stream receives branches
c; t':e 3d and usual':' a''sc of "’ower o:'’ders, and so on. Using this

op •■•Uo S is 'b—hiejh^St

all streams h.nve bean olassi'^'led, the investigator, starting at the

mouth of t!'e basr'n. ':'.ete'''mines v/hich 's the oarent and which is the
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■tributary stream upstream from the last bifurcation. The parent streams

are continued headward until only fingertip tributaries remain. In other

words, the trunk stream of the basin is reclassified all the way back to

its source. Difficulties are obvious in this system as can be seen by

the subjective decisions which must be made in determining the parent and

the tributary streams, and the fact that some fingertip tributaries have

orders greater than 1.

Strahler (1952b, p. 1120) modified Horton's ordering system by

omitting the reclassification used by Horton:

The
orde
and
any
join
“TGO

and

smallest, or 'finger-tip', channels constitute the first-
r segments. For the most part these carry wet-weather streams
are normally dry. A second-order is formed by the junction of
two first-order streams; a third-order segment is formed by
ing any two second-order streams, etc. This method avoids the
ss^itv 0'*^ subjeoti'-'e co'
assures that there wH'

Horton's method.
be only one stream bearing the highest

A drawback to the Strahler ordering system is that it violates the dis-

tributive law. In other words, when two streams of order u join, they

form a st'^eam of orce’'’ u + 1, but when a stream of order u is joined by

a stre<’m of a lower

1955}.

Scheidegger '[1955}

•''earn ordering systems which take into account all tributaries

nc system. These systems have not been widely used. There-

t cc'mpariso''s may be made with results from other studies.
vvor y** *’ ‘*SG ^^rc systsrn.

He-'ton (‘:945, o. 237} stated the -""-rst law of drainage composition:



n

The n'jmbers of streams of different orders in a given drainage
basin tend closely to approximate an inverse geometric series in
which the first term is unity and the ratio is the bifurcation
ratio.

To rephrase the law, in a drainage basin there is a decrease in the

number of streams as the stream order increases, and this relationship

follows a geometrical series which can be demonstrated by plotting the

number of streams of each order on a logarithmic scale against stream

order on a arithmetic scale.

The validity of the relationship between stream order and stream

number has been verified in numerous field studies (Strahler, 1952b,

1957; Schumm, 1956; Leopold and Miller, 1956; Smith, 1958; Melton, 1958a).

Shreve (1963, p. 44), however, has suggested "... that the law may be
c, stical relationship, resulting from the random development of

drainage networks rather than from orderly evolution as generally assumed",

Bowden and I'lallis (1954, p. 759) stated, "We concur in feeling that it is

a statistical relationship, but consider the law a result of the defi-

nit'!on of stream order rather than being cue to either orderly evolution

or random development.'' Milton (1966, p. 90-91) agreed, stating "...

the law of stream numbers is s'mply a statistical probability function

that automatically follows the definition of order". Numerous other

authci^s have ocnside:^ed the theoretical relationship between stream order

and stream number (Shreve, 1965; Smart, 1957; Scheidegger, 1968).

Horton's (19'^-3, p. 287) second law of d'^ainage composition in-
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The average lengths of streams of each of the different orders in
a drainage basin tend closely to approximate a direct geometric
series in which the first term is the average length of streams
of the 1st order.

This law says that as stream order increases so does stream length. This

relationship can also be demonstrated by plotting mean stream length on

a logarithmic scale against stream order plotted on an arithmetic scale. .

The validity of the law of stream lengths has been questioned

when the Strahler ordering system is used rather than the Horton system

(Melton, 1957; Maxwell, 1960). Broscoe (1959) proposed a modification of

the stream length law for use with the Strahler system by substituting

cumulative mean segment-length for Horton's mean segment-length. Broscoe's

improvement fits Horton’s definition of length better than Strahler's

uncumulated mean lengths (Bov/den and l\'allis, 1954). Milton (1966) has

pointed out that the law c': stream lengths is a statistical probability

function similar to the law of stream numbers.

Verification of the laws of stream numbers and stream lengths

supports the theory that gecmetr"cal similarity is preserved in basins of

inc^"easing c:^der. Hack (1957) casts doubt or. this theory by finding that

stream length varies as the 0.6 power of a^aa 'n basins spanning four

orders. An exponent of 0.5 is required if geometrical similarity is to

be perfectly preserved, whereas the observed value of 0.6 requires that

basins become somewhat 1 oncer and narrowe'^ as their size increases.

Law of Stream S'* ones

According to Horten (1945, p. 295):

. . . there is a fairly definite re'ationship between slope of the
streams a"'d stream order, which can be expressed by an inverse

iV' iC**^ ?’V. "
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This law can be demonstrated much like the previous stream laws by

plotting the logarithm of mean stream slope against stream order.

Morisawa (1962) found that in the Appalachian Plateau all basins do not

form a straightline plot of stream slope on stream order. She believed

that deviations resulted from differential resistance to erosion and

rejuvenation. Broscoe (1959) has also restated this law for use with

the Strahlei^ ordering system by substituting cumulative mean slope for

Horton's average slope. Bowden and Wallis (1964) have substantiated

Broscoe's use of cumulative mean slope. This law is often referred to

as the law of stream gradients.

Lav/ of Basin Areas

fchumm (1955. p. 5C5) states a fc'.::"th lav; of d'^ainage composition

'

- • • "^>^3 rr3“"'' tí'.''?cP ^c*ch opcÍGy* tGnd
■*-r> VP? C"' V* P r' P "uhô PStl

"''Sen -p.«.r',UV- .11. I v,^ Î 1 W ; V ; « ) ■ «0 ^ V J -w. — . .... C. O' i 5 •

The ^'elationship between stream order and basin area has been substan-

t’lated ■^n "ie’!c studies (Tc'-isav/a, '^£59; Leopold and Miller» 1955).

■ av.' od .Stream Pelic*^

t**' j-

S**-*' e n> *»*?ï : CPP
* y,. ^ C; . . • ^ — •

not been widely referred to in the

1035) indicated that the:

basins 0." each order forms a direct
irst term is average relief of the

P’p’/ [ ** Q7 ^ d

0y>r*f“'r>^

rectly -"rom Horton's law of stream

hen veri-'^ied the law of stream relief

•0r>v* C-i*Í . .J V. ' ... V . . O
r'.i highe'^ O'^ders from field data.
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Accuracy of Data

Scale Is an important factor in the accuracy of morphometric data.

The map scale is particularly important in determining stream orders,

stream lengths, and drainage densities. Unless the precise definition

of the number and extent of first-order streams can be determined, the
«

whole ordering system cannot be correctly defined. The number and

location of first-order streams directly determines the number of higher

order streams. In the Strahler ordering system, the mapping of additional

streams at the head of a stream network through an increase in map scale

increases all orders by constant amounts (Scheidegger, 1966). Drainage

density cannot be calculated unless the correct stream lengths are known.

Various studies have been conducted to determine the limitations of col-

1 acting stream data f^om tooographic maps, O'^ten with conflicting results.

Miller (1953) found that in delineating the channel network it

was desirable not to depend on the streams shown on maps, but that close

attention should be given to contour configuration. He found numerous

!er ty'ibutaries were clearly Indicated by con-

'■‘ed by aerial photographs, but were not del in-

event'oral blue stream lines. Therefore, he

determined that before stream elements are measured, it is necessary to

draw in the missing streams, and to extend headward those which are

incomplete on the map.

Morisawa (1957) determined stream lengths for small watersheds in

the Appalachian P'^ateau from U. S. Geological Survey 7 1/2 minute

(1:24000) maps by tv/o methods: 1) using st'"eam,s printed in blue, and

2) Inserting streams '■'''to the drainage net wherever there are V-shaped

cases where small •^•1 v*C
i 1 i ^ . i

tv/'sn''"' at"' '''ns and vor'fisd b'/

eated by the con'/ent' ona
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contours. By comparing each method with field measurement, she deter-

mined that no significant difference existed between the contour method

and field measurements. A significant difference was found to exist be-

tween values determined by field measurement and the blue stream lines.

Other authors (Smart and Surkan, 1967) have advised extending the first-

order past the end of the blue line headward to the last significant

crenulation and adding new first-order streams where the contour crenu-

lations indicate their existence. The necessity of extending stream

channels past the tips of blue lines on topographic maps can be seen

from examining the standards for inclusion of streams on U. S. Geological

Survey maps. The Geological Survey maps all perennial streams, but only

those intermittent streams that have a minimum length of 2,000 feet.

Both perennial and intermittent streams are terminated 1,000 feet from a

drainage divide (Drummond, 1974).

Melton (1957) concluded from checking drainage basins in the

v,'estern. United States on U. S. Geological Survey 7 1/2 minute maps com-

piled from aerial photographs, that 95% of the basins required only minor

w ^ I i ‘s.- V : ' O •

In a comparison of large scale aerial photographs and Malayan

maps on the scale of 1:63,350, Eyles (1966) found that the number of

streams emitted from the maps was d'rectly related to the average slope.

While it is true that both basin order and stream order are

dependent upon map scale (Scheidegger, 1965; Smart, 1968), the bifurcation

ratio and stream length ratio are independent of the map scale (Yang and

Stall, 1971).

While some "naccuraeies are inevitable in using topographic maps
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to obtain stream data, particularly data involving stream numbers and

stream lengths, the U. S. Geological Survey 7 1/2 and 15 minute topo-

graphic maps are the best available source for collecting channel net-

work data over a large area. The gentleness of the slope of the North

Carolina Coastal Plain, and the fact that all the basins measured come

from the same type of terrain keep errors to a minimum. The use of the

bifurcation ratio and the stream length ratio in the data matrix provide

stream number and stream length variables which do not reflect the errors

resulting from the map scale. Data from various map scales can also be

compared since the same stream system results in similar bifurcation and

stream length ratio values.

The U. S. Geological Survey 71/2 and 15 minute maps are believed

to be the quickest and simplest method of e.ccu'^ately obtaining quanti-

tative st'^eam data if stream channels are extended to the last significant

crenulation. Operate^ variation has been shown to exhibit no significant

effect on the collection of morphometric data from topographic maps

(Stv'ahler, 1955; Chorley, 1958).

Pev'ev' of Literature

The use of morphometric data to order landforms spatially has not

been widely applied by either geographers or geologists. The studies

that have been undertaker have been of three types: 1) the division of

an area into landform reg'ions of morphometric similarity, 2) the com-

pari son of the morphometric characteristics of one area with the charac-

terist’es o'" another area, ?) the d'’st1nguishing of geologic differences

and structural controls through morphomet!"1c variations.
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Lewis (1969) used thirteen morphometric variables to divide

Indiana into regions of landform similarity by using principal component

analysis and cluster analysis. The morphometric variables used by Lewis

were: 1) total channel length, 2) average channel length, 3) basin

area, 4) drainage density, 5) absolute relief, 6) mean slope, 7) gra-
It

dient of longest stream, 8) percent of water, 9) longest valley-side

slope, 10) ruggedness ratio, 11) steepest valley-side slope, 12) dis-

section ratio, and 13) circularity ratio. Three primary morphometric

components were found: 1) a vertical component, 2) an areal magnitude

factor, and 3) a stream network development factor. A lacustrine factor

was found to be of secondary importance.

Folsom and Winters (1970) have analyzed drainage basins in the

southern peninsula of Michigan. Although the authors compared the spatial

variation in drainage basin characteristics, they did not attempt to

arrive at a regionaV'zat’on o'^ the area based on these characteristics.

Woodruff (1964) attempted to identify the geometric properties

which cons'stently '-'eflect significant morphological differences by com-

pa'^'ing the morphometric characteristics of four distinctly different

physiographic areas: the Basin and Range, the Sand Hills, Lower Michigan,

and the Ridge and Valley provinces. The parameters measured were:

1) drainage density, 2) mean length of fi^st-, second-, and third-order

streams, 3} stream length ratio, 4) bifurcation ratio, and 5) elongation

ratio. Wo single parameter was found to vary significantly for all test

areas, but drainage density has the highest degree of significance.

Chc^ley (1957b) compared the morphometry of the Exmoor region,

England, north-central Pennsylvania, and northern Alabama. It was found
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that the bifurcation, length, and area ratios are not significantly dif-

ferent between the regions and that a constant relationship holds between

mean basin areas and stream lengths, irrespective of the absolute dimen-

sions involved, and where the relief amounts and the drainage density are

significantly different.

Chorley and Morgan (1962) compared the morphometric properties of

drainage basins between the Unaka Mountains of Tennessee and North

Carolina and the Dartmoor region of England. An idealized drainage basin

for each area based on the average linear, areal, and relief character-

isties was constructed to provide a useful tool for regional geomorphic

description and comparison and to help bridge the gulf between the quan-

titative and q'jalltat'lve approaches to ceomorphology. The striking con-

trast in drainage densities betv.’sen the regions was explained by the

variation 1n rainfall '’ntonsltles experienced by the regions.

Milling and Tutt'e (1265) conducted a morphometric study of Old

Man C'^eek and Clear Creek, two adjoining east-flowing tributaries of the

Iowa River. The greater mean basin areas, mean stream, lengths, and mean

basin lengths oi^ one drainage system was attributed to a lack of drainage

integration resulting from a more recent invasion by a glacial ice sheet.

In a subsequent study of the two basins, Woldenberg (1971) found evidence

for soatial complementarity, incomplete and over-complete basins. Both

major basins are long and narrow, and the m.ain streams flow asymmetrically

near the southern sides of each valley allowing the formation of more

hlchei’-order streams t'-^an would be the case in a symmetrical basin. This

m,ay allow the system to t^^anspert water and detritus with less frictional

"oss.
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Gardner (1972) used morphometric techniques to support the exis-

tence of a peneplained surface in a portion of the Great Valley of

Pennsylvania.

Perhaps the most comprehensive attempt to analyze the spatial

variation in the morphometric characteristics of drainage basins has been

the study of 130 third-order Uganda drainage basins by Mather and

Doornkamp (1970). Multivariate techniques (factor analysis, cluster

analysis, and discriminant analysis) were used to reduce eighteen morpho-

metric variables to six factors which indicate the presence of five main

groups of basins. The quantitative grouping of the area into morpho-

logical regions was compared with a subjective division of the same area.

The hyd'^aul'c geomet'^y of stream channels has also been used to

spatially organize 1 and-!='o’rms. Stephenson (1971) used five channel

resoonse variables to verify previous classifications of stream types in

the Des Mo'nes Rive'" basin. The variables used were: 1) sinuosity index,

2) hydraulic sinuosity index, 3) mean channel width, 4) mean valley

width, 5) valley wic'th/channel width index. Multiple discriminant

analysis 'was used to establish a regional pattern in which some streams

were reassigned from the‘!r previous subjective classification.

Since the geometry of drainage basins is in part related to cli-

mate, several attempts have been mace to relate morphometric parameters

to climatic •i^actov's. Chorley (1957a) established the relationship be-

tween the basin geometry and climate by a comparative study of three

d.'f'Od.s of s’mi’ar geology, but di'f'ferent climate. A climate-vegetation

“‘ndsx 'was computed each region. This index combined mean annual

''■ainfall, mean month’y maximum précipitât"on in t'wenty-four hours, and
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Thornthwaite's precipitation effectiveness index. The climate-vegetation

index was found to be closely correlated to the mean logarithms of stream

lengths, basin areas, and drainage densities.

Melton (1958b) found from an analysis of twenty-three basins in

the American southwest that drainage density varied directly with per-

cent of bare area and runoff intensity-frequency, but inversely with

precipitation-effectiveness index and infiltration capacity.

Only a small portion of the research utilizing quantitative

techniques to analyze drainage basins or landforms can be presented here.

Emphasis has been placed on the literature dealing with the delimitation

and analysis of morphological regions through the use of morphometric

parameters. Several recent studies pertaining to the theoretical foun-

dation of Horton's laws have been omitted, particularly the work of

Scheicecger, Shreve, and Smart. The literature pertinent to the appli-

cat'ion of mcrphomet^'y to the spatial analysis of landforms has been

discussed thoroughly.



CHAPTER III

THE STUDY AREA

Location of the Study Area

The area chosen for study includes most of the Coastal Plain of

North Carolina (See Figure 1). The political boundaries of North

Carolina form the northern and southern boundaries of the sample area.

The Piedmont province of North Carolina forms the western boundary. This

border is not a true line, but more of a transitional zone between the

Piedmont and the Coastal Plain. The fall zone, as it is commonly known,

crosses North Carolina from north to south, passing through the counties

of Northampton, Halifax, Nash, Franklin, Wake, Harnett, Hoke, Moore, and

Richmond. The eastern boundary of the study area is formed by a line

approximating the Pamlico strand. The area east of the strand will not

be included because the lack of drainage integration makes it virtually

impossible to distinguish drainage basins and stream channels in some

areas and because of disturbance of the natural drainage pattern by man.

The eastern boundary crosses the state from north to south, passing

through the counties of Gates, Chowan, Bertie, Washington, Beaufort,

Pamlico, Craven, Carteret, Onslow, Pender, New Hanover, and Brunswick.

The omission of the outer portion of the Coastal Plain from the sampling

area is further justified by the fact that the area is not contained

within the major drainage basins of eastern North Carolina. These areas

borde>^ the Albemarle, Pamlico, and Neuse estuaries, and at the present

time are not part o'^ the major drainage systems which flow into these
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estuaries frcrn the west.

Delineation of the Study Area

As previously mentioned, the Coastal Plain can be divided into a

grid based on physical features. The boundaries of each cell of the grid

are formed by the major drainage basin divides and the terrace strands. .

Based on the six major river basins and four major terraces in the study

area, the Coastal Plain can be divided into twenty-four cells. The river

basins include the Chowan, Roanoke, Tar, Neuse, Cape Fear, and Pee Dee.

The Pee Dee River does not actually flow through the study area, but the

southern portion of the study area is within the Pee Dee River basin.

The terraces which cross the Coastal Plain in a north-south direction

include the Talbot (Chowan), V'ccmico, Sunderland, and Coharie. These

four terraces proposed by Stephenson (ISIS) and their exact locations

are by no means universally accepted. However, most researchers have

based their studies of the Coastal Plain terraces in North Carolina on

the work of Stephenson (1S12).

It is not possible to measure the total number of drainage basins

within the study area, both because of the lack of complete m.ap coverage

and because of the la’^ge number of small basins. Therefore, a sample of

basins was drawn from the total population. Ideally, the sample should

be drawn at random so that each member of the population has an equal

chance of beino include’’!, ''owever, since da.ta are not available for

A dot g^'id placed over a base map O’'^ the study a'^ea was used to

r*wlbh bbê íollowinQ
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límttattons: 1) only third-order basins were measured, 2) only basins

where U. S. G. S. 7 1/2 and 15 minute series topographic maps that comply

with national map accuracy standards are available were measured, 3) only

basins in which it could be determined that the natural drainage pattern

has been undisturbed v/ere included, 4) basins which lie largely, but not

entirely within the boundaries of the study area were included.

Third-order basins are large enough to show relationships between

basin orders, yet not too large to become unwieldy for measuring. It was

desirable to have all basins the same order so that comparisons between

basins could be made.

Since measurements were taken from topographic maps, only drainage

basins for which map coverage was available could be included in the

study. It would have been desirable to have complete map coverage at the

same scale, but it was necessary to use tv.'o scales (1:24,000 and 1:62,500).

It 1s believed that the magnitude of error due to the difference in map

scale 1s not great because both scales 'were mapped by the same mapping

agency and because the same contour interval Is used on most maps of both

scales. A number of maps of the study area which do not comply with

national map accuracy standards were available. These maps were not used

because it is believed that they would unduly increase the magnitude of

error in the study.

In some portions of the study area the natural drainage pattern

has been disturbed by ponding, canalization, and channelization. Basins

in which the channel net'work has been disturbed in this manner do not

reflect the true values of stream number and stream length of the natural

drainage pattern and 'were therefore excluded fromi the sample.
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It was necessary in some instances to measure basins which lie

along the boundaries of the study area because of the available map

coverage. Some basins that were measured do not lie entirely within the

study area, but in all cases at least half of the basin area is within

the study region. Only political boundaries are crossed in this manner.

(See Appendix for a list of the drainage which were sampled in this

study.)

Physical Characteristics of the North Carolina Coastal PI ain

The physical characteristics of the study area, particularly land-

forms, are the result of a combination of geological and energy factors

over a period of time. The characteristics exist in an open system and

a change 'n one characteristic p'^oduces a change in other features of the

system vfc.'c'n in turn alter the initial characteristics. Some of the

physical characteristics of the Coastal Plain ere discussed briefly for

the purocse of forming the foundation on v.-hich the system functions.

Structure and Stnatlc'^aohv

rocrC

The basement rock beneath the Coastal Plain remains largely a

mystery because an insufficient number of wells have penetrated the sur-

ficial sediments to the basement level which lies at depths up to 10,000

feet below mean sea leve'. It is known from, the available drill cores

that the basement consists of pre-Mesozoic crystalline rocks. At least
^ *^950). rocks

have been fractured and sheared, and resemb'e the rnetamorphic and igneous

roG<.s ’"hich ,^’•'9 'e>'DO''ed ’/.’est of C'^astal ’^la""'^ o*' the Piedmont.
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Early studies (Stephenson, 1912; 1925; 1928) indicated that the

basement was a gently tilted monocline, dipping southeastward toward the

coast. Stephenson (1926) believed the tilt revolved on an axis parallel

to the coast. West of this axis the movement was upward and east of the

axis the movement was downward. With the drilling of the Hatteras Light

well No. 1 at Cape Hatteras in 1945 and 1946, it was found that the base-

m.ent lay almost 10,000 feet below mean sea level. This was much deeper

than previously believed. Subsequent drilling has shown that the basement

slope consists of two distinct erosional surfaces. An abrupt change in

slope occurs near the -2400 feet contour. To the west of the gradient

change the slope is more gentle, averaging fourteen feet (Prouty, 1946;

Ber'"y, 1948; 1951) to thirty-five feet (Spangler, 1950) per mile. Prouty

(1945) has interp'^etec! th's gradient as the Schcoley peneplain. The slope

seaward of the eradient c'^a’^'oe irc'^'^^ses to mc^e than one hundred feet per

mile, and has been called the Fall Zone peneplain by Prouty. It is not

known if this change in slope represents a monoclinal fold, a fault, or a

change in grade between erosional surfaces.

The crystalline rocks, both in the Piedmont and beneath the Coastal

Plain sediments, contain downfaulted basins of Triassic sedimentary rocks.

In North Carolina geophysical data and well logs have revealed Triassic

basins beneat'o. the Coastal ’-''lain sediments in Hoke and Camden Counties

(LeCrand, ISSI; D1etr“‘ch, 1959). The regularity of the basement surface

is interrupted by the triassic basins. Occasional monadnocks, provide

othei'' iIrregularities on the basement surface, for example, the outcrop of

resistant cran'te gneiss that occurs at Fountain in Pitt County.
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Coastal Plain stratigraphy

The basement surface of the Coastal Plain is covered by a coast-

ward-dipping wedge of Mesosoic and Cenozoic sediments. The sediments

taper in thickness toward the Piedmont contact to the west from a maximum

known depth of about 10,000 feet at Hatteras Light Well No. 1 at Cape
u.

Hatteras. The complete stratigraphy of the North Carolina Coastal Plain

sediments has been described by only a few authors, among them being

Stephenson (1912), Spangler (1950), and Richards (1950). Descriptions of'

the North Carolina Coastal Plain have also been included in works covering

the stratigraphy of the entire Atlantic Coastal Plain (Stephenson, 1926;

Richards, 1945; LeGrand, 1961; Murray, 1961). The following is an account

of the sedimentary record on the Coastal Plain taken mainly from the above

sources.

Jurassic. The oldest Coastal Plain sediments have been identified

from the lower 1,378 feet of the Hatteras Light Well as probably Late

Jurassic (LeGrand, 1961). Although Richards (1950) and Spangler (1950)

have labeled these same sediments Lower Cretaceous, subsequent analysis

of the fossils indicates the age is probably Jurassic. The Jurassic con-

tains about 700 feet of basal conglomeratic sandstone overlain by lime-

stone, shale, sandstone, and dolomite. These rocks, which do not outcrop,

extend inland only to the middle of the Coastal Plain.

Lowe'^ Çv-etaceous. T'^e Cape Hatteras Well contains about 3,000 feet

of Lowe'^ Cretaceous sediments consisting of marine shale, sandstone, and

limestone. The beds wedge out up dip end also do not extend southwestward

across the structural feature known as the Great Carolina Ridge.



Stephenson 09^2) considered the Lower Cretaceous to be part of the

Patuxent Formation which lies to the north. Richards (1950) believed it

was possibly part of the Tuscaloosa Formation of the Upper Cretaceous.

Upper Cretaceous. The Upper Cretaceous ranges in thickness from

2,000 feet to 4,000 feet except at the Great Carolina Ridge where the

thickness is only about 1,100 feet. Three formations are present: the

lowermost Tuscaloosa is overlain by the Black Creek, which in turn is

overlain by the Pee Dee, with the Tuscaloosa being pinched out at the

Great Carolina Ridge. The Tuscaloosa, which consists of sands and clays,

outcrops in a belt from the Roanoke River in Northampton and Halifax

counties to the South Carolina line in Robeson, Scotland, and Richmond

counties. The Black Creek Formation is composed largely of thinly lami-

rated sand and clay. This formation outcrops in a belt southeast of the

area described for the Tuscaloosa. It has a width of about 30 miles in

the Cape Fear River area, but narrows to eight miles to the north of the

vicinity of the Neuse River area. The Pee Dee Formation is composed

largely of dark green or gray finely micaceous sand, many layers being

calcareous or impure limestone. The Pee Dee outcrops in a belt east and

southeast of the Black Creek. It is widest in the Cape Fear River region

(37 miles) and extends north-northeast to Greenville.

Paleocena. LeGrand (1961) assigns a section less than 300 feet

thick in the Hatteras Light Well to the Paleocena. The formation is not

recognized by Richards (1950) or Spangler (1950). The Paleocena is

covered by no mo'^e than a few hundred feet of younger sediments before

being wedged out in the central Coastal Plain. The sediments also wedge
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out against the Great Carolina Ridge. North of the Great Carolina Ridge

the Paleocene constitutes an aquifer commonly less than 100 feet thick.

Eocene. The Lower, Middle and Upper Eocene are all represented in

a section of limestone 1,000 feet thick at Cape Hatteras. Updip, lime-

stone, sand, clay, and marl are present. Lower and Middle Eocene deposits

outcrop only in discontinuous patches near the Fall Line. The Upper

Eocene is represented by the Castle Hayne Formation which outcrops from

Wilmington northeast to beyond the Neuse River in southern Pitt County.

In many places the Castle Hayne consists of finely broken calcareous marl.

At one time it was thought that the Great Carolina Ridge received no

sediments during the Eocene, but limestone outliers along the inner mar-

gin of the Coastal Plain have indicated submergence at least in Late

Eocene time. Erosion by solution later removed the thin cover of Eocene

limestone from the ridge.

Oligocène. The Oligocène may be represented in the Hatteras Light

well by a layer of limestone and shale, but the Oligocène cannot readily

be separated from the underlying Eocene. Both LeGrand (1961) and Richards

(1550) report possible Oligocène marl in the vicinity of New Bern.

Spangler (1950) does not recognize these beds.

Miocene. Miocene beds fonn a layer 1,200 feet thick at Cape

Hatteras, but these thin to the west. Richards (1950) divides the Miocene

in North Carolina into five formations, Trent, Calvert, St. Mary's,

Yorktown, and Duplin. The Trent Formation consists of consolidated shell

rock and is exposed east of the Castle Hayne in a narrow north-south belt
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between thé Neuse and New Rivers. A zone of foramini feral ooze between

760 and 1,000 feet in the Hatteras Light well has been tentatively iden-

tified as Calvert (Richards, 1950; Spangler, 1950). Previously, Calvert

was not believed to occur in North Carolina. The St. Mary's has not been

found in North Carolina, but some researchers believe it to underlie the
«

Yorktown in northeastern North Carolina. The Yorktown has been divided

into two zones, the older (Zone 1) has been called the Murfreesboro or

St. Mary's Stage. The lithologic characteristics indicate dark bluish-

green, medium-fine sand with many shells. Outcrops occur in a broad belt

from the Virginia-North Carolina line south to the Neuse River. The

western limits lie on a line from Weldon to Wilson to Goldsboro. The

younger Yorktown (Zone 2} consists of sands and shell marls with some

clay. Outcrops occur in discontinuous patches across northeastern North

Carolina, downstream from Zone 1 on the lower Roanoke, lower Tar, lower

Neuse, and Chowan Rivers. No deposits are known south of the Neuse River.

Duplin marls are believed to correspond in age to Zone 2 of the Yorktown.

The Duplin is best developed at the Natural Well near Magnolia, but it

occurs locally throughout the southern Coastal Plain,

PIiocene. Three Pliocene f

(1950), the Waccamaw, the C^oatan,

consists 0^ ’loose gray to buff san

rarely exceeding twenty-five feet

ormations are described by Richards

and high level gravels. The Waccamaw

d with pebbles and shell beds. Deposits

thick and only outcrop south of the

Neuse River, but are best exposed along the Cape Fear River, The Croatan

may be contemporaneous or slightly younger than the Waccamaw. The maxi-

mum thickness for Croatan sands is slightly over fifteen feet. Outcrops
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occur south of the Neuse River in Craven and Onslow Counties. "High

level gravels" is the term now used for gravels, sands, and some clay

formerly called the "Appomatax" and the "Lafayette" formations. The

high level gravels are found on upland areas along the inner edge of the

Coastal Plain adjacent to major rivers.

Structural features

The basement of the Coastal Plain is not a simple homoclinal

structure, but a more complex one with three known transverse structural

features and at least one unnamed zone of structural disturbance parallel

to the northeast-southwest trend of Appalachian structure. These struc-

tures, particularly the Hatteras Axis and the Great Carolina Ridge, have

Influenced the transgression and regression of the seas at different times

and the crustal movement along these features has influenced the tnorpho-

logy of the Coastal Plain.

The most prominent structu'^al featu'^e on the North Carolina Coastal

Plain is the Great Carolina Ridge. This broad structural uplift has been

called the "Cape Fear Arch" by Prouty (1936) and the "Wilmington Anticline"

by MacCarbhy (1936), T've ridge v/as first described in the 1890's but

Stephenson (1925) was the first to establish its exact location. The

existence of the ridge in the basement rock has since been verified by

geophysical data (MacCarthy, 1936; MacCarthy and Straley, 1937; Prouty,

1935; Berry, 1951) and well records (Richards, 1945). The crest line of

the ridge extends from Wilmington, north-westward, approximately parallel

to the Cape Fear River to near Fayetteville, where it joins the Piedmont.

The depth of the basement rock increases from 1,100 feet at the ridge to
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much greater depths (4,000 feet or more) on both the northeast and south-
west flanks of the ridge (Richards, 1945).

LeGrand (1955) has described smaller units separated by faults

located within the large block which forms the Great Carolina Ridge.

From the study of artesian brackish water and geophysical data, LeGrand
«

concluded that a fault line, trending northeastward, crosses the Great

Carolina Ridge near the confluence of the Black and Cape Fear Rivers.

Movements along the fault have occurred at least through Cretaceous time.

The Hatteras Axis is another structural feature which has long

been recognized on the Coastal Plain. This axis represents the line

where the basement surface is at its lowest point, or where all sedimen-

tary -formations are at their greatest depth. The axis extends northwest-

ware! from Cape Hatteras, and 1s bounded on the southwest by the Cape

Lookout-Neuse Fault Zone (Ferenezi, 1959). During much of Miocene time

the Hatteras Axis was covered by a transgression of the sea while the

Great Carolina Ridge remained above sea level.

Another transverse structural feature has been described by

Ferenezi (1959). The Cape Lookout-Neuse Fault Zone midway between the

Great Carolina Ridge and the Hatteras Axis has been indicated by the dif-

ference in the depth of the basement at Havelock (2,318 feet) on south-

west side of the fault zone and at Merrimon and Morehead City (4,000 feet)

on the northeast side. The type of structural movement which has occurred

in bhe basement complex is still unknown. Ferenezi (1959) has suggested

the baseinent surface "has the character of a peneplained block mountain

rather than a folded mountain chain." Dietrich (1959) has suggested that

the basement has undergone several stages of folding, arching, and
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differential warping as well as faulting.

Coastal Terraces

The coastal terraces of North Carolina are part of a lengthy

system of terraces, which extend along the Atlantic and Gulf Coastal

Plain of the United States from New Jersey to Texas. These terraces are.

comparable to steps which increase in elevation toward the Piedmont. The

steeper sloping portion of a terrace is referred to as the riser. The

more gentle sloping portion, which is usually much wider, is called the

tread. The base or toe of the riser is the lowest point on a terrace.

The toe elevation is equal to the highest elevation of the next lower

terrace. The scarp-like risers, which separate the flatter portions of

the terraces, are not always distinguishable, therefore, in some instances

identlf"'cation of terraces is very difficult.

The terraces

Stephenson (1912) listed the Coastal Plain terraces in North

Carolina in descending order as: 1) Coharie, 2) Sunderland, 3) Wicomico,

4) Chowan (Talbot), and 5) Pamlico. The approximate location of the

terraces is given in Figure 1. A brief description of the surficial

deposits and terrace boundaries is given below.

Coharie Terrace. The Coharie terrace was named by Stephenson

(1912) for Great Coharie Creek in Sampson County. Stephenson put the toe

elevation of the Coharie terrace at 150 feet. Other researchers have

placed the base elevation as high as 170 feet. The upper limit of the

Coharie ranges from 215 feet to 235 feet. The surficial deposits are
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exposed along the inner portion of the Coastal Plain from Virginia to

South Carolina. These deposits consist of sandy clays, argillaceous and

arkosic sands, and gravels.

Sunderland Terrace. The Sunderland terrace was named for

Sunderland, Calvert County, Maryland. It extends in a belt ranging from .

five to ten miles wide at the Virginia border to more than thirty miles

wide along the South Carolina line. The toe elevation of the Sunderland

is approximately one hundred feet. The maximum elevation is the base of

the Coharie. The sands and gravels of the Sunderland are generally finer

than those of the Coharie. To the northwest the Sunderland is separated

from the Coharie by a sea-facing Kenly scarp, traceable in the Kenly and

Rocky Mount areas. To the southeast the Sunderland is separated from the

younger Wicomico by the Surry scarp easily traced in the Falkland and

Tarboro areas.

Wicomico Terrace. The Wicomico terrace was named for the river of

the same name in the counties of Charles and St. Mary's in Maryland. The

Wicomico extends from Virginia to South Carolina in a belt averaging

twenty-five to thirty miles wide. Lithologically, the formation resembles

the Coharie and Sunderland. The base of the Wicomico is placed from fifty

to eighty feet.

In North Carolina the Penholoway terrace has not been differen-

tiated fro::i the Wicomico (Richards, 1950), however, this terrace was named

for Penholoway Creek and Bay, Brantley County, Georgia.

Talbot Terrace. The Talbot terrace, named for Talbot County,
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Maryland, originally included everything between the forty-five foot

contour and present sea level. Stephenson (1912) divided the Talbot

into two parts, an upper Chowan terrace, with the same shore line as the

Talbot, and a lower Pamlico terrace. Cooke (1931) retained the term

Talbot instead of Chowan. Talbot is used in this study instead of Chowan

to avoid confusion with the Chowan River basin. The Talbot is located

in a belt southeast of the Wicomico. The southeast boundary is formed

by the Suffolk scarp entering North Carolina from Virginia in Gates

County and runs in a nearly straight line slightly west of south, inter-

secting the coast in Carteret County. The base of the Wicomico is gen-

erally placed at twenty-five feet. The Pleistocene deposits on the

Talbot terrace are composed of sandy loams, arenaceous clays, sands and

gravels.

Pamlico Terrace. The Pamlico terrace was named by Stephenson

(1912) for Pamlico Sound. The Pleistocene terrace deposits cover an ex-

tensive area of eastern North Carolina below the twenty-five foot contour.

The Pamlico terrace deposits are poorly developed south of Carteret

County except near Cape Fear, where they occur in the form of coquina.

Generally, Pamlico deposits consist of sandy loams, sand, and clay. The

Pamlico has been traced from New Jersey to Florida and along the Gulf of

Mexico, and it is thought to date from the Sangamon interglacial stage.

The Pamlico terrace forms the eastern boundary of the study area.

Scarps

Tv/o important topographic features on the Coastal Plain are the

Suffolk, and Surry scarps. These scarps have been presented as conclusive



36

evidence of marine transgression up to one hundred feet above the present

mean sea level. Little evidence of marine transgression above this level

has been found. Flint (1940) listed five reasons why these scarps ap-

peared to be emerged wavecut cliffs, rather than streamcut or fault

scarps: 1) they trend parallel to the present coast; 2) they have
«

straight to broadly arcuate ground-plan patterns; 3) their linear extent

is great; 4) the base of each scarp maintains a nearly uniform elevation

from end to end; 5) and they are independent of major drainage lines

which they cross transversely. The use of the term "scarp" to describe

a feature averaging only fifteen to twenty feet in height and 1 to 2 1/2

degrees in slope is somewhat misleading (Flint, 1940). However, since the

term is firmly entrenched in Coastal Plain literature its use continues.

It may also be pointed out that despite the lack of an abrupt declivity,

the slope of the Surry scarp is twenty to thirty times greater than the

surrounding undissected surfaces (Daniels, et al_, 1966a).

Surry scarp. The Surry scarp was mapped across North Carolina by

Flint (1940), and found to have a toe (base) elevation of about ninety

feet. He determined the scarp to be far from continuous, and classified

the discontinuities into three types: post-scarp dissection by streams

of all sizes; discontinuity where the scarp passes back of sand ridges

of comparable elevation; discontinuity near the crossings of major streams,

where the surface slopes continuously seaward with a form strongly sug-

gestive of a fanlike fluvial plain. Flint (1940) also pointed out that

while the Surry scarp mimics the present outline of Cape Fear and Cape

Lookout, it fails to follow the outline of Cape Hatteras. The scarp forms
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the approximate boundary between the Sunderland and Wicomico terraces,

Suffolk scarp. The Suffolk scarp was positioned in North Carolina

by Stephenson (1912) at a toe elevation of between twenty and thirty feet.

Many discontinities exist in thé scarp, some due to post-scarp erosion,

but the most conspicuous, according to Flint (1940), are caused by the

building-out of sediments at and near the mouths of major streams. He

placed the Suffolk at approximately the inner edge of the Pamlico terrace.

Other scarps. Recent evidence has indicated that other scarps

exist above the Surry scarp. Daniels et ^., (1966b, 1971a) have pre-

sented topographic evidence that at least three scarps exist on the upper

Coastal Plain. In descending order these scarps include: 1) the Coats

scarp, 2) the Wilson Mills scarp, and 3) the Kenly scarp. However,

these scarps are much less conspicuous than the Surry and Suffolk scarps.

Review of Terrace Literature

The origin of the Coastal Plain terraces has been a matter that

has also been in dispute since the features were first studied in the

late 19th century. Three basic hypotheses have been advanced to account

for the terraces and associated scarps. Researchers on the northern

section of the Atlantic Coastal Plain tended to favor a fluvial origin

for the terraces. Investigators on the southern portion of the Atlantic

Coastal Plain have been more favorable to a marine origin of the terraces.

Research in the central portion of the Coastal Plain has led to the inter-

mediate hypothesis that the upper terraces have a fluvial origin, while

the lower terraces have a marine origin.
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Three types of evidence have been used to identify terraces and

their origin: fossils, sediments, and topography (Flint, 1942). Marine

and fluvial flora and fauna are very distinct, therefore the presence of

marine fossils in a terrace is fairly conclusive evidence of a marine

origin unless the fossils were from the sediments into which the terrace

was cut. Marine littoral sediments normally contain less ferruginous and

kaolinitic material, and they are better size-sorted than fluvial sediments.

Topographic evidence has been used to indicate former strand lines, bars,

spits, and other shoreline features.

The Pamlico terrace at base elevation of twenty-five feet above

present mean sea level has been demonstrated by paleontological evidence

to have a definite marine origin (Richards, 1936). The position and

origin of the Pamlico terrace from New Jersey to Florida has generally

been accepted by all authors, however, considerable disagreement exists

as to the position, names, and origin of the other coastal terraces.

Many attempts have been made to correlate the terraces not only through-

out the Coastal Plain, but also with coastal terraces of other regions

(Antevs, 1929; Cooke, Gardner, and Woodring, 1943). Cooke (1930; 1933)

has correlated the terraces with different stands of the sea at various

interglacial stages. Campbell (1931) and Flint (1940; 1942) have ob-

jected to these correlations and have advocated a fluvial origin for at

least some of the terraces.

Johnson (1907) was one of the first researchers to study the

coastal terraces in North Carolina. Johnson described five well-developed

terraces and two fragmental higher terraces. He adhered to the pre-

viously-proposed hypothesis of a marine origin for the terraces.
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Stephenson (1912) listed six subaerial terraces in North Carolina,

each representing a former still stand of the sea. Stephenson's upper

terrace, known as the "Lafayette", was identified as Pliocene in age.

The "Lafayette" is located adjacent to the Piedmont and is represented

by the Sandhills. The other terraces, all Pleistocene in age, listed
«

from upper to lower (older to younger) with their elevation above mean

sea level named by Stephenson were: 1) the Coharie, 220-160 feet (found

only south of the Neuse River); 2) the Sunderland, 150-110 feet; 3) the

Wicomico, 100-50 feet; 4) the Chowan, 50-25 feet; and 5) the Pamlico,

25-0 feet; (together the latter two terraces formed the Talbot terrace of

Maryland).

Cooke's (1930; 1931; 1932) attempts to correlate the terraces with

glacial and interglacial periods of sea level stillstand have been crit-

icized by many authors. Cooke believed all the terraces to be of marine

origin and Pleistocene in age. He identified eight terraces with the

elevation above mean sea level of their strand line and their stage:

1) Brandywine (name not used in North Carolina), 270 feet, pre-Nebraskan

warm stage; 2) Coharie, 215 feet, Aftonian interglacial stage; 3) Sunder-

land, 170 feet, Yarmouth interglacial stage; 4) Wicomico, 100 feet,

Sangamon interglacial stage; 5) Penholoway, 70 feet, Peorian interglacial

stage; 6) Talbot, 42 feet, 1st Wisconsin interglacial substage;

7) Pamlico, 25 feet, 2nd Wisconsin interglacial substage; and 8) Princess

Anne, 12 feet, 3rd interglacial substage. Cooke believed the Lafayette

terrace of Stephenson to be represented by more than one unnamed terrace

in North Carolina. Cooke also combined the Penholoway and Talbot in North

Carolina to form the Chowan.
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Figure 2
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Later, Cooke (1954) used the distribution of Carolina bays to

correlate the coastal terraces. Based on his hypothesis that the bays

were formed along marine shorelines, Cooke concluded that numerous bays

should fall very close to the elevation of marine terraces. Using this

method Cooke slightly modified his previous list of terraces. The re-

vised list of terraces and their elevation above mean sea level is:

1) Hazelhurst, 270 feet; 2) Coharie, 215 feet; 3) Sunderland, 170 feet;

4) Okefenokee, 145 feet; 5) Wicomico, 100 feet; 6) Penholoway, 70 feet;

7) Talbot, 42 feet; 8) and Silver Bluff, 6 feet.

Cooke contributed much to the literature on Atlantic coastal

terraces. He renamed and repositioned the terraces far too many times

to be recounted here in great detail. However, an important change from

his early correlation was the re-evaluation of the Brandywine terrace of

Maryland (Clark, 1915). He had correlated the Brandywine with part of

the Lafayette of North Carolina. Later, Cooke (1958) believed the

Brandywine to be an alluvial fan of Pliocene age. Richards (1950) as-

signed this area in North Carolina to "Higher Gravels" of Pliocene age.

Recent studies have failed to clear up many of the disagreements

concerning Coastal Plain terraces and terrace deposits. Evidence has

been presented which has caused conflicts in correlations, genetic inter-

pretations, age determinations, and terminology. Some of these studies

will be discussed here, and an attempt will be made to synthesize recent

findings.

Richards (1959) supported the findings for a fluvial origin of the

upper terraces, by stating that, while paleontological evidence indicated

a Pleistocene shoreline (he used the term Pamlico instead of Suffolk) at
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an elevation of twenty-five feet and topographic evidence indicated

another shoreline (Surry scarp) at one hundred feet, there was little

evidence to indicate an older Pleistocene marine transgression. Richards

dated both shorelines as equivalent to the Sangamon interglacial. He

believed no sea level stage between the shorelines existed.

Based on the mechanical and mineralogical analyses of surficial

deposits. Folks (1961) determined the sediments above the one hundred

foot contour of the Coastal Plain to be of fluvial origin, and to be

essentially a product of reworked underlying sediments of Cretaceous,

Eocene, and Miocene age. Folks reached this conclusion from his findings

that increased sorting occurs from higher to lower elevations and sorting

occurs within elevational regions from the ridges to depressional areas.

Doering (1958, 1960) extended the Citronelle formation of the

Gulf Coastal Plain through the southern part of the Atlantic Coastal

Plain. Doering believed no evidence for a Coharie terrace existed and

mapped the deposits below the level of the Citronelle as Sunderland.

Doering bounds the Citronelle in North Carolina by an east-facing

Citronelle escarpment from west of Laurinburg to near Magnolia then north

to the Virginia line and a much smaller unnamed west-facing escarpment

adjacent to the Piedmont. The eastern escarpment varies in height from

fifty to one hundred feet. Doering states that this escarpment is defi-

nitely of marine origin and was produced by erosion which occurred imme-

diately following the depositions of the Citronelle. The Sunderland, at

the foot of the escarpment, consists of a series of thin, coalesced

alluvial fans, deposited on the emerged sea-floor by streams issuing from

the escarpment. Doering suggested that the Citronelle was probably Early
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Quaternary (preglacial Pleistocene) in age. He did not rule out the

possibility of a Pliocene age, however. The Sunderland was also con-

sidered to be of preglacial Pleistocene in age. He suggested the Sunder-

land shore line as being the level to which sea level would rise if the

ice caps melted. The difference in the level of the Citronelle and
«

Sunderland formations resulted from uplift and warping of the Citronelle

escarpment. Doering believed the lower terraces, Wicomico, Penholoway,

Talbot, and Pamlico were a result of successively lower stands of sea

level. He did not indicate the Pamlico as being present in North

Carolina.

In a study of the geomorphic elements between the Cape Fear River

and the Pee Dee River of South Carolina, Johnson and DuBar (1964) con-

eluded that the Orangeburg scarp (Citroné"!le escarpment of Doering) is

the remnant of a marine cut cliff. The authors, however, dated the scarp

as Miocene in age much older than Doe*'ing's preglacial Pleistocene dating.

Their dating of the Surry scarp as Pliocene (?) - Pleistocene, agreed more

closely with Doering's dating of the same scarp. Johnson and DuBar rec-

ognized thnee strand lines, all Pleistocene in age, below the Surry scarp:

Penholoway, Talbot, and Pamlico.

In a study of the upper and middle Coastal Plain along the Neuse-

Cape Fear drainage divide, Daniels (1966b), divided the Citronelle

formation of Doering (1960) into three distinct units. The Mack Formation

a newly distinguished unit which outcrops only on valley slopes and at the

Coats scarp, was placed at late Miocene age. The Pinehurst Formation over

lying the Mack Formation was given a probably Pliocene date. The

"Brandywine Formation" separated from the Mack and the Pinehurst by the
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Coats scarp, was placed at an elevation of 275 or 270 feet to 230 feet

along the Neuse-Cape Fear divide. The Pinehurst is the "High-Level

Gravels" of Richards (1950) and the "Lafayette" of Stephenson (1912).

The Coats scarp was believed to be at least partially correlative with

the Orangeburg scarp of Johnson and DuBar and the Citronelle escarpment

of Doering. However, the Coats scarp was dated as post-late Miocene,

while the Orangeburg has been dated as late Miocene.

In subsequent studies Daniels et aQ_. (1971a) suggests that the

Brandywine, Coharie, and Sunderland may all be one formation, bounded on

the west by the Coats scarp and on the east by the Surry scarp. Two

smaller scarps occur on the surface of the formation. The Wilson Mills

scarp separates the Brandywine and Coharie and the Kenly scarp divides

the Coharie from the Sunderland. They place the sediments between the

Surry and Coats scarps as no older than early Pliocene. The minimum age

is more difficult to determine, and can only be placed as pre-Wicomico

Pleistocene.

Above the Sunderland surface near the Kenly scarp, Daniels, et al.

(1971b) have found a ridge of unfossiliferous sands, which they consider

to be of marine origin. This sand body, rising twenty-five feet above a

plain with an elevation of about 110 to 120 feet, has been termed the

Goldsboro ridge. If the marine interpretation is correct, the ridge is

the first major evidence of a post-Miocene sea stand above the one hun-

dred foot contour (Surry scarp).
Evidence presented by various authors concerning the origin of

deposits above the Surry scarp has not been conclusive. No post-Miocene

marine fossils have been found above this level that would prove marine
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transgression. However, despite the sedimentary evidence to the contrary

by Folks (1961), the majority of the sedimentary and topographic evidence

presented (Doering, 1960; Johnson and DuBar, 1964; Daniels, e;t , 1966b;

1971a; 1971b) has indicated that a post-Miocene transgression has taken

place. Little agreement exists as to the time of this transgression.
*

Tanner (1965) has dated the terraces as much older than most other in-

vestigators. He has proposed that sea level has been slowly dropping

since Oligocène time and that no marine features above approximately

thirty feet are the result of Pleistocene glacial fluctuations. Tanner's

terraces and their dates are: 1) Sunderland, Miocene (possibly Oligocène)

2) Surry scarp-Wicomico, early Pliocene (possibly older); 3) Penholoway,

middle Pliocene (possibly older); 4) Pamlico, Pleistocene (possibly

older).

Drainage Pattern

The Coastal Plain is divided into six major drainage systems for

the purposes of this study. None of the trunk streams of these basins

rise in the Coastal Plain, but flow across the Coastal Plain from the

Piedmont. The Chowan and Roanoke Rivers of the northern Coastal Plain

have their sources in Virginia. The Tar and Neuse Rivers of the central

Coastal Plain have their sources in the northeastern Piedmont; the Cape

Fear River rises farther to the west and flows across the southern Coastal

Plain. The Pee Dee River does not flow across the North Carolina Coastal

Plain, but the Pee Dee River basin covers the southernmost Coastal Plain.

The Pee Dee River rises on the eastern flanks of the Appalachians, flows

across the Piedmont as the Yadkin River, then crosses the South Carolina
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Coastal Plain.

Drainage Asymmetry

The drainage of the North Carolina Coastal Plain is an asymmetrical

type referred to by White (1966) as deflected-tributary asymmetry. This

asymmetry results from the location of nearly all tributaries on the north

sides (left bank) of the trunk streams flowing perpendicular to the coast.

This asymmetry places drainage divides between the major basins very close

to the northern-most stream. In the Cape Fear River basin, tributaries

of the Northeast Cape Fear River rise within 1.5 miles of the Neuse River.

A twelve mile strip of the Cape Fear - Pee Dee drainage divide lies less

than one mile south of the Cape Fear River. For sixty-five miles this

divide averages only th'^ee to four miles distance from the Cape Fear

River, while lying fifty-five to seventy miles northeast of the Pee Dee

River. While asymmetry of Coastal Plain basins is not as extreme to the

north, the left bank tributaries are longer, and slopes on the north banks

are more gentle than the escarpment-like right banks. Marsh Swamp and

Deep Creek, tributaries of the Tar River, head less than two miles from

the Roanoke River. Tributaries of the Chowan River rise as close as

three miles from the south bank of the James River estuary.

According to White the Surry scarp marks the boundary between two

different drainage patterns. West of the scarp most streams have sub-

parallel courses generally perpendicular to the coast. The drainage

areas are long and narrow, and tributaries are subparallel with the main

stream. East of the Surry scarp streams which avoided confluence above

the scarp tend to join below it. Numerous streams (e.g. Little Pee Dee,
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Lumber, Northeast Cape Fear, and Chowan) flow southwestward below the

Surry scarp gathering all the subparallel coast-perpendicular streams as

tributaries. Many confluences occur on the Wicomico terrace at the base

of the scarp.

White has proposed a genetic relationship between deflected-

tributary drainage and the Carolina capes, pointing out the correlation

between the location of relict capes and the contemporaneous mouths of

large sediment-carrying rivers from the Piedmont. Sediment from long-

shore drift and from the bed load of a river would dually supply a cape

shoal located downdrift from a river mouth. White (1966, p. 228) pro-

poses that asymmetrical divides could develop during a period of pro-

gressive emergence if a cape grows seaward on its off-cape shoal. The

succession of relict capes will combine to form a long, narrow subaerial

ridge. On the nearly flat, emerged sea bottom, such a continuous ridge

will become a drainage divide. Since it grows by submarine accretion at

its distal end before emergence, the stream cannot flow around its sea-

ward end except possibly when lagoons separate a cape on a barrier from

the ridge of relict capes on the mainland. The Cape Fear River may be

acquiring such a course in the present lagoon system as it turns south-

ward from Wilmington to emerge at Southport on the southwest side of

Cape Fear.

Daniels, et (1971) have suggested that stratigraphic and

geomorphic evidence indicates that the drainage divides on the Coastal

Plain have remained stable since the ocean withdrew. Above the Surry

scarp this could be for as much as ten million years.
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The Basins

Chowan River basin. The Chowan River is formed by the confluence

of the Blackwater and Nottoway Rivers at the North Carolina-Virginia

border. The Blackwater rises near Petersburg, Virginia and flows south-

east until it reaches the base of the Surry scarp where it turns south.

Tributaries of the Blackwater River rise within a few miles of the James

River. The Nottoway River rises further to the west near Nottoway,

Virginia. The river maintains a general southeasterly course until it

joins the Blackwater River.

The only major tributary of the Chowan River is the Meherrin River.

This stream has its headwaters southwest of the headwaters of the Notto-

way River near Lunenburg, Virginia. The Meherrin River follows a course

parallel to and south of the Nottoway River to its junction with the

Chowan River near Murfreesboro, North Carolina.

From the Virginia border the Chowan River flows in a southerly

and southeasterly direction into Albemarle Sound. At a lower sea level

the Chowan River would be a tributary of the Roanoke River which also

flows into Albemarle Sound. The lower portion of the Chowan River has

been inundated by marine transgression up to a point near Harrelsville.

Roanoke River basin. The Roanoke River rises in the foothills of

the Appalachians near Christiansburg and Roanoke, Virginia. The Dan River,

a major tributary with headwaters near Winston-Salem, North Carolina,

flows northeastward to join the Roanoke River near Clarksville, Virginia,

in the eastern Piedmont. The Roanoke River maintains a generally south-

easterly course throughout its length.
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As the Roanoîce River enters the Coastal Plain, the basin becomes

very narrow, narrowing to less than ten miles at a point near Roanoke

Rapids. At this point tributaries of the Tar River to the south rise

very close to the Roanoke River. The basin widens slightly as it nears

Albemarle Sound. The narrowness of the Roanoke basin on the Coastal

Plain limits the length of the tributary streams. The only major tri-

butary of the Roanoke River on the Coastal Plain is the Cashie River, a

left bank tributary, which flows parallel to the lower portion of the

Roanoke River to a point near where the Roanoke River enters Albemarle

Sound. Ferenczi (1959) believed that the Roanoke River follows, at least

in part, the direction of the Hatteras Axis, which represents the line

^A'he.'i'e all Coastal Pla>. formations are at their greatest depth.

Tar River basin. The headwaters of the Tar River are located in

the northeastern. Piedmont of North Carolina near Roxboro. The river flows

southeasterly across the Coastal Plain to the Pamlico Sound at Washington.

O'f'ten the Tar River flows very close to its southern drainage divide with

the Neuse River, particularly near Bunn and Greenville.

All the major tributar'es of the Tar River are located on the left

bank. Fishing Creek rises near Henderson and flows parallel to the Tar

River to t-'.e base of the Su’^ry scarp where it turns south to join the Tar

River nea"' Tarboro. Swift Creek rises only a few miles from the head-

waters of Fishing Creek and flows southeasterly between the Tar River and

Pishing Creek, joining the Tar River at a point only a few miles east of

the confluence of th.e Tar

Meuse River basin.

River and Fishing Creek.

The Neuse River is formed near Durham by the
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junction of the Eno and Flat Rivers. These streams head near Hillsboro

and Roxboro, respectively, just west of the headwaters of the Tar River.

The Neuse River also trends in a southeasterly direction and flows close

to its southwestern drainage divide as it crosses the Coastal Plain.

The Neuse River empties into Neuse estuary at New Bern. Ferenczi (1959)

has suggested that the sharp northeast turn in the Neuse River at Kinston*
relates to an unnamed fault zone running parallel to the Appalachian

trend.

Major left bank tributaries include the Little River and

Contentnea Creek. Both streams rise in southern Franklin County near

the Tar River. The Little River joins the Neuse River near Goldsboro,

while Contentnea Creek flows much more parallel to the Neuse River,

joining the Neuse River

'n the Neuse River basi

Neuse R^ver estuary at

the Neuse River, has it

County.

near Grifton. The Trent River basin is included

n in this study as the Trent River flows into the

New Bern. The Trent River, on the south bank of

s headwaters near Pink Hill in southern Lenoir

Cape Fear River basjn_. The Cape !^ear River is formed by the con-

fluence of the Kaw and New Hope Rivers near Moncure in Chatham County.

The headwaters of the Haw River a*^e north of Greensboro in Rockingham

County. The Cape Fear River enters the Atlantic Ocean at Cape Fear south

of Wilmington, Ferenczi (1959) believed the course of the Cape Fear

R'iver has been influenced greatly by the Great Carolina Ridge.

In the riedîüont the Cape Fear Rive»^ tends to flow closer to its

northeastern drainage divide which causes the major tributaries, the
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Rocky and Deep Rivers, to be right bank tributaries. As the Cape Fear

River enters the Coastal Plain, it takes a south to southwest turn near

Dunn in Harnett County to a point in Bladen County where the river lies

within two miles of its southwestern drainage divide. The Black and

South Rivers, on the left bank of the Cape Fear River, drain much of the

central Coastal Plain in the Cape Fear basin. The Northeast Cape Fear

River, also a left bank stream, drains much of the eastern Cape Fear

basin. The Northeast Cape Fear River flows almost due south from

northern Sampson and Duplin Counties to join the Cape Fear River at

Wilmington.

The New River basin and the Whiteoak River basin are located in

the interbasin area between the Cape Fear and Neuse River basins. These

basins are included within the Cape Fear River basin for the purposes of

this study. The basins drain portions of Onslow, Jones, Craven and

Carteret Counties and empty into Onslow Bay. The relatively small size

of the basin is the justification for including them within the Cape Fear

River basin.

Pee Dee River basin. The headwaters of the Pee Dee River are

located in the foothills of the Appalachians of northwestern North

Carolina and southern Virginia. The Pee Dee River crosses the Piedmont

of North Carolina as the Yadkin River, but the name changes as the river

reaches the southeastern Piedmont. The Pee Dee River does not actually

flow ac'^oss the North Carolina Coastal Plain, but the southern portion of

the Coastal Plain is drained by the left bank tributaries, the Little Pee

Dee, Lumber, and Waccamaw Rivers.
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The Luîïiber and Little Pee Dee Rivers are an excellent example of

the deflected-tributary asymmetry described by White (1966). These

stream.s flow southeasterly, parallel to the Pee Dee River until they

reach the base of the Surry scarp, where they are deflected to the south-

west. These deflected streams gather all other tributaries running sub-

parallel to the Pee Dee River and join the main stream on the South

Carolina Coastal Plain. The Waccamaw River rises north of Whiteville,

North Carolina, and flows to the southwest joining the Pee Dee River just

north of Georgetown, South Carolina.

The basins of the Shallotte River and the Lockwoods Folly River

are included in the Pee Dee River basin. These relatively small basins,

which drain the southe'^n portion of Brunswick County, are actually lo-

Gated "n the interbasin area between th.e Pee Dee River and Cape Fear

River basins. Both s!.reams eirpty into the Atlantic Ocean.

Climate

'While climate is an important external control over other physical

features, the climate of the Coastal Plain does not at the present time

vary spatially e'^ough to cause a s’gnificant variation In physical pro-

cesses. However, past climates could have caused the physical processes

to va'^y greatly •From present processes, '‘he landforms resulting from

fermier processes miglit st'ill be present on the present Coastal Plain

resent Conditions

’

The mean annual tempe’'atu'^e of most localities in the Coastal

Plar'n is approx’lmately 60®r. The average January temperature ranges
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from 41°F in the northwest to 49®F along the southeast coast. The July

mean temperature ranges from 79°F In the west to 81"F over a portion of

central coastline.

The annual precipitation is approximately fifty inches with a

range from forty-four inches in the northwest to fifty-six inches just

east of New Bern. Slightly more than half of the rainfall occurs during

the high sun period (April thru September). Convectional rainfall can

be very intense, particularly during the summer, and much of the pre-

cipitation becomes runoff.

The prevailing wind direction is from the southwest, but the wind-

speed usually is not great. Hurricanes occasionally strike the Coastal

Plain from the south from July thru October. These tropical storms bring

high winds and heavy rains.

The physical processes of the Coastal Plain are related to these

climatic condit'‘ons. The morphometr'ic characteristics are the result of

the physical processes. Thus, the morphometry of the Coastal Plain is

in part related to the present climate.

Paleoclimate

The climatic conditions of the Coastal Plain since the Cretaceous

have been difficult to reconstruct because of the scarcity of terrestrial

fauna and flora in the Cenozoic formations on 'which to base reliable con-

c^us^ot’s. Stephenson (1925) believed the climate during the Cretaceous

and most of t?;e Te'^tiary was warm temperate to subtropical. The climate

gradually beca::!e cooler dur'ng the late Tert'iary.

Isphord'ng (1970) concluded f'^orn analysis of upper Tertiary
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sediments that humid subtropical or humid tropical conditions were pre-

sent in the southeastern United States during the Miocene and Pliocene.

These findings supported conclusions reached by Berry (1916a; 1916b)

from floral evidence.

Although the Pleistocene ice sheets did not reach the North

Carolina Coastal Plain, they undoubtedly had a chilling effect on the

region. Several authors have suggested that geomorphic, fossil, and

pollen evidence indicates the presence of peri glacial activity on the

Coastal Plain during at least a portion of the Pleistocene.

Geomorphic evidence of periglacial activity in the southeastern

United States includes cryoturbation and solifluction features on the

Atlantic Coastal Plain (Brunnschweiler, 1962), frost-built palsen along

the Gulf Coast (Lozinski, 1233), and mass-movement features interpreted

as periglacial in the South Carolina Piedmont (Eargle, 1940; Bryan,

1940).

Pollen analysis has indicated the presence of numerous boreal

species and a paucity of deciduous pollen in Pleistocene sediments of

the Southeast. The presence of boreal pollen has been reported from

Georgia (Watts, 1270), from the Chesapeake Bay area of southern Virginia

(Harrison, e;t ^., 1965), from bogs near Austin, Texas (Potzger and

Tharp, 1943), and from near Myrtle Beach, South Carolina (Frey, 1952).

It is doubtful that the boreal pollen could have been deposited by wind

from a distant source (Deevey, 1949). The presence of these boreal pol-

lens indicate a much colder climate for the southeastern Coastal Plain

during the glacial epochs.

Fossil evidence has also indicated that much colder conditions
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existed during the Pleistocene glaciations. A study of foraminifera

(Phleger, 1949) in the western Atlantic has shown that coastal waters

declined in temperature during glacial times. The conclusion has been

supported by Emiliani (1973) from foraminiferal evidence and by Hazel's

(1968) discovery of cold-water ostracode species from submarine canyons.

Fossils of the woolly mammoth have been found along the Coastal Plain as *

far south as Florida (Brunnschweiler, 1962).

Emiliani (1955) has stated that the earth was probably colder

during the last glacial maximum than at any time since Permo-Carboniferous

glaciation, and perhaps the coldest of all time. That this reduction in

temperature was sufficient to create periglacial conditions on the

Coastal Plain has been indicated by physical evidence. Whether the peri-

glacial processes that were present during the Pleistocene have affected

the current morphometry of Coastal Plain drainage basins is not known.

The various coastal terraces were first exposed to subaerial

erosiona! processes at different times in the past. It is probable that

at least a slight variation in climate occurred between each successive

regression of sea level. This change in climatic conditions could have

been reflected in the initial laridfortas of each terrace. Since the upper

terraces have been exposed to fluvial processes longer than the lower

terraces, it can be assumed that these initial landform characteristics

are reflected to a greater extent in the present morphometry of the lower

terraces than in the morphometry of the upper terraces.

Conclusion

The rio'"th Carolina Coastal Plain has been shown to be a fluvially

eroded landscaoe which has periodically been subjected to marine



56

transgression. The landforms of the Coastal Plain are in part related

to the fluvial and marine processes which have acted upon them. The

drainage systems are largely the result of fluvial erosion. The coastal

terraces are generally believed to be the result of marine transgression,

although the upper terraces are possibly the result of fluvial processes.

The fluvial and marine processes on the Coastal Plain are largely

controlled by geologic (structure and stratigraphy) and energy (climate)

factors. Any change in these factors results in a change in the physical

processes which, in turn, results in a change in the morphometric charac-

teristies. The basic form of the drainage systems, however, are deter-

mined very early in the development of the system or shortly after the

recession of sea level.

The Coastal Plain is composed of Mesozoic and Cenozoic sediments

which overlie pre-Mesozoic crystalline rock. The sediments taper in

thickness toward the Piedmont from a depth of about 10,000 feet at Cape

Hatteras. The basement rock is not a simple homocline, but it contains

several structural features which have influenced the transgression and

regression of the sea.

The climate of the Coastal Plain does not vary significantly in

space, but geomorphic, fossil, and pollen evidence indicate that present

climate conditions differ greatly from those of the past. The change in

climate has most likely resulted in a change in the physical processes,

and thus, in the morphometry of the Coastal Plain. The variation in sea

level during the Pleistocene has been due primarily to world-wide climatic

changes. Marine terraces, therefore, are indirectly the result of cli-

matic Vi’'""’ations.
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The terraces of the Coastal Plain are not distinct in many areas

and efforts to correlate the terraces in various parts of the Atlantic

and Gulf Coastal Plain have had questionable success. A review of the

literature on Coastal Plain terraces has shown that considerable dis-

agreement exists on the location, age, and even the names of the terraces.

The drainage systems of the Coastal Plain can easily be determined*
from topographic maps. The six major drainage basins included in this

study flow across the Coastal Plain from the Piedmont and empty into the

Atlantic Ocean. The drainage pattern is an asymmetrical type known as

deflected-tributary asymmetry.



CHAPTER IV

STATEMENT OF HYPOTHESES AND MODEL FORMULATION

This research investigates how various morphometric character-

isties are spatially ordered on the North Carolina Coastal Plain. In

addition, the relationships between the morphometric characteristics are

investigated. The morphometric characteristics which are examined are

presented in Chapter V.

Statement of Hypotheses

The morphometric characteristics are related to the geomorphology

of the North Carolina Coastal Plain in one of four ways: 1) the morpho-

metric characteristics within a major drainage system are similar and the

Coastal Plain can be regionalized on the basis of these drainage systems,

2) the m.orphometric characteristics of drainage basins on a particular

coastal terrace are similar and the Coastal Plain can be regionalized on

the basis of these terraces, 3) the similarity of morphometric charac-

teristies cuts across drainage system and terrace boundaries, therefore

regions can be formed based on a combination of both drainage systems and

coastal terraces, or 4) similarity of morphometric characteristics occur

in a random pattern.

The mov'phometric characteristics within a single drainage system

tend to approach constant values as long as geologic and climatic con-

ditions are similar. Therefore, the geometry of the individual small

drainage basins within a major drainage system is similar. Once this
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condition of steady state has been attained, only a change in the con-

trolling agents of climate or geology will cause adjustments in the basin

geometry. The terraces of the North Carolina Coastal Plain have been

exposed to subaerial fluvial erosion for different lengths of time,

therefore, within a single drainage system the individual drainage basins

have been forming for varying lengths of time. The questions examined

here are: 1) whether the morphometric characteristics have reached a

time-independent condition of steady state within the major drainage

systems; 2) whether the characteristics are controlled by the length of

time the terraces have been exposed to fluvial erosion; or 3) whether a

combination of these factors control the spatial organization of these

morphometric characteristics.

The Factor Analytic Model

As such phenomena as m,orphometr1c characteristics occur in space,

they are patterned. Factor analysis is a means by which the regularity

and order in phenomena can be discerned. It takes an undetermined num-

her of measurements and observations and resolves them into distinct

patterns. Factor analysis is also a statistical technique by which the

relationships between variables can be quantitatively explained. Common

sources of variance are sought among the variables, and the character-

isties which the variables have in common and which result in their

intercorrelation are identified.

Assumptions of Model

Before considering the stages of factor analysis some of the basic

assumptions of the factor model will be discussed. It is assumed that in



60

the matrix of variables there are some common factors running through

the data. These common factors are extracted and expressed by factor

analysis. These factors indicate the most important common character-

istics that are inherent in the properties that are used as variables.

The variance of the individual variables is a measure of the extent of

the spread of values of the variables in the individual areas. The

total variance can be divided into three types: 1) common variance,

2) specific variance, and 3) error variance. Common variance is that

portion of the total variance that correlates with other variables.

Specific variance is that portion of the total variance that does not

correlate with other variables. Error variance is the chance variance

due to errors of sampling, measurement, or other error sources. The

common characteristics are expressed by common variances of each vari-

able in relation to the others. It is the common variances which are

important as they represent common elements running through the data and

these result in high correlations.

It is assumed that the total variance is the sum of the component

variances, including the specific variance, the error variance, and the

individual common variances, the latter together making up the common

variance or communality. The individual common variances are the vari-

anees of each variable with all other variables. The factor loading is

equal to the square root of the sum of the common variances for each

variable. Each variable has a factor loading for each factor. The fac-

tor loadings represent the amount of correlation of a particular variable

with its corresponding factor.

Another assumption of factor analysis is that the correlation of
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the variables can be accounted for by their common factor loadings. The

correlation matrix provides the data from which the factor loadings are

calculated and the reverse operation is also possible. Where variables

are strongly correlated they will have similar loadings of high value on

several factors. The commonality of the variable can be found by summing

the squares of the loadings on the factors of that area.

Geometric Model

An understanding of the patterns defined by factor analysis can

be enhanced through a geometric interpretation. Each area or cell can be

thought of as defining a coordinate axis of a geometric space. Although

pictorially constrained to three dimensions, the geometric space can be

analytically extended to an unlimited number of dimensions at right

angles to each other and thus represent an unlimited number of objects or

areas. In this space each characteristic can be considered a point lo-

cated according to its value for each case. A vector representation of

the data is drawn by connecting each point with the origin. In this

vector space, consider two vectors representing any two of the charac-

teristies of the drainage basins. The angle between these vectors mea-

sures the relationship between the two characteristics for the drainage

basins. The larger the angle, the less the relationship. If two vectors

are at a right angle, the characteristics they represent are uncorrelated.

The closer the angle betv.'een the vectors is to zero, the stronger the

relationship between the characteristics. Obtuse angles mean a negative

relationship. At the extreme, an angle of ’80° between two vectors means

that the two characteristics are inversely related.



When the twenty-nine morphometric characteristics are projected

in the 24 dimensional space defined by the cells, the configuration of

vectors reflect the data interrelationships. Characteristics that are

highly interrelated cluster together; characteristics that are unrelated

are at right angles to each other. By inspecting the configuration we

can discern the distinct clusters of vectors, and these clusters index

the patterns of relationship in the data. Each factor delineated by

factor analysis defines a distinct cluster of vectors. The projection

of each vector point on the factor axes defines the clusters. These

projections are called loadings and the factor axes are called factors.

Factor loadings as a set of numbers can define 1) a pattern of relation-

ships and 2) the association of each characteristic with each pattern.

Algebraic Model

A traditional approach to expressing relationships is to establish

the mathematical function f (W, X, Z) connecting one variable, Y, with

the set of variables W, X, and Z. This relationship can be expressed by

an equation. The variables on both sides of the equation are known, data

are available, and only the best function for describing the relationship

must be determined.

Assume, however, that we have a number of variables, Y-], Y2,
Y3. . .Yp, but we know neither the variables to enter in on the right
side of the equation nor the functions involved. We have data we wish

to explain mathematically but the variables that would give us this ex-

pi anation are unknown. Assuming that the Y variables are related to a

number of functions operating linearly, then:
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Y, = + A^2 ^2 + ••• +

Y2 = A2i Fl + A22 F2 + ... + A2ni F^.
Y3 " ^31 ^32 ^2 ^3m '"m*

'^’n ~ ^nl ^2 ^2 ■’■ **• ■*■ ^nm ^m*
where: Y = a variable with known data

A = a constant
F = a function, f (), of some unknown variables.

By application of the known data on the Y variables, factor anal-

ysis defines the unknown F functions. The loadings from a factor analysis

are the A constants. The factors are the F functions. The size of each

loading for each factor measures how much that specific function is re-

lated to Y. Besides determining the loadings, factor analysis also gen-

erates data (factor scores) for each case on each of the functions

uncovered.

Stages of Factor Analysis

Once the sampling po'ints and variables have been chosen and the

data collected and arranged in matrix form, the calculation of the fac-

tors and factor loadings can be undertaken. The first step is the cal-

culation of the means and standard deviations for the variables. This

provides a useful guide to the degree of variation of the individual

measurements of each variable as well as a measure of the absolute value

of the variable. The range of variability of the data plays a significant

part in the way in which one variable correlates with another. When the
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range of variability is small the variable tends toward a constant and

will not correlate with other variables so highly.

The product-moment correlation matrix provides the data from which

the factors and factor loadings are computed. The matrix provides a

measure of the relationship between all possible pairs of variables. A
4i

further step from product-moment correlation provides the regression line

that minimizes the square of the square of the distance between the vari-

ables and the line.

Factors are derived from the correlation matrix and they are based

on the length of the axes (eigenvalues) necessary to define the scatter

of points in many dimensions. The first factor is determined by the

degree of intercorrelation of the variables. If they are all closely

associated, the axis is long and most of the points fall near it. This

gives a high factor value on the first factor. The percentage of the

variability of the variables that this factor accounts for is found by

multiplying the factor value by one hundred and dividing by the number

of variables. A cumulative percentage of the variability accounted for

can be ■f'ound as each subsequent factor is added. The second factor is

related to the length of an axis orthogonal to the first factor axis.

The third factor axis is orthogonal to the other two and this is true of

all the subsequent rotations through right angles that are necessary to

produce the second and subsequent factors. Each subsequent axis becomes

shorter as the variability in the data is increasingly accounted for,

and the total percentage variation "explained" approaches one hundred

percent.

The factors summarize the influence of all the variables on the
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variability of the data, but the analysis is carried further to show how

each variable is related to the factor axes at each stage of the rotation.

This analysis gives the factor loadings on each variable. The factor

loadings are closely related to the correlation coefficients. The closer

a variable lies to the factor axis the higher its factor loading. When

several variables have high loadings they all lie close to the factor

axis and are themselves highly intercorrelated. The loadings on the

second factor are usually considerably different from those on the first

factor for most of the variables. This means that the variables that are

far from the first factor axis lie closer to the second factor as this is

positioned so as to minimize the distance to the most outlying of the

points with respect to the first factor axis. Points close to the inter-

section of the two axes have a high loading on both factors.

A useful result of the factor loadings is to indicate what type of

variable is causing the variation within the different areas or cases.

By analyzing the areas separately one can see how each responds to vari-

ations in the different variables selected. Within each individual area

the subareas can be found in the same way by examining the individual

factor scores for each of the subareas or other unit for which the vari-

ables were collected. The factor scores show how each area contributes

to the variations of each factor. The relationship between the factor

scores on the first and second factors can be considered by plotting

these values against each other on a graph.

Factor analysis can show both how the variables combine to account

for the variability of the data and also how the individual units respond

in terms of the facto>'s. This provides a very useful means for
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establishing, on the basis of the most important variables, the signifi-

cabt differences between the areas. For a more complete description of

the factor model, the reader is referred to Rummel (1968) and Cole and

King (1968). The application of factor analysis in geography and land-

form analysis is discussed in detail by Cole and King (1968) and Mather

and Doornkamp (1970).



CHAPTER V

THE MORPHOMETRIC PARAMETERS

From the discussion on the theoretical framework in Chapter II, it
*

can be ascertained that numerous variables have been used to measure

drainage basins and their accompanying stream networks. Naturally, some

variables describe the land form more appropriately than others within a

given study area. There is probably an infinite number of variables which

can be used if measurement were possible. Many variables tend to overlap

or suppress one another, or are intimately interrelated. Selection of

variables must be made on a sound basis. The basis for the use of each

variable in this study is from the theoretical framework and the related

literature previously presented.

The morphometric parameters used in this research have been class-

ified into four groups: 1) network variables, 2) geometric variables,

3) texture variables, and 4) relief and slope variables. Each group of

variables is in some way related to one another as well as the variables

within each group are interrelated. A generalized list of the parameters

used in this study and related information is given in Table 1.

Network Variables

Network variables are those which relate directly to the channel

network within a drainage basin. The network variables used in this

study are: 1) the number of first-order stream segments (N-]), 2) the
number of second-order stream segments (N2), 3) the total number of
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TABLE 1

MORPHOMETRIC PARAMETERS

Source of
Parameter Dimensions Symbol Derivation Where Used or Defined

Network Variables

Number of Streams
of Order u

0 "u map Horton, 1945, p. 281-282
Strahler, 1952b, p. 1120

Total Number of
Streams within Basin 0 map Same as above

Bifurcation Ratio 0 "b Horton, 1945, p. 286
Strahler, 1952b, p. 1137
Maxwell, 1955, p. 520
Schumm, 1956, p. 603
Shreve, 1966, p. 21

Total Stream Length
of Order u

1
t '“-u map Horton, 1945, p. 291

Strahler, 1957, p. 915

Total Stream Length
within Basin

1 [SL], map Same as above

Mean Stream Length 1 Lu Lu/^'u Horton, 1945, p. 286
Strahler, 1952b, p. 1134

Stream Length Ratio Q R. L-j/Sj+t Horton, 1945, p. 286-287

Geometric Variab'’es

Basin Perimeter 1

{ P map Smith, 1950, p. 687

Basin Area 2 A map Horton, 1945, p. 283

Basin Length 1 Lb map Schumm, 1956, p. 612
Maxwell, 1960, p. 10
Ongley, 1968; 1970
Abrahams, 1970

Basin Circuí a'"! ty

Basin E'longation Ratio

0 3^ A/C^ (1)
0 Rç C¿/Lb (2)

Miller, 1953, p. 8

Schumm, 1956, p. 612
Maxwell, 1960, p. 11

2 Ap map This studyPocosin Area
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TABLE 1

MORPHOMETRIC PARAMETERS

(Continued)

Source of
Parameter Dimensions Symbol Derivation Where Used or Defined

Pocosin Ratio 0 Rp Ap/A This study

Texture Variables

Drainage Density -1 D [ïL]u/A Horton, 1945, p. 283

Mean Length of
Overland Flow

1 1/2D Horton, 1945, p. 284

Constant of Channel
Maintenance

1 c A/[SL]u Schumm, 1956, p. 607

Stream Frequency -2 F [SN]u/A Horton, 1945, p. 285

Relative Density 0 F/D^ F/d2 . Melton, 1957

Relief and Slope Variabl es

Basin Relief 1 H map Strahler, 1952b, p.
1119

Schumm, 1956, p. 612

Relief Ratio o
V S H/'-b Schumm, 1956, p. 612

Ruggedness Member 0 Rn HxD Strahler, 1958, p. 289

Relative Relief 0 '^hp H/P Melton, 1957, p. 5

Elevation-Relief Ratio 0 E (3) Wood and Snell, 1960

Channel Slope 0 Sc map Horton, 1945, p. 295
Strahler, 1952b,
p. 1135

Gray, 1961

(1) Cq = area of a circl e having same perimeter

(2) = diameter of a circle having same

(3) Mean elevation - Minimum elevation
Maximum elevation - Minimum elevation

area
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stream segments within the third-order basin ([s N]3), 4) the bifurca-
ti on ratio between the number of first-order and second-order streams

(Rjj), 5) the total length of all first-order stream segments (Li),
6) the total length of all second-order stream segments (13), 7) the
length of the third-order stream segment (L3), 8) the total length of

«

all stream segments within the basin ([zL]3), 9) the mean length of all
first-order stream segments (Ui), 10) the mean length of all second-
order stream segments (r2), and 11) the stream length ratio (R[_).

Number of Streams (N^) {N2) ([^ N]^)
The number of stream segments of a certain order (N^) in a drainage

basin is determined by ordering the channel network in the drainage basin

and counting the number of stream segments of each order. The total

number of stream segments within a basin ([S N]^^) is found by summing
the number of stream segments of each order. Since only third-order

basins are used in this study all basins have one and only one third-

order stream. The number of first-order stream segments (Ni), the number
of second-order stream segments (N2) and the total number of stream seg-

ments within the third-order basin ([ N]3) are the numerical variables
used in this study.

Bifurcation Ratio (R¡j)
Horton (1945, p. 286) defined the bifurcation ratio (R5) as the

"ratio of the average number of branchings or bifurcations of streams of

a given ordev' to that of streams of the next lower order." The bifur-

cation ratio can be obtained by several methods: 1) it may be determined

individually for each pair of stream orders using the formula, Rb=Ng/Nij-l ;
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2) the average mean bifurcation ratio which is the average of all the

individual ratios within the basin; 3) the geometric mean bifurcation

ratio which is computed from the slope of the straight line that passes

through the two end points on a Horton diagram (Shreve, 1966, p. 21);

4) the weighted mean bifurcation ratio obtained by multiplying each in-
«

dividual bifurcation ratio by the total number of streams involved in

the ratio and taking the mean of the sum of these values (Schumm, 1956,

p. 603); and 5) the antilog of the slope of the regression relating log

number of streams to stream order (Maxwell, 1955, p. 520). In this study

the ratio between the number of first-order and second-order streams is

used for the bifurcation ratio.

The minimum possible bifurcation ratio is 2.00, but in nature

most bifurcation ratios have been found to range between 3.00 and 5.00

unless influenced greatly by lithological or structural controls. Bifur-

cation ratios tend to be highly stable and show only a small variation

from region to region (Chorley, 1957b). Giusti and Schneider (1965) have

shown that bifurcation ratios are not totally independent of stream order,

but that within a given basin they tend to decrease in a downstream dir-

ection. Eyles (1968) has suggested that there is a tendency for the

bifurcation ratio to be related to stream order in areas of recent re-

juveriation due to the increased numbers of lower order streams.

Stream Length (L]) (L2) ([^ !-]3)
The stream length (L^j) of a given order is found by measuring the

length of each stream segment of that order and summing the values. The

total length of streams within a basin ([E LJ3) is determined by summing
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the total length of stream segments of each order within the basin.

Stream length is measured with a chartometer directly from a map. This

does not represent the true stream length since the map has been pro-

jected upon a horizontal plane (Morisawa, 1957). The length of first-,

second-, and third-order stream segments and the total stream length

within the third-order basin are used in this study.

Mean Stream Length (U-j ) (r2 )
The mean length of stream segments of a certain order (U^) is

found by dividing the sum of the length of each stream segment by the

number of stream segments of the particular order. The mean stream

length is a dimensional property revealing the characteristic size of

components of a drainage network (Strahler, 1964). The mean length of

first- and second-order stream segments are used in this study. Since a

third-order basin has only one third-order stream segment, the mean length

of third-order streams is the same as the total length of the third-order

stream segment.

Stream Length Ratio (R, )

The stream length ratio (Ri_) as proposed by Horton (1945, p. 286-

287) is the "ratio of average length of streams of a given order to that

of streams of the next lower order", or R[_=Ll|/Lu-] . The ratio between
second-order and first-order stream lengths is used in this study.

Geometric Variables

Geometric variables are those which involve the geometric charac-

teristies of the drainage basin form. The geometric variables included
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in this study are; 1) basin perimeter (P), 2) basin area (A), 3) basin

length (Lj^), 4) basin circularity (Rq), and 5) basin elongation ratio
(Rg). Geometric measurements are made only on the third-order basins.

Basin Perimeter (P)

The basin perimeter (P) is defined as the distance around a

drainage basin along the topographic divide which separates the basin

from all other basins.

Basin Area (A)

The area of a basin of a certain order (A) is the horizontal sur-

face area drained by the main stream of the basin and its tributaries.

Only the area of the third-order basins are used here.

Basin Length (L5)
Schumm (1956, p. 612) defined basin length (L5) as the longest

dimension of the basin parallel to the principal drainage line. Problems

may arise in the application of this definition when the Strahler ordering

system is used due to the subjective judgements required to determine the

principal drainage line, or when the basin is very asymmetrical due to

long tributary streams. Maxwell (1960, p. 10) devised a complex defini-

tion for measuring this property which he termed basin diameter:

... the length of the horizontal projection of the straight line
extending from the mouth of the basin to its headwater divide,
with the following criteria applied according to the procedure
described below.
Criteria. The diameter must be a straight line and
1. be essentially parallel to the longest line,
2. divide the main channel into segments such that the sums

of segment lengths on opposite sides of the diameter are
approximately equal,

3. be parallel to the line which separates opposite-facing
valley slopes.
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4. bisect the basin area,
5. be the longest diameter.
Application. The first criterion listed below is to have the
greatest weight. If the channel is essentially:
Straight and longer than one-half of diameter, use criteria 1, 2,
and 3

Straight and shorter than one-half of diameter, use criteria 1, 3,
and 4

Curved and longer than one-half of diameter, use criteria 5, 3, and 2
Curved and shorter than one-half of diameter, use criteria 3, 4, and 5.

Ongley (1968) has pointed that while Maxwell's basin diameter may

be a more objective measure of basin length than Schumm's "longest

dimension", certain subjective decisions are still required in order to

apply the four procedural methods. Ongley proposed a basin length measure

which he termed the "basin vectorial axis" defined as "... a straight

line passing through the basin mouth with azimuth equal to the resultant

azimuth", the resultant being determined from the vector equivalents of

all highest and second-highest order streams. Abrahams (1970) has shown

difficulties in Ongley's definition when applied to asymmetrical and

elongate basins. In extreme cases the basin vectorial axis may not inter-

cept the basin perimeter other than at the basin mouth. Abrahams sug-

gested that Ongley's definition should be accurately termed "stream net-

work vectorial axis", but that it does not form the axis of the drainage

basin. Abrahams proposed the drainage basin axis to be defined as "...

the line which passes through the mouth of a basin and equally divides

the catchment area." The basin length is "... the straight line distance

from the basin mouth to a point on the furthest perimeter cut by the

axis." Another measure for determining the drainage basin axis termed

the "basin moment axis" has been proposed by Ongley (1970). The proce-

dure is accomplished by reduction of the basin network to a simple fre-

quency distribution which may be described by standard statistical techniques.
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The method of determining the basin length in this study is the

technique used by Schumm, where the basin length is the longest dimension

of the basin parallel to the principal drainage line. The rationale for

using this method is that it has been used widely in the literature so

that comparisons may be made.
*

Basin Circularity (R^)
Miller (1953, p. 8) proposed an index of drainage basin circularity

(Rç,) defined as the ratio of basin area to the area of a circle having
the same perimeter. This index permits a quantitative comparison of the

form of drainage basins. A circular drainage basin provides maximum

area with minimum perimeter whereas a long, narrow drainage basin will

have a large perimeter but a small area. Morisawa (1958) determined from

fonn ratios calculated for drainage basins in the Appalachian Plateau

that the circularity ratio provided a practical measurement of the shape

of a drainage basin.

Basin Elongation Ratio (Rg)
Another measure of drainage basin shape, the elongation ratio (Rg)

has been proposed by Schumm (1956, p. 612). This measure is defined as

the ratio between diameter of a circle with the same area as the basin

and the maximum length of the basin parallel to the principal drainage

line. Maxwell (1960, p. 11) re-defined the measure to fit his concept of

basin length. He used the term "basin elongation ratio" and defined it

as the ratio of the diameter of a circle having the same area as the

basin to the diameter of the basin. Morisawa (1958) has also found the

elongation ratio to be a good measure of drainage basin outline form in
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the Appalachian Plateau.

Other measures of drainage basin shape have been proposed but

have not been as widely accepted in the literature as basin circularity

and the elongation ratio. Horton (1932, p. 351) proposed a dimensionless

form factor F=M/l2, where M is the basin area and L is the basin length

from the mouth to the opposite side. Horton (1932) also proposed a ratio

of length of basin to width of basin. Chorley, et (1957) proposed a

lemniscate ratio which compares the basin outline to that of its ideal

lemniscate counterpart.

Pocosin Area (Ap)
The pocosin area is a two-dimensional parameter measured directly

from a map. The symbol for marshland was used to delimit pocosin areas.

Only upland swampy areas are considered pocosins, therefore poorly

drained areas located along floodplains were not measured. The use of

this variable in this study is justified by the large amount of poorly

drained area in some portions of the Coastal Plain.

Pocosin Ratio (Rp)
The pocosin ratio is a dimensionless parameter which is defined

as the ratio of pocosin area to basin area. This parameter is an indi-

cator of the degree of fluvial dissection within a drainage basin.

Texture Variables

Texture variables are those which refer to the degree of dis-

section, or the relative spacing of drainage lines. The terms "fine",

"medium", and "coarse" are generally used in a relative sense to indicate
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the spacing. A fine texture is one in which there is a dense network

involving many small streams. A coarse texture exhibits longer, more

widely separated valleys. Medium texture is intermediate between the

two extremes (Smith, 1950).

Howard (1967) lists five factors which influence the drainage
*

texture :

1) climatically controlled factors such as amount and distribution
of precipitation, vegetation, and permafrost;

2) rock characteristics, including texture and size of fragments
released by weathering;

3) infiltration capacity;
4) topography;
5) stage and number of erosion cycles.

In a small area climatic factors, topography, and the stage and number

of erosion cycles may be reasonably constant so that rock characteristics

and infiltration capacity control variations in texture.

In unconsolidated sediments, the texture is related directly to

grain size. In areas of similar slope, small streams can easily move

clay and silt particles and develop many small channels, larger streams

are required for the removal of sand and gravel. Hence, the channels

are more widely spaced.

Infiltration capacity, depends to a large degree on permeability.

Deposits of sand and gravel readily absorb precipitation, hence they

have few surface streams and a coarse drainage texture. Clay, with a

low infiltration capacity, has a large surface runoff and a dense net-

work of surface drainage.

The texture variables included in this study are: 1) drainage

density (D), 2) mean length of overland flow (Lg), 3) constant of
channel maintenance (C), 4) stream frequency (F), 5) relative density

(F/d2).
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Drainage Density (D)

Horton (1932, p. 357) defined drainage density (D) as the total

length of streams within the basin divided by the area of the basin.

Differences of drainage density can be attributed to differences of

rainfall, relief, infiltration-capacity of the soil, and initial resis-
*

tivity of the terrain to erosion (Horton, 1945). Low drainage density

is favored in areas of highly resistant or highly permeable subsoil

materials, under dense vegetative cover, and where relief is low. High

drainage density is favored in regions of weak or impermeable subsurface

materials, sparse vegetation, and mountainous relief (Strahler, 1964).

Mean Length of Overland Flow (Lg)
Horton (1945, p. 284) used the term "length of overland flow" to

describe the length of flow of water over the ground before it becomes

concentrated in definite stream channels. The average length of overland

flow is approximately half the average distance between the stream chan-

neis and hence is approximately equal to half the reciprocal of the

drainage density.

Constant of Channel Maintenance (C)

The constant of channel maintenance (C) is a measure of drainage

texture related to the drainage density and length of overland flow

(Sch'jrtm, 1956, p. 607). This value is equal to the reciprocal of drainage

density multiplied by 5,280 (because the channel-maintenance ratio is

expressed in square feet while drainage density is expressed in miles).

The constant of channel maintenance is the quantitative expression of the

minimum limiting area required for the development of a drainage channel.
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It represents the area required to maintain one foot of drainage channel.

The ratio shows that the relationship between drainage basin area and

mean channel length is a linear function whose slope is equivalent to

the area in square feet necessary on the average for the maintenance of

1 foot of drainage channel. For an orderly development of any drainage
«

network, the extension of any drainage system can occur only if an area

equal to the constant of channel maintenance is available for each foot

of lengthening drainage channel.

Stream Frequency (F)

Stream frequency (F) was used by Horton (1945, p. 285) to describe

the number of stream segments per unit area. It is possible to have two

drainage basins with the same density but different stream frequencies

and have two basins of the same frequency but different drainage densities.

Relative Density (F/D^)
The relative density (F/D^) (Melton, 1957) is a scale-free mea-

sûrement of the completeness with which the channel net fills the basin

outline for a given number of channel segments, given by the ratio of

stream frequency to the square of drainage density. Melton (1958a)

found that in maturely dissected basins a functional relationship existed
p

stream frequency and drainage density with the equation of F=0.694D .

In areas of less mature topography with many swamps and poorly drained

portions, stream frequency and drainage density may be independent. The
O

ratio ?/d‘- is algebraically equal to the reciprocal of the drainage

density times the mean length of all streams, thus given a basin with a

sum value of F/D^, all basins that are geometrically similar to that basin
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must have the same value of F/D^ though the drainage density, stream

frequency, and basin area are different.

Relief and Slope Variables

Relief and slope variables involve altitudinal measurements of

drainage basins. These measurements are indicative of the potential

energy of a drainage system. Relief and slope variables used in this

study are: 1) basin relief (H), 2) relief ratio (Rh)» 3) ruggedness

number (R^), 4) relative relief (Rhp)» 5) elevation relief ratio (E),
and 6) channel slope (Sq).

Basin Relief (H)

Basin relief (H) is defined as the total height of a drainage

basin (Strahler, 1952b, p. 1119). This value is obtained by finding the

difference between the highest and lowest points of a basin. Schumm

(1956, p. 612) has pointed out that abnormally high points on the drainage

divide or residuals should be ignored when obtaining the relief of a

basin.

Relief Ratio (R^)
The relief ratio (Rf^) (Schumm, 1956, p. 612) is a dimensionless

height-length ratio equal to the tangent of the angle formed by two

planes intersecting at the mouth of the basin, one representing the hori-

zonta!, the other passing through the highest point of the basin. The

relief ratio is defined as the ratio between basin relief and basin length.

This value allows a comparison of the relative relief of any basins re-

gardless of differences in scale of topography. The relief ratio measures
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the overall steepness of a drainage basin and is an indicator of the

intensity of erosion processes operating on slopes of the basin.

Ruggedness Number (R^)
The ruggedness number (R^) is a dimensionless property suggesting

steepness of slopes. The ruggedness number is part of the Pi Theorem

developed by Strahler (1958, p. 289) and is the product of basin relief

and drainage density. If drainage density should be increased while

relief remains constant, the average distance from drainage divides to

adjacent channels is reduced, with an accompanying increase in slope

steepness. If relief is increased while drainage density remains con-

stant, the elevation difference between divides and adjacent channels

will also increase, so that steepness of slope will increase. Extremely

high values of the ruggedness number occur when both variables are high,

that is when slopes are both steep and long.

Relative Relief (R^p)
The relative relief (Ry^p) expresses in per cent the ratio between

basin relief and the basin perimeter (Melton, 1957). Use of the perimeter

as a horizontal-length dimension does away with difficulties of locating

a suitable axial line in the basin but has the shortcoming that minor

crenulations of the perimeter may greatly increase its length without

representing any actual change.

Elevation-Relief Ratio (E)

The elevation-relief ratio (E) expresses the relative proportion

of upland to lowland within a sample region, and is defined as the ratio
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of mean elevation minus minimum elevation to maximum elevation minus
mean elevation - minimum elevation

minimum elevation or E = maximum elevation - minimum elevation (Wood and

Snell, 1960). Low values occur in areas characterized by isolated relief

features standing above extensive level surfaces, while high values

describe broad, somewhat level surfaces broken by occasional depressions.

Pike and Wilson (1971) have shown that the elevation-relief ratio is

mathematically identical to the hypsometric integral developed by Strahler

(1952b, p. 1119-1121). The hypsometric integral is designed for the

genetic analysis of drainage basins, but the time-consuming planimetry

required for its derivation has discouraged its use among geomorpholo-

gists. The elevation relief ratio is calculated in much less time,

despite simplified procedures that have been developed for approximating

the hypsometric integral (Chorley and Morley, 1959), so it is the more

useful of the two measures.

Channel Slope (S^)
The channel slope (S^.) is defined as the gradient of the main

channel from the mouth of the basin to the end of main fingertip tribu-

tary. The value is the ratio of the relief of the main channel to the

length of the main channel and is expressed in percent. Choice of which

tributary stream is the main stream is governed by which branch falls

most directly in line with the higher-order segment or which branch leads

eventually to the longest total stream length.

The variables listed in the previous description have been chosen

with regard to the literature previously presented and the characteristics

of the Coastal Plain surface. Undoubtedly other variables could be added.
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but these variables are believed to best represent the morphometric

characteristics of the landscape. The close interrelationship between

certain variables could allow some of them to be eliminated. However,

since this study uses a data reduction process to reduce the number of

variables to significant factors, qualitative elimination of variables

can be bypassed in favor of the more rigorous quantitative procedure.



CHAPTER VI

TEST AND INTERPRETATION OF THE HYPOTHESES

It has been suggested that there are four possible relationships
«

between the morphometry and the major landforms on the North Carolina

Coastal Plain. These were tested by the use of a factor analytical

model. The factor model was also used to determine relationships be-

tween the morphometric characteristics and to divide the Coastal Plain

into regions based on these characteristics.

Preparation of Data for Statistical Analysis

The data collected from the measurement of the drainage basins

were put in matrix form. This matrix consisted of twenty-nine columns,

one for each variable, and 170 rows, one for each drainage basin. A

total of 4,930 observations were made. Then an average value for each

variable was found among all the drainage basins located in a single cell

of the grid formed by the drainage systems and terraces. This gave a

mean value for each variable in each of the twenty-four cells. These

mean values were also placed in matrix form, reducing the size of the

data matrix to twenty-nine columns of twenty-four rows or 696 data values.

Next, the data values were transformed from raw numbers to z-

scores. The purpose of this transformation was to normalize the data.

In previous studies not all drainage basin properties have been found to

be normally distributed. When the majority of observations occur below

the mean value then the data are positively skewed. When most of the
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data values are above the mean the data are negatively skewed. The

former can frequently be normalized by using the logarithm of the data

values, and the latter by using their square roots. Using logarithms and

square roots to normalize drainage basin properties, however, results in

the comparison of the logarithm of one variable to the square root of

another variable, or with the comparison of logarithms and square roots

to normal raw data values. Therefore, the method of normalizing data

used in this study was to transform all data values to z-scores. This

method results in the normalization of all variables with a mean of zero

and a standard deviation of one.

The selection of a computer program was the next consideration.

The factor analysis program formulated by the Health Sciences Computing

Facility at the University of California at Los Angeles was chosen.

This program was modified for the Burroughs B5700 computer by the

Computing Facility of Kent State University. The designator for this

program is the BMD 03M version of September, 1971.

The Factors

It is customary in ■f'actor analysis to consider for further dis-

cussion only the factors which have an eigenvalue (vector length) greater

than one. From Table 2 it can be seen that seven factors meet this

criterion and that these seven factors account for a total of 92.99 per-

cent of the variability among the twenty-nine variables. These seven

factors can be named from the variables which have high factor loadings

on them. For instance, the variables that have high factor loadings on

Factor I are closely related to that factor and therefore are highly
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TABLE 2

FIRST TWENTY FACTORS

Factor Eigenvalue
Proportion

of Variance (%)

Cumulative
Proportion

of Variance

I 12.62 43.51 43.51

II 5.99 20.65 64.16

III 2.17 7.50 71.66

IV 2.09 7.20 78.86

V 1.59 5.49 84.35

VI 1.37 4.72 89.07

VII 1.14 3.92 92.99

VIII 0.66 2.26 95.25

IX 0.55 1.89 97.14

X 0.33 1.12 98.26

XI 0.24 0.84 99.10

XII 0.07 0.23 99.33

XIII 0.06 0.21 99.54

XIV 0.06 0.20 99.74

XV 0.03 0.11 99.83

XVI 0.02 0.06 99.89

XVII 0.01 0.03 99.92

XVIII 0.01 0.03 99.95

XX 0.01 0.02 99.97

XX 0.01 0.02 99.99
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intercorrelated with each other. These seven most important factors and

the variables which are associated with them are considered briefly.

Only those variables that have a factor loading greater than 0.50 are

considered significant. Table 3 gives the factor loadings for each of

the twenty-nine variables on the first seven factors.

Vertical Factor

Factor I is most closely associated with relief and slope vari-

ables, thus it is termed a vertical factor. The variables with high

loadings on Factor I (see Table 3) are:

1) channel slope (S^) (-.94)

2) relative relief (Rf,p) (-.93)

3) relief ratio (R}^) (-.93)

4) basin relief (H) (-.91)

5) ruggedness number (R,,) (-.91)

6) drainage density (D) (-.67)

7) stream frequency (F) (-.61)

The variables with the five highest factor loadings are all relief and

slope variables.

Factor I has the highest eigenvalue (see Table 2), therefore, it

accounts for the greatest amount of variability (43.51 percent) among

the variables of any of the factors. In fact, this factor accounts for

more than twice the variability accounted for by the second most impor-

tant factor. The vertical factor is by far the most significant of the

seven factors.
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TABLE 3

ROTATED FACTOR MATRIX

Factor I II III IV V VI VII

Variable Factor Loadings

-.16 .97 .03 .04 -.05 -.07 .05

"2 -.14 .89 -.20 -.11 .07 -.15 -.16

[S N]3 -.16 .97 -.01 • O ro 1
• O -.08 .02

Rb -.04 .52 .34 .28 -.26 .25 .39

L] .10 .78 .14 .31 COO• .50 -.09

h .22 .61 -.12 .22 .16 .54 .20

h .15 .61 ' -.19 .58 -.21 .25 -.29

[E Llg .14 .77 .01 .37 .01 .49 -.08

h .38 .05 .15 .36 .21 .78 -.07

.29 -.12 -.10 .44 .21 .66 .40

''l .09 -.37 -.40 .27 .07 .12 .68

P .34 .40 -.06 .74 .16 .34 .06

A .17 .31 .09 .85 .14 .30 -.01

'-b .30 .34 -.17 .80 .10 .33 .03

Rc -.04 -.20 .85 .28 -.09 CMO• -.12

Re .10 .02 .89 -.15 .15 .06 .05

Ap .19 .07 .01 .34 .84 .24 .10

Rp .28 -.09 .08 .32 .85 .05 .05

D -.67 -.01 -.08 -.66 -.07 -.24 -.13

’■q .38 -.01 .07 .85 .26 .16 .14

c .37 -.02 .08 .85 .26 .15 .13
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TABLE 3

ROTATED FACTOR MATRIX
(Continued)

Factor I II III IV V VI VII

Variable Factor Loadings

F -.61 .07 -.02 .16 -.33 -.25 -.44

F/D^ .40 -.07 .18 .79 .22 -.26 .19

H -.91 .19 -.07 -.18 -.15 -.03 -.04

Rh -.93 -.02 .05 -.30 -.10 -.12 -.04

Rn -.91 .09 -.10 -.33 -.11 -.09 -.09

Rhp -.93 -.04 .02 -.29 -.09 -.15 -.04

E -.41 -.29 -.37 -.19 -.23 .18 -.55

Sc -.94 .00 .04 -.26 -.08 -.14 .01



90

Stream Number Factor

Factor II is closely associated with the following variables:

1) the total number of streams ([eN]3) (.97)
2) the number of first-order streams (Ni) (-97)
3) the number of second-order streams (N2) (.89)
4) the total length of first-order streams (L-j) (.78)
5) the total stream length ([^ 113) (.77)
6) the length the third-order stream (L3) (.61)
7) the total length of second-order streams (L2) (.61)
8) the bifurcation ratio (Rjj) (.52)

This factor is referred to as the stream number factor due to its close

relationship with stream number variables. Factor II accounts for 20.65

percent of the variability of the variables.

Shape Factor

The variables related to basin shape load highly on Factor III.

These loadings are:

1) basin elongation ratio (Rg) (.89)
2) basin circularity (R^) (.85)

Basin shape is the third most important factor accounting for the vari-

ability of the mo’^phometric characteristics on the Coastal Plain. The

percent of variability accounted for by -actor III has dropped to 7.50

percent.

Texture Factor

The variables loading highly on Facto»" IV are more diverse than

the othe»" factors. However, texture va'"iables appear to be most closely
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associated with this factor. The variables loading highly on Factor IV

are:

1) constant of channel maintenance (C) (.85)

2) basin area (A) (.85)

3) mean length of overland flow (Lg) (.85)

4) basin length (Lp) (.80)

5) relative density (F/D^) (.79)

6) basin perimeter (P) (.74)

7) length of the third-order stream (L3) (.58)

8) drainage density (D) (-.66)

Variables related to basin size also appear to be associated with Factor

IV, b'jt the relat-’'onship is rot as close as the association with the tex-

ture variables, ’^he texture factor is only slightly less important than

Factor III, the shape factor, accounting for 7.20 percent of the total

variance.

Pocosin Factor

Factor V is related to the amount of poorly-drained upland areas

or pocosins. The important variables are:

1) Pocosin Ratio (R ) (.85)
r

2) Pocosin Area (Ap) (.84)
The pocosin factor accounts for 5.49 percent o-^ the variability among the

variables.

Stream Lenoth Facto'"

Factor VI is most closely related to the length of first-order

and second-order streams. These loadings a''e:
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1) mean length of first-order streams (ïï^) (.78)
2) mean length of second-order streams (r2) (.66)
3) total length of second-order streams (L2) (.54)
4) total length of first-order streams (L-]) (.50)

The stream length accounts for 4.72 percent of the total variance.

Stream Length Ratio Factor

The factor loadings on Factor VII are lower than on the other

factors, therefore, this factor is not as closely associated with any

variable as the other variables. The stream length ratio, however, has

the highest factor loading, thus the factor is termed the stream length

ratio factor. The factor loadings exceeding 0.50 are:

1) stream lerygth ratio (R, ) (.68)
u.

2) elevation-rel1ef ratio (E) (-.55)

Factor VIÏ accounts for 3.92 percent of the variability among the

variables.

The Individual Factor Scores

As mentioned in Chapter IV the factor scores show how each cell or

area contributes to the variations of each factor. Factor scores are

interpreted as any variable would be interpreted. Cases have high or low

■i^actor scores as thel^' values are high or low on the variables entering

the pattern of a particular factor. Factor scores are standardized,

which means they h¿*ve a mean of zero and a standard deviation of one.

The factor scores for the first seven factors are given in Table 4.

The scores are ranked in descending order. Since Factor I accounts for

a greater propov'tion of the variation among the variables than Factor II,
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TABLE 4

INDIVIDUAL SCORES OF THE TWENTY-FOUR CELLS

Factor I
Cell Score

Factor II
Cell Score

Factor III
Cell Score

D4 1.14 A1 1.83 B4 2.21

D1 0.98 D1 1.36 D5 2.04

B3 0.86 D6 1.27 C5 0.93

C3 0.85 A4 0.98 A2 0.75

D6 0.79 B5 0.91 B2 0.70

C6 0.58 C5 0.81 D6 0.45

32 0.57 C2 0.68 A6 0.43

C5 0.52 C4 0.54 B6 0.39

D5 0.51 E4 0.47 A3 0.38

C2 0.50 C3 0.26 D3 0.19

B4 0.43 D4 0.24 C3 0.14

D2 0.38 A5 0.24 C4 -0.01

35 0.34 D5 -0.03 B3 -0.07

D3 0.2^ D3 -0.12 B5 -0.19

B1 0.17 A6 -0.14 D4 -0.20

Cl 0.07 Cl -0.28 B1 -0.28

B5 -0.13 B3 -0.52 A4 -0.40

C4 -0.22 A2 _n CO
w • O A5 -0.46

A3 -0.60 32 -0.63 C6 -0.47

A1 -0.62 A3 -0.65 Cl -0.65

/\4 -1.20 C6 -1.44 D1 -0.75

A5 -1.25 B1 -1.51 C2 -1.06
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TABLE 4

INDIVIDUAL SCORES OF THE TWENTY-FOUR CELLS
(Continued)

Factor I Factor II Factor III
Cell Score Cell Score Cell Score

A5 -1.66 D2 -1.70 A1 -1.74

A2 -3.14 B6 -1.94 D2 -2.33
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TABLE 4

INDIVIDUAL SCORES OF THE TWENTY-FOUR CELLS
(Continued)

Factor IV
Cell Score

Factor V
Cell Score

Factor VI
Cell Score

Factor VII
Cell Score

C4 3.10 D6 2.29 D3 2.63 B4 1.33

C5 1.52 B5 2.10 A3 1.42 C3 1.29

85 1.47 D3 1.21 A4 1.06 B5 1.28

D2 1.43 D2 1.18 B2 0.92 C2 1.24

D3 0.43 D5 1.16 D6 0.87 A4 1.09

B6 0.41 B5 0.66 C4 0.69 Cl 1.05

B4 0.35 A2 0.22 A5 0.49 D3 0.75

D4 0.19 A5 0.21 C3 0.36 D2 0.49

A2 0.05 C5 Q.05 36 0.18 C5 0.43

D5 -0.03 A6 0.05 D1 0.17 A2 0.40

C2 -0.32 D1 -0.09 C5 -0.11 D4 0.33

A1 -0.39 A1 -0.17 34 -0.11 A6 0.12

A6 -0.46 31 -0.20 Cl -0.15 A3 -0.01

A4 -0.53 B3 -0.46 D2 -0.23 B3 -0.12

C6 -0.55 A3 -0.49 C6 -0.26 D5 -0.37

A3 -0.58 A4 -0.54 A6 -0.30 D1 -0.43

Cl -0.59 B2 -0.54 C2 -0.46 B6 -0,49

B3 -0.63 C3 -0.56 33 -0.49 C3 -0.66

81 -0.65 C6 -0.56 B5 -0.53 B2 -0.67

D] -0.66 D4 -0.58 D4 -0.61 A1 -0.70

A5 -0.72 Cl -0.80 A2 -0.78 D6 -1.13
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TABLE 4

INDIVIDUAL SCORES OF THE TWENTY-FOUR CELLS
(Continued)

Factor IV Factor V Factor VI Factor VII
Cell Score Cell Score Cell Score Cell Score

C3 -0.78 C2 -1.14 B1 -0.94 A5 -1.28

B2 -0.79 34 -1.37 A1 -1.50 B1 -1.78

D6 -1.28 C4 -1.64 D5 -2.31 C4 -2.19
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Factor II accounts for a greater proportion than Factor III, and so forth,

the factor scores for Factor I are more important than the factor scores

for the other factors.

The Coastal Plain may be divided into regions based on the factor

scores on each factor or may be regionalized on the basis of the scores

of two or more factors. The significance of any regionalization is de-

termined by the eigenvalues of the factors involved. Some of the more

important groupings of the factor scores are discussed below.

Vertical Factor

Factor I is the most important of the factors accounting for more

than forty-three percent of the variation among the variables, therefore

any regionalization based on "^actor I is mo'^e significant than any re-

gionalization based on any other single factor. The factor scores may

be grouped into categories on, the basis of clustering of scores or on the

basis of arbitrarily-chosen classes. The latter method was used because

distinct clusters of scores were not always discernable.

After the factor scores were placed into classes, the classes

were mapped to show regions of similarity (See Figure 3). These regions

show areas of similarity based on these variables which have high factor

loadings on Factor I.

The mapping of factor scores of the vertical factor indicates

that a greater degree similarity exists among the cells located on a

particular terrace than among the cells within a particular basin. Only

with'in the Roanoke River and Pee Dee River basins are three of the four

cells w"thin each bas'n placed in the same classification. In both of
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these basins the majority of cells have factor scores between 0.33 and

1.00, while the fourth cell on the Coharie terrace has a score less than

-1.00. The other river basins even show greater diversity between areas.

The Neuse River basin displays the greatest variation between cells.

Each of the four areas falls into a separate category. The cell located

on the Talbot terrace has the highest of any of the scores on Factor I

and the cell on the Coharie terrace places in the lowest classification.

The cells appear to show a greater degree of similarity within

the boundaries of a single terrace. The cells having the six lowest

factor scores are the six cells on the Coharie terrace, all located in

the lower two categories. Each of the other three terraces have four of

their six areas in the second highest catego^'y of scores (0.33-1.00).

Besides the six cells on the Coharie terrace, only the Sunderland terrace

in the Cape Fear River basin end the Wicomico terrace in the Neuse River

basin have negative factor scores, and t'lese scores are only slightly

negative.

Since it was previously determined from the rotated factor matrix

(Table 3) that Factor I is related to the vertical properties of relief

and slope, then the various cells can be re’ated to relief and slope by

their individual ■I'actor scores. Where the factor loading is negative as

in the case of Factor I the highest values of the variable are negative

and vice versa. This means that the areas on the Coharie terrace, which

have the lowest factor scores, have the greatest values of the variables

related to relief and slope. The Talbot terrace in the Neuse basin, which

has the highest factor score, has the lowest values of the relief and slope

variables.
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stream Number Factor

Factor IÎ, the factor related to stream number variables, "explains"

the second highest amount of variability among the variables, nearly

twenty-one percent. The Factor 11 scores were ranked and categorized in

the same manner as the Factor I scores.

The mapping of areas of similarity did not produce as discernable

a pattern as in the case of Factor I (See Figure 4). In many cases ad-

joining cells have drastically different factor scores. Adjacent areas

in the Pee Dee River basin on the Wicomico and Talbot terraces have scores

from the lowest and highest classifications respectively, and on the Talbot

terrace adjoining areas from the Chowan River and Roanoke River basins

also have scores v/îiich are at the opposite extremes. The lack of a dis-

ti native pattern among the scores js also Illustrated by the fact that

the three cells which have ■f'actor scores g'^eater than 1.00 are located in

three of the four coi^ners of the study area. A large region composed of

five cells within the Neuse River and Caoe Fear River basins is distinc-

tive, because each of the cells is classified in the second highest

grouoing of scores. Several adjacent cells also have positive factor

scores, but their scores are slightly lower. This large area of positive

factor scores indicates an area of moderately high stream number values.

The factor scores of each factor could be mapped in the same way

as Factors I and 11, but since the remaining factors account for such a

small portion of the variab''lity of the twenty-nine va'^iables such a pro-

cedure would be of little impo’^tance. Together the first two factors

account for more t*^an sixty-four percent of the variation and since

Factor II "explains" almost three times as much of the variability as
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Factor III» this is a natural breaking point for the consideration of

individual factors.

Multiple Factors

The next step of the analysis is to consider the individual factor

scores on the first and second factors together. A diagram was produced -

by plotting the Factor I scores against the Factor II scores for all

twenty-four areas. This diagram was examined for distinct clusters of

factor scores which could be grouped into areas of similarity. Because

no distinct pattern was discernable from this procedure, the scores were

grouped on the basis of the sign of the values. This gave four categories,

each being defined by whether the value of the factors was positive or

negative.

The results of this analysis indicates that there is a greater

degree of similarity among the variables on the terraces than within the

river basins (See Figure 5). The Ceharie terrace has all negative scores

on Factor I and the Talbot terrace has all positive scores on Factor I.

Therefore, all the cells on each of these two terraces are confined to

two categories. Among the six river basins only the Meuse River basin

is confined to two categories due to its positive scores on Factor II.

The fact that Factor I is approximately twice as important as Factor II

makes the degree of similarity among the areas on the terraces even

greater.

Another method of ane'’ysis was also used in order to examine all

seven factors together. Each factor score of a cell was multiplied by

the percent of vav'iability accounted for by that particular factor. The
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seven, values obtained were summed to give a composite score for that par-

ticular cell. This procedure was followed for all twenty-four cells.

The composite factor scores were ranked and grouped as was previously

done with Factors I and II.

The results of this procedure contributed little new information,

since the composite factor scores were determined to a large degree by

Factors I and II. The grouping of the composite factors scores produced

categories very similar to the results obtained from analyzing the first

two factors.

Interpretation of Other Statistical Tests

As mentioned in Chapter III, it is apparent from a cursory exami-

nation of a map of the Coastal Plain that the tributary streams on the

"left bank of the major rivers are much longer than the south bank tri-

bularles. This presents the problem that if drainage of the third-order

basins on opposite sides of a major river are significantly different

then they should not be grouped together into the same cell as was done

in this study. The fact that major tributaries are longer on the

northern valley sides does not necessarily mean that first-, second-, or

third-order streams are longe?".

A paired t-test, vibr.ch determines whether two samples could have

been drawn from the same population, was used to test the hypothesis that

no difference existed between the means o!^: 1) the mean length of first-

order streams (L, ), 2) the mean length of second-order streams (r2),
3) the length of the third-order stream (13)» and 4) basin area (A) of
the left bank and right bank basins. In each case the null hypothesis
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that no difference existed between the population means was retained at

the 0.01 confidence level. This test indicates that no significant dif-

ference exists between the stream length and basin area of third-order

basins of the north and south banks of major rivers of the Coastal Plain.

Therefore, the placing of basins on opposite sides of the major rivers

into the same cell is justified.

Summation of Statistical Results

Factor analysis determined that 92.99 percent of the variance

among twenty-nine morphometric variables measured on the Coastal Plain

can be accounted for by seven factors. The most important of these

factors a'^e those that relate to relief and slope and stream number.

These two factors can "explain" almost two-thirds of the variability of

the variables. The factor scores of the first two factors were mapped,

both individually and in combination, and y'egions of morphometric simi-

larity were discerned. A t-test was used to determine that no signifi-

cant difference existed between the means of four morphometric variables

on the no'^th bank and south bank of the major drainage systems.



CHAPTER VII

CONCLUSIONS AND SUMMARY

Interpretation of the Analysis
«

The morphometric characteristics of the Coastal Plain have been

expressed quantitatively and these quantitative expressions have been

used to map variations in morphometry. The relationship between the

morphometry and other physical characteristics of the Coastal Plain is

presented here as part of the conclusions derived from factor analysis.

Vertical Factor

The vertical factor appears to have a much stronger relationship

to the terraces than to the drainage systems. This fact is evident from

the arrangement of the categories of factor scores in Figure 3 (in Chapter

VI). The upper terrace, the Coharie, has the higher values of relief and

slope; the lower three terraces have the lower values of relief and slope.

The boundary between high and low values of relief and slope does not

occur at the major topographic boundary dividing the terraces, the Surry

scarp, as might be expected. This dividing line occurs above the Surry

scarp between the Sunderland and Coharie terraces.

The greater values of relief and slope on the Coharie terrace can

be attributed to stage of development or time and elevation. Since the

Coharie is the upperrr:ost of the terraces, it has been exposed to fluvial

erosion for a greater period of time than the lower terraces. As a re-

suit, the drainage of the Coharie terrace has achieved a greater degree
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of maturity. This maturity has resulted in more complete drainage inte-

gration, as headward erosion has dissected the upland areas near the

drainage divides. The higher elevation of the Coharie terrace provides

a greater amount of available relief into which stream channels can erode

headward. These two elements of stage of development and elevation com-

bine to create higher values of relief and slope on the Coharie terrace.

Within the major drainage basins values of relief and slope tend

to increase upstream. One major exception to this tendency is the Tar

River basin, where the lower terrace, the Talbot, has higher relief and

slope values than the next two higher terraces. This anomaly may be due

to sampling bias created by the availability of map coverage. All the

measured basins on the Talbot tery'ace of the Tar River basin lie near the

river which has high, steep banks at many points. This could account for

unusually high values of relief and slope. Most of the measured basins

on the Wicomico and Sunderland terraces of the Tar River basin occur in

the relatively flat, poorly-drained upland areas, giving lower values of

relief and slope.

The vertical factor tends to be related to the elements of time

and available relief. Geologic and climatic controls do not appear to

be related to the pattern of relief and slope values. Terraces tend to

be the controlling elements in this regionalization rather than drainage

basins.

The marked difference in relief and slope values on the Coharie

terrace suggests that either the Coharie terrace has been undergoing

fluvial erosion for a considerably longer time than the lower terraces

or that the Coharie terrace has a different origin than the lower
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terraces. The latter suggestion supports the theories of those authors

that have maintained a fluvial origin for the upper terraces.

Stream Number Factor

The stream number factor (Figure 4, Chapter VI) is not strongly

related to either the major drainage systems or the terraces. The pat- .

tern appears to be related to local geologic conditions rather than

elements of time and elevation as was the case with the vertical factor.

On the four terraces no pattern of stream number values are discernable.

Within the drainage basins, the Tar River, the Neuse River, and the Cape

Fear River do not have extreme values as in the other basins, but no

pattern of values is distinguishable. The local geologic conditions

which control the values of the stream number factor are probably re-

lated to the type of sedimentary material on which the drainage basins

are developed rather than any type of structural control. The cells

located in the vicinity of the Sandhills have values which vary slightly

from surrounding cells. The structural features of the Coastal Plain

do not seem to have a significant effect on the morphometry of third-

order drainage basins.

Multiple Factors

The mapping (Figure 5, Chapter VI) of the first two factors com-

bined gives simila»^ results obtained from the mapping of the vertical

factor. The important elements in determining the pattern of values of

the vertical and stream number factor scores are the stage of develop-

ment and elevation, which were important in determining the pattern of

the vertical factor. Since the first two factors account for approximately
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sixty-four percent of the total variation among the morphometric vari-

ables, it can be concluded that stage of erosional development and ele-

vation explains, in large part, the spatial distribution of morphometric

characteristics of the Coastal Plain. Local geologic conditions, par-

ticularly the type of surficial material, seem to be important when

examining the map, but no attempt was made to include it in the analysis

Climatic and structural elements do not appear to be related to the

spatial variation in the morphometry. The mapped pattern of morphometri

characteristics tends to be more closely associated with the coastal

terraces than with the major drainage systems.

Summary

The North Carolina Coastal Plain is a fluvially eroded, gently

undulating surface which has periodically been submerged by marine trans

gressions. The Coastal Plain is drained by six major drainage systems

which flow in an east-southeasterly direction perpendicular to the coast

line. These drainage systems intersect coastal terraces which are par-

allel with the present coastline and are widely believed to be remnants

of former marine still-stands. The age, number, and exact location of

these coastal terraces is not agreed upon by all investigators. Based

on the location of the terraces as mapped by Stephenson (1912), four

terraces can be discerned on the portion of the Coastal Plain on which

distinct drainage networks have developed.

With the six major drainage systems and the four terraces as

boundaries, a grid was formed to divide the Coastal Plain into twenty-

four cells or areal units. Third-order drainage basins were randomly
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chosen from each cell and twenty-nine morphometric variables were mea-

sured in each third-order basin. The data collected were analyzed by a

factor analytic procedure.

The results of the factor analysis determined that almost ninety-

three percent of the total variation of morphometric characteristics

could be accounted for by seven factors and that almost two-thirds of

the total variation could be "explained" by two factors. These two

factors were termed a vertical factor and a stream number factor on the

basis of the variables which related most closely to these two factors.

These two most important factors were mapped individually and combined

on the basis of their factor scores.

From the interpretation of the factor analysis, it was determined

that terraces tend to be more closely related to the spatial pattern of

morphometric characteristics than the major drainage systems are. The

stage of erosional development and elevation account for a large part of

the spatial variation of the morphometry of the Coastal Plain.

It can be concluded from this research that the coastal terraces

are more important landform features of the Coastal Plain than drainage

basins. This conclusion is contrary to the division of the Coastal

Plain into physiographic areas (Fenneman, 1938) with major drainage

divides used as regional boundaries. It is suggested that a more valid

regionalization could be made if terraces were used as physiographic

boundaries.
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APPENDIX

STUDY BASINS



study Basins

Basin
Number Name Outflow^

Major
River
Basin

Bank'^
of Major

Terrace River

3
Topographic

Map

1 Barnes Branch I r'ason Branch Chowan Coharie R Valentines

n

c Barnes Branch II Mason Branch Chowan Coharie R Valentines

3 unnamed Beddingfield Creek Chowan Coharie R Valentines

4 Beaverpond Creek I Fontaine Creek Chowan Coharie R Barley

5 Beaverpond Creek II Fontaine Creek Chowan Coharie R Barley

6 unnamed Rainey Pond Chowan Coharie R Valentines

7 unnamed Cypress Creek Chowan Sunderland R Claresville

8 unnamed Cypress Creek Chowan Sunderland R Claresville

9 unnamed Jacks Swamp Chowan Sunderland R Claresville

10 unnamed Jacks Swamp Chowan Sunderland R Claresville

11 unnamed Jacks Swamp Chowan Sunderland R Skippers

12 unnamed Jacks Swamp Chowan Sunderland R Skippers

Virst named stream or body of water into which the measured basin empties

^Side of major river valley on which measured basin occurs. R - Right Bank L - Left Bank
^All maps are U. S. G. S. 7 1/2' series unless indicated as U. S. G. S. 15' series.



Basin
Number Name Outflow

13 unnamed Fontaine Creek

14 unnamed Jacks Swamp

15 unnamed Meherrin River

16 unnamed Cypress Creek

i; Rogers Swamp Kirbys Creek

18 unnamed Meherrin River

19 unnamed Meherrin River

20 unnamed Kirbys Creek

21 unnamed Meherrin River

22 Buckhorn Creek Chowan River

23 unnamed Meherrin River

24 Beamon Branch Buckhorn Creek

25 unnamed Buckhorn Creek

26 unnamed Mill Swamp

27 Hackley Swamp Chowan River

28 Beaverdam Creek Somerton Creek

29 Jimmies Creek Roanoke River

Major
River
Basin

1

Terrace

Bank
of Major
River

Topographic
Map

Chowan Sunderland R Skippers

Chowan Sunderland R Skippers

Chowan Wicomico R Margarettsville

Chowan Wicomico R Margarettsville

Chowan Wicomico R Margarettsville

Chowan WicomiCO R Boykins

Chov/an Wicomico R Boykins

Chovian Wicomico R Boykins

Chowan Wicomico R Boykins

Chovian Talbot R Sunbeam

Chowan Talbot R Sunbeam

Chowan Talbot R Sunbeam

Chowan Talbot R Riverdale

Chowan Talbot L Gates

Chowan Talbot L Gates

Chowan Talbot L Gates

Roanoke Coharie L Valentines



Basin
Number Name Outflow

Major
River
Basin

Bank
of Major

Terrace River
Topographic

Map

30 Devils Branch I Roanoke River Roanoke Coharie L Valentines

31 Devils Branch II Roanoke River Roanoke Coharie L Valentines

32 Black Gut Creek Roanoke River Roanoke Coharie L Valentines

33 unnamed Black Gut Creek Roanoke Coharie L Valentines

3^ unnamed Roanoke River Roanoke Coharie L Valentines

35 unnamed Roanoke River Roanoke Coharie L Valentines

36 Dog Pond Branch Conoconnara Swamp Roanoke Sunderland R Dawson Crossroads

37 Conoconnara Swamp I Roanoke River Roanoke Sunderland R Dawson Crossroads

38 Conoconnara Swamp II Roanoke River Roanoke Sunderland R Dawson Crossroads

39 Conoconnara Swamp III Roanoke River Roanoke Sunderland R Dav;son Crossroads

40 unnamed Conoconnara Swamp Roanoke Sunderland R Dawson Crossroads

41 Looking Glass Run Roanoke River Roanoke Sunderland R Scotland Neck

42 unnamed Hales Millpond Branch Roanoke Sunderland R Dawson Crossroads

43 unnamed Kehukee Swamp Roanoke Wicomico R Scotland Neck

44 Kehukee Swamp I Roanoke River Roanoke Wicomico R Scotland Neck

45 unnamed Roanoke River Roanoke Wicomico R Palmyra

46 Kehukee Swamp II Roanoke River Roanoke Wicomico R Scotland Neck



Basin
Humber Name Outflow

47 unnamed

48 unnamed

49 unnamed

bO Conaby Creek I

51 Conaby Creek II

52 Conaby Creek III

53 unnamed

54 unnamed

55 unnamed

56 unnamed

57 unnamed

58 Pine Log Branch

59 Crooked Swamp

60 unnamed

61 Powell's Creek

62 unnamed

63 Moore Swamp

Cypress Sv/amp

Conoho Creek

Kehukee Swamp

Roanoke River

Roanoke River

Roanoke River

Morgan Swamp

Black Walnut Sv^rnp

Swift Creek

Pig Basket Creek

Fishing Creek

Beaverdam Swamp

Fishing Creek

Rocky Swamp

Little Fishing Creek

Swift Creek

Maple Swamp

Major
River
Basin Terrace

Bank
of Major
River

Topographic
Map

Roanoke Wicomico R Norfleet

Roanoke Wicomico R Palmyra

Roanoke WicomiCO R Hobgood

Roanoke Talbot R Plymouth East

Roanoke Talbot R Plymouth East

Roanoke Talbot R Plymouth East

Roanoke Talbot L Westover

Roanoke Talbot L Westover

Tar Coharie L Red Oak

Tar Coharie L Red Oak

Tar Coharie L Ringwood

Tar Coharie L Drake

Tar Coharie L Essex

Tar Coharie L Ringwood

Tar Coharie L Essex

Tar Coharie L Red Oak

Tar Sunderland L Draughn



Basin
Number Name Outflow

64 Maple Swamp Fishing Creek

65 unnamed Beech Branch

66 Lane Swamp Swift Creek

67 unnamed Fishing Creek

68 unnamed Beech Swamp

69 unnamed Rocky Swamp

70 unnamed Burnt Coat Swamp

71 Deep Creek Tar River

72 unnamed Deep Creek

73 unnamed Deep Creek

74 Marsh Swamp Deep Creek

75 unnamed Deep Creek

76 unnamed Deep Creek

77 unnamed Deep Creek

78 Chocowinity Creek Crawford Creek

79 Joe Branch Chocowinity Creek

80 Runyon Creek Pamlico River

Major Bank
River of Major Topographic
Basin Terrace River Map

Tar Sunderland L Draughn

Tar Sunderland L Drake

Tar Sunderland L Drake

Tar Sunderland L Enfield

Tar Sunderland L Dawsons Crossroads

Tar Sunderland L Ringwood

Tar Sunderland L Enfield

Tar Wicomico L Scotland Neck

Tar WicomiCO L Scotland Neck

Tar WicomiCO L Hobgood

Tar WicomiCO L Hobgood

Tar WicomiCO L Hobgood :

Tar WicomiCO L Hobgood

Tar WicomiCO L Hobgood

Tar Tal bot R Hackney

Tar Talbot R Hackney

Tar Talbot L * Washington



Basin
Number Name Outflow

81 Maple Branch Tranters Creek

82 Cindy Edv/ards Branch Chocowinity Creek

83 Cherry Run I Tranters Creek

84 Cherry Run II Tranters Creek

85 unnamed Black Creek

86 Long Branch Little River

87 unnamed Little River

88 unnamed Swift Creek

89 unnamed Marks Creek

90 unnamed Swift Creek

91 Cooer Branch Swift Creek

92 unnamed Neuse River

93 unnamed Neuse River

94 Exum Mill Branch The Slough

95 West Bear Creek Bear Creek

96 Fellows Branch Neuse River

97 Button Branch The Slough

Major
River
Basin

Bank
of Major

Terrace River
Topographic

Map

Tar Talbot L Washington

Tar Talbot R Hackney

Tar Talbot L Washington

Tar Talbot L Washington

Neuse Coharie R Angier

Neuse Coharie L Flowers

Neuse Coharie R Edmonson

Neuse Coharie R Edmonson

Neuse Coharie L Clayton

Neuse Coharie R Garner

Neuse Coharie R Powhatan

Neuse Coharie R Selma

Neuse Coharie L Selma

Neuse Sunderland L Goldsboro (15')

Neuse Sunderland L Goldsboro (15')

Neuse Sunderland L Goldsboro (15')

Neuse Sunderland L Goldsboro (15')



Basin
Number Name Outflow

98 Cov«’ Branch The Slough

99 John Benton Branch Daileys Creek

100 Jacks Branch Trotters Creek

101 Horse Branch Trent River

102 Joshua Creek Trent River

103 Whitleys Creek Reuse River

104 Spring Branch Southwest Creek

105 Grape Branch Tuckahoe Swamp

106 Ash Branch Vine Swamp

107 Beaverdam Swamp Trent River

108 Deep Gully Trent River

109 Rocky Run Trent River

110 Long Branch Island Creek

111 unnamed Brice Creek

112 Skinners-Beaver Branch Racoon Creek

113 Island Creek Trent River

114 Scott Creek Trent River

Major
River
Basin Terrace

Topographie
Map

Bank
of Major
River

Meuse Sunderland L Goldsboro (15')

Meuse Sunderland R Seven Springs (15')

Meuse Sunderland
(

R Seven Springs (15')

Meuse Wicomico R Deep Run (15')

Meuse Wicomico R Deep Run (15')

Meuse Wicomico R Deep Run (15*)

Meuse WicomiCO R Deep Run (15')

Meuse Wicomico R Deep Run (15')

Meuse Wicomico R Deep Run (15')

Meuse Wicomico R Deep Run (15')

Meuse Talbot R Pollocksville

Meuse Talbot R Pollocksville

Meuse Talbot R Pollocksville

Meuse Talbot R New Bern

Meuse Talbot R Pollocksville

Meuse Talbot R New Bern

Meuse Talbot R. Pollocksville



Basin
Number Name Outflow

115 unnamed Cape Fear River

116 Mire Branch Barbeque Creek

117 unnamed Little Rockfish Creek

118 Rays Mill Creek Puppy Creek

119 North Prong Anderson
Creek

Lower Little River

120 McLean Creek Upper Little River

121 Gibsons Creek Little River

122 Swans Creek Willis Creek

123 Little Turnbull Creek Turnbull Creek

124 Bomill Branch Bakers Creek

125 Mill Creek Great Coharie Creek

126 Tomahawk Creek South River

127 Millers Creek Stewarts Creek

128 Herrings Marsh Run Goshen Swamp

129 White Oak Branch Panther Creek

130 Duff Creek Rockfish Creek

Major
Ri ver
Basin Terrace

Bank
of Major
River

Topographie
Map

Cape Fear Coharie R SIocomb

Cape Fear Coharie R Olivia

Cape Fear Coharie R Clifdale

Cape Fear Coharie R Nicholson Creek

Cape Fear Coharie R Anderson Creek

Cape Fear Coharie R Bunnlevel

Cape Fear Coharie R Manchester

Cape Fear Sunderland R Saint Pauls (15')

Cape Fear Sunderland L Roseboro (15')

Cape Fear Sunderland R Elizabethtown (15')

Cape Fear Sunderland L Garland (15')

Cape Fear Sunderland L White Lake (15')

Cape Fear Sunderland L Rose Hill (15')

Cape Fear Sunderland L Seven Springs (15')

Cape Fear Wicomico L Seven Springs (15')

Cape Fear WicomiCO L Rose Hill (15')
to



Basin
Number Name

131 Turner Branch

132 Bryant Mill Run

133 Mill Run

134 Moores Creek

135 Buxton Branch

136 Bell Swamp

137 Wallace Creek

Moore Creek

139 Goose Creek

140 Lewis Creek

141 Island Creek

142 Stones Creek

143 Bass Branch

144 Crooked Creek

145 unnamed

146 Undermine Branch

147 Hills Creek

Outflow

Weyman Creek

Cape Fear River

Long Creek

Black River

Moores Creek

Town Creek

New River

Orton Creek

New River

New River

Northeast Cape Fear River

New River

Upper Beaverdam Creek

Pee Dee River

Aberdeen Creek

Gum Swamp

Drowning Creek

Major
River
Basin Terrace

Bank
of Major
River

Topographic
Map

Cape Fear Wicomico R Bolton (15')

Cape Fear WicomiCO R Acme (15')

Cape Fear Wicomico R Acme (15')

Cape Fear WicomiCO L Atkinson (15')

Cape Fear Wicomico L Atkinson (15')

Cape Fear Talbot R Bolivia

Cape Fear Talbot L Camp Lejeune

Cape Fear Talbot R Funston

Cape Fear Talbot L New River Inlet

Cape Fear Tal bot L Jacksonville South

Cape Fear Talbot L Scotts Hill

Cape Fear Talbot L Sneads Ferry

Pee Dee Coharie L Gibson

Pee Dee Coharie L Ghio

Pee Dee Coharie L Pine Bluff

Pee Dee Coharie L Marston

Pee Dee Coharie . L Silver Hill



Basin
Number Name Outflow

Major
River
Basin

148 unnamed Buffalo Creek Pee Dee

149 Beaver Dam Creek Juniper Creek Pee Dee

150 Horns Mi 11 race Ashpole Swamp Pee Dee

151 Beaverdam Creek Bear Swamp Pee Dee

152 unnamed Indian Swamp Pee Dee

153 unnamed Hog Swamp Pee Dee

154 Mill Branch Ashpole Swamp Pee Dee

155 unnamed Ashpole Swamp Pee Dee

156 Gapway Swamp Big Bay Pee Dee

157 unnamed Gum Swamp Pee Dee

158 Mill Branch Gum Swamp Pee Dee

159 unnamed Mill Branch Swamp Pee Dee

160 unnamed Gum Swamp Pee Dee

161 Ironhill Branch Toms Fork Pee Dee

162 unnamed Toms Fork Pee Dee

163 Graveyard Branch Beaver Dam Swamp Pee Dee

164 Cool Run Shallotte River Pee Dee

Bank
of Major Topographic

Terrace River

Coharie L

Coharie L

Sunderland L

Sunderland L

Sunderland L

Sunderland L

Sunderland L

Sunderland L

Sunderland L

Wicomico L

WicomiCO L

Wicomico L

Wicomico L

WicomiCO L

Wicomico L

Wicomico L

Talbot L

Map

Wagram

Silver Hill

Gaddysville

Gaddysville

Fairmont

Fairmont

Fair Bluff

Fair Bluff

Tabor City West

Tabor City East

Tabor City East

Tabor City East

Tabor City East

Goretown

Goretown

Tabor City East

. Shallotte



Basin
Number Name Outflow

165 KcMilly Swamp Shallotta River

166 Shallo’cte Creek Shallotte River

167 Pamlico Creek Lockwoods Folly River

168 Mill Creek Lockwoods Folly River

169 Jinnys Branck Saucepan Creek

170 Sharron Branch Shallotte River

Major
River
Basin Terrace

Bank
of Major
River

Topographic
Map

Pee Dee Talbot L Shallotte

Pee Dee Talbot L Holden Beach

Pee Dee Talbot L Holden Beach

Pee Dee Talbot L Lockwoods Folly

Pee Dee Talbot L Shallotte

Fee Dee Talbot L Holden Beach


