
ABSTRACT 
 

HOWARD, SUSAN MARIE.  Relationship of Headwater Stream Geomorphology to Catchment 
Geomorphology in the Piedmont of North Carolina. (Under the direction of Dr. James D. 
Gregory.)  
 

Headwater streams serve as the connection between land and rivers.  They are the places 

in the landscape where water first begins to accumulate into a flowing stream.  These headwater 

streams directly drain more than half of the landscape, creating water flow and possibly pollution 

pathways to larger river systems.  Ongoing studies in North Carolina of the characteristics of 

headwaters streams to support field identification and digital mapping initiatives have raised 

many questions about the relationships of catchment and stream geomorphology.  

The objectives of this research were to 1) determine the differences among catchment 

geomorphologic parameters at the intermittent and perennial stream origins, 2) to describe the 

stream geomorphology as the headwater streams transition from intermittent to perennial and 3) 

to determine if significant relationships exist between stream geomorphology and the associated 

catchment geomorphology in the headwater stream reaches. 

Large variation was found in drainage area, valley slope and catchment shape values at 

both the intermittent and perennial origins.  Drainage area threshold has been proposed as an 

indicator of intermittent or perennial stream origin and the ArcHydro extension of ArcGIS uses a 

drainage area threshold value set by the user to begin modeling of the stream network.  However, 

with catchment size at the intermittent origins ranging from 2.4 to 15.6 acres and at the perennial 

origins ranging from 10.1 to 25.8 acres among the 8 highly similar catchments, drainage area 

does not appear to be a simple predictor of stream origin location.  Horton’s form factor and 

valley slope at the intermittent and perennial origins also varied greatly from stream to stream 

and are not simple threshold indicators of stream origin. 



Stream geomorphology measures also varied greatly in their progression downstream.  

Sinuosity, which is a measure of stream pattern, increased in the downstream progression as a 

general trend.   Within-reach channel slope, a measure of stream profile, decreased as the 

channels progressed from intermittent to perennial also with some minor variation.  However, 

cross-sectional area, a measure of stream channel dimension, was highly variable throughout the 

headwater stream reaches.  Channel cross sections varied from deeply entrenched, with relatively 

high cross-sectional area, to depositional fans having very little stream channel at all (very low 

cross-sectional area).  This wide variation in channel cross-sectional area occurred not only 

among the 8 studied stream channels but within the same stream at different locations along a 

study reach.   

Possible relationships found were between stream sinuosity and catchment drainage area, 

between Horton’s form factor and catchment drainage area, between valley slope and catchment 

drainage area and channel slope and catchment drainage area.  Relationships were not found in 

other comparisons, most notably in the cross-sectional area to catchment drainage area 

relationship and in the channel slope to cross-sectional area relationship.  Further research is 

needed to quantify possible relationships found in this study.   

 Research in this area is complicated by the lack of undisturbed watersheds in the region.  

Variation in location, geology, soil characteristics, and land use complicates efforts to find 

comparable study sites.  Highly detailed studies such as this involve a large time investment in 

data collection. 
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CHAPTER 1: BACKGROUND INFORMATION AND OBJECTIVES 

Headwater Streams Defined 

Streams and rivers drain the landscape forming a network that is structured much like 

branches on a tree.  Just as two smaller tree branches join to become a larger tree branch 

heading towards the trunk, smaller streams join to form larger streams headed toward the 

river mouth.  Headwater streams are the smallest branches of the network where water first 

begins to flow in channels (Lowe and Likens, 2005).  Large streams and rivers receive most 

of their flow upstream from small headwater streams not from the area directly adjacent to 

the larger channel (Brutsaert, 2005).  Much of the surface area in a watershed is not directly 

drained by a large river channel, but by the headwaters streams.  Headwater streams are the 

pathways that establish the connection between the terrestrial landscape and larger rivers 

(Peterson et al., 2001).   

The first noticeable channel down slope from a ridgeline is usually an ephemeral 

channel.  These channels form when rainfall from a storm event accumulates in low spots 

with enough erosive force to begin to carve out a stream channel (Dietrich and Dunne, 1993).   

The bottom elevation of ephemeral channels is above the water table elevation for the entire 

year, thus the ephemeral channel does not carry base flow from groundwater discharge.  

Flow in ephemeral channels occurs only during and immediately after precipitation events 

(Ward, 1975). 

Stream Development 

Ephemeral channels transition into intermittent channels.  An intermittent stream 

channel bed is closer to the water table than the ephemeral channel.  The water table will rise 
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periodically causing the intermittent channel to have baseflow from groundwater discharge 

even when it does not contain runoff from a precipitation event (Ward, 1967).  

Intermittent streams transition into perennial streams.  A perennial stream bed is below the 

water table year round, except in periods of extreme drought, resulting in water presence in 

the channel even when there is no storm flow (Ward, 1975).   

A variety of flow transport patterns move water from near the ridge tops to the 

perennial stream reaches, not just the typical ephemeral-intermittent-perennial series of 

channel transitions.  Depending on the geomorphic features of the catchment, the ephemeral 

and/or the intermittent reach may not be present.  A perennial stream may flow directly out 

of a seep or a wetland.  Large head cuts can transition ephemeral reaches directly to perennial 

streams. The first identifiable stream channel may be an intermittent reach and not 

ephemeral.  Ditches and storm water outfalls in altered environments may also serve as flow 

sources to a stream reach.  

In North Carolina, the three stream types have been defined in terms of channel 

geomorphologic, hydrologic, and biologic character in applying the riparian buffer protection 

rules that currently pertain to intermittent and perennial streams in three river basins in the 

state.  The definitions are (15 NCAC 02B .0233): 

‘Ephemeral (stormwater) stream’ means a feature that carries only stormwater in 
direct response to precipitation with water flowing only during and shortly after large 
precipitation events.  An ephemeral stream may or may not have a well defined 
channel, the aquatic bed is always above the water table, and stormwater runoff is the 
primary source of water.  An ephemeral stream typically lacks the biological, 
hydrological, and physical characteristics commonly associated with the continuous 
or intermittent conveyance of water. 
 
‘Intermittent stream’ means a well-defined channel that contains water for only part 
of the year, typically during winter and spring when the aquatic bed is below the 
water table.  The flow may be heavily supplemented by stormwater runoff.  An 
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intermittent stream often lacks the biological and hydrological characteristics 
commonly associated with the continuous conveyance of water.   
 
‘Perennial stream’ means a well-defined channel that contains water year round 
during a year of normal rainfall with the aquatic bed located below the water table for 
most of the year.  Groundwater is the primary source of water for a perennial stream, 
but it also carries stormwater runoff.  A perennial stream exhibits the typical 
biological, hydrological, and physical characteristics commonly associated with the 
continuous conveyance of water. 

  
 The North Carolina Division of Water Quality (NCDWQ) has also developed field 

methods for determining the presence and origins of intermittent and perennial streams for 

application of the riparian buffer rules (NC Division of Water Quality, 2005). 

Stream Order 

Robert Horton first proposed a method of classifying streams by assigning them a 

stream order number (Horton, 1945).  Strahler modified this method slightly to produce the 

stream order classification system that   is commonly used today (Strahler, 1957).  Stream 

reaches that have no tributaries are first order streams from the head of the channel to the 

junction with the first tributary.  Second order stream reaches are the streams that have only 

first order tributaries.  Third order stream reaches occur downstream of the confluence of two 

second order streams, fourth order reaches occur downstream of the confluence of two third 

order streams and so on  (Strahler, 1957).   

Strahler stream order designation does not increase when low order streams flow into 

higher order reaches.  A first or second order stream can flow into a fourth order stream and 

the stream is still fourth order after the confluence.  Headwater stream generally refers to 

streams of first, second or third order.  While the term “headwater” brings to mind stream 

reaches far upstream from the mouth of a larger river, they can be located anywhere within 

the landscape where smaller catchments drain into large rivers. 
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Functionality of Headwater Streams and Catchments 

 Headwater streams are an important source of stream flow, nutrients, organic matter, 

and sediments to the downstream stream reaches (Gomi, 2002).  Headwater streams account 

for 70 to 80 percent of the stream length within a drainage basin (Leopold, 1964).   

Precipitation falling on headwater catchments contributes water supply for plants growing in 

the soil, flows through or over the soil to the stream channel, and recharges groundwater 

(Knighton, 1998).  Stream riparian zones deliver sediments, nutrients, and organic material to 

the stream network.    

Drainage  

 It is estimated that first and second order streams drain greater than 75% of a 

watershed (Horton, 1945; Leopold, 1964).   Water inputs from precipitation events take a 

variety of pathways out of a catchment.  Some rainfall is initially caught by plant interception 

or in surface depressions, where it is stored temporarily and is evaporated away later.  

Evapotranspiration also occurs when water leaves the soil profile by being evaporated and 

transpired via plant activities (Ward, 1975).  The remaining water inputs will exit the 

catchment as groundwater recharge or discharge in a stream channel.  Water can either reach 

the stream channel by overland flow or by flowing through the soil profile to the stream 

which is called subsurface stormflow (Horton, 1945; Leopold, 1964; Dunne and Leopold, 

1978). 

Rainfall hitting the soil surface is infiltrated into the ground at a high rate at the 

beginning of a precipitation event.  Soil has an infiltration capacity, the rate at which it can 

absorb rainwater (Horton, 1933).  Infiltration capacity is related to the soil texture, the 

amount of vegetation cover and the degree of soil saturation at the time of the precipitation 



 5 

event.  When the upper layer of the soil becomes saturated and the infiltration capacity is 

exceeded, water will begin to pool at the surface in depressions.  Continued rainfall causes 

these depressions filled with water to overflow, thus initiating overland flow (Leopold, 

1964). 

In areas where the soil profile is well developed, as in undisturbed forested areas, 

infiltration capacity can be extremely high, resulting in little to no overland flow during a 

precipitation event.  Infiltrated rainwater will percolate down through the unsaturated region 

of the soil towards the water table.  There is naturally more moisture in the soil at the bottom 

of a slope, plus the water table is closer to the surface, so percolating water has a shorter 

distance to travel.  Percolated rain water causes a rise in the water table, particularly at the 

bottom of a slope, and the water will seep out into the stream channel (Leopold and Dunne, 

1978). 

Flow caused by drainage of headwater catchments accumulates as it travels through 

the stream network into progressively larger channels.  Eventually, as the stream network 

grows larger, flow will be dominated not by the direct drainage of the area adjacent to the 

stream, but by discharge from the smaller upstream reaches (Brutsaert, 2005).   

Sediments 

Denudation of the landscape, the wearing down of the land surface by water, delivers 

sediment from a stream catchment to the stream network (Knighton, 1998).   Characteristics 

of the soil and parent material as well as land use in the catchment influence the delivery rate 

of sediment to a stream (Knighton, 1998).   Streams carry their sediment load in two ways, 

suspended load and bedload. 
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Suspended load consists of fine particles floating in the water column as it flows, 

which in high amounts during stormflow makes the water appear turbid.  Most of the 

material carried in the stream solution or suspension comes from the catchment as a whole, 

not from the area directly adjacent to the channel (Ward, 1967).   Particles on the hillslope 

loosened by erosion may be picked up and deposited many times on their way to the stream 

channel (Ward and Trimble, 2004).  Subsurface erosion occurs when fine colloidal particles 

enter the soil water solution and are transported to the stream network (Ward, 1975). 

Bedload consists of the larger sediment and rock particles occurring along the 

streambed and that are moved during stormflow by hopping and sliding their way 

downstream (Leopold, 1994).  Most of the bedload within a stream is delivered to the stream 

network via stream bed and bank erosion (Ward, 1975).  The rocks and sediments on the 

surface of the streambed are known as the stream pavement.  The rocks and sediments below 

the pavement, known as subpavement, are also usually larger in size than the predominant 

particle size of soils on the surrounding landscape.   The zone beneath the initial layer of 

stream pavement is also known as the hyporheic zone, defined as the area below the 

streambed where the groundwater transfers into the stream flow.  Pore space between the 

rocks and sediments and the overall particle size of the stream bed and hyporheic zone 

material influences not only the mobility of the stream bed sediments but the habitat for 

stream organisms as well. 

Nutrients 
 

In addition to being conduits of water and sediments, stream networks also deliver 

nutrients to downstream water bodies.  These nutrients, most importantly nitrogen and 
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phosphorus are used by various organisms as a source of energy and growth (Cech, 2003).  

Overloading of nutrients is a form of pollution and can have extremely detrimental effects on 

stream organisms.   

Nutrient overload, specifically nitrogen and phosphorus overload, comes from two 

types of sources, point and non-point sources.  With point sources, nutrient loading can be 

traced to a specific place, and efforts can be made at that point to remove the nutrient 

overload.  Non-point pollution is the cumulative nutrient overload delivered from flow across 

the entire watershed and is not so easy to treat (Carpenter et al., 1998).   

Rate of application of fertilizer to agricultural lands exceeds the removal rate by 

harvesting of crop plants and over many years, nutrient buildup in the soil results.  These 

nutrients make their way to the stream in solution by surface and subsurface flow and by 

being transported with the soil during erosion (Carpenter et al., 1998).  Vegetated strips next 

to the stream act as a buffer decreasing nutrient and sediment transport from the agricultural 

land into the stream.   

Nitrogen and phosphorus levels in excess in streams can cause eutrophification, a 

condition where high nutrient levels cause excess growth of aquatic algae (algal blooms).  

When the algal masses die and decompose, dissolved oxygen levels in the water decline 

which can lead to massive deaths of fish and other organisms in the water.  Eutrophification, 

algal blooms, and fish kills are impacting use of waterways and fisheries (Anderson et. al., 

2002). 

Biology 

A large amount of the biological activity in headwater streams is carried out by 

stream insects (Smock, 1985).  The population of these stream macroinvertebrates varies 
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across a gradient from headwater streams to high order stream reaches near the mouth of a 

stream network called the River Continuum Process (Vannote et al., 1980).  Stream 

invertebrates process organic debris.  Large particles of organic matter are processed by 

shredder insects in 1st through 3rd order streams, producing smaller organic particles to flow 

into 4th through 6th order streams.  These smaller particles are processed into even smaller 

bits by grazers, leaving the tiny bits to be used by the collectors in high order streams.  

Stream invertebrates and the organic matter they process are food sources for fish, 

amphibians, and other organisms downstream.  

North Carolina uses benthic macroinvertebrate population and diversity measures as 

an indicator of overall stream health (Lenat, 1988).  If a stream is unhealthy, the only species 

present will be the pollution tolerant ones.  But in healthy streams, diversity in the population 

levels will thrive.  Healthy headwater streams, because they are isolated in the landscape, are 

often the locations where we find new endangered species of macroinvertebrates (Gomi et 

al., 2002).  

Benthic macroinvertebrate species diversity and population levels in headwater 

reaches are greatly affected by organic matter input, shade, and stream sediment load.  Many 

macroinvertebrate species use organic matter from riparian zone plants as a food source, and 

tree cover provides temperature regulation of the stream water.  Many invertebrates reside in 

spaces between rocks in the streambed and will dig deeper into the hyporheic zone for 

protection during high flow events.  When those spaces become clogged with sediment, 

insects can be smothered or washed downstream and die because they cannot reach shelter in 

high flow events (Lenat, 1981). 



 9 

Geomorphology 

Geomorphology is the study of the forces that shape the surface of the Earth (Cech, 

2003).  Moving water and its erosive effects are the key players in altering the land surface.  

The effect of water on a landscape is particularly visible in the Appalachian Mountains.  

These mountains, once as large as the Sierra range, have been eroded down by various water 

processes and winds over time to reduce them to the low profile that is present today. 

Catchment Geomorphology 

A catchment is the total area that drains to a particular stream location, i.e., that area’s 

watershed or drainage basin (Gregory and Walling, 1973).  Precipitation falling anywhere 

within a catchment will flow towards the mouth.   Hydrologists can use measurements of the 

catchment’s geomorphology to predict flow volumes at the stream mouth.   

According to Gregory and Walling (1973), “the size of a drainage basin [catchment] 

influences the amount of water yield; the length, shape, and relief affect the rate of water and 

sediment yield; and the character and extent of the channels affect(s) the sediment 

availability and the rate of water yield from the drainage basin”   

Flow in small stream catchments is dominated by hydrologic inputs from the adjacent 

hill slope.  As catchments increase in drainage area, flow in the stream reach becomes 

increasingly controlled by the upstream stream network inputs and not the flow from the 

adjacent hillside (Knighton, 1998).   

The catchment boundary can be drawn for any given point of interest in a channel and 

geomorphic parameters of the catchment may be measured including: drainage area, 

maximum elevation of the ridge, lowest elevation of the stream channel, slope gradient of the 
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catchment, shape of the catchment and the density of the stream channel network.  The 

aspect (orientation in relation to north) of the hill slope can also be determined and can affect 

the precipitation and vegetation patterns throughout the catchment.  

A variety of ratios have been used to describe catchment shape and relate one 

catchment to another (Ward, 1975).  Horton (1945) used a dimensionless form factor relating 

basin area to the square of the basin length.  Rounder basins have a value closer to 1 whereas 

more narrow elongated basins have lower values.  Narrower basins produce lower stormflow 

peaks in a channel than more compact round basins.  Miller (1953) proposed a circularity 

ratio relating catchment area to the area of a circle having the same perimeter length as the 

catchment.  Schumm (1956) used a basin elongation ratio, the diameter of a circle having the 

same area as the basin divided by the length of the basin.   

With data on measures of catchment geomorphology, inferences can be made about 

the stream network the catchment contains.  A quantitative relationship has been found to 

exist between peak flow in a stream and the drainage area, stream length, drainage density, 

slope and relief (Morisawa, 1962).   

The Strahler stream order has been linked to relief of a catchment and its average 

slope gradient (Graves, 2001).  

Stream Geomorphology 

Repeated high surface flows in a valley over many years will carve out a stream 

channel in the landscape.  Typical morphology measures of a stream channel include 

measures of dimension (shape of a cross section), pattern (plan view shape of the channel and 

directional changes in flow in the downstream direction) and profile (variation in channel and 

water surface elevation in the downstream direction).  Mature streams will develop 
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depositional features such floodplains and bankfull features, and will have larger particle 

sizes of stream bed materials compared to the soil particles on the adjacent land.    

Stream dimension at a particular location relays a variety of information about 

channel stability.  When discussing stream dimension, the term “bankfull” is often used.  

Bankfull discharge occurs when the water fills the channel to the elevation of the active 

floodplain (Harman et al., 1999).  In many rivers, bankfull flow occurs once every one to two 

years (Leopold, 1964).  In the streams of the Piedmont region of North Carolina, bankfull 

events have an average return period of once every 1.4 years (Harman et al., 1999).  Bankfull 

elevation on a channel bank is determined by a variety of field observations including the 

backs of point bars, changes in slope gradient changes and vegetation type, scour lines, and 

sometimes by the top of the bank itself (Harman et al., 1999, Leopold, 1994).  The backs of 

point bars and high scour lines are often the most useful bankfull indicators in North Carolina 

because of thick understory vegetation and a history of channel alteration and adjustment 

from that alteration (Harman et al., 1999).  

When stormflow overtops a channel bank, the resistance of the vegetation in the 

floodplain and the relative shallowness of the water in the floodplain will result in decreased 

flow velocity and dissipation of energy.  Increased stormflows can cause increased channel 

erosion, causing the channel to downcut (incise) or widen and the cross sectional area to 

increase.  Incised channels dissipate energy not through shallow overland flow in the 

floodplain, but by erosive forces on the stream banks (Simon et al., 2000).  The angle the 

channel banks make with the channel bed also is an indicator of channel stability.  As 

channel banks become more vertical and even undercut, they become unstable and are more 

likely to erode from flood water forces during a storm.  
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Meanders in stream pattern help to dissipate energy and decrease the channel slope 

gradient.  As the water is forced to change direction of flow in a curve, the velocity and 

energy are directed against the bank at the outside of the bend, generally scouring out a small 

pool at the location of slope gradient change.  Flow velocity is much slower than average in 

these pools and smaller soil particles drop out of the slower moving water.  As water exits the 

curve (pool) it will travel through a straighter reach towards the next curve.  In this straight 

area riffles will form.  A straight riffle will allow water to move at a faster rate, meaning only 

larger pebbles will fall out (Leopold, 1964; Ward, 1975).  Both of these areas offer unique 

habitat to different types of species.  If a stream curves too much, higher flows may cut off a 

meander bend by carving a new straight channel between two bends creating an oxbow lake 

in the abandoned meander bend (Cech, 2003).  

Riffles and pools are visible also within the stream channel profile.  The profile 

shows changes in thalweg (the deepest part of the channel) and water surface elevations in 

longitudinal traverses along the thalweg.  Pools will appear as deep spots with relatively level 

water surface elevations.  Riffles are located where the channel elevation drops at an even 

grade and the water surface runs parallel with the channel bed (Leopold, 1964; Ward, 1975).  

Channel patterns and stability are influenced by the characteristics of the soil material 

and vegetation surrounding the stream.  Small, high gradient mountain streams tend to be 

straighter because the predominance of bedrock and large boulders in the stream bed resists 

erosion that leads to meanders.  Mountain streams tend to have steeper channel slope 

gradients and transport larger rock particles than Piedmont and Coastal Plain streams due to 

higher velocities and energies.   An entrenched Piedmont stream may be quite stable with an 

unconventional shape because it has a bedrock or saprolite bottom.  Strong tree roots and 
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rocky soils can make highly sinuous streams stable, whereas a man-made channel with those 

dimensions may fail.   

Headwater stream channels look different than larger streams because of the 

differences in catchment geomorphology.  Headwater streams tend to have higher slope 

gradients than higher order streams in the same landscape, causing greater flow velocity.  

Streams with steeper slopes tend to have straighter stream channels.  Ephemeral and 

intermittent stream channel banks may be low because of the small cross-sectional area 

required to transport flow from the catchment, and the bed material may be similar to or only 

slightly coarser than the soil on the adjacent hill slope.  As flow travels from low order to 

higher order streams, the slope flattens, the channel becomes wider and deeper in order to 

carry the higher flows, the channel meanders more and bankfull and floodplain features 

develop and become more pronounced.  Headwater stream valleys are more likely to be V 

shaped where the higher order valleys progress into a wide U.  (Cech, 2003) 

Geologic Effects on Morphology 

 When stream and catchment relationships are being discussed it is important to note 

the geologic characteristics of the catchment.  More than 95% of water in streamflow has 

passed over or through a hillslope before reaching the channel network (Knighton, 1998) and 

the character of the geologic substrate and soil greatly influence the character of the stream 

network.   

In an effort to automate mapping of stream networks, the relationship of stream 

channel initiation points to catchment geomorphology is being studied.  Montgomery and 

Dietrich (1989) proposed that channels began downslope in a catchment once an erosion 

threshold had been reached.  This threshold was a relationship between local land surface 
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slope gradient, drainage area, and a constant for the region.  Jaeger (2004) studied channel 

initiation within two lithologies, basalt and sandstone, and found no erosion threshold with 

slope-drainage area relations in either parent material type, citing variations in soils as a 

possible complication.   

Anthropogenic Effects on Morphology 

Because of the small size and large quantity of headwater streams across the 

landscape, they’ve been thought of in the past as unimportant and a nuisance to development.  

Care has not been taken to protect these streams during agricultural practices and land 

development and legislation protecting these streams is relatively new (Meyer and Wallace, 

2001).  Miles of these headwater reaches have been covered over by spoil from surface 

mining coal in the eastern United States.  While typical alterations to the landscape such as 

deforestation and land development seem mild in comparison to mining practices, the 

resulting increased stream flows still cause channel degradation downstream. 

 Natural stream systems have stabilized over many years to transport the water and 

sediment loads produced by their catchments.  Agricultural and urbanizing development 

within a catchment will cause an increase in the water volume, velocity, and sediment load 

delivered to the stream.   In the Piedmont region of Maryland, forested catchments delivered 

sediment yield of less than 100 tons/mi2/year, when put into agricultural production, 

sediment yield increased to 300-800 tons/mi2/year, and areas  undergoing construction for 

development  produced in excess of 100,000 tons/mi2/year in sediment yield (Wolman, 

1967).   

Soils in agricultural use will be more compacted than the forested soils, making less 

pore space for soil storage and causing surface runoff to occur sooner during a rainfall event.  



 15 

Row crop ridges and valleys will concentrate water flow in the valleys which will increase 

the surface erosive forces, causing increased sediment loads in the storm water.   

Urbanization of a watershed decreases the amount of permeable land surface area, 

increases stormflows in streams and increases the bankfull cross-sectional areas of streams. 

(Doll et al., 2002).  Impervious surfaces have no water storage and low flow resistance, thus 

delivering water to the ditches and soil nearby at an even faster erosive velocity than on 

agricultural lands.  Surface grading activities leave the land with little to no vegetative 

coverage over loose soil particles, allowing the surface to erode quickly.     

Development results in less water retention from a storm event within a catchment.  

Streamflow levels peak higher and faster on developed land than on land that is forested.  

Higher peak flow volumes and velocities cause erosion that widens and deepens the channel.  

The erosion process releases more sediment into the stream.  If a stream cannot carry the 

increased sediment load, suspended particles will fall out, clogging the hyporheic zone pores, 

eliminating habitat and decreasing population density of macroinvertebrates (Lenat et al., 

1981).   

Erosion also releases high amounts of nitrogen and phosphorus with the soil into the 

stream system which can lead to eutrophification downstream.  Removal of trees surrounding 

a headwater stream limits the food source of stream macroinvertebrates which are key 

players in the food web of larger higher order streams and rivers.  

Current Mapping and Regulatory Practices 

 The US Army Corp of Engineers (USACE) is the federal agency with authority to 

regulate anthropogenic alterations to rivers and streams.  Regulation is enforced on all water 
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dominated landscape features deemed “waters of the United States”, which includes 

navigable waters, their tributaries, and adjacent wetlands.  The Rivers and Harbors Act, 

passed in 1899, required a permit to be issued for altering of navigable channels.  The Clean 

Water Act of 1972 further enforced USACE regulation of dredge and fill activities in waters 

of the US and established regulation of activities that might cause water quality impacts to 

wetlands.   

 State and local agencies also have jurisdiction over the waters in their region.  North 

Carolina has its own stream and wetlands regulations that vary by river basin.  The Neuse 

River Basin has been particularly plagued by poor water quality causing extensive 

eutrophication problems in the lower reaches of the river.  In 1997, to reduce direct nitrogen 

runoff, the state established a riparian buffer protection rule in the Neuse River Basin 

requiring a 50 ft zone of protection for vegetated stream and water body riparian zones, with 

the first 30 ft adjacent to streams being minimally disturbed around all intermittent and 

perennial streams within the basin (15A NCAC 02B .0233).   

 Problems arise in protection of headwater streams because these streams are poorly 

mapped and often the various stream and riparian buffer regulations only apply to streams 

depicted as blue lines on the USGS 1:24000 scale topographic maps.  The Neuse River Basin 

Buffer Rule regulates streams also shown on the Natural Resources Conservation Service 

(NRCS) soil survey map, but neither of the maps were ever intended to accurately represent 

those streams for regulation.  The NCDWQ found through field verification that up to 54% 

of the length of low order stream channels in North Carolina were not depicted on the maps 

(unpublished data).  Those channels that are not shown on the USGS or NRCS maps are not 

protected. 
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The Headwaters Streams Study 

The locations of the origins and the lengths and geomorphic character of the 

ephemeral, intermittent and perennial segments of headwaters streams are intricately related 

to the geomorphic character of the catchments that they drain.  This relationship is 

complicated by a variety of factors, including variation in geologic substrates, soils, current 

land use/land cover, and the hydrologic impacts of historical land uses.  While it is apparent 

that variations in catchment and stream geomorphology would occur between headwaters 

streams in different physiographic regions, large variations in form routinely occur among  

catchments and streams in regions of uniform geology and soils and often between adjacent 

stream catchments (Personal communication, Dr. James D. Gregory).    

Protection of intermittent and perennial streams in the Neuse River Basin in North 

Carolina by requiring the maintenance of vegetated buffers adjacent to the streams (15 

NCAC 02B .0233) made it necessary to determine the locations of the origins of headwater 

streams in the field, even across varying landscapes.  The NCDWQ developed and uses a 

stream origin identification method (and associated form) to identify a stream channel as 

ephemeral, intermittent, or perennial.  Using this method, points are assigned to a stream 

reach based on assessment of features that fall into three categories: hydrology, biology, and 

geomorphology (NCDWQ 2005). 

This research is part of a cooperative project between the North Carolina State 

University Department of Forestry and Environmental Resources and the NCDWQ to learn 

more about the geomorphic, hydrologic, and biologic character of headwaters streams and to 

evaluate the stream origin identification methods.  The project had four major objectives;  (1) 

compare the structure of the benthic macroinvertebrate populations of ephemeral and 
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intermittent streams to that in the perennial streams to which they discharge, (2) compare the 

flow regimes of intermittent streams to perennial streams and determine the relationship of 

the flow regime to the structure of the benthic macroinvertebrate populations, (3) determine 

the geomorphic characteristics of the drainage basins and channels of intermittent streams as 

compared to perennial streams, and (4) test the NCDWQ method for determining the 

locations of the origins of intermittent and perennial streams.   

Different elements of The Headwaters Streams Study were conducted by members of 

a team of researchers headed by Dr. James Gregory, NC State University Department of 

Forestry and Environmental Resources.  The hydrologic analysis was conducted by Ms. 

Nekesha Williams as her MS thesis project at NC State University (Williams, 2005).  The 

macroinvertebrate study was conducted by Mr. Larry Eaton of NCDWQ.  The research 

reported here addresses the catchment and stream channel geomorphology component.  All 

of the research conducted during The Headwaters Streams Study contributed to confirmation 

of the excellent utility of the NCDWQ stream origin identification methods.  

In this research, parameters of stream geomorphology and the associated catchment 

geomorphology were measured with great detail by total station surveying and digital 

elevation model (DEM) assessment.  Analyses were performed on a variety of comparisons 

among geomorphologic features to determine the possible presence of relationships of 

predictive value and to quantify variation among the study catchments and streams that were 

selected within a relatively uniform sub-physiographic region. 

Objectives 

The overall goals of this study were to determine the degree of differences among catchment 

and stream geomorphology parameters between the intermittent and perennial segments of 
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headwaters streams and to determine if significant relationships existed among catchment 

and stream geomorphology parameters that might be used in predictive modeling approaches 

to mapping headwaters streams.  

The specific objectives of this study were to: 

1. Determine the differences among catchment geomorphologic parameters for the 

catchments at the origins of intermittent and perennial segments of each of the study 

streams. 

2. Describe and compare the geomorphology of the study streams and determine the 

downstream changes in channel geomorphology as the streams transition from 

intermittent to perennial character. 

3. Determine whether significant relationships exist between stream geomorphology and 

the associated catchment geomorphology in the headwater stream reaches. 
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CHAPTER 2: METHODOLOGY 

Regional and Site Characteristics 

Geography 

For this study, eight headwater stream catchments were selected in Wake County in 

the Piedmont Region of North Carolina (Figure 1).   The Piedmont is the central 

physiographic region of North Carolina and is situated between the Blue Ridge Mountains 

and the Coastal Plain.   The terrain is gently rolling and highly dissected with elevations 

ranging from about 200 ft at the fall line in the east to highs of about 1500 ft at the base of 

the mountains to the west. 

   
Figure 1.  Location of Wake County in North Carolina. 

Climate  

Wake County, North Carolina has an average annual temperature of 59.5º  F, with 

winter highs in the upper 40º’s F and lows in the lower 30º’s, and summer high’s in the upper 
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80º’s F and lows in the upper 60º’s F.  On average, Wake County receives 46.5 in of rain 

each year evenly dispersed throughout the year.  Rainfall is highest in July and lowest 

throughout autumn and particularly the month of November (State Climate Office of North 

Carolina, 2006). 

Geology and Soils 

There are 4 Soil Systems within the Piedmont of North Carolina that are classified 

and named in accordance with the principal geologic subregions expressed in the soils and 

geomorphology:  Felsic Crystalline, Triassic Basin, Carolina Slate Belt and mixed Mafic and 

Felsic Soil Systems (Daniels, et al., 1999).  All of the study catchments were selected within 

the Felsic Crystalline Soil System to minimize variability in soils and geomorphology due to 

geologic variability as a source of variability in the results.   

Bedrock in the Felsic Crystalline Soil System is composed of granite, granite gneiss, 

mica gneiss and mica schist.  Broad gentle sloping uplands are common, as are moderately to 

steeply sloping areas with narrow convex ridges and steep valley slopes (Daniels et al., 

1999).  Cecil and Madison soil series dominate the study catchments with Mantachie, 

Georgeville, Enon, and Wake series also present (Cawthorne, 1970) (Table 1).  Official 

Series Descriptions are provided in Appendix 4. 

Table 1. Soil series present in study area and description 

Series Name Series Description 
Cecil Fine, kaolinitic, thermic, Typic Kanhapludults  
Madison Fine, kaolinitic, thermic, Typic Kanhapludults  
Enon Fine, mixed, active, thermic Ultic Hapludalfs  
Georgeville Fine, kaolinitic, thermic, Typic Kanhapludults  
Mantachie Fine-loamy, siliceous, active, acid, thermic Fluventic Endoaquepts 
Wake Mixed, thermic, Lithic Udipsamments 
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Site Selection Criteria 

The characteristics of headwaters streams and their catchments vary significantly with 

climate, geology and soil type.  By limiting the study area to the Felsic Crystalline Soil 

System within Wake County, those factors were held constant to the maximum extent 

possible.    

Land use also plays a factor in channel geomorphology due to the impacts of land 

alteration on stormflow volumes and peak flows and on channel stability and erosion rates.  

In most of Wake County, there is a great deal of development occurring.  Prior to this wave 

of development over the last several decades, the vast majority of the land was in forest cover 

or agricultural use.   

The criteria used in this study to select the study sites were chosen in order to yield 

streams and catchments that were as geomorphically stable as possible.  The selection criteria 

included: 

1. Forested watersheds with dominant trees at least 50 years of age or in second growth 

with a closed canopy. 

2. Catchments with no apparent accelerated surface erosion activity in recent years. 

3. Catchments not receiving drainage from large impervious surfaces or roadside 

ditches. 

4. Catchments with stream transitions from ephemeral to a single intermittent channel 

(1st order) where flow transitions into a perennial channel, or with 2 or more 

intermittent channels (1st order) joining to form a perennial channel (2nd order). 

5. Replications within one soil system to compare ephemeral to intermittent to perennial 

transitions within that system. 
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Study Sites 

The study catchments are located entirely within forested protected areas with no 

development:  B.W. Wells Recreation Area in Falls Lake State Park, William B. Umstead 

State Park, and Carl Alwin Schenck Memorial Forest, a small teaching and research forest 

owned by NC State University (Figure 2).  At each study area, the specific streams to be 

included in the study were selected based on the criteria noted above.  For each study stream, 

the mouth of the catchment was selected at a point as far down the perennial segment as 

possible.  That point was limited variously by trail crossings and confluences with another 

perennial stream.    

 
Figure 2.  Study site location within Wake County 

B.W. Wells Recreation Area of Falls Lake State Park 

Five study catchments were identified and used in this area of Falls Lake State Park 

(Figure 3).  A small gated access road with a gravel surface is located along the ridge through 

the area.  The study catchments were situated on either side of the access road where very 

little to no road runoff entered the catchment.  The study catchments and streams in this area 
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were named Falls 1, Falls 2, Falls 3, Falls 4 and Falls 5.  Soil mapping units in the Falls 1-5 

catchments include Cecil clay loam, Cecil sandy loam, Cecil gravely sandy loam, and 

Madison sandy loam.  The Falls 1 catchment also includes Enon fine sandy loam and 

Mantachie fine loam.  The forest cover in the study catchments in the B. W. Wells 

Recreation Area consists of mixed upland hardwood stands with dominant trees estimated to 

be approximately 70-90 years of age. 

 

Figure 3.   B.W. Wells Recreation Area of Falls Lake State Park Study Sites 

W.B. Umstead State Park 
Two study catchments were selected in Umstead State Park (Figure 4).  There are no 

impervious surfaces located within either of the two catchments and no runoff from a nearby 
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gravel road enters either catchment.  The study catchments and streams in this area were 

named Umstead 1 and Umstead 2.   The two Umstead catchments contain soil mapping units 

Cecil gravelly sandy loam, Georgeville silt loam and Wake sandy loam.  The forest cover in 

the study catchments consists of mixed upland hardwood and mixed hardwood-pine stands 

with dominant trees estimated to be approximately 80-100 years of age.   

 
Figure 4.   W.B. Umstead State Park Study Sites 

Carl Alwin Schenck Memorial Forest 

One study catchment was selected in Schenck Memorial Forest, a small research and 

teaching forest adjacent to Umstead State Park that is owned by NC State University and 

managed by the Department of Forestry and Environmental Resources (Figure 5).  The study 
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catchment and stream are situated in a section of the forest that has no trails within the forest 

and that receives no runoff from a nearby gravel road.  The Schenck catchment contains 

Cecil sandy loam and Cecil gravely sandy loam soil mapping units. The forest cover in the 

Schenck catchment consists of a loblolly pine stand that was planted on an old field in 1938.  

The stand has received light thinnings three times, the last in the early 1990s.  Extensive 

application of Best Management Practices and small reductions of basal area precluded any 

significant hydrologic impacts of each thinning operation.   

 
Figure 5.  Carl Alwin Schenck Memorial Forest Study Site 
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Field Data Collection Methodology 

Stream Reach Layout 

The objective of the biologic component of the headwaters streams study was to 

determine the character of the benthic macroinvertebrate communities within ephemeral, 

intermittent, and perennial streams defined in accordance with the definitions in the river 

basin riparian buffer rules described earlier (15A NCAC 02B .0233).  Therefore, the study 

stream in each of the eight catchments was divided into the ephemeral, intermittent, and 

perennial stream segments by utilizing the NCDWQ methods for identification of 

intermittent and perennial stream origins (NC Division of Water Quality, 2005).  As noted 

earlier, the study streams were specifically selected to include ephemeral segments that 

transitioned to intermittent segments that transitioned to perennial segments.  This research 

and the related hydrologic and biologic research focused on the intermittent and perennial 

stream segments. 

Next, the intermittent and perennial stream segments were divided into study reaches 

of relatively uniform character at points in the channel where a significant change in 

geomorphology occurred.  Such points consisted variously of headcuts (mainly at the 

intermittent origin and in the intermittent segment), grade controls, or accumulations of large 

woody debris.  The number of study reaches in the eight streams ranged from 7-10 and were 

used for all three components of the headwaters streams study.  A point along the stream was 

located and marked with a stake at the approximate longitudinal center of each study reach 

for weekly measurements of depth of flow and the study reaches were also used as sampling 

reaches for the study of benthic macroinvertebrates (Williams, 2005).  The same study 
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reaches were used to focus the locations of channel measurements during the total station 

surveying of the stream channels. 

Surveying Methodology 

A detailed total station survey of stream dimension, pattern, and profile was 

conducted of each of the eight study streams.  Study stream channels were surveyed from a 

point a short distance upstream of the intermittent origin downstream to the catchment 

mouth.   The beginning point of the survey at each stream and the location of the first cross-

section was at a water table well located in the ephemeral channel approximately 50 ft. 

upstream of the intermittent stream origin.  The downstream ending point of the survey at 

each stream and the location of the last cross-section was at the mouth of the catchment, also 

the last downstream flow depth measurement point.    

The stream reaches were surveyed by a two person team.  Falls 2 and 3 were 

surveyed using a Topcon 230 series total station with a HP48GX data logger running TDS 

software.  The other sites were surveyed using a Sokkia Set 30R total station (not using its 

reflectorless mode) and a Carlson Explorer data logger running Carlson SurvCE software.   A 

2 7/8 in diameter prism with a 0 in offset was attached to the end of a 25 ft fiberglass level 

rod.  The longer rod was used to minimize the number of turning points necessary, but to 

minimize sources of error; shots were taken only with the rod locked into position at the 5 ft, 

9 ft, 13 ft and rarely the 17 ft intervals.   

Because no benchmarks in these areas were easily accessible, the total station was set 

to occupy stationing 5000.00, 5000.00, 100.00 (N, E, Z in feet).  The survey was 

georeferenced to the digital elevation model (DEM) using mapping grade global positioning 

survey (GPS) points collected at prominent features within the channel.    
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In order to progress down the reach, temporary benchmarks (in the form of 1 ft long 

sections of 3/8 in diameter rebar driven into the ground to the surface) were set.  Channel 

measurement points were made as a series of side shots from an occupied point.  Two point 

resections were performed to traverse the reach from the temporary benchmarks.   

Benchmarks were spaced along the stream channel in order to allow for an angle between the 

benchmarks of 90 and 150 degrees at the next occupied point.  The resection requirements 

were horizontal closures of over 2000 positional precision of closure (total length of 

resection divided by the horizontal difference in location) and .05 ft. elevation closure.   

Bank elevation and thalweg surface shots were taken as well as water surface shots 

where applicable.  Extra care was taken to insure that meanders in the channel in both the 

bank structures and the stream channel within the banks were accurately captured.   Channel 

cross sections were measured at each of the flow depth measuring points in the stream. 

Data was exported from the data loggers into AutoCAD 2004 and analyzed and 

displayed using Landesktop 3 and the SurveyCAD toolkit.  Longitudinal profiles and cross 

sections were analyzed using the alignment function in AutoCAD and exporting the data into 

Excel for analysis and display.  Measures of channel pattern were made from the AutoCAD 

map.  

Thalweg Measurement 

As a general rule, data points were collected at 5 ft intervals in the thalweg of the 

channel.  A higher density of surveying points were collected where head cuts, sharp changes 

in thalweg elevation and sudden changes in thalweg direction occurred.  In areas where long 

straight channel sections (runs) occurred with little elevation change, survey points were 

slightly further apart than the 5 ft interval.  Thalweg shots were given the following notation: 
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 T – thalweg 
 TR – thalweg (top of riffle) 
 BR – Thalweg (bottom of riffle) 
 MP – Thalweg (at the maximum depth point of a pool) 
 TP – Thalweg (at top of pool) 
 

Water Surface Measurements 

Water surface elevation measurements began at the most upstream point of flow in 

the channel on the day that surveying was conducted in a particular stream.  Water surface 

shots were done above every 3 thalweg shots, at the top and bottoms of riffles and above the 

max pool depths.  In long runs or in places where there was a cluster of thalweg shots with 

little gradient in the water surface, water surface shots were usually more than 3 thalweg 

shots apart but no further than 5 thalweg shots apart.  Water surface shots were given the 

following notation: 

W – Water surface 
 W-origin - the origin of the water surface for the reach on the day surveyed 
 

Bank Measurements 

Bank elevation measurements were made on both the left and right sides of the 

stream.  Total station shots were made to top of bank, bankfull elevation and the toe of the 

top of bank slope.  Top of bank is an indicator of the water stage where the water flows onto 

the floodplain at that point in the channel.  At channel points in higher elevations in the 

catchment as well as in places where the channel was deeply incised, the top of bank shots 

were often the only shots taken.  Bankfull shots were taken in locations where a distinct 

bankfull feature existed, assuming bankfull flow in this region of NC occurs with a 

probability of .01 to .02 each year.  Bankfull feature development is a factor that will be 

investigated during data analysis.  There were locations where a top of bank toe slope was 
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present.  Toe of slope occurs where there is a drop in elevation from the top of bank elevation 

in a relatively short distance to a bankfull bench and the bankfull bench is relatively flat from 

the bankfull shot to the toe slope.  Where the bankfull toe is not noted and there are both top 

of bank and bankfull elevation measurements, it is assumed that there was a gradual slope 

from the bankfull shot location to the top of bank.  Bank elevation shots were given the 

following notation: 

 LTOB – left top of bank 
 RTOB – right top of bank 
 LBKF – left bankfull 
 RBKF – right bankfull 
 LBTOE – left bank toe 
 RBTOE – right bank toe 

Tributary Measurements 

Tributaries that discharged to the main stream channel within each catchment were 

surveyed from the confluence to a  point approximately 20 ft up the channel or to its end if 

less than 20 ft in length..  Thalweg, water surface, and bank elevations were measured.  

Tributary shots were given the following notation: 

TRIB-T – tributary thalweg 
 TRIB-LTOB – tributary left top of bank 
 TRIB-RTOB – tributary right top of bank 
 TRIB-W – tributary water surface 
 BANK-JUNCT – the junction of the tributary bank and the main channel bank 

TRIBT-JUNCT – the junction of the tributary thalweg to the main channel thalweg 

Cross-section Measurements 

Cross sections of the channel were measured at each of the hydrology monitoring 

points.  Some additional cross sections were measured at points where we felt they might be 

of great assistance in explaining the geomorphology of the channel.  Multiple points within 

the channel were taken to accurately measure the cross sectional area from the survey.  Cross 
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sections were measured across from top of bank on the left side to the top of bank on the 

right side.  On some of the cross sections the measurement extended out into the flood plain.  

Cross sections were given the following notation: 

 F#-# (ex. F1-2 is Falls catchment 1 second monitoring well) 
 U denotes the Umstead catchments 
 S denotes the Schenck catchment 

* a notation of “w” after the monitoring site number indicates a monitoring 
well 

* a notation of an “m” after the monitoring site number indicates a flow depth 
measurement site marker 

*a notation of “ws” after the monitoring site number indicates the water 
surface at that cross section 

 

Global Positioning System Methodology 

A GPS survey of each catchment was conducted using a Leica Geosystems GS 500 

submeter accuracy GPS unit.  All measurement stations (where the cross section 

measurements were made), reach transitions (where channel geomorphology changed) and 

stream type transitions were mapped.  

Since no benchmarks were easily accessible to the field sites, the survey data was 

referenced to the arbitrary datum of (5000.00, 5000.00, 100.00).  The GPS data were used to 

georeference the land survey data to a more accurate location.  Land survey data from 

AutoCAD were imported into ArcGIS.  The temporary benchmarks at the stream segment 

and reach transitions in each stream were used as common reference points between the land 

survey data and the GPS data for each site. Using those points, the CAD data were 

transformed in ArcGIS to line up with the GPS data.   

The georeferenced survey data along with the GPS locations of ephemeral, 

intermittent and perennial stream origins were added to available mapping layers for 

comparison.   These layers included a 5 ft DEM generated from LIDAR bare earth data, 
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USGS 1:2400 scale topographic maps, and NRCS soil survey maps.  Catchment 

geomorphology measurements were made using the GPS points; 5 ft LIDAR DEM and the 

ArcGIS tool ArcHydro.  

Channel Geomorphology Measurements Derived from Survey Data 

Stream channel geomorphology measurements include measures of channel dimension, 

pattern and profile.  Dimension measurements were made at each hydrology monitoring 

station in the approximate longitudinal center of each study reach.  Stream pattern 

measurements were made for each study reach.  Profile measurements were made for each 

study reach, for the surveyed stream and for the entire surveyed catchment. 

Dimension Measurements 

 Cross sectional width:  In a well developed channel, the cross-sectional width is the 

width of the channel measured perpendicular to flow from left bankfull to right bankfull 

points.  Where no bankfull features were present, cross sectional width was measured 

perpendicular to the flow pattern from the left top of bank to the right top of bank.  The latter 

situations include entrenched (incised) channels and locations higher up in the catchment that 

don’t receive the flow necessary to develop bankfull features. 

 Maximum cross section depth:  Is the difference in elevation between the lowest 

elevation point in the channel cross section and the elevation where channel flow would first 

leave the channel and enter the floodplain (the lowest elevation of bankfull or top of bank 

measured). 

 Cross sectional area:  The area of the channel below the elevation of the lowest 

bankfull or top of bank feature.   
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 Cross sectional width to depth ratio:  Is simply the cross section width divided by the 

cross section maximum depth.  The ratio is used as an index of stream channel entrenchment.   

Pattern Measurements 

 Thalweg Length: The length of the channel measured along the thalweg. 

 Valley Length:  The direct line length from the most upstream thalweg point to the 

most downstream thalweg point. 

 Sinuosity:  Thalweg length divided by the valley length.  This ratio is used to 

determine the relative “straightness” of the channel.   The closer the sinuosity is to 1, the 

more linear the channel.   

 Belt width:  Is the width across the valley along the channel segment of interest in 

which the stream channel is located, i.e. the lateral distance from the outside edges of the 

meanders.  Channels that are straight have a belt width equal to that of the channel width and 

sinuous channels have a belt width that is much greater than channel width.   

 Meander wavelength: Is the straight line distance from the crest of one stream 

meander to the crest of the next stream meander downstream.   

 Radius of curvature:  Is the radius of a circle with arc closest to that of a particular 
stream bend (Figure 6).   
 

 
Figure 6.  Stream Pattern Measurements 
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Profile Measurements 

 In higher order streams in the Piedmont, riffle-pool sequences are well-developed 

and the profile (elevation points along the thalweg) displays how the riffle-pool sequence 

affects the channel character.  Within ephemeral and intermittent stream segments, riffle-pool 

sequences are absent or only poorly developed, so typical profile measures are irrelevant.  

However, for the ephemeral and intermittent segments, the longitudinal profile of the stream 

was exported and is available for viewing.  Drastic changes in bed elevations (head cuts) and 

the general slope of the channel (steeper vs. flatter) can be viewed.   

 Change in Channel Elevation:  Is the elevation at the most upstream thalweg point 

minus the elevation at the most downstream thalweg point. 

 Channel Slope Gradient:  Is the change in channel elevation divided by thalweg 

length.  Higher values of channel slope gradient (generally over 5%) indicate a higher 

hydraulic head within the channel, typically with faster moving storm flow and higher 

erosion rates.   

Catchment Geomorphology Measurements 

Catchment measurements were made using LIDAR data to generate a 5 ft DEM.  The 

DEM was provided by Mr. Thomas Colson.  Georeferenced survey maps of each of the 

catchments were layered over the DEM and the ArcGIS module ArcHYDRO was used to 

obtain catchment boundaries and drainage areas at each of the cross sections and stream 

origins.  Elevations at cross section measurement locations, stream origin locations, and 

ridgelines were obtained from the 5ft DEM.  Valley length measurements were obtained by 

using the measurement tool in ArcGIS to measure the distance from the point of interest in 

the channel to the highest ridge elevation in the associated stream catchment. 
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 Valley Length (L):  Straight line distance from the highest elevation on the catchment 

perimeter to the mouth of the catchment 

Drainage Area (A):  The land area which contributes water to a particular channel or 

set of channels (Leopold, 1964). 

Valley Slope Gradient: Change in Elevation from ridge to mouth / Valley Length 

Channel Slope Gradient: Change in Elevation within the channel / Channel Length 

Horton’s Form Factor:  F=A/ (L2)  

Stream Origin Types 
 

First order streams originate in a variety of ways depending on geomorphology, soils, and 

land use/land cover.  Experience across NC has resulted in the following classification 

scheme for first order origins that is being utilized in research on GIS stream mapping 

methods (Personal communication, Dr. James D. Gregory).    

 
Table 2.  Stream origin types 
CODE Stream Origin Type 
SEI  Ephemeral to intermittent stream. 
SEP  Ephemeral to perennial stream. 
SIP  intermittent to perennial stream. 

SWI  
slope wetland to intermittent stream, seasonal high water table at or above 
surface in the wetland, persistent dispersed overland drainage from the 
wetland during winter/spring. 

SWP  
slope wetland to perennial stream, seasonal high water table at or above 
surface in the wetland, persistent dispersed overland drainage from the 
wetland during winter/spring. 

SNI  slope (nonwetland) to intermittent stream which begins at a headcut with no 
ephemeral channel upslope. 

SNP  slope (nonwetland) to perennial stream which begins at a spring with no 
ephemeral channel upslope. 

LWI  linear wetland to intermittent stream. 
LWP  linear wetland to perennial stream. 
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DII  Ditch origin, intermittent in character. 
DIP  Ditch origin, perennial in character. 

SOI  intermittent stream origin at the outlet of a stormwater device (pond, pipe, 
etc). 

SOP  perennial stream origin at the outlet of a stormwater device. 

DOI  intermittent ditch origin at the outlet of a stormwater device where the ditch 
connects to the stream network. 

DOP  perennial ditch origin at the outlet of a stormwater device where the ditch 
connects to the stream network. 

     
SEI, SIP, SWI, and LWI types of stream origins are present within the study sites.  Ditching 

and stormwater out-falls are manmade features and the study catchments were specifically 

selected to exclude all headwaters stream networks that included manmade features that 

connected to the stream network.  Also SEP is an origin type that occurs mainly in the 

mountains, and was not present in the study sites.   
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CHAPTER 3: RESULTS AND DISCUSSION 

 Summaries of all data collected in this study are included in the appendices: 

Appendix 1:  Complete geomorphology data for each study stream and catchment. 
Appendix 2:  Charts of channel cross-sections for each study stream. 
Appendix 3:  Charts of longitudinal profiles for each study stream. 
Appendix 4:  Soil series descriptions. 

Geomorphology of Catchments at Intermittent and Perennial Stream Origins 

Data on catchment drainage area, channel slope gradient, valley length, and Horton’s 

Form Factor are shown in Table 3 for catchments draining to the eight study streams at the 

origins of the intermittent and perennial segments in each stream.  The origin of the 

intermittent segment is the point on the channel where the ephemeral segment transitions to 

the intermittent segment, i.e. an E/I origin.  The origin of the perennial segment is the point 

on the channel where the intermittent segment transitions to the perennial segment, i.e. an I/P 

origin.  
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Table 3. Summary of catchment data at each stream origin 

Stream 
Origin 
Type 

Drainage 
Area (acres) 

Ridge 
Elevation (ft) 

Base 
Elevation 

(ft) 

Major 
Axis 

Length 
(ft) 

Valley 
Slope 

Horton's 
Form 
Factor 

Falls 1 E/I 2.41 355.4 315.51 460 0.087 0.50 

Falls 1 I/P 38.48 373.5 274.77 1570 0.063 0.68 

Falls 2 E/I 15.61 376.7 291.09 1075 0.080 0.59 

Falls 2 I/P 16.70 376.7 277.78 1245 0.079 0.47 

Falls 3 E/I 3.55 375.4 306.96 625 0.110 0.40 

Falls 3 I/P 10.14 375.4 286.82 950 0.093 0.49 

Falls 4 E/I 8.00 375.4 313.28 630 0.099 0.88 

Falls 4 I/P 13.35 375.4 299.23 820 0.093 0.87 

Falls 5 E/I 6.87 377.4 308.02 660 0.105 0.69 

Falls 5 I/P 25.78 275.38 367.95 1595 0.067 0.44 

Schenck E/I 14.16 444.4 375.36 970 0.071 0.66 

Schenck I/P 15.47 444.4 369.8 1115 0.067 0.54 

Umstead 1 E/I 9.45 468.3 423.46 645 0.070 0.99 

Umstead 1 I/P 25.80 468.3 401.2 1310 0.051 0.65 

Umstead 2 E/I 10.24 396.8 333.21 872 0.073 0.59 

Umstead 2 I/P 14.44 396.8 327.41 908 0.076 0.76 
 

Figures 7–9 show examples of the three stream types.  An example of an ephemeral 

stream and the transition to the intermittent reach is shown in Figure 7.  The ephemeral reach 

of Falls 1 is a small, shallow channel with an abrupt transition to the intermittent reach at a 

large head cut.  This photo was taken after approximately 1.2 in of rainfall during the 

previous afternoon and evening and very low flow was still present in the ephemeral reach.  

In Figure 8 is the intermittent reach of Falls 3 and in Figure 9 is the perennial reach of 

Umstead 2.  
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Figure 7: Ephemeral Reach of Falls 1 

 

Figure 8: Intermittent Reach of Falls 3 
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Figure 9: Perennial Reach of Umstead 2 

The stream origins were determined at the start of The Headwaters Streams Study by 

application of the NCDWQ field method for stream origin determination.  Locations of the 

stream origins were provided by GPS field measurements from Thomas Colson in his Ph.D. 

research. 

Catchment Drainage Area 

Even with the very small sample of eight study sites, the catchment drainage areas at 

the locations of the origins of each stream type exhibited large variation (Figure 10).  

Ephemeral to intermittent transitions occurred at catchment sizes as low as 2.4 acres in the 

Falls 1 catchment and as high as 15.6 acres in the Falls 2 catchment which is adjacent to Falls 

1.  The intermittent to perennial transition occurred at catchment sizes as small as 10.1 acres 

in the Falls 2 catchment and up to 38.48 acres in the Falls 1 catchment.  The extremes in 
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catchment area among the eight study sites did not occur between two widely separated 

catchments, but between two adjacent catchments that seem quite similar in character.   

 

Drainage Area v. Origin Type
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  Figure 10. Drainage area at each stream origin 
 

Clearly, even in adjacent catchments there can be large variations in origin location 

compared to catchment area.   The intermittent origin in the Falls 2 catchment is at a higher 

catchment area than the perennial origin of  the Falls 3 catchment, which is adjacent to 

catchment 3.   With this degree of variance in catchments that are so similar to each other in 

land use history, geology, soils and location, one could expect that any or all of these factors 

would widen the range of possible catchment areas for intermittent and ephemeral origins.   

Variations in soil type within the same soil system, and even site specific variations in 

soil profile could be the reason behind the wide range of contributing drainage areas at the 
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origins of specific streams.  In this study, the soils in the Falls catchments were dominated by 

Madison soils, a Typic Kanhapudult, which is a well drained but relatively shallow soil with 

the C horizon emerging at 35 inches deep (Appendix 4).  Deeper Cecil (also a Typic 

Kanhapudult) soils with the C horizon appearing at a depth of 50 inches are present in the 

upper reaches of the Falls 1 and 2 catchments as well as throughout the Schenck catchment 

and in the upper reaches of the Umstead 1 catchment.  The Georgeville soil series (again a 

Typic Kanhapudult) is mapped in the lower reaches of the Umstead 1 catchment and 

throughout the  Umstead 2 catchment.  The Georgeville soil profile is even deeper than that 

of the Cecil soil, with a C horizon not present to a depth of 63 inches, the bottom of the 

profile described in the Official Series Description.  Deeper profile soils in the Umstead 1 

and 2 catchments, even with similar land use and history as the Falls catchments, suggest a 

difference in the makeup of the soil parent material that made weathering and soil 

development more rapid in the Umstead catchments.   

Even adjacent catchments with the same soil mapping units have large differences in 

catchment area.  The Falls 2 and Falls 3 catchments are adjacent to each other and both are 

mapped in the Madison soil type.  The EI origin of Falls 2 is at 15.6 acres, the EI of Falls 3 is 

at 3.5 acres, the IP of Falls 2 is at16.7 acres, and the IP of Falls 3 at 10.4 acres (which is 

lower than the EI of falls 2).  There are likely some differences in the soil parent material or 

soil physical properties between the Falls 2 and Falls 3 catchments that are not apparent in 

the soil mapping, but nonetheless, are contributing to different runoff characteristics.  

The soil of the flat braided section of Falls 1 (Figure 11) in an otherwise mature and 

stable catchment is mapped as Mantachie (Fluventic Endoaquept) which is a geologically 

young alluvial soil.  There is no comparable alluvial floodplain section in Falls 2.  The 
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upslope surface erosion processes during the agricultural era in these adjacent study 

catchments was likely very similar.  So, there is some small difference in the soil parent 

material, possibly a zone of much higher weathering resistance, or a bedrock nick point that 

limited stream down cutting and caused the zone of sediment accumulation.    

Figure 11. Braided Reach of Falls 1 

GIS remote mapping methodologies for stream channel delineation, particularly 

ArcHydro use a threshold drainage area, which is set arbitrarily by the user, for the 

determination of the location first order stream origins.  Researchers have proposed that a 

threshold value of drainage area does exist, varying for different soil classifications, wherein 

no intermittent stream reaches exist upslope of the point on the landscape defined by the 
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threshold drainage area.  Should this threshold exist, field investigation to determine stream 

origin locations would not be required in catchments smaller than the threshold area.   

The data collected in this project suggests that thresholds for the stream forming 

catchments do not exist in such simple forms.  Data collected here is consistent with Smith’s 

(2001) Master’s research data.  Using the NCDWQ stream origin methodology to define the  

catchment of intermittent streams, Smith studied the geomorphology of 86 catchments (47 

first order, 39 zero order) in the Piedmont area of North Carolina.  In the 47 first order 

catchments (E/I location), the mean drainage area was 6.12 hectares (15.1 acres) with a 

standard deviation of 3.4 hectares (8.4 acres) across the Felsic Crystalline, Carolina Slate 

Belt and Triassic Soil Systems.  In the same Soil System as this study, the Felsic Crystalline, 

a mean first order drainage area (E/I location) was 6.48 hectares (16.0 acres) with a standard 

deviation of 2.8 hectares (6.9 acres) with a sample size of 17 sites.   Variability of catchment 

drainage areas was high both within and among soil systems.  Smith (2001) used 1:24000 

scale USGS quad maps to determine catchment area and noted that digital elevation models 

(DEM) might provide a more precise catchment delineation.  A 5 foot resolution DEM model 

was used in calculating the catchment areas in this study.   

 While drainage area is certainly a contributing factor in the factors and processes that 

determine the point on the landscape at which a stream forms, my research supports the 

conclusion that there is not a uniform catchment drainage area that applies broadly.  This 

research supports Smith’s (2001) conclusions that remote determination of intermittent and 

perennial stream origins as a linear index of stream drainage area is not a viable method for 

accurate origin location.   
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Horton’s Form Factor 
 

Horton’s Form Factor (HFF) is an index of watershed shape.  Values of HFF for 

simple geometric figures are:  (1) HFF for a diamond is 0.50, (2) HFF for a circle is 0.785, 

and (3) HFF for a square is 1.  Therefore catchments with an HFF of 0.5 or less are relatively 

narrow and elongated, catchments with an HFF of 0.6 – 0.8 are more compact, and 

catchments with an HFF of 0.8 – 1.0 are quite wide and short. 

It seems intuitive that HFF would be related to catchment size at the origin of a first 

order stream, i.e. relatively wider and shorter catchments would be smaller at the first order 

stream origin.  During rainfall runoff, concentrated surface flow should accumulate quicker 

in the valley bottoms over a shorter longitudinal distance in compact catchments than in 

catchments that are relatively narrower and longer.   However, that intuitive trend was not 

apparent in the data on catchment size and HFF in this study (Table 3, Figure 12).  At the 

intermittent origins (E/I origin type), the areas of the more compact catchments (HFF of >  

0.59) ranged from 6.87 ac to 10.24 ac and the areas of the more elongated catchments (HFF � 

0.59) ranged from 2.41 ac to 15.61 ac.  Thus, in this very small sample of eight Piedmont 

first order streams, both the smallest and the largest catchments at the intermittent stream 

origin are quite elongated.  This large variation in HFF at origin location is consistent with 

Smith’s (2001) Master’s research in which he found a mean HFF of 0.677 with a standard 

deviation of 0.434 at the intermittent origin in Felsic Crystalline soil systems, sample size = 

17.   
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Horton's Form Factor v. Origin Type
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Figure 12. Horton’s form factor at each stream origin  

 

It is apparent that for Piedmont first order streams formed on felsic crystalline rocks 

and Typic Kanhapludult soils, factors other than catchment area and shape are controlling 

how and where runoff concentrates often enough during large storm events to erode a 

channel sufficiently large and deep to intercept the water table for at least part of the year.   

Variability in bedrock character and weathering rates and soil erodibility certainly are 

important factors.  The relative influence of land use history is unknown.  Except for very 

steep slopes or shallow stony soils, practically the entire southern Piedmont was in 

agricultural use during the 1800s and into the early 1900s.  Very thin or nonexistent soil A 

horizons and deep gullies attest to the severe erosion in the southern Piedmont during the 

long agricultural era.  Channel incision and relatively rapid upslope movement of head cuts 

very likely moved intermittent stream origins upslope.  However, that rate of movement was 
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likely influenced by multiple geologic, soils, climate, and tillage factors.   As with catchment 

area, Horton’s Form Factor appears to have no utility in predicting the location of an 

intermittent or perennial stream origin on the landscape. 

 
Valley Slope Gradient   
 
 As expected, valley slopes were typically higher at the intermittent origin than at the 

perennial origin (Table 3 and Figure 14).  This trend can be seen not only at origin locations 

but along the entire studied reaches as discussed below where catchment area is related to 

valley slope.  
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Figure 13. Valley slope at each stream origin 
 

Similarly to the proposed drainage area threshold, valley slope has been theorized as a 

possible threshold value to indicate the presence of a stream within a soil classification 
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system.  In this study, slope values at origins observed were also widely scattered like the 

drainage area values.  Valley slopes at intermittent stream origins ranged from 7% the  

Umstead 1 catchment (where the headwaters are a long slope wetland) to 11% in the Falls 3 

catchment.  Valley slopes at perennial stream origins ranged from 4.4% at the Falls 1 

catchment to 9% at the Falls 3 and 4 catchments.  In Smith’s (2001) research, average slope 

in the 17 first order catchments in the Felsic Crystalline soil system was 0.052 with a 

standard deviation of 0.024. This range is lower than the spread seen in this research, 

however this suggests that the catchment slope values at the intermittent origin likely range 

wider than found in either of these individual studies.   

Figures 14 and 15 shown below illustrate the variation in valley slope within the 

intermittent reaches of the streams studied.  Falls 3 (Figure 14) the valley was steep and at 

Umstead 1 the valley was much flatter (Figure 15). 

  
Figure 14. Falls 3 (steep valley slope) 
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Figure 15. Umstead 1 (flatter valley slope) 

  

Valley slope values show high variation from catchment to catchment, even among 

closely located catchments that have the same geographic location, land use history, and soil 

parent material.  The adjacent stream catchments of Falls 2 and Falls 3 show a 3% difference 

in slope values at their intermittent origins and a 1.4% difference in slope at their perennial 

origins.  Variation in location and the possible parent material differences widens the 

possible differences in slopes.  Catchment slopes at the intermittent origins in the Falls 

catchments range from 8% to 11% and in the two Umstead catchments, the slope values at 

the intermittent origins are around 7%, a value lower than the catchment slopes at the 

perennial origins in the Falls catchments. 

Although valley slope shows an overall trend of being lower in the perennial reaches 

than in their associated intermittent reaches, variation in slope within a channel is not a good 

indicator of a transition from intermittent to perennial stream.  At Falls 2 the slope is the 

same at the intermittent transition as it is at the perennial transition; the two origins are 
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actually quite close together on the landscape.  In the adjacent Falls 3 catchment, slope in the 

perennial origin reach is 2% lower than the slope in its intermittent reach.  These streams are 

adjacent and show very different slope progression from intermittent to perennial.   

Steep slopes in the upper ephemeral reaches of a stream allow for stormflow to 

transfer downstream faster than a flatter slope.  It is possible that slope plays a role in the 

type of origin observed (series of headcuts for steeper valleys, wetlands for flatter) and is 

likely part of a more complex puzzle in stream origin location, but no simple relationship has 

been observed. 

Relationship of Stream Geomorphology to Stream Type 

 The channel geomorphology indicators in the NCDWQ field method for the 

identification of the origins of intermittent and perennial streams are based on the 

presumption that channel geomorphology changes downstream in some regular fashion as a 

stream transitions from ephemeral, to intermittent, to perennial segments.  The field form 

used in the stream origin identification method has 13 geomorphology indicators.  Extensive 

experience in applying the field method across North Carolina has shown that the method 

works well in identifying stream origins, though the combination of geomorphology 

indicators that are present and developed to the greatest extent differs among physiographic 

regions and often differs among headwaters streams within a region with seemingly uniform 

physiography (Personal Communication, Dr. James D. Gregory).  Measuring and describing 

various channel geomorphology parameters had two purposes in this study:  (1) provide 

detailed descriptive information on these headwater streams to supplement the dearth of such 

information in the scientific literature on headwaters streams and (2) to determine if one or 
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more parameters had high utility in identifying the location of the intermittent or perennial 

stream origins.  

Stream Dimension 

Stream dimension refers to both cross-section shape and cross-sectional area at a 

particular location in a stream.  Cross-sectional measurements for stream dimension were 

made at each of the flow depth monitoring locations established for the hydrology phase of 

this study (Williams, 2005).  As noted earlier, the flow depth monitoring stations were 

established at the approximate longitudinal centers of stream reaches that were used as study 

reaches for all elements of The Headwaters Streams Study.  A total of 58 cross-sections were 

defined in the approximate longitudinal centers of the study reaches, 10 in Falls 1, 7 each in 

Falls 2-5, 6 at Schenck Forest and 7 each at Umstead 1 and 2.  The most common  

progression trend for channel dimension in relatively natural, unaltered streams is for channel 

cross-sectional area to increase progressively downstream.  This study included several 

streams that progressed as expected, starting with a shallow barely definable ephemeral 

channel that became larger as it transitioned downstream into an intermittent reach and then 

to a perennial channel with identifiable bankfull features.  Note in Figure 16 how the channel 

becomes larger and more defined progressively downstream.  Section view in the upper 

reaches, the channel is barely definable and in the lower reaches, the channel is clearly 

defined in the valley. 

 



 53 

Umstead 1

370

375

380

385

390

395

400

405

410

415

420

425

430

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Station (feet)

E
le

va
tio

n 
(f

ee
t)

XS 1 XS 2 XS 3 XS 4 XS 5 XS 6 XS 7  
Figure 16.  Example of the norm for stream cross-section progression downstream found at the Umstead 
1 stream. 
 
 

Figures 17, 18 and 19 are photos of the channel development as the channel 

progresses downstream in Umstead 1.  Figure 17 is the upper intermittent reach of Umstead 1 

where the channel is only a few feet wide and less than a foot deep, visible in the field from 

scour lines but difficult to define where the channel ends and the terrestrial landscape begins 

from the profile.  In Figure 18, further downstream in the Umstead 1 reach, more channel 

development is shown, the channel is deeper than in Figure 17 and the boundary between 

stream and terrestrial landscape better defined.  In Figure 19, at the end of Umstead 1 reach 

the channel is very defined, the channel is wider and deeper. 
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Figure 17. Headwaters of Umstead 1 

 

Figure 18. Mid-reach of Umstead 1 
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Figure 19. Lower reach of Umstead 1  

The downstream cross-section progression at Falls 1 (Figure 20) is notably different 

than the “expected” cross-section progression shown in Figure 10 for Umstead 1.  Channel 

cross-sections in the upstream portion of this stream progressed downstream as expected.  

However, at sections 6-9 (intermittent section of the stream), the well-developed channel all 

but disappears into a large, low gradient floodplain depositional area (the Mantachie soil) 

with multiple drainage pathways through the floodplain.  In section 10, the channel reforms 

as a deeply entrenched channel that is clearly perennial.  There is likely a bedrock nick point 

or some type of grade control caused by variation in the topography, soils, geology, or 

history of land use that is causing this progression, but the cause is not clear from close 

examination in the field.     
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Figure 20: Variation of stream cross-section progression with a low gradient, deposition zone in the 
perennial zone, Falls 1 stream. 

 

Figures 21-24 are photographs of the downstream progression of channel 

development in Falls 1.  Figure 21 shows a typical, stable intermittent reach.  In Figure 22, 

the stream channel is progressing and becoming deeper and more defined.  Downstream of 

Figure 22, the stream channel deteriorates into a depositional fan (Figure 23).  In Figure 24, 

the stream channel re-emerges deeply incised.   
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Figure 21. Ephemeral reach of Falls 1 
 

 
Figure 22. Mid-reach of Falls 1 
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Figure 23. Depositional Flat of Falls 1 
 

 
Figure 24. Perennial Reach flowing out of depositional flat of Falls 1 



 59 

 The same type of low gradient, depositional floodplain area that terminates in a sharp 

elevation drop at a grade control is also present in the intermittent section of the Schenck 

stream (Figure 25).  In that stream section, the main baseflow channel switched from the left 

side to the right side of the floodplain during Hurricane Fran (September 5-6, 1996) when a 

large tree fell into the stream (Personal communication, Dr. James D. Gregory).  Incision and 

deposition in the intermittent and perennial sections suggest that this channel might not yet 

be stable even though its catchment has been out of agricultural production and in sustainable 

forestry for 69 years.  The current ephemeral section of the stream is a very small and stable 

channel in the bottom of the former, very large agricultural gully that has become stabilized 

with trees and shrubs and a complete forest floor on the side slopes of the gully. 



 60 

Schenck

360

365

370

375

380

385

390

0 5 10 15 20 25 30 35 40 45

Station (feet)

E
le

va
tio

n 
(f

ee
t)

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6
  

Figure 25. Variation of stream cross-section progression, ephemeral channel within old gully, sediment 
fan in mid reach, deeply incised perennial stream outflow, Schenck stream. 
 

Such depositional floodplain zones that are usually jurisdictional wetland are 

relatively common in first and second order streams in the Piedmont and Mountains of NC 

(Personal communication, Dr. James D. Gregory).  The coarse textured alluvium in these 
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areas often provides a route for subsurface flow of baseflow when there is visible flow in the 

channel upstream and downstream of the sediment deposit.  

Stream Profile 

Stream profile is the longitudinal channel gradient along the thalweg of the stream.  

In this study, profile measurements were conducted on the study reaches associated with each 

cross-section to determine if/how channel slope gradient changed downstream from the 

intermittent origin to the mouth of the study catchment.   

Channel slope gradient is expected to be steeper in the upstream reaches (ephemeral 

and intermittent portion of the stream) compared to the downstream perennial reaches.  This 

trend was present in all 8 of the study streams with some minor variations (Table 4).  The 

Falls 2 stream has a lower slope gradient in the mid-reaches than in the most upstream 

reaches and increases again in reach 6 and 7.  The mouth of the Falls 2 catchment is at a 

confluence with the stream of the Falls 3 catchment which has a steeper channel grade than 

the Falls 2 stream.   The Falls 1 stream has a relatively steep slope gradient in reach 9 as the 

stream transitions from the depositional flat to the incised channel (Figure 26).  Umstead 1 

(Figure 26) and Falls 1 (Figure 27) are the largest catchments and the channel slope gradients 

in their lower reaches are the flattest. 
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Table 4: Channel slope gradient by reach in the study streams.   

Study Reach 
Stream 

1 2 3 4 5 6 7 8 9 10 

Falls 1 0.102 0.110 0.052 0.040 0.033 0.014 0.019 0.011 0.047 0.016 

Falls 2 0.088 0.092 0.081 0.020 0.041 0.078 0.089 - - - 

Falls 3 0.131 0.139 0.046 0.096 0.041 0.055 0.075 - - - 

Falls 4 0.087 0.049 0.032 0.046 0.049 0.027 0.053 - - - 

Falls 5 0.062 0.070 0.036 0.029 0.069 0.045 0.063 - - - 

Schenck 0.052 0.070 0.023 0.070 0.026 0.028 - - - - 
Umstead 1 0.059 0.027 0.031 0.019 0.023 0.025 0.013 - - - 
Umstead 2 0.072 0.076 0.043 0.041 0.034 0.030 0.035 - - - 
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Figure 26. Longitudinal profile of Falls 1 study site. 
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Umstead 1 - Longitudinal Profile
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Figure 27. Longitudinal profile of Umstead 1 study site. 
 

The longitudinal profile of the Falls 1 stream is shown in Figure 13.  In the upper 

ephemeral reaches of the catchment, channel slope is steepest, approximately 10%.  The 

stream becomes intermittent around station 150 and the channel slope declines to  

approximately 4%.  From station 800 to 1250 is the previously mentioned depositional fan.  

In Figure 13, you can see that the channel grade in that reach is much lower than in the 

“normal” intermittent reach upstream with slope values of approximately 1.5 % and there is 

virtually no difference in the bank elevation and the channel elevation.  At approximately 

station 1275, two rather abrupt headcuts form and the channel bed drops.  You can see from 

the bank tick marks that the bank structure in this area does not drop with the channel bed 

and that the channel is incised.  The slope of the incised channel portion is still at 1.5% but it 

has down cut to stable bedrock and saprolite which controls the grade.   
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The Umstead 1 profile (Figure 27) is closer to what is predicted for headwater stream 

reaches.  The ephemeral reach has a steeper grade than the rest of the stream, approximately 

6%.  The stream becomes intermittent around station 150 and the channel slope progressively 

declines with some minor fluctuations, changing from 3% to 2% to 1.5% progressing down 

reach.  The perennial origin for this stream is at station 970.  Low banks in the ephemeral 

reaches progress gradually to greater bank heights in the intermittent and perennial reaches. 

The stream is relatively stable with no large reaches of channel incision.  

Stream Pattern 

Stream pattern is the shape of the channel in plan view and sinuosity is a common 

parameter used to describe the character of stream pattern.  Sinuosity in the upstream reaches  

of a first order stream is expected to be low, with values close to 1.0 which indicates a 

relatively straight channel.  Downstream the channel becomes more sinuous with decreasing 

slope.  While this is the general trend in most of the streams studied, each stream has at least 

one reach that is an exception to the general trend (Table 5).  Falls 1 is very sinuous through 

the depositional area in reaches 6-9 and the incised portion of channel in reach 10 is 

straighter.  Channel bends, where the entire orientation of the streamflow changes, yielded 

higher sinuosity values in Falls 4 and Umstead 2.  The lower reaches of Umstead 1 have a 

larger catchment than most of the other streams and the higher sinuosity values in the 

downstream reaches are expected.  
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Table 5: Sinuosity by stream reach in the study streams.  

Stream 1 2 3 4 5 6 7 8 9 10 

Falls 1 1.13 1.12 1.10 1.20 1.12 1.38 1.34 1.30 1.72 1.25 

Falls 2 1.03 1.18 1.00 1.03 1.21 1.16 1.02 - - - 

Falls 3 1.01 1.07 1.06 1.08 1.07 1.04 1.28 - - - 

Falls 4 1.09 1.07 1.45 1.18 1.09 1.06 1.22 - - - 

Falls 5 1.18 1.12 1.06 1.30 1.08 1.30 1.05 - - - 

Schenck 1.03 1.08 1.31 1.23 1.21 1.12 - - - - 

Umstead 1 1.08 1.15 1.19 1.41 1.23 1.29 1.29 - - - 

Umstead 2 1.01 1.01 1.05 1.20 1.34 1.16 1.33 - - - 

 

Figure 28 shows an example of a highly sinuous channel.  Figure 29 shows a reach 

with a sinuosity near 1. 

  

Figure 28.  Highly sinuous channel – Falls 1 mid reach 
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Figure 29. Low sinuosity reach – Falls 5 upper reach 

 

 
Belt width, radius of curvature, and meander wavelength are additional measures of a 

stream pattern and are available in the Appendix summary tables for comparison, but don’t 

really explain more than the sinuosity measurements do here.   

Bankfull Features 

Bankfull features, notably bankfull benches, were present in the downstream reaches 

of 5 of the 8 study streams, Falls 1, Falls 4, Falls 5, Umstead 1, and Umstead 2 (Table 6).  

Bankfull features show a transition from the erosional processes in the upstream reaches 

(where the channel slope gradient is relatively high and sinuosity is relatively low) to 
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depositional processes (where channel slope gradient is lower and sinuosity is higher).  These 

features were first seen in the streams at points with catchment areas as small as 11.1 ac 

(Falls 4).  At the Umstead 1 stream, bankfull features were absent in the stream until a 

catchment area of 28.3 ac was reached.  The formation of bankfull features in a first order 

stream is likely influenced by multiple factors, not necessarily only those measured in this 

study.  Land use history, soil characteristics, geology, and geography of the catchment sites 

were similar to try to eliminate some of the possible causes of variation in study data.  

Variation in these characteristics could lead to even greater variation in the development of 

bankfull features.  In the very small dataset of streams in this study, there does appear to be a 

minimum catchment area threshold for the development of bankfull features in the stream 

channel.   

Table 6: Drainage area threshold at which bankfull features were first found in each study stream. 

Stream Drainage Area where Bankfull Features Were First 
Found 

Falls 1 20.9 acres 
Falls 2 None in stream, catchment area = 16.7 acres 
Falls 3 None in stream, catchment area = 11.3 acres 
Falls 4 11.1 acres 
Falls 5 16.9 acres 
Schenck None in stream, catchment area = 15.8 acres 
Umstead 1 28.3 acres 
Umstead 2 24.4 acres 
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Relationships Between Channel Geomorphology Parameters and Between Catchment 
and Channel Geomorphology Parameters 

Stream Geomorphology Comparisons 

Channel Slope Gradient v. Cross-sectional Area 

 There is no apparent relationship between the channel slope gradient of a study reach 

and the cross-sectional area at the longitudinal center of the reach among the 8 streams 

studied.   Channel slope gradient varied from 1% to 14% without any apparent relationship to 

channel cross-sectional area (Figure 30). 

Channel Slope v. Cross-sectional Area
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Figure 30: Channel slope v. cross-sectional area regression line. 
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Cross Section Width to Depth Ratio v. Channel Slope Gradient 

 No apparent relationship exists between the channel slope gradient of a reach and the 

width to depth ratio of the cross-section at the center of the reach among the 8 study streams 

(Figure 31).  Width to depth ratio varies regardless of slope gradient.  Two outlier data points 

on this graph far from the trend line are within the depositional fan of Falls 1 where two 

small baseflow channels are relatively wide and shallow (width/depth is high) compared to 

all other reaches and channel slope gradient is low. 

 
 

Figure 31: Channel slope v. cross-sectional width to depth ratio regression line. 
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Catchment Geomorphology 

Catchment geomorphology measurements were made using the thalweg of the 

channel at the measurement locations (cross section locations) as the mouth of the catchment.  

Elevation at the thalweg, elevation at the highest ridge point, distance between those points 

and catchment area were used to define catchment geomorphology. 

Catchment area was compared to cross-sectional bankfull area, sinuosity, Horton’s 

Form Factor, and to basin elongation factor.  Linear regression was performed, the results of 

which are shown below. 

Valley Slope Gradient v. Catchment Area 

 The regression line of Figure 32 indicates a weak trend for a decrease in valley slope 

gradient as catchment area increases for the 8 study streams.  Wide variability exists in valley 

slope gradient at the lower drainage areas.  It is possible that this variability exists at higher 

drainage areas, but is not represented in this dataset since there are not many points at larger 

catchment areas.   
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Valley Slope v. Drainage Area
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Figure 32.  Valley slope v. drainage area regression line. 
 

Horton’s Form Factor v. Catchment Area 

 Regression analysis of these two factors shows a decreasing trend in Horton’s form 

factor as catchment area increases for the 8 study streams (Figure 33).  However, in the small 

catchments (around 5 acres or less) there was much higher variability in Horton’s form factor 

than in the larger catchments.  More data is needed to determine if the wide variability in 
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form factor apparent at the small catchment areas continues in larger catchments and to 

determine at what point catchment size may become a good predictor of Horton’s form 

factor.   

Catchment Area v. Horton's Form Factor
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Figure 33.  Horton’s form factor v. drainage area regression line. 
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Catchment Geomorphology Comparison with Stream Geomorphology 

Channel Cross-Sectional Area v. Catchment Area 

Linear regression analysis of cross-sectional area of the stream at the center of each 

reach with the catchment area at those points in the streams does not indicate a correlation 

between these two measures (Figure 34).  The general trend is for stream channel cross-

sectional area to increase as the catchment area increases.  However, variation in channel 

form with these small headwater streams makes for large deviation from the regression line.  

Entrenched channels have large cross-sectional areas at low catchment area values.  

Entrenched channels are common in the Piedmont of North Carolina and even more 

prevalent in areas that have been disturbed more recently than our study sites.  Data 

collection at more sites would likely increase the number of entrenched channel outliers from 

the regression line, not decrease them.  The Falls 1 stream in this study has a well defined 

channel in the upper reaches, but flattens out into a large sediment fan further downstream 

where the cross-sectional area is very low and catchment area is high. 
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Catchment Area v. Cross Sectional Area
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Figure 34.  Cross-section area v. drainage area regression line. 
 

Sinuosity v. Catchment Area 

 Regression analysis of these two factors for all reaches in the 8 study streams shows a 

strong trend that might be more defined if explored further with more sample streams and 

larger catchments.  As the catchment area increases, so does sinuosity, though the scatter of 

points about the regression line indicates that factors other than catchment area are 

influencing sinuosity (Figure 35).  A classic principle in fluvial geomorphology is that 
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channel form is indicative of the interaction of flow energy with channel resistance and that 

channel form is the resultant of constant downstream dissipation of potential energy in the 

streamflow (Leopold et al., 1964).  As channel slope gradient declines and mean flow 

velocity declines in a downstream direction, meanders form to increase total channel length 

to maintain the energy dissipation capacity of the stream.  As the catchment area increases, 

more water is delivered to the mouth of the stream during a precipitation event.  The larger 

the catchment, the more sinuous the headwater channel becomes to diffuse energy.  Other 

measures of dimension, pattern, and profile vary to reduce the energy of the flowing water. 

A relationship between sinuosity and catchment area in headwater streams is likely to 

exist.  All the stream segments measured in this study were first order catchments.  The 

larger the catchment area becomes, the more likely the stream is to become higher order.  

The sinuosity relationship may not follow the same trend line after a jump to higher order. 
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Catchment Area v. Sinuosity
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Figure 35.  Sinuosity v. drainage area regression line. 
 

Channel Slope Gradient v. Catchment Area 

 Linear regression of channel slope gradient of each reach and the catchment area at 

the downstream end of the reach for the 8 study streams shows a trend of channel slope 

gradient decreasing as drainage area increases (Figure 36).  As with many of the other 

channel/catchment geomorphology comparisons, there is high variability of channel slope 

gradient at the lower catchment areas.  Collecting data from more sites might help to better 
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define the character of that variation and the landscape factors that causes it.  Channel slope 

gradient in the study reaches varies from almost 14% to around 1% within the data collected.     

Channel Slope v. Drainage Area
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Figure 36.  Channel slope v. drainage area regression line. 
 

Cross Section Width to Depth Ratio v. Horton’s Form Factor 

 No apparent relationship exists between these two factors for the study reaches in the 

8 study streams (Figure 37).  Data points vary widely on either side of the linear regression 

line. 
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Horton's Form Factor v. Cross Sectional Width to Depth Ratio
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Figure 37.  Cross-sectional width to depth ratio v. Horton’s form factor regression line. 
 

Summary of Tested Geomorphologic Regression Relationships 

Simple linear regression analyses were conducted between certain pairs of channel 

geomorphology characteristics and between certain pairs of catchment and channel 

geomorphology characteristics to determine if significant relationships existed that might be 
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utilized in stream type determination and characterization.  A summary of the regression 

equations is provided in Table 5 below.  It is clear that none of the tested regressions 

explained enough of the variability to provide a usable tool in stream determination and/or 

characterization.  However, several of the regression equations do indicate a possible 

relationship that may be present if the geomorphologic character of a much larger sample of 

headwaters streams and their catchments was studied.  

 
Table 7. Regression equation and r-squared values for the relationships investigated. 

Test Equation r2 
Possible 
Relationship? 

Cross-sectional Area (sq ft) v. Catchment 
Area (ac) y=.0629x+2.5907 0.0382 no 
 Sinuosity v.  
Catchment Area (ac) y= 0.0084+1.0439 0.3545 yes 
Horton's Form Factor v.  
Catchment Area (ac)  y=-0.0205x+0.6757 0.1783 yes 
Valley Slope v.  
Catchment Area (ac) y=-0.001x+0.0964 0.3212 yes 
Channel Slope v.  
Catchment Area (ac) y=-0.0012x+0.0708 0.1623 yes 
Channel Slope v.  
Cross-sectional Area (sq ft) y=-0.0005x+0.0542 0.0032 no 
Channel Slope v.  
Cross-sectional Width to Depth Ratio y=-4.5951x+6.3942 0.0017 no 

 
The level of detail of the measurements of each stream channel involved a great deal 

of time per site in data collection.  Since data collection at each site was so time intensive, the 

study was restricted to data collection at 8 sites, a rather small sample size.  Much of this 

study is descriptive and the analyses were conducted to try to spot possible trends in the data, 

but true relationships cannot be determined with such a limited sample size.  Emerging trends  

shown here could be further explored with future research, allowing for stronger statements 

about relationships existing between catchment and channel geomorphology in this region. 
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Summary and Conclusions 

Catchment geomorphology measures were made at the intermittent and perennial 

origins and at each of the monitoring well locations along the eight stream reaches.  The 

measures of catchment geomorphology investigated were contributing drainage area, 

Horton’s form factor (an index of basin shape), and valley slope (calculated using the change 

in elevation from ridge to point of interest divided by the straight line length of between 

those two locations).  These three measures were highly variable across the eight headwater 

streams which share extremely similar soil types and land use histories.  None of these three 

measures provided a clear enough relationship to be a predictive factor for remote sensing 

practices to perform desktop determination of stream origination.  Of particular interest is the 

measure of catchment drainage area, which has been theorized to be a good threshold 

indicator of stream origin.  Drainage areas for the intermittent and perennial origins in this 

study vary from 2.4 acres to 15.6 acres for intermittent origins and 10.1 acres to 25.8 acres 

for perennial origins.  The spread of drainage area overlaps for each origin type, and it should 

be noted that the highest and lowest drainage areas for intermittent reaches in this study are 

in adjacent catchments suggesting that subtle site specific variations in soil characteristics 

yield large differences in stream emergence and that using drainage area threshold for stream 

origination would provide very poor results. 

 Stream geomorphology measurements of dimension, profile, and pattern were made 

for each reach associated with a well location on the study headwater streams.  Detailed 

measures of stream dimension (cross sectional width, depth, width to depth ratio, and area), 

pattern (sinuosity, radius of curvature, beltwidth, and wavelength) and profile (change in 
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elevation from top of reach to bottom, thalweg length for reach and reach slope) can be found 

in Appendix 1.  Summary measurements were used to describe the progression of stream 

geomorphology downstream, cross-sectional area for dimension, sinuosity for pattern, and 

slope for profile.  Channel slope and sinuosity progressed downstream as generally expected 

in headwater streams.  Steeper channel slopes were located in the upstream reaches and the 

slope declined with downstream progression.  Sinuosity increased from the upstream reaches 

to the downstream reaches.  Cross-sectional area trend-lines showed an increase from 

upstream to downstream, but the variation in these values made for extremely poor 

regression relationships with other channel parameters.  The study headwater stream reaches 

range from highly entrenched channels (with high cross-sectional areas) to normal channels 

to depositional flats with braided almost non-existent channels (low cross-sectional area) 

with very little relation to location in the reach.  Also noted, was the emergence of bankfull 

features in the channel reaches as the streams progressed downstream from ephemeral to 

intermittent to perennial type channels.  Well-developed bankfull features, which are both 

erosional and depositional channel features, first occurred well into the perennial stream 

reach when seen at all.  The contributing drainage areas where the bankfull features first 

occurred in the channels varied widely as would be expected considering the variation in 

contributing drainage area at each stream type origin location.   

 Regression analyses were performed on the available geomorphology measurements 

to determine whether any useful predictive relationships between catchment and channel 

parameters existed.  Given the small sample size and the large variability among all of the 

catchment and channel parameters studied among the eight study streams within that sample, 

all of the R2 values were low.  Of the analyses performed, the most likely relationships were 
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found to be between sinuosity v. catchment area and valley slope v. catchment area.  Less 

likely relationships included Horton’s form factor compared to catchment area and channel 

slope to compared catchment area.  Relationships not existing included: cross-sectional area 

v. catchment area, channel slope v. cross-sectional area, and channel slope v. cross-sectional 

width to depth ratio.  Of the possible relationships, all involved the catchment area which as 

noted above is not a good predictor of steam type origin location.  Valley slope may be 

related to catchment area, but neither is a good predictor of stream origin location.   
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Appendix 1:  Complete geomorphology data for each study stream and catchment.   

Appendix Table 1.1a  Falls 1 summary table 
Falls 1      
Lat/Long of Mouth 2109478.90, 818309.12     
Stream Development:      
Headwaters: Incised Ephemeral Channel (SEI)   
Channel Length Surveyed (ft) 1442.3   
Valley Length - At Mouth (ft) 1625   
Catchment Area at Mouth (ac) 38.97   
Cross Section / Reach Number 1 2 3 4 5 
Cross Section Measurements 
Max Depth 0.47 0.93 0.71 0.64 1.04 
Width 2.92 2.43 3.04 6.66 3.45 
Cross Sectional Area 0.83 1.55 1.59 3.22 3.03 
Width to Depth Ratio 6.21 2.61 4.28 10.41 3.32 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area (ft2) 89,925 118,675 131,075 488,825 551,325 
Catchment in Acres 2.06 2.72 3.01 11.22 12.66 
Ridge Elevation 355.4 355.4 355.4 365.4 365.4 
Cross Section Elevation 314.3 307.2 302.6 297.2 290.4 
Change in Elevation 41.1 48.2 52.8 68.2 75.0 
Length of Major Axis 400 450 510 995 1095 
Basin Elongation Factor 0.85 0.86 0.80 0.79 0.77 
Horton's Form Factor 0.56 0.59 0.50 0.49 0.46 
Valley Slope 0.10 0.11 0.10 0.07 0.07 
Adjacent Soil Mapping Unit Cecil Cecil Cecil Cecil Cecil 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach (ft) 30.4 61.8 87.5 141 91.6 
Valley Length (ft) 27 55.3 79.9 117.7 82.1 
Sinuosity 1.13 1.12 1.10 1.20 1.12 
Change in Channel Elevation (ft) 3.09 6.79 4.55 5.59 3.04 
Channel Slope 0.102 0.110 0.052 0.040 0.033 
Belt Width 8 17 24 27 17 

Meander Wavelengths (min, med, 
max, ave) 

10.1  13.9  
14.2 36.1  36.7 46.2  60.0 

57.4  83.8  
86.4 

13.0  
29.9  
54.6  
32.7   

Radius of Curvature (min, med, 
max, ave) 3.8  8.3 8.3  25.5 21.7  25.3 

9.2  33.5  
66.2 

5.2  13.1  
18.0  
12.5 

Bankfull Features Present? No No No  No No 

Note:   
EI within 

Reach 

Eph trib at 
top of 
reach 

Eph trib at 
top of 
reach 

Eph trib 
at top of 

reach 
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Appendix Table 1.1b Falls 1 summary table 
Falls 1 - continued      
      
      
      
      
      
       
Cross Section / Reach Number 6 7 8 9 10 
Cross Section Measurements 
Max Depth 1.35 0.29 0.18 0.75 1.69 
Width 4.69 2.16 3.03 4.15 5.71 
Cross Sectional Area 3.37 0.21 0.28 1.84 8.14 
Width to Depth Ratio 3.47 7.45 16.83 5.53 3.38 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area (ft2) 910,600 983,025 1,631,150 1,658,400 1,697,750 
Catchment in Acres 20.90 22.57 37.45 38.07 38.97 
Ridge Elevation 367.2 367.2 373.5 373.5 373.5 
Cross Section Elevation 286.8 283.0 281.0 278.0 270.3 
Change in Elevation 80.4 84.2 92.5 95.5 103.2 
Length of Major Axis 1195 1385 1490 1525 1625 
Basin Elongation Factor 0.90 0.81 0.97 0.95 0.90 
Horton's Form Factor 0.64 0.51 0.73 0.71 0.64 
Valley Slope 0.07 0.06 0.06 0.06 0.06 
Adjacent Soil Mapping Unit Madison Madison Mantachie Mantachie Mantachie 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach (ft) 372 197 164 156 141 
Valley Length (ft) 270 147 126 90.5 113 
Sinuosity 1.38 1.34 1.30 1.72 1.25 
Change in Channel Elevation (ft) 5.20 3.82 1.74 7.29 2.22 
Channel Slope 0.014 0.019 0.011 0.047 0.016 
Belt Width 51 49 27 41 36 

Meander Wavelengths (min, med, 
max, ave) 

18.4  34.4  
102.6  
40.1 

18.2  39.1  
56.5  35.7 77.9  99.4 

19.2  27.3  
36.0  26.8 

30.0  33.3  
42.8 

Radius of Curvature (min, med, 
max, ave) 

6.9  13.3  
27.5  14.7 

7.5  11.5  
33.7  14.9 

6.0  19.7  
29.0 

6.6  10.8  
14.4  10.4 

11.2  22.1  
33.7 

Bankfull Features Present? Yes No No No Yes 

Note:   

Sediment 
fan, braided 

channel 
Sediment 

fan   

IP within 
reach, Incised 

Channel 
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Appendix Table 1.2 Falls 2 summary table 
Falls 2         
Lat/Long  2108266,818104       

Stream Development:        

Headwaters: Ephemeral (SEI)     

Channel Length Surveyed (ft) 412     

Valley Length - At Mouth (ft) 1295     
Catchment Area at Mouth 
(acres) 16.71     

        

Cross Section / Reach  1 2 3 4 5 6 7 
Cross Section 
Measurements               

Max Depth 0.72 0.40 0.87 0.99 0.38 1.90 1.61 

Width 1.81 5.19 6.35 4.34 2.45 7.01 9.40 

Cross Sectional Area 0.65 1.37 3.82 3.37 0.69 10.23 10.74 

Width to Depth Ratio 2.51 12.98 7.30 4.38 6.45 3.69 5.84 

Catchment Geomorphology at Cross Section  
Contributing Catchment Area 
(ft2) 639,325 654,650 675,275 691,475 708,425 727,600 727,875 

Catchment in Acres 14.68 15.03 15.50 15.87 16.26 16.70 16.71 

Ridge Elevation 376.7 376.7 376.7 376.7 376.7 376.7 376.7 

Cross Section Elevation 296.9 295.1 292.2 288.6 285.2 278.7 272.9 

Change in Elevation 79.8 81.6 84.5 88.1 91.5 98.0 103.8 

Length of Major Axis 1000 1035 1060 1100 1160 1245 1295 

Basin Elongation Factor 0.90 0.88 0.87 0.85 0.82 0.77 0.74 

Horton's Form Factor 0.64 0.61 0.60 0.57 0.53 0.47 0.43 

Valley Slope 0.08 0.08 0.08 0.08 0.08 0.08 0.08 

Adjacent Soil Mapping Unit Cecil Madison Madison Madison Madison Madison Madison 

Channel Geomorphology Features of Reach  
Thalweg Length for Reach 
(ft) 38.8 34.7 35.9 41.9 123.0 84.6 52.6 

Valley Length (ft) 37.5 29.4 35.8 40.7 102.0 72.7 51.7 

Sinuosity 1.03 1.18 1.00 1.03 1.21 1.16 1.02 
Change in Channel Elevation 
(ft) 3.41 3.19 2.90 0.84 5.04 6.63 4.69 

Channel Slope 0.088 0.092 0.081 0.020 0.041 0.078 0.089 

Belt Width 11.0 13.0 11.0 9.0 23.0 25.0 10.0 
Meander Wavelengths (min, 
med, max, ave) 38.40 57.80 ** ** 

40.6  53.6  
59.0 63.3   70.0  42.00 

Radius of Curvature (min, 
med, max, ave) 20.60 9.00 ** ** 

5.7  9.8  
28.8  13.5 

18.4  21.8   
22.4 24.7  27.4 

Bankfull Features Present? No No No No No No No 

Note:     EI in reach   

Eph trib at 
top of 
reach IP in reach   
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Appendix Table 1.3  Falls 3 summary table 
Falls 3         
Lat/Long of mouth 2108250, 818107      
Stream Development:        

Headwaters: 

Flow out of seep (LWI) – 
upstream is also an ephemeral 
channel     

Channel Length Surveyed (ft) 669.9    
Valley Length - At Mouth (ft) 1115    
Catchment Area at Mouth (acres) 11.28    
Cross Section / Reach  1 2 3 4 5 6 7 
Cross Section Measurements 
Max Depth 0.57 0.57 0.50 1.05 1.24 1.43 1.82 
Width 5.16 3.48 4.80 3.18 10.12 7.19 9.49 
Cross Sectional Area 2.08 1.14 1.50 2.50 8.45 8.12 11.13 
Width to Depth Ratio 9.05 6.11 9.60 3.03 8.16 5.03 5.21 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area (ft2) 138,525 145,725 163,425 356,150 399,975 468,250 491,500 
Catchment in Acres 3.18 3.35 3.75 8.18 9.18 10.75 11.28 
Ridge Elevation 375.4 375.4 375.4 375.4 375.4 375.4 375.4 
Cross Section Elevation 313.8 308.6 302.6 297.6 290.9 280.1 275.9 
Change in Elevation 61.6 66.8 72.8 77.8 84.5 95.3 99.5 
Length of Major Axis 575 610 670 755 855 1035 1115 
Basin Elongation Factor 0.73 0.71 0.68 0.89 0.83 0.75 0.71 
Horton's Form Factor 0.42 0.39 0.36 0.62 0.55 0.44 0.40 
Valley Slope 0.11 0.11 0.11 0.10 0.10 0.09 0.09 
Adjacent Soil Mapping Unit Madison Madison Madison Madison Madison Madison Madison 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach (ft) 33.1 47.9 121 73.0 115 187 92.9 
Valley Length (ft) 32.7 44.8 114 67.3 107 179 72.4 
Sinuosity 1.01 1.07 1.06 1.08 1.07 1.04 1.28 
Change in Channel Elevation (ft) 4.35 6.65 5.61 7.00 4.75 10.29 6.96 
Channel Slope 0.131 0.139 0.046 0.096 0.041 0.055 0.075 
Belt Width 8 11 19 17 21 24 27 

Meander Wavelengths (min, 
med, max, ave) ** 

45.3  
45.7 

59.4  
65.2  
87.0 

22.9  
30.4  
30.9 

41.2  
43.5  
56.5 

112  
113  
129 72.3 

Radius of Curvature (min, med, 
max, ave) ** 

16.2  
25.3 

16.6  
43.3 8.6  9.4 

29.1  
33.9  
35.8 

13.6  
60.6  
90.6 10.9 

Bankfull Features Present? No No No No No No No 

Important Features:     

 EI/Seep 
at top of 

reach   
IP in 
reach     
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Appendix Table 1.4  Falls 4 summary table 
Falls 4        
Lat/Long at mouth 2107614,816240      
Stream Development:        

Headwaters: 
Entrenched Ephemeral channel 
(SEI)     

Channel Length Surveyed (ft) 1019.4    
Valley Length - At Mouth (ft) 1265    
Catchment Area at Mouth (acres) 17.97    
Cross Section / Reach  1 2 3 4 5 6 7 
Cross Section Measurements 
Max Depth 0.40 0.34 0.80 0.84 1.04 1.15 1.11 
Width 1.65 3.15 5.66 3.60 4.83 9.01 6.89 
Cross Sectional Area 0.46 0.65 2.69 2.60 2.63 6.99 6.10 
Width to Depth Ratio 4.13 9.26 7.08 4.29 4.64 7.83 6.21 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area (ft2) 125,250 326,150 484,075 624,300 680,000 740,075 782,900 
Catchment in Acres 2.88 7.49 11.11 14.33 15.61 16.99 17.97 
Ridge Elevation 367.2 375.4 375.4 375.4 375.4 375.4 375.4 
Cross Section Elevation 316.9 311.4 302.2 293.7 286.2 280.6 273.4 
Change in Elevation 50.28 63.96 73.16 81.66 89.16 94.76 101.96 
Length of Major Axis 530 580 720 895 1010 1135 1265 
Basin Elongation Factor 0.75 0.97 0.93 0.78 0.67 0.57 0.49 
Horton's Form Factor 0.45 0.97 0.93 0.78 0.67 0.57 0.49 
Valley Slope 0.09 0.11 0.10 0.09 0.09 0.08 0.08 
Adjacent Soil Mapping Unit Madison Madison Madison Madison Madison Madison Madison 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach (ft) 44.4 144 283 146 159 131 112 
Valley Length (ft) 40.7 135 195 124 146 124 91.8 
Sinuosity 1.09 1.07 1.45 1.18 1.09 1.06 1.22 
Change in Channel Elevation 
(ft) 3.86 7.05 8.94 6.71 7.77 3.58 5.98 
Channel Slope 0.087 0.049 0.032 0.046 0.049 0.027 0.053 
Belt Width 11 30 67 43 42 21 34 

Meander Wavelengths (min, 
med, max, ave) 31.4 

82.1  
92.0  

189.3 
16.8  29.6  
37.3  27.0 

41.7  
55.9  
65.1  
54.6 

46.0  
59.1  
61.3 

43.5  
54.0  
61.3  
54.1 

18.1  
27.5  
46.4  
29.9 

Radius of Curvature (min, 
med, max, ave) 43.8 

29.3  
35.8  
52.2  
38.3 

120.7  
189.3  

62.7  46.2 

9.1  
18.8  
30.1  
19.2 

19.7  
25.9  
30.4 

16.4  
19.5  
31.0  
22.1 

18.1  
27.5  
46.4  
29.9 

Bankfull Features Present? No No Yes Yes Yes No  No 

Important Features:   
Trib in 
reach 

Trib in 
reach     

Channel 
Breaks 
down 

into flat 
Channel 

forms 
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Appendix Table 1.5  Falls 5 summary table 
Falls 5        
Lat/Long  (215966, 818051)      
Stream Development:        
Headwaters: Long Ephemeral reach (SEI)     
Channel Length Surveyed (ft) 955     
Valley Length - At Mouth (ft) 1330     
Catchment Area at Mouth 
(acres) 18.28     
Cross Section / Reach  1 2 3 4 5 6 7 
Cross Section Measurements 
Max Depth 0.39 1.01 1.21 1.05 1.27 1.39 1.71 
Width 2.29 2.76 4.46 6.98 7.22 6.89 3.81 
Cross Sectional Area 0.60 1.05 4.26 5.04 5.21 7.94 5.13 
Width to Depth Ratio 5.87 2.73 3.69 6.65 5.69 4.96 2.23 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area 
(ft2) 290,475 305,925 430,050 549,500 598,425 737,375 796,175 
Catchment in Acres 6.67 7.02 9.87 12.61 13.74 16.93 18.28 
Ridge Elevation 377.4 377.4 377.4 377.5 377.5 377.5 377.5 
Cross Section Elevation 312.0 305.2 298.0 292.8 286.1 272.4 262.3 
Change in Elevation 65.4 72.2 79.4 84.7 91.5 105.1 115.2 
Length of Major Axis 590 660 795 905 1045 1220 1330 
Basin Elongation Factor 1.03 0.70 0.68 0.67 0.55 0.50 0.45 
Horton's Form Factor 0.83 0.70 0.68 0.67 0.55 0.50 0.45 
Valley Slope 0.11 0.11 0.10 0.09 0.09 0.09 0.09 
Adjacent Soil Mapping Unit Madison Madison Madison Madison Madison Madison Madison 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach (ft) 110 169 92.5 174 187 155 67.7 
Valley Length (ft) 93 151 87.6 134 173 119 64.4 
Sinuosity 1.18 1.12 1.06 1.30 1.08 1.30 1.05 
Change in Channel Elevation 
(ft) 6.81 11.86 3.35 5.07 12.94 7.05 4.24 
Channel Slope 0.062 0.070 0.036 0.029 0.069 0.045 0.063 
Belt Width 22 39 16 28 23 39 21 

Meander Wavelengths (min, 
med, max, ave) 

37.0  
44.9  
63.2 

117.9  
136.1 

38.3  47.0  
59.9 

38.0  
45.0  
96.1  
53.3 

41.3  
62.3  
85.7 

39.0  
46.8  
84.4  
54.2 42.7  54.6 

Radius of Curvature (min, 
med, max, ave) 

11.0  
11.7  
24.7 

24.4  
32.1 

18.2  18.7  
29.2 

17.0  
21.4  
23.8  
21.0 

39.6  
15.2  
27.8  
87.7 

18.0  
25.0  
33.8  
25.4 17.6  24.9 

Bankfull Features Present? No No No No No Yes Yes 

Note:   
EI in 
reach     

IP in 
reach     
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Appendix Table 1.6  Schenck summary table 
Schenck       
Lat/Long  (2082013, 752862)     
Stream Development:       

Headwaters: 
Valley slope ephemeral/ series of 
headcuts  (SEI)    

Channel Length Surveyed (ft) 604    
Valley Length - At Mouth (ft) 1210    
Catchment Area at Mouth (acres) 15.84    
Cross Section / Reach Number 1 2 3 4 5 6 
Cross Section Measurements 
Max Depth 0.97 0.59 0.66 1.89 2.03 1.85 
Width 4.67 4.12 5.38 4.66 7.25 5.67 
Cross Sectional Area 3.08 1.33 2.08 7.28 11.97 8.50 
Width to Depth Ratio 4.81 6.98 8.15 2.47 3.57 3.06 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area (ft2) 354,225 359,050 628,350 664,675 676,700 689,875 
Catchment in Acres 8.13 8.24 14.42 15.26 15.53 15.84 
Ridge Elevation 442.4 442.4 444.4 444.4 444.4 444.4 
Cross Section Elevation 379.3 376.6 370.8 366.7 364.3 362.0 
Change in Elevation 63.1 65.8 73.6 77.7 80.1 82.4 
Length of Major Axis 930 975 1075 1120 1160 1210 
Basin Elongation Factor 0.72 0.38 0.54 0.53 0.50 0.47 
Horton's Form Factor 0.41 0.38 0.54 0.53 0.50 0.47 
Valley Slope 0.07 0.07 0.07 0.07 0.07 0.07 
Adjacent Soil Mapping Unit Cecil Cecil Cecil Cecil Cecil Cecil 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach (ft) 179.1 103.9 125.4 44.0 75.0 76.6 
Valley Length (ft) 173.5 96.4 95.8 35.8 62.2 68.1 
Sinuosity 1.03 1.08 1.31 1.23 1.21 1.12 
Change in Channel Elevation (ft) 9.38 7.26 2.90 3.08 1.96 2.14 
Channel Slope 0.052 0.070 0.023 0.070 0.026 0.028 
Belt Width 31 31 54 34 27 27 
Meander Wavelengths (min, 
med, max, ave) 

118.2  
132.8 53.2  70.3 

48.1  
60.2 

36.8  
42.1 

59.4  
64.8 

46.5  
54.1 

Radius of Curvature (min, med, 
max, ave) 

65.2  
78.6 23.6  32.1 

39.1  
23.6 8.8  17.9 

12.6  
48.6 

12.9  
41.5 

Bankfull Features Present? No No No No No No 

Note: 

Entrench
ed - Eph 
Trib @ 

top reach 

EI in reach, 
Entrenched -  
Eph Trib @ 
bottom reach 

Multiple 
channels 

Multiple 
Channels 

Eph Trib 
at top of 

reach   
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Appendix Table 1.7  Umstead 1 summary table 
Umstead 1         
Lat/Long  2068800,766540      
Stream Development:        
Headwaters: Slope wetland (SWI)     
Channel Length Surveyed (ft) 2030     
Valley Length - At Mouth (ft) 1990     
Catchment Area at Mouth 
(acres) 

44.73     

Cross Section / Reach  1 2 3 4 5 6 7 
Cross Section Measurements 
Max Depth 0.24 0.53 0.35 1.43 1.1 0.89 1.12 
Width 2.69 1.32 6.53 4.16 4.88 5.41 4.56 
Cross Sectional Area 0.32 0.61 1.63 4.08 3.70 3.98 3.54 
Width to Depth Ratio 11.21 2.49 18.66 2.91 4.44 6.08 4.07 
Catchment Geomorphology at Cross Section  
Contributing Catchment Area 
(ft2) 

408,975 487,075 654,375 1,106,0
75 

1,229,725 1,766,5
75 

1,948,600 

Catchment in Acres 9.39 11.18 15.02 25.39 28.23 40.55 44.73 
Ridge Elevation 468.3 468.3 468.3 468.3 468.3 468.3 468.3 
Cross Section Elevation 423.6 418.1 411.6 401.1 395.2 383.4 375.7 
Change in Elevation 44.7 50.2 56.7 67.2 73.1 84.8 92.6 
Major Axis Length 645 750 945 1240 1450 1840 1990 
Basin Elongation Factor 1.12 0.87 0.73 0.72 0.58 0.52 0.49 
Horton's Form Factor 0.98 0.87 0.73 0.72 0.58 0.52 0.49 
Valley Slope 0.07 0.07 0.06 0.05 0.05 0.05 0.05 
Adjacent Soil Mapping Unit Cecil Cecil Cecil George-

ville 
Georgeville Georgevi

lle 
Georgeville 

Channel Geomorphology Features of Reach  
Thalweg Length for Reach 
(ft) 

119 174 296 373 308 529 231 

Valley Length (ft) 110 151 248 265 250 411 179 
Sinuosity 1.08 1.15 1.19 1.41 1.23 1.29 1.29 
Change in Channel Elevation 
(ft) 

7.00 4.77 9.32 7.14 7.05 13.06 2.96 

Channel Slope 0.059 0.027 0.031 0.019 0.023 0.025 0.013 
Belt Width 16.4 26.0 31.2 51.9 34.5 49.0 52.3 
Meander Wavelengths (min, 
med, max, ave) 

51.2  
55.9  
59.2  
55.4 

31.4  
67.8  
87.1  
63.5 

24.8  
36.6  
71.7  
41.3 

26.1  
44.3  
77.6  
39.9 

16.5   29.8  
50.2  30.3 

25.2  
57.7  
89.6  
56.1 

28.8  53.6  
108.0  
61.0 

Radius of Curvature (min, 
med, max, ave) 

14.7  
17.6  
23.5  
18.6 

11.7  
12.0  
16.6  
13.1 

6.9  
13.6  
31.3  
15.1 

5.6  8.1  
49.0  
12.1 

4.7  8.2  
66.4  13.0 

5.4  
11.4  
34.6  
13.0 

9.8   17.1  
32.2  20.8 

Bankfull Features Present? No No No No Forming Yes Yes 
Note: SWI in 

reach 
    IP in 

reach 
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Appendix Table 1.8  Umstead 2 summary table 
Umstead 2         
Lat/Long  2067080,7626000      
Stream Development:        
Headwaters: Valley slope ephemeral (SEI)     
Channel Length Surveyed 
(ft) 1169.3     
Valley Length - At Mouth 
(ft) 1300     
Catchment Area at Mouth 
(acres) 24.42     
Cross Section / Reach  1 2 3 4 5 6 7 
Cross Section Measurements 
Max Depth 0.29 0.34 0.45 0.87 0.61 0.86 1.19 
Width 2.56 3.29 2.98 6.16 5.73 3.95 4.47 
Cross Sectional Area 0.35 0.49 1.07 3.26 1.51 1.95 3.85 
Width to Depth Ratio 8.83 9.68 6.62 7.08 9.39 4.59 3.76 
Catchment Geomorphology at Cross Section  
Contributing Catchment 
Area (ft2) 293,875 394,700 451,175 628,975 676,050 850,125 1,063,925 
Catchment A in acres 6.75 9.06 10.36 14.44 15.52 19.52 24.42 
Ridge Elevation 385.9 396.7 396.8 398.4 398.4 398.4 398.4 
Cross Section Elevation 340.6 335.8 330.6 326.3 320.4 313.1 300.5 
Change in Elevation 45.3 60.9 66.2 72.2 78.0 85.3 98.0 
Length of Major Axis 610 770 785 915 930 1050 1300 
Basin Elongation Factor 1.00 0.67 0.73 0.75 0.78 0.77 0.63 
Horton's Form Factor 0.79 0.67 0.73 0.75 0.78 0.77 0.63 
Valley Slope 0.07 0.08 0.08 0.08 0.08 0.08 0.08 

Adjacent Soil Mapping Unit 
George

ville 
George

ville 
George

ville 
George

ville 
Georgevill

e 
George

ville 
George-

ville 
Channel Geomorphology Features of Reach  
Thalweg Length for Reach 
(ft) 54.3 65.7 88.3 138 160 280 383 
Valley Length (ft) 53.5 64.8 84 115 119 241 289 
Sinuosity 1.01 1.01 1.05 1.20 1.34 1.16 1.33 
Change in Channel 
Elevation (ft) 3.92 4.99 3.77 5.67 5.48 8.33 13.39 
Channel Slope 0.072 0.076 0.043 0.041 0.034 0.030 0.035 
Belt Width 7 10 14 33 47 38 75 

Meander Wavelengths (min, 
med, max, ave) 

channel 
is linear 

channel 
is linear 

18.7  
32.2  
41.8  
31.3 

42.4  
50.3  
53.6  
49.2 

42.6  53.3  
69.6  54.7 

56.6  
71.1  

101.8  
78.8 

25.7  47.7  
65.4  47.0 

Radius of Curvature (min, 
med, max, ave) 

channel 
is linear 

channel 
is linear 

14.3  
18.3  
23.2  
18.6 

10.8  
17.3  
20.3  
16.2 

19.1  20.1  
22.2  20.5 

11.1  
24.3  
36.6  
24.4 

8.62  19.4  
30.2  19.1 

Bankfull Features Present? No No No No No No Yes 

Note:     
EI in 
reach 

IP in 
reach   

Trib at 
top of 
reach 

Trib at top 
of Reach 
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Appendix 2:  Charts of channels cross-sections for each study stream.  
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Appendix Figure 2.1.  Falls 1 cross-sections. 
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Appendix Figure 2.2  Falls 2 cross-sections. 
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Appendix Figure 2.3.  Falls 3 cross-sections. 
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Falls 4
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Appendix Figure 2.4.  Falls 4 cross-sections. 
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Appendix Figure 2.5.  Falls 5 cross-sections. 
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Appendix Figure 2.6.  Schenck cross-sections. 
 



 104 

 

Umstead 1

370

375

380

385

390

395

400

405

410

415

420

425

430

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Station (feet)

E
le

va
tio

n 
(f

ee
t)

XS 1 XS 2 XS 3 XS 4 XS 5 XS 6 XS 7
 

Appendix Figure 2.7.  Umstead 1 cross-sections. 
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Appendix Figure 2.8.  Umstead 2 cross-sections. 
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Appendix 3:  Charts of longitudinal profiles for each study stream.
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Falls 1 - Longitudinal Profile

280

285

290

295

300

305

310

315

320

0 100 200 300 400 500

Station (feet)

E
le

va
tio

n 
(f

ee
t)

Thalweg Water Surface Banks
 

Appendix Figure 3.1a.  Falls 1 profile. 
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Falls 1 - Longitudinal Profile
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Appendix Figure 3.1b.  Falls 1 profile. 
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Falls 1 - Longitudinal Profile
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Appendix Figure 3.1c.  Falls 1 profile. 
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Falls 2 Longitudinal Profile
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Appendix Figure 3.2.  Falls 2 profile. 
 



 111 

Falls 3 Longitudinal Profile
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Appendix Figure 3.3a. Falls 3 profile. 
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Falls 3 Longitudinal Profile
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Appendix Figure 3.3b.  Falls 3 profile. 
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Falls 4 Longitudinal Profile

260

270

280

290

300

310

320

330

0 50 100 150 200 250 300 350 400 450 500

Station

E
le

va
tio

n

Thalweg Water Surface Banks
 

 
Appendix Figure 3.4a.  Falls 4 profile. 
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Falls 4 Longitudinal Profile
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Appendix Figure 3.4b.  Falls 4 profile. 
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Falls 4 Longitudinal Profile
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Appendix Figure 3.4c.  Falls 4 profile. 
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Falls 5 Longitudinal Profile
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Appendix Figure 3.5a.  Falls 5 profile. 
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Schenck - Longitudinal Profile
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Appendix Figure 3.6a.  Schenck profile. 
 



 118 

Schenck - Longitudinal Profile
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Appendix Figure 3.6b.  Schenck profile. 
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Umstead 1 - Longitudinal Profile
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Appendix Figure 3.7a.  Umstead 1 profile. 
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Umstead 1- Longitudinal Profile
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Appendix Figure 3.7b.  Umstead 1 profile. 
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Umstead 1 - Longitudinal Profile
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Appendix Figure 3.7c.  Umstead 1 profile. 
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Umstead 1 - Longitudinal Profile
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Appendix Figure 3.7d.  Umstead 1 profile. 
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Umstead 1 - Longitudinal Profile
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Appendix Figure 3.7e.  Umstead 1 profile. 
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Umstead 2 - Longitudinal Profile
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Appendix Figure 3.8a.  Umstead 2 profile. 
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Umstead 2 - Longitudinal Profile
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Appendix Figure 3.8b.  Umstead 2 profile. 
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Umstead 2 - Longitudinal Profile
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Appendix Figure 3.8c.  Umstead 2 profile. 
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Appendix 4:  Soil series descriptions 

CECIL SERIES 
The Cecil series consists of very deep, well drained moderately permeable soils on ridges and 
side slopes of the Piedmont uplands. They are deep to saprolite and very deep to bedrock. 
They formed in residuum weathered from felsic, igneous and high-grade metamorphic rocks 
of the Piedmont uplands. Slopes range from 0 to 25 percent. Mean annual precipitation is 48 
inches and mean annual temperature is 59 degrees F. near the type location. 

TAXONOMIC CLASS: Fine, kaolinitic, thermic Typic Kanhapludults 

TYPICAL PEDON: Cecil sandy loam--forested. (Colors are for moist soil unless otherwise 
stated.) 

Ap--0 to 8 inches; dark yellowish brown (10YR 4/4) sandy loam; weak medium granular 
structure; very friable; slightly acid; abrupt smooth boundary. (2 to 8 inches thick) 

Bt1--8 to 26 inches; red (10R 4/8) clay; moderate medium subangular blocky structure; firm; 
sticky, plastic; common clay films on faces of peds; few fine flakes of mica; strongly acid; 
gradual wavy boundary. 

Bt2--26 to 42 inches; red (10R 4/8) clay; few fine prominent yellowish red (5YR 5/8) 
mottles; moderate medium subangular blocky structure; firm; sticky, plastic; common clay 
films on faces of peds; few fine flakes of mica; very strongly acid; gradual wavy boundary. 
(Combined thickness of the Bt horizon is 24 to 50 inches) 

BC--42 to 50 inches; red (2.5YR 4/8) clay loam; few distinct yellowish red (5YR 5/8) 
mottles; weak medium subangular blocky structure; friable; few fine flakes of mica; very 
strongly acid; gradual wavy boundary. (0 to 10 inches thick) 

C--50 to 80 inches; red (2.5YR 4/8) loam saprolite; common medium distinct pale yellow 
(2.5Y 7/4) and common distinct brown (7.5YR 5/4) mottles; massive; very friable; few fine 
flakes of mica; very strongly acid. 

TYPE LOCATION: Franklin County, North Carolina; about 9.7 miles west of Louisburg on 
North Carolina Highway 56 to Franklinton, about 4.4 miles south on U.S. Highway 1, about 
0.4 mile east on North Carolina Highway 96, about 500 feet north of the road, in a field; 
Franklinton USGS topographic quadrangle; lat. 36 degrees 02 minutes 24 seconds N. and 
long. 78 degrees 29 minutes 27 seconds W. 

RANGE IN CHARACTERISTICS: The Bt horizon is at least 24 to 50 inches thick and 
extends to 40 inches or more. Depth to bedrock ranges from 6 to 10 feet or more. The soil 
ranges from very strongly acid to moderately acid in the A horizons and is strongly acid or 
very strongly acid in the B and C horizons. Limed soils are typically moderately acid or 
slightly acid in the upper part. Content of coarse fragments range from 0 to 35 percent by 
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volume in the A horizon and 0 to 10 percent by volume in the Bt horizon. Fragments are 
dominantly gravel or cobble in size. Most pedons have few to common flakes of mica in the 
Bt horizon and few to many flakes of mica in the BC and C horizons. 

The A or Ap horizon has hue of 2.5YR to 10YR, value of 3 to 5, and chroma of 2 to 8. A 
horizons with value of 3 are less than 6 inches thick. The texture is sandy loam, fine sandy 
loam, or loam in the fine earth fraction. Eroded phases are sandy clay loam, or clay loam in 
the fine earth fraction. 

The E horizon, where present, has hue of 7.5YR or 10YR, value of 4 to 6, and chroma of 3 to 
8. It is sandy loam, fine sandy loam, or loam in the fine-earth fraction. 

The BA or BE horizon, where present, has hue of 2.5YR to 10YR, value of 4 to 6, and 
chroma of 3 to 8. It is sandy clay loam, loam, or clay loam. 

The Bt horizon averages 35 to 60 percent clay in the control section but may range to 70 
percent in some subhorizons. It has hue of 10R or 2.5YR, value of 4 or 5, and chroma of 6 or 
8. Hue also ranges to 5YR if evident patterns of mottling are lacking in the Bt and BC 
horizons. Mottles that are few and random are included. The Bt horizon is clay loam, clay, or 
sandy clay and contains less than 30 percent silt. 

The BC horizon has hue of 10R to 5YR, value of 4 or 6, and chroma of 4 to 8. Mottles in 
shades of yellow or brown are few to common in some pedons. The texture is sandy clay 
loam, clay loam, or loam. 

The C horizon is similar in color to the BC horizon or it is variegated. It is loamy saprolite 
weathered from felsic, igneous and high-grade metamorphic rocks. 

COMPETING SERIES: These are the Appling, Bethlehem, Georgeville, Herndon, 
Madison, Nanford, Nankin, Pacolet, Saw, Tarrus, and Wedowee series in the same family. 
Those in closely related families are the Cataula, Chestatee, Cullen, Hulett, Lloyd, Mayodan, 
and Mecklenburg series. Appling soils have dominant hue of 7.5YR or yellower or where 
hue is 5YR it has evident patterns of mottling in a subhorizon of the Bt or BC horizon. 
Bethlehem soils have soft bedrock at depths of 20 to 40 inches. Cataula soils have a perched 
water table at 2 to 4 feet, Chestatee soils contain more than 15 percent, by volume, coarse 
fragments throughout. Cullen soils have more clay in the Bt horizon. Mayodan and 
Mecklenburg soils have mixed mineralogy and in addition, Mayodan soils formed in Triassic 
age sediments and Mecklenburg soils formed from basic diabase parent material. 
Georgeville, Herndon, Nanford, and Tarrus soils formed in Carolina slate and contain more 
than 30 percent silt. Hulett, Nankin, and Wedowee soils have a Bt horizon with hue of 5YR 
or yellower. In addition, Nankin soils formed from marine sediments. Lloyd soils have rhodic 
colors to depths of 40 inches or more. Madison, Pacolet, and Wedowee soils have thinner 
argillic horizons. Saw soils have hard bedrock at depths of 20 to 40 inches. 

GEOGRAPHIC SETTING: Cecil soils are on nearly level to steep Piedmont uplands. 
Slope gradients are 0 to 25 percent, most commonly between 2 and 15 percent. These soils 
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have developed in weathered felsic igneous and high-grade metamorphic rocks. Average 
annual precipitation is about 48 inches. Mean annual soil temperature is about 59 degrees F. 

 

MADISON SERIES 
The Madison series consists of well drained, moderately permeable soils that formed in 
residuum weathered from felsic or intermediate, high-grade metamorphic or igneous rocks 
high in mica content. They are very deep to bedrock and moderately deep to saprolite. They 
are on gently sloping to steep uplands in the Piedmont. Slopes are mostly between 4 and 15 
percent, but range from 2 to 60 percent. Near the type location, mean annual temperature is 
59 degrees F., and mean annual precipitation is 60 inches. 

TAXONOMIC CLASS: Fine, kaolinitic, thermic Typic Kanhapludults 

TYPICAL PEDON: Madison gravelly sandy loam. (Colors are for moist soil unless 
otherwise stated.) 

Ap--0 to 6 inches; yellowish brown (10YR 5/4) gravelly sandy loam; moderate, medium and 
coarse, granular structure; very friable; many fine and medium roots; few fine flakes of mica; 
fragments of quartz and schist about l inch in size, make up about 20 percent of horizon; 
strongly acid; clear smooth boundary. (2 to 9 inches thick) 

BE--6 to 9 inches; strong brown (7.5YR 5/6) sandy clay loam; weak, medium, subangular 
blocky structure; friable; many fine and medium roots; few faint clay films on faces of peds; 
common medium flakes of mica; common fragments of quartz and schist; strongly acid; clear 
wavy boundary. (0 to 5 inches thick) 

Bt--9 to 30 inches; red (2.5YR 4/8) clay; moderate, fine subangular blocky structure; friable; 
sticky; slightly plastic; few fine and medium roots; common fine pores; common distinct clay 
films on faces of peds; many fine flakes of mica; common fragments of quartz and schist; 
strongly acid; gradual wavy boundary. (12 to 30 inches thick) 

BC--30 to 35 inches; yellowish red (5YR 5/8) sandy clay loam; weak, fine and medium 
subangular blocky structure; friable; common distinct clay films on faces of peds; many fine 
flakes of mica; common fragments of quartz and schist; strongly acid; gradual irregular 
boundary. (0 to 14 inches thick) 

C--35 to 66 inches; yellowish red (5YR 5/8) saprolite of mica schist that is sandy loam; 
common, medium, distinct red (2.5YR 5/8) mottles; massive; friable; strongly acid. 

TYPE LOCATION: Catawba County, North Carolina; 5 1/4 miles southeast of Newton on 
N.C. Highway 16, one-eighth mile south on SR 1810, 2 1/8 miles southeast on SR 1858, 2 
miles west on SR 1874 and 500 feet north of road. 



 
130 

RANGE IN CHARACTERISTICS: Solum thickness ranges from 20 to 50 inches. Depth to 
bedrock is more than 6 feet. Content of coarse fragments, mainly gravel, ranges from 0 to 25 
percent in the A and E horizons and is 0 to 15 percent in the lower horizons. Content of mica 
ranges from few to many in the A, E, BE, and BA horizons; common or many in the Bt 
horizon; and many in the BC and C horizons. The soil is moderately acid to very strongly 
acid throughout, except where the surface has been limed. Limed soils are moderately acid or 
slightly acid in the upper part. 

The A or Ap horizon has hue of 2.5YR to 10YR, value of 3 to 5, and chroma of 3 to 8. It is 
loam, fine sandy loam, or sandy loam, in the fine-earth fraction. Eroded pedons are sandy 
clay loam or clay loam in the fine-earth fraction. 

The E horizon, where present, has hue of 7.5YR to 10YR, value of 3 or 5 and chroma of 3 to 
6. It is fine sandy loam or sandy loam in the fine-earth fraction. 

The BA or BE horizons, where present, have hue of 10R to 7.5YR, value of 4 to 6, and 
chroma of 3 to 8. They are sandy loam, loam or sandy clay loam. 

The Bt horizon commonly has hue of 10R to 5YR, value of 4 to 6, and chroma of 3 to 8. 
Some pedons have thin subhorizons of the Bt horizon that range to 5YR and do not have 
mottles. Texture is clay, sandy clay or clay loam. 

The BC horizon, where present, has hue of 10R to 5YR, value of 4 to 6 and chroma of 3 to 8. 
In some pedons it is mottled in shades of red, yellow, or brown. It is sandy loam, loam, sandy 
clay loam or clay loam. 

The C horizon has hue of 10R to 5YR, values of 4 to 6, and chroma of 2 to 8 or is mottled 
with these colors. In some pedons it is mottled in shades of red, yellow, or brown. It is 
saprolite of mica schist, mica gneiss, or other high-grade metamorphic or igneous rocks that 
are high in mica content. Textures are sandy loam, loam, or sandy clay loam. Locally, streaks 
or veins of soft quartz mica schist may be near the surface giving an irregular lower boundary 
to the Bt horizon. 

COMPETING SERIES: Soils in the same family are Appling, Bethlehem, Cecil, Nankin, 
Pacolet, Saw, Tumbleton, and Wedowee. Appling, Cecil, Nankin, Pacolet, Tumbleton and 
Wedowee soils lack the many flakes of mica that produce a characteristic slick feel to 
Madison soil material. Bethlehem and Saw soils are moderately deep to bedrock. Nankin and 
Tumbleton soils are underlain by stratified Coastal Plain marine sediments. 

GEOGRAPHIC SETTING: Madison soils are on gently sloping to steep Piedmont uplands. 
Slopes range from 2 to 60 percent, but are mostly between 4 and 15 percent. The soils 
formed in residuum weathered from felsic or intermediate, high-grade metamorphic or 
igneous rocks high in content of mica. The mean annual air temperature ranges from 58 to 65 
degrees F., and the mean annual precipitation ranges from about 40 to 65 inches. 
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ENON SERIES 
The Enon series consists of very deep, well drained, slowly permeable soils on ridgetops and 
side slopes in the Piedmont. They have formed in residuum weathered from mafic or 
intermediate igneous and high-grade metamorphic rocks such as diorite, gabbro, diabase, or 
hornblende gneiss or schist. Slope ranges from 2 to 45 percent. Mean annual precipitation is 
45 inches and mean annual temperature is 60 degrees F. near the type location.  

TAXONOMIC CLASS: Fine, mixed, active, thermic Ultic Hapludalfs  

TYPICAL PEDON: Enon fine sandy loam--forested. (Colors are for moist soil unless 
otherwise stated.)  

A--0 to 3 inches; dark grayish brown (10YR 4/2) fine sandy loam; weak medium granular 
structure; very friable; many fine and medium roots; few medium fragments of quartz and 
black concretions; strongly acid; clear smooth boundary. (2 to 9 inches thick)  

E--3 to 8 inches; yellowish brown (10YR 5/4) fine sandy loam; weak medium granular 
structure; very friable; many fine and medium roots and root channels; few medium black 
concretions; moderately acid; clear wavy boundary. (0 to 7 inches thick)  

BE--8 to 11 inches; light olive brown (2.5Y 5/4) sandy clay loam; weak medium subangular 
blocky structure; friable, slightly sticky, slightly plastic; few distinct clay films on faces of 
peds; few fine roots and root channels; slightly acid; gradual wavy boundary. (0 to 5 inches 
thick)  

Bt1--11 to 21 inches; yellowish brown (10YR 5/8) clay; moderate, medium, prismatic 
structure that parts to moderate medium angular blocky structure; firm, sticky, plastic; many 
distinct clay films on faces of peds; few fine and medium roots between peds; few fine pores 
and root channels; common fine and medium black concretions; slightly acid; gradual wavy 
boundary.  

Bt2--21 to 33 inches; yellowish brown (10YR 5/8) clay; moderate medium angular blocky 
structure; firm, very sticky, plastic; few fine roots and pores; many distinct clay films on 
faces of peds; many medium black concretions; few medium gravel; neutral; gradual wavy 
boundary. (Combined thickness of the Bt ranges from 10 to 45 inches.)  

C--33 to 75 inches; mottled brownish yellow (10YR 6/8), black 10YR 2/1), and dark 
greenish gray (5GY 4/1) loam saprolite; massive; friable; neutral.  

TYPE LOCATION: Guilford County, North Carolina, one mile southwest of Greensboro, 
North Carolina, 25 feet north of State Road 1662 and 450 feet east of State Road 1387.  

RANGE IN CHARACTERISTICS: The solum thickness ranges from 20 to 50 inches. 
Depth to bedrock is more than 60 inches. Reaction is strongly acid through slightly acid in 
the upper horizons and strongly acid to moderately alkaline in the lower horizons. Black 
manganese concretions range from few to common in some horizons of most pedons. COLE 
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ranges from .04 to .09. Rock fragment content ranges from 0 to 60 percent by volume in the 
A, Ap, and E horizons, and from 0 to 15 percent in the lower horizons. Fragments range from 
gravel to stones.  

The A or Ap horizon has hue of 7.5YR to 2.5Y, value of 3 to 5, and chroma of 2 to 4. 
Texture is sandy loam, fine sandy loam, loam, or silt loam in the fine-earth fraction. In 
eroded phases the Ap horizon is clay loam or sandy clay loam in the fine-earth fraction.  

The E horizon, where present, has hue of 10YR or 2.5Y, value of 4 to 6, and chroma of 2 to 
4. It is sandy loam, fine sandy loam, or loam in the fine-earth fraction.  

The BA or BE horizon, where present, has hue of 7.5YR to 2.5Y, value of 4 to 6 and chroma 
of 3 to 8. Texture is loam, clay loam, or sandy clay loam.  

The Bt horizon has hue of 7.5YR to 2.5Y, value of 4 to 6, and chroma of 4 to 8. Mottles of 
high and/or low chroma are in lower Bt horizons of some pedons. It is clay or clay loam.  

The BC or CB horizon, where present has hue of 7.5YR to 5Y, value of 4 to 6, and chroma of 
3 to 8, and typically has few to many mottles in shades of brown or yellow. In some pedons, 
this horizon lacks a dominant color and is mottled in shades of brown or yellow. Texture is 
sandy clay loam, clay loam, or loam.  

The C horizon has the same colors and the BC and CB horizons or is mottled or multicolored 
loamy saprolite weathered from mafic or intermediate, igneous or high-grade metamorphic 
rocks.  

COMPETING SERIES: These are Brantley, Canton Bend, Capshaw, Cowton, Gundy, 
Hampshire, Maben, Magnet, Mecklenburg, Meth, Skyuka, Spray, Sugartown, Wynott, and 
Zuber series. Brantley, Meth and Zuber soils, on Coastal Plain uplands, have thicker sola. In 
addition Brantley and Meth soils have hue that ranges to 2.5YR, and Zuber soils have sandy 
A and AB horizons. Canton Bend, Cowton, Gundy, Magnet, and Mecklenburg soils have 
hues redder than 7.5YR. In addition, Canton Bend, on stream terraces, have mica in the upper 
sola and more than 30 percent silt in the control section. Cowton soils have Cr horizons at 20 
to 40 inches. Gundy soils are underlain by Carolina slates and fine grained schist rock at 40 
to 72 inches. Capshaw and Hampshire soils are underlain by hard limestone at depths less 
than 60 inches. Maben soils have micaceous sands and shale at depths less than 60 inches. 
Skyuka soils have C horizons of alluvium, moderate shrink-swell potential in the Bt horizon, 
and range to 5YR hue in the Bt horizon. Spray soils have sola less than 20 inches thick. 
Sugartown soils have sola more than 60 inches thick. Wynott soils have a depth to soft 
bedrock of 20 to 40 inches.  

GEOGRAPHIC SETTING: Enon soils are gently sloping on ridgetops and sloping to steep 
on the side slopes in the Southern Piedmont uplands. Slopes are generally between 4 and 10 
percent but range from 2 to 45 percent. The soil formed in clayey residuum weathered from 
mafic or intermediate, igneous or high-grade metamorphic rocks such as diorite, diabase, 
gabbro, or hornblende gneiss or schist. Mean annual precipitation is 45 inches and the mean  
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GEORGEVILLE SERIES 
The Georgeville series consists of very deep, well drained, moderately permeable soils that 
formed in material mostly weathered from fine-grained metavolcanic rocks of the Carolina 
Slate Belt. Slopes are 2 to 50 percent. 

TAXONOMIC CLASS: Fine, kaolinitic, thermic Typic Kanhapludults 

TYPICAL PEDON: Georgeville silt loam - forested. (Colors are for moist soil.) 

0e--1 to 0 inches; decayed leaves and live roots. 

A--0 to 4 inches; dark yellowish brown (10YR 4/4) silt loam; weak medium subangular 
blocky structure; friable; many fine and common medium roots; strongly acid; abrupt smooth 
boundary. (2 to 9 inches thick) 

E--4 to 6 inches; yellowish brown (10YR 5/4) silt loam; weak medium subangular blocky 
structure; friable; many fine and medium roots; strongly acid; abrupt broken boundary. (0 to 
5 inches thick) 

Bt1--6 to 10 inches; yellowish red (5YR 5/6) silt clay loam; weak fine subangular blocky 
structure; friable; common fine and few medium roots; few distinct clay films on faces of 
peds; common fine pores; strongly acid; clear smooth boundary. 

Bt2--10 to 28 inches; red (2.5YR 4/8) clay; moderate fine subangular blocky structure; 
friable; few fine and medium roots; common distinct clay films on faces of peds; common 
fine pores; strongly acid; clear smooth boundary. 

Bt3--28 to 41 inches; red (2.5YR 4/6) clay with few fine prominent strong brown (7.5YR 
5/8) mottles; moderate fine and medium subangular blocky structure; friable; common 
distinct clay films on faces of peds; few fine pores; strongly acid; gradual smooth boundary. 

Bt4--41 to 53 inches; red (2.5YR 4/6) silty clay loam with few fine prominent yellowish 
brown (10YR 5/6) and brownish yellow (10YR 6/8) mottles; moderate coarse subangular 
blocky structure; friable; few fine roots; common distinct clay films on faces of peds; few 
fine pores; few fine flakes of mica; strongly acid; gradual smooth boundary. (Combined 
thickness of the Bt horizon ranges from 24 to 48 inches or more) 

BC--53 to 63 inches; red (2.5YR 4/6) silty clay loam with common fine and medium 
prominent reddish yellow (7.5YR 6/8) and few fine distinct dark yellowish brown (10YR 
4/6) mottles; weak coarse and very coarse subangular blocky structure; friable; few fine 
roots; few faint clay films on faces of peds; few fine flakes of mica; strongly acid. (5 to 25 
inches thick) 
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TYPE LOCATION: Lancaster County, South Carolina; 6 miles northeast of Lancaster, 
South Carolina; 1.3 miles east of junction of State Highway 28 and 82; 60 feet south of State 
Highway 28; and 235 feet southeast of power pole no. COA31. 

RANGE IN CHARACTERISTICS: Thickness of the clayey part of the Bt horizon ranges 
from 24 to 48 inches. Depth to the bottom of the clayey Bt horizon exceeds 30 inches. Depth 
to a lithic contact is more than 60 inches. The soil is very strongly acid to neutral in the A 
horizon and very strongly acid or strongly acid throughout the rest of the profile. Content of 
rock fragments ranges 0 to 20 percent in the A and E horizons, and 0 to 10 percent in the Bt, 
BC and C horizons. Few fine flakes of mica are in the lower part of the solum of some 
pedons, and some pedons may have few fine manganese concretions in the surface and upper 
subsoil horizons. 

The A horizon has hue of 5YR to 2.5Y, value of 4 or 5 and chroma of 0 to 8. It is silt loam, 
loam, sandy loam, fine sandy loam, very fine sandy loam in the fine-earth fraction. Where 
eroded, the A horizon has hue of 2.5YR to 7.5YR, value of 4 or 5, and chroma of 4 to 8. It is 
clay loam or silty clay loam. 

The E horizon, where present, has hue of 5YR to 2.5Y, value of 4 or 5, and chroma of 3 to 8. 
It is silt loam, loam, sandy loam, fine sandy loam, very fine sandy loam in the fine-earth 
fraction. 

The upper part of the Bt horizon of many pedons has hue of 2.5YR or 5YR, value of 4 or 5 
and chroma of 6 to 8. The middle part of the Bt horizon, and in many pedons the upper part 
of the Bt horizon, has hue of 10R or 2.5YR, value of 4 or 5 and chroma of 6 to 8. The lower 
part of the Bt horizon has hue of 10R or 2.5YR, value of 4 or 5 and chroma of 6 to 8, 
commonly with mottles in shades of red, yellow, or brown. The Bt horizon is clay loam, silty 
clay loam, silty clay or clay. The particle-size control section averages more than 30 percent 
silt or more than 40 percent silt plus very fine sand, or less than 15 percent sand coarser than 
very fine sand.. 

The BC horizon has hue of 10R to 5YR, value of 4 to 6, and chroma of 6 to 8, commonly 
with mottles in shades of yellow or brown. It is silt loam, loam, silty clay loam, or clay loam. 

The C horizon has hue of 10R to 10YR, value of 4 to 6, and chroma of 3 to 8, commonly 
with mottles in shades of brown, yellow, white, gray, or red. In some pedons, the C horizon 
is coarsely mottled in shades of red, brown, yellow or gray. The C horizon is silt loam, loam, 
very fine sandy loam, fine sandy loam, sandy loam, or silty clay loam saprolite of fine-
grained metavolcanic rock. 

COMPETING SERIES: These are the Appling, Aragon, Cataula, Cecil, Chestatee, Darley, 
Herndon, Hulett, Kolomaki, Mahan, Nanford, Nectar, Neeses, Pacolet, Spotsylvania, Tarrus, 
and Wedowee series. Appling, Cecil, Hulett, Pacolet, and Wedowee soils have less than 30 
percent silt in the control section. Aragon soils have Bt horizons that are mottled in the upper 
part. Aragon and Nectar soils formed in weathered limestone, sandstone, shale, or siltstone. 
Chestatee soils have more than 15 percent by volume of coarse fragments throughout. Darley 
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soils contain layers of fractured ironstone in the B horizon. Herndon soils have Bt horizons 
with hue of 5YR or yellower. Nanford and Tarrus soils have a depth to weathered bedrock of 
40 to 60 inches. Spotsylvania soils have a lithologic discontinuity. Mahan soils formed in 
coastal plain sediments and have coarse fragments of ironstone. 

GEOGRAPHIC SETTING: Georgeville soils are on gently sloping to moderately steep 
Piedmont uplands. Slopes are generally 6 to 15 percent but range from 2 to 50 percent. The 
soil formed in residuum weathered from fine-grained metavolcanic rocks. Mean annual 
precipitation ranges from 37 to 60 inches, mean annual temperature ranges from 59 to 66 
degrees F, and the frost-free season ranges from 190 to 240 days. 

 

MANTACHIE SERIES 
The Mantachie series consists of somewhat poorly drained, moderately permeable soils. 
They formed in loamy alluvium. These soils are on flood plains. They usually flood late in 
winter and early in spring. The seasonally high water table is at a depth of 1.0 to 1.5 feet. 
Slope is dominantly less than 1 percent but ranges to 3 percent. 

TAXONOMIC CLASS: Fine-loamy, siliceous, active, acid, thermic Fluventic Endoaquepts 

TYPICAL PEDON: Mantachie loam, on a 1 percent slope, in cropland. (Colors are for 
moist soil.) 

Ap--0 to 5 inches; dark grayish brown (10YR 4/2) loam; weak fine granular structure; 
friable; common fine roots; few fine concretions of iron and manganese oxides; common fine 
distinct dark yellowish brown (10YR 4/4) masses of iron accumulation; slightly acid; abrupt 
smooth boundary. (3 to 8 inches thick) 

A--5 to 11 inches; brown (10YR 4/3) fine sandy loam; weak fine granular structure; friable; 
few fine roots; few fine concretions of iron and manganese oxides; many fine and medium 
faint grayish brown (10YR 5/2) iron depletions; many fine and medium distinct light 
yellowish brown (10YR 6/4) masses of iron accumulation; very strongly acid; clear wavy 
boundary. (0 to 6 inches thick) 

Bw1--11 to 15 inches; 40 percent grayish brown (10YR 5/2), 30 percent brown (10YR 4/3), 
and 30 percent dark yellowish brown (10YR 4/4) loam; weak fine subangular blocky 
structure; friable; few fine roots; few fine concretions of iron and manganese oxides; areas of 
grayish brown are iron depletions; areas of dark yellowish brown are masses of iron 
accumulation; very strongly acid; clear wavy boundary. 

Bw2--15 to 19 inches; 60 percent strong brown (7.5YR 5/6) and 40 percent gray (10YR 5/1) 
loam; weak medium subangular blocky structure; friable; few fine roots; areas of gray are 
iron depletions; areas of strong brown are masses of iron accumulation; very strongly acid; 
gradual wavy boundary. (Combined thickness of the Bw horizon is 4 to 13 inches.) 
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Bg1--19 to 29 inches; gray (10YR 6/1) loam; weak medium subangular blocky structure; 
friable; few fine roots; many medium prominent strong brown (7.5YR 5/6) masses of iron 
accumulation; very strongly acid; gradual wavy boundary. 

Bg2--29 to 48 inches; gray (10YR 5/1) loam; weak medium subangular blocky structure; 
friable; few fine roots; many medium prominent strong brown (7.5YR 5/6) and few fine 
prominent yellowish red (5YR 5/6) masses of iron accumulation; very strongly acid; gradual 
wavy boundary. 

Bg3--48 to 61 inches; gray (10YR 6/1) loam; weak coarse subangular blocky structure; 
friable; few fine and medium concretions of iron and manganese oxides; many fine and 
medium prominent strong brown (7.5YR 5/6) and yellowish red (5YR 5/6) masses of iron 
accumulation; very strongly acid. (Combined thickness of the Bg horizon is 27 to 60 inches 
or more.) 

TYPE LOCATION: Lee County, Mississippi; 14.0 miles northeast of Tupelo; 350 feet 
south of gravel road, 505 feet west and 330 feet south of the northeast corner of the NW1/4, 
SE1/4, sec. 1, T. 9 S., R. 6 E. 

RANGE IN CHARACTERISTICS: The thickness of the solum ranges from 30 to more 
than 60 inches. Reaction is very strongly acid or strongly acid throughout the profile, except 
for surface layers that have been limed. Concretions and/or soft masses of iron and 
manganese oxides range from none to common throughout the profile. Content of gravel 
ranges from 0 to 10 percent, by volume, throughout the profile. Buried horizons, with colors 
and textures similar to those of the Bw or Bg horizons, occur in many pedons below a depth 
of 40 inches. 

The A or Ap horizon commonly has hue of 10YR or 2.5Y, value of 3 to 5, and chroma of 1 
to 4. Some pedons do not have a dominant matrix color and are multicolored in shades of 
brown and gray. Texture is clay loam, fine sandy loam, loam, sandy loam, or silt loam. 

The Bw horizon commonly lacks a dominant matrix color and is multicolored in shades of 
gray, brown, red, and yellow; or it has hue of 10YR or 2.5Y, value of 4 to 6, and chroma of 3 
to 8. Redoximorphic features in shades of gray, red, yellow, or brown are common or many. 
Texture is clay loam, sandy clay loam, or loam. 

The Bg horizon has hue of 10YR or 2.5Y, value of 4 to 7, and chroma of 1 or 2. 
Redoximorphic features in shades of brown, yellow, gray, or red range from few to many. 
Texture is clay loam, sandy clay loam, or loam. 

The Cg or C horizon, if it occurs, commonly has hue of 10YR or 2.5Y, value of 4 to 7, and 
chroma of 1 or 2. Redoximorphic features in shades of brown, yellow, gray, or red range 
from few to many. Texture is clay loam, sandy clay loam, loam, or sandy loam. Thin strata of 
finer- and coarser-textured material occur in many pedons. 
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COMPETING SERIES: There are no competing series in the same family. Closely related 
soils are the Enville, Iuka, and Mooreville series. Enville soils are coarse-loamy. Mooreville 
soils are moderately well drained. The moderately well drained Iuka soils are coarse-loamy. 

GEOGRAPHIC SETTING: Mantachie soils are on flood plains of streams that drain areas 
of the Southern Coastal Plain Major Land Resource Area. They formed in loamy alluvium. 
Slopes range from 0 to 3 percent. Near the type location the mean annual temperature is 
about 63 degrees Fahrenheit, and the mean annual precipitation is about 53 inches. 

 

WAKE SERIES 
The Wake series consists of excessively drained, shallow, sandy soils on uplands of the 
Southern Piedmont. They formed in residuum weathered from igneous and high-grade 
metamorphic rocks such as granite and gneiss. Slope ranges from 2 to 45 percent. Near the 
type location, the mean annual rainfall is about 48 inches, and the mean annual temperature 
is about 61 degrees F. 

TAXONOMIC CLASS: Mixed, thermic Lithic Udipsamments 

TYPICAL PEDON: Wake loamy sand -- wooded. (Colors for moist soil unless otherwise 
stated.) 

A--0 to 5 inches; dark yellowish brown (10YR 3/4) loamy sand; weak fine granular; very 
friable; about 10 percent gravel by volume; many fine, common medium, and many coarse 
roots; strongly acid; clear wavy boundary. (3 to 9 inches thick) 

Bw--5 to 10 inches; dark yellowish brown (10YR 4/6) loamy sand; weak fine subangular 
blocky structure; very friable; about 10 percent gravel by volume; many fine, common 
medium, and many coarse roots; strongly acid; clear wavy boundary. (0 to 7 inches thick) 

C--10 to 12 inches; dark yellowish brown (10YR 4/4) gravelly loamy coarse sand; single 
grained; loose; about 18 percent gravel by volume; many grains of feldspar; few flakes of 
mica and dark mineral grains; strongly acid; abrupt wavy boundary. (2 to 16 inches thick) 

R--12 inches; hard, slightly fractured, unweathered granite. 

TYPE LOCATION: Wake County, North Carolina. From Raleigh, 6.2 miles north on 
Secondary Road 2217 (Old Milburnie Road) from intersection with US Highway 64E; 1.8 
miles east on Secondary Road 22 (Watkins Road); 0.5 mile south on private road (first 
driveway past Deep Cedar subdivision); 0.25 mile west on path that forks right; in wooded 
area near path 20 yards south of road. 

RANGE IN CHARACTERISTICS: Depth to lithic contact with hard bedrock ranges from 
11 to 20 inches. Surface stones and boulders are common in many areas. Content of coarse 
fragments ranges from 0 to 35 percent by volume. Mica content ranges from few to common 
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throughout, and grains of feldspar range from few to many. Reaction of the soil ranges from 
very strongly acid to moderately acid throughout unless the surface has been limed. 

The A horizon has hue of 7.5YR to 2.5Y, value of 4 to 6, and chroma of 1 to 4. It is loamy 
sand, loamy coarse sand, or sand in the fine-earth fraction. 

The Bw horizon has hue of 7.5YR to 2.5Y, value of 4 to 6, and chroma of 4 to 6. It is loamy 
sand, loamy coarse sand, or sand in the fine-earth fraction. 

The C horizon is multicolored or has hue of 7.5YR to 2.5Y, value of 5 or 6, and chroma of 4 
to 8. Texture is loamy sand, loamy coarse sand, or sand in the fine-earth fraction. 

A thin Cr horizon is present in some pedons. It is multicolored, weathered igneous or high-
grade metamorphic bedrock such as granite or gneiss. 

The R horizon is unweathered igneous or high-grade metamorphic bedrock such as granite or 
gneiss. 

COMPETING SERIES: There are no competing series in this family. 

GEOGRAPHIC SETTING: Wake soils are gently sloping to steep and are on ridges and 
side slopes on the Piedmont uplands. Slope ranges from 2 to 45 percent. The soil formed in 
residuum weathered from felsic igneous and high-grade metamorphic rocks such as granite 
and gneiss. Mean annual rainfall ranges from about 35 to 54 inches, and mean annual air 
temperature ranges from about 58 to 62 degrees F. 

 
 
 


