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CHAPTER 1

INTRODUCTION

Steep headwater streams located in mountainous environments are the bgginning
entire fluvial systems. These lawder streams influence tsediment budget
downstream in the fluvial system as well as thergorphology based on the inference of
the sedimenfrom headwater streandasrectly into the main stem of the larger system.
The geometry of the channel must be studied in order to conceptualize how mountainous
headvater streams cope with erosiopabceses. Through understanding the form and
function ofthe features comprising the bed of the channel, steps and pools for example,
we can better comprehend why steep headwater streams are not primarily flumes which
flush discharge and sediment through thenediate system.

Due to the harsh environment in which spgwls are found, there is an incomplete
understanding of how stgmols fit into the broader context of the overall fluvial system.
This gap in the knowledge of st@pols is important forhiree reasons: (i) stggools are
a dominating feature in headwater and mountainous streams, and mountains cover a large
portion of the earthoés surface, (ii1) 1in or
headwater and mountainous streams; whrehthe beginning of larger streams, are
comprised of stepools, and produce large quantities of sediment and water, must be
better understood, and (iii) as populations move further into mountainous environments,
the more knowledge we have concerning-ftepl streams the better we can manage the
development and restoration of these areas (Chin, 2003). This is especially true in

northwest Arkansas, where there are increases in populations into environmentally



sensitive areas, yet there has been littlecoresearch done on the headwater streams of
the rivers in the Boston Mountains.

The research completed for this study took place in the Bowers Hollow watershed
located in the upper 10% of the Buffalo National River watergRenire 1.1) The
mouh of BowersHollow Creek is approximately sevemles downstream of the forming
of the Buffalo River at the confluence of Big Buffalo Creek and Reeves CragktoD
the ruggedopographythis area produces streams which exhibit-ptepl bedforms,
wateffall features, and other geomorphic characteristics found in steep mountain streams.
The Bowers Hollow watershed is fully contained on public lands supervised by the U. S.
Forest Serviceherefore fieldworkers hacbmplete access of the entire study area
watershed.

Steppool characteristics are difficult to quantify due to their limitations of sampling
logistics and high degree of variation in form. The spatial distributions cpstap
features reflect the influence of lithology, hydraulic regisiepe, and sediment supply
in the watershed (Wooldridge and Hickin, 2002, Rathburn and Wohl, 2003, and
Montgomery and Buffington, 1997 Nevertheless the amount of knowledge concerning
steppool morphology is lacking in comparison withflefpool literaure (Chin, 200%
As human activities move further into mountainous regions, a better understanding of
steppool morphology will be needed to responsibly cope with management and
restoration issues (Lenzi, 2002). Three of the most important and comshaatilyd

geomorphic variables of stggol channels are step height, wavelength, and slope (Chin,
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1999, and Zimmermann and Church, 200Fyure 1.2. Empirical relationships and

reach comparisons of these variables have shown potential for developing geomorphic

models of steypool evolution and behavior in mouirtaareas can be applied to models

for use in management and restoration (Chartrand and Whiting, 2000, and Lenzi, 2002).
The longitudinal profile of a stepool stream consists of a repetition of steps and

pools to create a profile similar to a stagegdZimmermann and Church, 20QEjgure

1.3). The steps defined in this paper consist of cobbles, boulders, and bedrock forms

which span the width of the channel to create a natural step in the stream (Chin, 1999).

The step creates a vertical drop whdissipates the energy of the water, thus minimizing

the effects of erosional forces on the morphology of the stream (Chin, IB®&e steps

are the geomorphic feature most often studied in mountain streams. They are a potential

window to understandmthe sediment supply, both directly through transport and

indirectly through bank stabilization through erosion contR®ols are collectors of this

A

Figure 1.2 Longitudinal profile of a stggmol form with key measurements (Duckson

and Duckson, 2001
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Figure 1.3 Schematics of a natural spewl sequence (Lenzi, 2002)




turbulent water where tumbling flow and
energy (Chin, 2003)Therefore streams which exhibit stppol morphology are most

efficient at low flow conditions, when the water level has not exceeded the bounds of the
active width. The stepool form is a dynamic which is developed for long term energy
disgpation, with the capability to withstand, to a certain threshold, the increase

discharge and velocities associated with storm events. Floods produce enough energy to
assist the bedform in the formation and evolution of-pte@ sequences.

Steppool forms nee@ high gradienbr slopeto produce the amount of velocity
necessy in the formation of stepool sequences. This can be foundi@ep mountain
streamawhich are stronglyassociated with hillslopes thatovide sources of sediment
(Knighton, 1998) and channel gradients which exceed 5% (Wohl, 1997; Gomi et al.
2003). The sediment in stepool streams varies in size, but step form is generally
influenced by relatively larger sized clasts, since headwater streams generally transport
larger sediments than downstream sections of the river (Wohl, 2000).

Steppool morplology is traditionally described by measures of step height and
wavelength. Wavelength is the longitudinal measure of importance, similar to riffle
spacing, when examining mountain streams. Step height is the vertical measure used
when studying mountaistreams and is the distance from step crest to the pool below.
When step height is divided by wavel&ém@H/L) the step steepness) (S produced
(Abrahams et al., 1995, and Wohl, 200Bigure 1.2) Inversely, when the step
wavelength is divided by héigy the wavelength to height ratio is produced
Zimmermann and Church (200mention minor variation in the measurement of step

heights (Zmmermann and Church, 2001IMost studies do not discuss variation in the

r



different measurement methods used whenparisons of different studies are used.
However, variability may exist in the measurement methods pertaining to step height and
wavelength and thus hinder the organization of an encompassingpstiegiata set

(Figure 1.2.

Study Objectives

The pupose of this study is to characterize and quantify-gtep morphology of
Bowers Hollow Creek in the Boston Mountains of Arkangagure 1.). The objectives
of this study are to: (i) characterize the spatial distribution ofgt@breaches within an
Ozark headwater watershed, (ii) describe the geomorphic relationships involving step
height, step wavelength, active width, drainagmaslope, and particle siZ@i) evaluate
the influence of three common measures of height and length used ierttarit for
geomorphic analyses, and (iv) evaluate the influence of channel substrate type on these
geomorphic relationships.

Very little is known about mountainous headwater streams in the Midwest. However,
the geologic nature of the Ozarks Platpeaduces headwater streams which exhibit the
mountain bedforms of steps and po@igyure 1.4) This is the first study on stggols
in the Ozarks looking at a river catchment that heads on a plateau surface with base level
controlled by the Buffalo Rive Few studies, with the exception of Gomi et al. (2003)
which studied headwaters streams of Southeast Alaska, have examingoostegaches

across very small drainage areas. Through understanding the sediment transport of



Figure 1.4 Typicaltep-pool sequence from study area

headwatestreams, the river continuum concept can be used to examine the influence of
headwater stream sediment into the larger order stre@lmgial systems exhibit a
continuum of form which infers that processes tgash effect morphology downstream
(Rosgen, 1996)Therefore data from this study can be applicable to multiple scientific
disciplines, such as biology and geomorphology, and by managers concerned with the

protection of aquatic species and habitats.



CHAPTER 2

STEP-POOL FORMATION AND FUNCTION

Steppool morphology reflectthe geological and climatic factors affecting channels
in mountain watersheds. This study will use longitudinal and s®stson field surveys
of a headwater stream in the BmstMountains of the Ozarks Plateau region in northwest
Arkansas to describe channel form and develop quantitative models for comparisons with
other regions.Channel form of steemountain streams is usuatipminated by stepool
morphology (Chin, 2005).

The characteristics found in stppol streams can be organized following
classifications. Montgomery and Buffington (1997) introduced a scheme for channel
reach classification which included stppol, cascade, planebed and bedrock categories.
Zimmermann and Church (2001) presented the categories edtsfepnd rapids which
Gomi et al. (2003¢ombined with the categories presentedimntgomeryand
Buffington (1997)o create a modified classification schefhgure 2.1). The
classification of bannel reach type in Bowers Hollow watershed will follow a modified
scheme which will be discussed later.

Work done on stepool formations has shown them to occur in stieanth a
gradient wheh ranging from 0.02 to 2 @rant, Swanson, and Wolmat890) Once this
range of slope has been exceeded, cascade morphology influences the fedioen

2.1). So higher slopes will create cascade features in the longitudinal profile, while lower
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slopes will create planebeds (more laminar flows which show up as straighter lines
without peaks and valleys in the profile). These planebeds do not exhibit-stréam
accumulations of boulders and grafdiontgomery and Buffingtonl997)

Steppool sequences can still be found in higher gradient channels, yet the pools are
generally deeper and more developed according to lithg®gyni, et al. 2003)

Therefore as the slope increases so does the step height (theraads lmemieen workers
concerninghis), while the wavelength decreases as the slope incr@asdd and

Grodek, 1994; Chartrand and Whiting, 2000his may not show the true picture since
slope is related to other stream variables. In bedrock channklowar gradient there

is more of a chance that gravel and boulders will accumulate to form transverse ribs,
which are the foundations for stef@uckson and Duckson, 2001 bedrock channels
with a higher gradient the sediment supply is usually flustwedigh the bedrock section.
This dynamic is similar to a flume without any chance for a step to from.

Steppools ardbedform structures which accomplish their job of energy dissipation
best in low flow situations (Chin, 1998). The size of parsiéteind wthin steps varies
greatly ranging fronsand/siltparticles trapped in crevices between gravdioulders
which are larger than traepth of flow. The stejs designed to produce a vertical drop
into a recovery pool which in turn reduces theésrcontained within the flogiHeede,
1981) Therefore levels dftreamdischargewhich are lower than the maximum height
of the active widtlor lower work best in this scheme to dissipate the energy of the flow
(Figure 2.2) The two types of energy dipation involved with stepools are potential
energy dissipation and kinetic energy dissipation (Chin, 2003). Potential energy

dissipation involves the vertical drop associated with the step, while kinetic energy

11
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Figure 2.2 Model showing engrgissipation effectiveness of low flows (Chin, 2003)

i
Y

dissipation involves the roughness of the channel and substrate (Chin, 2808yels
of discharge increase the overall effect of the step is greatly diminished due to the
reduction in both verticalrop and the influence of substrate resistance (Lee and
Ferguson, 2002Figure 2.2)

The actual formation of these steps is debatable due to the harsh environment in which
they are located. Stgmol streams are generally located in mountainoeasawhich are
rugged in terrain and present the researcher with unique logistical problems involving
accessibility (Chin, 2005 These steps are generally formed during high discharge, low
frequency flood events (Whittaker and Jaeggi, 198hese high dcharge levels can be
estimated through hydraulic reconstructions using measurements taken at low flow
conditions(Lenzi, 2002 (Figure 2.3).Figure 2.3 represents a complete fluvial cycle of a

steppool sequence. The model shows the low flow formey-pbols to be the central

12
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Figure 2.3 Model showing evolution of the s{egol fluvial system (Chin, 2003)

member in the understanding of stamol form with hydraulic reconstructions used to

investigate channdbrming flow and direct measuremend modeling used to

investigate energy dissipation (Chin, 2003). Capturing high discleasggs are difficult
to capture in the field, much less finding a way in order to study the transport and

deposition of the large boulders and sediment under éterwl herefore modeling and

working backwards through reconstructions are ukgthg investigations.

Case $udy Of Step-pool Morphology

Regional Overview Chin (1998, 19992003)has set some of the precedents concerning

steppools through her stuels in the Santa Monica Mountains of southern California.

Chi nods

(Chin, 1998, 19992003). Wooldridge and Hickif2002)used four analytical techniques

studi es

concern

13
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to study the morpHogy of Mosquito Creek in British Columbia. Their study proves the
merits of certain methods when measuring steps in mountaimstrézomi and et. al.
(2003)studied 15 streams in southeast Alaska in order to find out the
characteristics of steps ie&dwater streams. Their analysis concerns how fluvial and
colluvial processes dominate and influence the structure of the reach, as well as how
woody debris can influence thedb®rms

A study by Lee and Fergus¢2002)incorporates velocity and floresistance into the
scheme of stepools. They conclude that step pools are unique in that flow resistance is
not only affected by shear drag, but also by form drag attributed to the pressure
differences around large boulders or othem®in the stepThis helps in understanding
the idea of the step being most efficient at dispersing energy during lower flows.
Zimmermann and Churg2001)also concentrate on this aspect, but deal with the
stability of noncohesive bed materials, which predominatstéps, during flood
conditions

Duckson and Duckson (200&ave formulated some relationships between-gbhape
and size variables attributed to steps and pools found along Soda Creek in Oregon. This
study is interesting because of the use of lagyglin their analysis of the@tata Grant 0s
(1995)study of valley floors in the western Cascades of Oregon is important due to his
conclusion that mountain streams are strongly controlled by bedrock, hillslope, and
tributary stream processe®Vo h 1(169¢, 2004 studies of sediment in mountain streams
is valuable to understanding the role that erosion, transport, and deposition plays in

controlling channel form. Her study areas include the Christopher Creek drainage in

14



Arizona, the Grey River in New Aéand, the Agua Fria River basin in Arizona, and the
Arkansas River and North Fork Cache la Poudre River in Colorado.

There are specialty areas of study involved with-pi@g researchFor examplethe
Wooldridge and Hickir{2002)study, used two sparate longitudinal survewsd four
distinct techniques to delineate the spgwl bedforms The preliminay survey sampled
every large bedform feature andecond survey usedd intervals of 0.6 meters to
measure the bed elevation. From these ssrgéystegool and cascade forms were
delineated. The data catked from each bedform includegvelength, heighineasured
the same as Chij1989) and bedform steepnebsight/wavelength. The wavelength
measurements were scaled to the width of theredllgmeasured across the crest of the
step) in order for the data to be compared with other published works. This scaling
involves dividing the wavelength by the width of the channel. (Wooldridge and Hicken,
2002).

The Duckson and Ducks@B001)study located the steps and pools through the use of
longitudinal profiles. At each stgpool three measurements were taken; the height of the
stepit he di stance between the | owest outl et
elevation created by thed@st step outlet on the downstream pablgegpool length,
and pool depth. Each individual pool was extensively surveyed in order to obtain pool
outlines, plan, and profile. From this the pool area could be accurately estimated. Each
transect throughduhe reach was set at an interval of 1 to 1.5 active channel widths.
Grain size wasalculated from the average of the five largest stones at each step being

used as an approximation of the D90. The study also included the variables of slope (as a

15



percentage), step steepness (height/length), andlpagth factor (length/height)

(Duckson and Duckson, 2001).

Geomorphic Classifications Due to workers using visual identification techniques

thereis some subjective nature to classifying spepls(Wooldridge and Hickin, 2002)

There are characteristics which distinguish betweenmstep stepstep, cascade, rapids,

and bedrock morphology (Gomi and et. al. 2003) (Figure 2.1). These characteristics are
based on the dominant morphological features ssidascade, riffle, or rapid as

proposed by Zimmermann and Church (2001). Wooldridge and Hickin (2002)

di stinguishes steps from cascades by #na(i)
grains, (ii) the extent to which structures spanned the chamak(jiix the nature of pool
developmen .0This study will use the classification scheme proposed by Chin (1999)
which defines steps as fiaccumul ations of ¢
channel, they are separated by finer sedimiyatsdd i n e . loestudy of Bowers

Hollow Creek will includebedrock and colluvial block stepsth alluvial stepsn the

analysis of steps and stppol reaches.

Sediment size and material composition are related in that both are influenced by
eitheralluvial, colluvial, or bedrock processeSediment size corresponds to an axis
measurement of particles comprising a step or,paale material composition
corresponds to the make up of the bed substrate and bank materials (Rosgen, 1996).
Some workersiave observedignificant relationships betwestep height and sediment
size-as the sediment size becomes larger, so does the step(Wégiht Madsen and

Mcdonald, 1997, Chatrand and Whiting, 2000his makes sense since stegs a
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accumulations ofexliment. However,ther workers have concluded that as particle size
decreases downstream so does step héghmermann and Church, 2001)n areas,

such as Bowers Hollow Creek, where colluvial blocks are mixed with alluvium and
bedrock there is condt to this notion since larger sediment is dispersed in the middle
rather than the very upper portiohthe watershedrom exposed sandstone and shale

strata. However, the general theory is that sediment size decreases downstream, as does
step heigh{Chin, 2005)

The material which makes up the bank and bed of the channel also influences the
longitudinal profile of the streaifbuckson and Duckson, 20p This can be seen by
looking at the differences between bedrock dominated channels, coliloakl
dominated channels, and alluvial chanrfentgomery and Buffington, 1997)Alluvial
deposition may occur in low slope bedrock channels, whereas high slope bedrock
channels tend to have larger velocities which flush the sediment straight thiicugh.
bedrock material also plays a part in how the profile looks. Some bedrock, like shale,
will allow downcutting into the bed to create slides or troughs in the channel similar to
the inner gorge found in Bowers Holld®Rosgen, 1996(Figure 2.4). Othebedrock,
like sandstone or granite, will create waterfalls and undercut ledges, which creates a
continuous vertical drop in the profile of the regbluckson and Duckson, 2001 he
presence of colluvial blocks also affects the profile by generallyicgelaigher steps and
shorter wavelengths. Alluvial channels allow for the most uniformbeb sequences
to be created. If alluvial channels have adequateneed and slope, then the most
uniform form of steppool sequences can be naturally formeds these stepool

bedforms in alluvial channels that are studied the rf@fsin, 2005)
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Figure 2.4 Inner gorge located in steepest part of the hollow

Step-Pool Measurements The methods for measuring the characteristics offsbeb
reachesdr my study will be referenced frorhree previous studies: @ h i (1909)
study of the morphologic structure of stepols in the Santa Monica Mountains,
Californn a, (i i) Char (00a)study ofisteghooNshdicasadea g 6 s

morphologyonstreas t hr oughout I daho, and (2000)i ) t he
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work on Shatford Creek in British Columbi@hese three methods constitute
measurement practices for step height and step wavelength which have been used during
recent research.

Chin (1999)uses the reach paradigm in hesrtwto assess her study area trel
averages fothemeasurement of steps in the reach were urshdr study It seems that
studying individual steps did not provide adequate information for analysis. The
measuremas taken foeach step within a reach welengitudinal profile, the active
channel width measured at the crest of each stapisimeasurements of the five largest
particles in each step (this should approximateédgd , wavelength (pool to pool
distance), steypool spacing (measured in units of channel width), and height (measured
by using a fAperpendicul ar distance between
the troughs of the stgp 0 o | uni t 0) . dditioRab data esaddncludetleirageh a

area, bpe, channel width, and lengi@€hin, 1999).

Geomorphic Analysis. The analysis of each of these studies is unique in their regard to
their modeling. Chir§1999) and Chartrand and Whiting (2000) shasiatiors of step
wavelength, step heng, and channel width with drainage area, as well as step
wavelength and step height with chalnw&th. Theyalso plots relationshigsetween

step wavelength and slope, step wavelength and particle size, step height and particle
size, critical dischargand observed wavelength, stepol spacing and slope, and step
height and slope. The average wavelength to height ratio was approximately 10:1 (Chin,
1999)and 8:1 (Chatrand and Whiting, 2000)he analyses used by Wooldridge and

Hickin (2002)include; edform wavelength frequency distributions, regression model of
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wavelength as a function of height, downstream trends in height and grain size, and
wavelength as a functiorf grain size.

The Duckson and Ducks@2001)study isunique in tlat they use lithology as a
comporent of their analyses. The lithology is divided into three classessiggdlacite,
and basalt pools. For each class of litholtggir evaluation involved graphic and
regression analysis sfep height and slope, pool length atmpe, pool depth and slope,
heightlength ration(steepness) and slopgengthheight (size) and slopéi/L ratios on
slope by rock tge and pool class, ahdH ratios on slope by rock type and pool class
(Duckson and Duckson, 2001).

The Zimmermanmnd Church studgxaminedhe velocity and shear stress involved
with steppool morphology based on Shields and other methods (Zimmermann and
Church, 2001). This was studied in order to explain the stability and movement of step
bedforms. They also exan@d thegeometriarelationshipsf steppool with other
variables similar to Chin and Chartrand and Whitifitpe unique component of the
Zimmermann and Church studwolves the use of the variance in the measured
parameters rather than averages of tharpaters as most other studies use. This was

used to investigate the random effects concerning the formation gf@dépequences.

Summary

This study is the first study to eval@athe channel characteristics and giepl forms

in headwater staams in the most rugged portion of the Ozarks Plateau. Since there is

limited knowledge pertaining to stgqmols, especially in the case of the formation of
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these steypools and cascadeasy data will help filling in some of the gaps. ThisMaié

done tlmough using the preferremt standard, measuringetiods and surveying

techniques found in the literatuféurther, the results of this study will be compangith

data fromother regions (most notably the Santa Monica Mountains in California
ShatfordCreek in British Columbiaand streams throughout Idah®hrough this
comparison analysis, a hypothesis can be formed as to whether or not a mountainous,
stepgpool stream from the Ozarks behaves geom
pool streams ant published data and results. Thsssissin filling in the gaps of
knowledge in complete, mountainous, fluvial systems, which in turn would lead to more
responsible management practices when encountering development and restoration in
mountainous enviamments.

The results of stepool morphology in the Bowers Hollow watershed exhibit similar
characteristics found within recent literature. The step height and wavelength
relationships were quite strong. However when step height and wavelength were
correlated to other reach variables (width, sediment size, and drainage area) they did not
have as strong of a relationship found by other workers (Chin, 1999 and Chatrand and
Whiting, 2000).

Steppool mountain streams provide the necessary meanipéoian, aquatic, and
biologic habitats (Chin, 2005). Therefore it is beneficial for scientists and managers to
understand stepool systems. Stepool morphology has also been used in stream
restoration. Through bioengineering technigjube stegpod form has been used to act

as low check dams and as bamkisubstrate stabilizgt.enzi, 2002). The data obtained
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from this study could be useful as reference material for stream restoration projects in the

area.
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CHAPTER 3

STUDY AREA

Region

L ocation/Physiography This study describes channel form using longitudinal and
crosssection field surveys of #%order headwater stream, Bowétsllow Creek
watershed (3.5 kf), in the Boston Mountains of the Ozarks Plateau region in nesthw
Arkansas (fig. 1.). The study watershed is located within the boundaries of the Forest
Servicemaintained Upper Buffalo Wilderness Area which was established by Congress
in 1975 The Upper Buffalo Wilderness Area actually has two p@ane Forest Seice
maintained and one National Park Service maintained) which total more than 13,000
acres.

This area has some of the most rugged terrain found in the Mi@iwigste 3.1) The
Boston Mountains in this area hawemaximum elevation of 2561 feety 780.6 meters,
located at an abandoned fire tovapproximately3 kilometers from the study area. The
elevation of the Buffalo River in this areaaigproximatelyl350 feetor 411.5 meters
This topography lends itself well to hillslope processes lwhre rare to find in other
areas of the MidwestThis drastic terrain coupled with hillslope processes creates an

environment suitable for the development of gtepl formations (Figure 3.2).
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Figure 3.1 Image showing location of study watershedinvitipper Buffalo

Wilderness Area topography
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Geology/Soils The geology of the area is generally composed of Pennsylvanian shales,
siltstones, and sandstones (McFarland, 1998). The Boston Mountains are the highest

section of thédzark Plateaus region lated at the southern end of the Ozarks. The

Ozark Plateau region is formed through uplifting processes occurring along faults. The
surface rock of the Boston Mountains is a Paleozoic formation known as the Atoka

Formation (McFarland, 1998). The Atokafenat i on fAi s a sequence o

to gray silty sandstones and graytsh ack shal eso (McFarl and, 1¢

Figure 3.2 3D terrain image showing the topography of the study area
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Climate/Hydrology. Bowers Hollow Creek is located infaur-season humid climate.
The nearedlow gage to the study area watershed is located at the Boxley bridge
(Highway 21) on the main stem of the Buffalo River. STage ispproximatelyl4.5
kilometersdownstream from the confluence of Bowers Hollore€k and the Buffalo
River. The area surrounding the gage is typical of agmadient rifflepool stream. The
gage area isngulfed by willow thickets and long shallow pools for two miles upstream
of the gage.

The flow gage at Boxley has been peoation since May, 1993The record between
May, 1993 to July, 1996 and October, 1998 to April, 2004 has a mean annual flow of 3.0
cubic meters pesecond. The Buffalo River drainage are48.7 knf at the gage and
the channel slope is approxiamat@l901. The discharge amoungmd geomorphic
characteristicéoundat the gage vargonsiderablyrom the upstream study area.

The largest event which occurred at the gage within the last two years occurred in
May of 20@t and produced around 17,06(bic feet per secon@fs), or 481.4 cubic
meters per second (cm@$)igure 3.3). The second largest event occurred during January

of 2005 and produceal peak flow ofaround 12,000 cfor 339.8 cms.

Vegetation/Land Use The ridge tops and bottomlandstiee Upper Buffalo area were
farmed by homesteaders wuntil around the
present time. Located in these same areas were native shortleaf pine and cedars.
Hardwoods, hickories and oaks, along with beech and atiagrcomprised the main
canopy. Smalledogwoods and maples made up the-oadopy while creepers and

poison ivy formed the undergrowth.
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Figure 3.3 Hydrograph showing discharge foryear period at USGS Boxley gage,

notice the peaks where higheaharge amounts occurred

Previous to 1975 the land use of this area included timber harvesting from the late
1800s to the late 1960s and agriculture from two small homesteads until the early 1970s.
Recreation has been the prominent land use si®¢® Wwith backpacking and hiking
being the dominant activitiesSporadic farming has occurred in the area since
homesteaders first ared. The upper reaches of surrounding watersheds have recent

(fall of 2004) timber harvesting activity which has takéacp. This activity could have
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substantial effects on the stppol morphology of the streams. The influx of additional
sediment from timber harvesting may place the sediment budget of surrounding streams
in a state out of equilibrium. The question awifast a steypool stream can recover

from a disturbance like timber harvesting was not addressed with this study. Therefore
Bower Hollow Creek was selected in order to obtain measurements from naturally

forming steppool channel# a relatively undisttbed catchment

Bowers Hollow Watershed

The length of the main stem of Bowers Hollow Creek is 3.6 kilometers and it flows
from 713 meters above sea level to 415 meters above sea level at the confluence with the
Buffalo River.  An important geodic feature of the watershed is a horizontal layer of
resistant sandstone that forms an obvious bluff lineahetrops about halfway down the
main stem near 550 meters abovelseal. This bluff line affects the geomorphology of
Bowers Hollow Creek divo locations: (i) a 17 meter high waterfall at the point of the
hollow (Figure 34) and (ii) a 15 meter high waterfall at the point where the bluff amd th
tributary intersectRigure 3.5.

Until the study stream reaches thpeof the bluffline,it is predominately an alluvial
channel which flows over the Plateau surfathere are occasional thin strata of shale
and sandstone bedrock located above the bluff line which provide ample slope and
sediment supply of steforming clasts for stepool norphologyin the region above the

bluffline. It is in these headwater sections of the watershed which provide the most
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Figure 3.4 17 meter waterfall located at intersection of the main stem and the

dominant bluff line.

uniform steppool sequencesWhenthe stream encounters thengistone bluff line &
characteristics changkamatically Approximately 200 meters upstream of the bluff line
the main stem of the stream encounters the bedrock cap which produces the bluff line
feature. From this poiro the lip of the waterfall, the stream is very shallow, laminar,

and fast flowing with no step being apparent. This section of the stream is similar to a
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