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INTRODUCTION

Natural or geologic erosion of the land is one of the fundamental
Processes of nature and has long been studied hy geologists. The
accelerated evosion of our soils by sheet wash and gullying is an
unnatural form of erosion and is most acfive on agricultural Iands.
Within the last few years much hLas been done to checls this form
of erosion and to heal the denaded spots and gullied areas on our
farms. Engineers, agronomists, and foresters have studied individ-
ual gullies and have devised ways of checking their growth. Soil
conservationists enguged in operations work, however, have had little
time or opportunity for prolonged study of gullied areas. Their
conclusions regarding the vital processes at work have usually been
drawn from ecasual observation or brief study. Their examination
of the gullies has in most places been followed quickly by initintion
of protective measures which materially change fthe form and
activity of the gully.

Recogmition of the close velationship hetween accelerated soil ero-
sion and the natural erosion of the lands led the Soil Conservation
Service to institute a program in which geologic methods were used
in the investigation of the soil-crosion processes. This bulletin pre-
sents the results of detailed study of the principles of gully erosion
in the Piedmont of South Carolina, approached from the geological
point of view, or more specifically froni the viewpoint of physiog-
raphy, that phase of geology which deals with the form rnd senlptur-
ing of the land’s surface. Detailed geologic studies covering n
considerable period in the life of a wully are a new field in soil
conservation research and shounld provide valnable information for
use in controlling gully erosion.

Tho sonthern Pledmont was selected for this detailed study because
it is an area in which gullying has heen particular] ¥ destructive, and
as conditions of climate, soil, and land use there are relatively uni-
form over a large aren in several States, the findings of the work
would have wide application. Reconnaissance studies of cnliying,
sheet erosion, and mass movement were started early in June 1936
under the direction of C. O. Sawer® Conditions in Alabuma,
Georgia, and the Carolinas were examined and compared, and several
areas in Spartanburg County. 8. (., were selected for detailed st udy.

Spartanburg County is one of the northern tier of South Carohia
counties and lies in the Piedmont upland province close against the
foot of the Blue Ridge Monntains (fig. 1}. The city of Spartanbuarg
has long been the agricultural and industrinl supply center of the
area, and good highways radiate from it in all directions. It is the
county seaf, the headquarters of Region 2 and the State coordinator
of the Soil Conservation Service and also of the South Tyger River
demonstration project of the Soil Conservation Service.

The po:ulation of the county is approximately 116,000 persons, of
whom one-fourth are Negroes. Spartanburg is the only large center,
and the city population of about 30.000 is swelled considerably by

€. 0L Sauer, head of the Yepuriment of Gesgrnphy at the oiversity of Califernia ana
menber of the lsd-uge commition ol the Selenes Ad visory Board of the Natonrl Hesenveh
Councll, is u collaborntar of the Seil Consorvation Servier and wias in aetive serviee doving
the snmlmu‘:' of 1086, udvising and planning the feld program of climatic aid physiographis
regearciy. j
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that of satellite mill towns grouped close outside the city limits.
Forty percent of the county population is on farms.

Intensive field work was carried on in the Spartanburg area during
the summer and fall of 1936, and periodic observations of erosion
conditions 2re being continued. The physiographic relationships
and general geologic conditions at selected gully areas were ohserved
and interpreted by H. A. Ireland, C. F. S. Sharpe, D. H. Eargle,
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Fiaree 1 —Dhysiographic provinces of the soullenstern United Stai.s, =lipwing the ied-
monl provines, fhe M) Line, and fhe position of Spartanburg County, S8 (Aler
NoOAML Fennemimn, )

and Glen Petvick. The rate and mechanics of erosion at all seasons
and under various climatic conditions were studied, and periodically
verified.  Repeated measarements of gully eresion were made at es-
tablished points, and the conditions were recorded by detailed maps,
seetions, photographs, and sketches. Osecar D). Price made most of
the topographic surveys. Arthur Hall investigated and summarized
the agricultural history of the county. J. C. Owen and Gragg Rich-
ards, of the Washington office, were members of the party for a few
weeks and worked on topographie mapping wad analysis of climatie
data respectively.
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CONDITIONS GOVERNING GULLY DEVELOPMENT

Even casual observation will show that the seil-erasion processes
and their effects differ markedly in different parts of the country.
Seme agricultural areas have had to be abandoned becuuse of dis-
section by gullying. Some have suffered soil depletion through sheet
erosion.  Other areas, however, have survived long periods of use
with relatively little damage. These contrasts may be explained in
part by certain obvious differences in conditions on the individual
areas. Perhaps one is n region of rugged topography, and another
is relatively flat. One may have been farmed in cotton and corn
and another in small grains, Many of the factors affecting the
erosion, however, are less obvious. The materials on which erosion
works, the topography, the climatic influences, and the past land use
all are important,

Trosion conditions in the southern Piedmont are particularly seri-
ous. Most of the arvea hus lost some or all of its topsoil by sheet
erosion, and many parts nve cut by gullies 10 to 40 feet in depth.
Much land that is submargina! for cultivation is being farmed, and
badly washing flelds, which should be returned to woodland, are still
aising & meager crop. Why are conditions in the Pledmont so much
worse than in the Coustal Plain to the southeast or in the moun-
tainous country to the northwest? Why are the Piedmout gullies
geveral times deeper than these of many other purts of the ceuntry?

This bulletin will consider various factors that control the vuluer-
ability of the lands to soil crosion und determine the form which. it
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-
will take in any given area. The multiplicity of these factors
{1, p. 887" is sugpested in the block dingram (fig. 2). Clinmate
affects the processes of erosion In many ways. Climatic clements de-
termine in large part the rate and kind of rock weathering, the rate
of soil formation and type of soil, and the vegetation for which the
region is suitable. In these ways, climate limits the land use. The
geologic history of the aren determines the type of bedrock or parent
maaterial, residual or transpotted, from which the soil is made.
Geologic structure and physiographic history control the drainage
pattern and degree of disseetion of the land by strenms.  Slopes,
drainage relief—the depth from prineipal ridge crests to major ad-
jucent valley bottoms—height of locnl base levels, and the position of
the water tuble are, in large part, resulls of these geslogic conditions,
Man, in his use of (he lands, hus stripped the soil of its protective
cover of vegetation, and in certain areas serious erosion has taken
place. Man-made changes in the natural drminage of the lunds, pro-
ducing unwise concentration of flowing wuter, have cansed and ave
still cansing the development of large gullies. In these and many
other ways erosion lias beeu given an opportunity to attack the soil
with exceptional rapidity.

Although this bulletin pertaing Qirectly to Spurtanburg County,
8. G, the erosion conditions and processes deseribed arve much the
same thronghoit the sonthern Piedmont. Most of the major princi-
ples are applicuble to the whole country.

CLIMATE

The Sontheastern States from the Mississippi Valley to the At-
Inntic coast arve characterized by o humidd. warm {mesothermal}
chimate with rainfall normally adequate ab all seusons, There is con-
stderable vaviation in uctual temperature and precipitation within
the area, but, owing to its moderate elevation and its loeation in the
novthrrestern part of South Caroling, Spartanburg County has coun-
ditions which are a good average for the southeastern repion,  Sta-
tions in the Blue Ridge Mountring only 55 miles {o the west. however,
reeord an ammal rainfallmnch higher than that in the Piedmont aren
and exceeded in the United Stutes only on the Pacific coast.

A graphic sunmary of the climate of Spartanburg based on
records ot 36 to 62 years of observation at the Spartanburg sta-
tion of the United Slates Weather Buareau is presented in figure
3. The three curves in the upper part of the churt indicate the
monthly meun and the averages of the daily maxima and minima of
terperature for each month. .\t the line of freezing temperature the
minimum and average lengths of the growing season are shown.
Average snowfall for ench month is tabnlated immediately below the
growing-season data. The bar graphs ot the bottom indicate the
highest, lowest, and mean precipitation for each month, based on
data from 1874 fe 1936, Records for muny of the years before 1893
are incomplete.

.

Vilalle wamberg i poeentheses vefer fo Lilertlore Ched, po 140,
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CLIMATE AND AGRICULTURE

The climate of the region is favorable to the grow th regimen of
the cuitivated plants and is convenient for the farmers’ work calen-
dar. The average growing season is more than 7 months, and the
annnal }}!(‘Clpit(lhﬂn averages 49 inches, Rainfall is light dmmw tho
spring und early suwmner, w hen eotton requires heat but little mois-
ture, The rainfall is lowest during the fall of the year, when dry
weather-is essentinl for cotton ;)1(:1&1111? and the harvesting of other
erops.  The heaviest precipitation comes in the lute summer, when
crops are growing and when moisture is needed to offset the
desiceating eﬂ'ect of the hot sun. Persistently high temperatures
that nnght be destructive to plants during their Critical growliys
season are nfrequent., Tropieal Maritime aiv usually occupies the
Southeastern States for the greater part of the swmmer, and this
warm moist air, because of its power fo absorb solar radiation, tends
to prevent excessive insolational heating of the ground. This congli-
tion is in marked contrast to that in the Great Plains region, where
very dry and hot alr masses may prevail for periods of a week or
more af a time.

Precipitation in the Spartanburg aren nsually s adequate at ali
seasons.  Annual rainfull sometimes drops te about two-thirds of
the normaul, but the actual moisture available is still ample for agri-
culture characteristic of a hemid cihnatic province. 1’1ecipii'ation
during the years 1906-33 ranged from a minimnm of 3229 inches
in 1995 to a maximum of 73.93 inches in 1929, Years huving Jowest

rainfall, however, are not always years of greatest crop failure.
During the 30 years 19506-35 ‘the  climate varied as shown in
table 1. Twenty-eight of the tlml_) years fell within one climatic
type nnd the year Classed as “moist subhumid” was only slightly
below the Iimil of humid conditions. In the wet year, 1929, rain-
fall was well distributed. and flooding and agricultural dam‘me were
not as rrreo.t us in some yvears of less “abundant precipitation. There
18 'lpp«uently little likeliliood that the climate of Spartanburg will
become sufficiently nbnornial to necessitate any change in agrienltural
economy.

Tapne T.—Ctmalic cariebility af Spartenburyg, 8. CL Qkluhama Cily, Okla., and
{franf. Nehe

okl . b, Okla-

onin | R Ll I

Specih-
i, bUrg, City {ivanl,

hu:;,.
. - L A Nebwt . T 5. C, ‘e Mebr, ?
Climatie type ! | o O Kin | Agipene || MO LERC oo Coomer | Ciydor
rectrd, . recondd) | “evard, LR

o \ ords | Yecorg, | ToLord
1936-35) L . 16-3) | Sl

Years I Ienry
. L]

Wik . Lo 3] - . idry subkunnid
Enm e ¥ i iodenninrid., L !
Molst 51 - E 4| Ariel. - f'.\....- .

l
L | [

i Jinsed on precipitetion offcetivencss, tiwe PAE indey of the Thornthweile clissifealion of c.!lrmm.', (4‘:?
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3 See Thorntinvalile (3, o, $70),
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The uniformity of the climate at Spartanburg can be seen clearly
by comparison of this climate with that at stations sitnated in more
changeable zones. Oklahoma City, Okla., for example, in the same
years, 1906-35, had precipitation ranging from 17.27 to 52.53 inches.
Its climate during this period varied as shown in table 1. An even
more marked variability oceurs at Grant, Nebr., where the annual
precipitation ranged from a minimum of 947 inches in 1810 to a
maximum of 35.84 inches in 1915 (31, p. 479). This difference was
sufficient to bring an arid or desert climate in 1910 and a humid or
forest climate m 1913, Climates of the 17 years for which com-
plete records are available at Grant spread over the broad range
shown. The significant fact from the agricultural standpoint is not
the variability within one climatic type but the number of climatic
types which may be represented at the station in successive years.
Under such variable conditions as those at Grant, and to a lesser
extent at Oklahoma City, crop yiclds are uncertain and land use
proper for one year may be entirely unsuited for another. Although
the rainfall at Spartanburg has a greater range than that at Okla-
homa City or Grant, this variability is not significant because it
rarely brings changes to other climatic types.

CLIMATE AND ERQSION

Climate is doubly important to the farmer because it determines
not only the type of agriculture in a region but also, to a great de-
gree, the manner and rate of erosion of the lands. The climatic
elements influencing weathering and erosion incinde the range of
temperature, intensity and seasonal distribution of precipitation,
variations in homidity, and wind. These climatic factors control
in large part the operation and effectiveness of rock disintegration,
the rate of run-off of surface waters and the regimen of the streams,
frost and ice action, and the rate and cxtent of mass movement of
the soils. Both natural and culturally induced eresion laml forms
reflect the main characteristics of the climate under which they were
developed.

In the Spartanburg avea tlere is a moderate daily temperature
variation ranging from 29° . in March to 20° in December and
January. The extreme range is 110°, from —4° recorded in Feb-
ruary to 106° in both July and August. The temperature falls to
freezing or below on about 40 days each winter but seldom stays
there for an entire day. Frost heaving is active during these periods,
but owing to the lack of prolonged cold it affects conly the surface
s01l. The ground does not freeze to any considerable depth.

Although the annual precipitation is well timed for crop growth,
its distribution is less favorable from the standpeint of crosion con-
trol. The summer peak comes in Jaly and Aungust, when much of
the land is clean-cultivated. There 15 a secondary period of high
rainfall from December to Mareh, when winter erops are the only
protection for the soil. In colder elimates, soils ave covered by snow
or are solidified by ground frost for mach of this period. In the
Spartanburg arvea, however, the annual snowifall averages only 4.3
inches, and snow seldom remains for morve than 1 or 2 days. Winter
temperatures are too high to offer much protection to the soil. In the
past, the effect of winter rains has been particularly harmful because
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of the lack of cover crops. Within the last few years, however,
much larger acreage of winter cover crops has been grown, owing to
the work of State and Federal agricultural services in pr onmtmfr This
practice.

The winter precipitation differs from the summer precipitation
both in character and origin. Most of the rains in the late autumn,
winter, and early spring “are gentle, widespread, and of long dura-
tion. They are drizzling rains or “‘tater soakers”, which saturate
the soil and give o maximum benefit te winter cover crops with a
minimum of surface run-off. Meteorologically * they are of the
warm-front type, cansed by the steady advance aloft of warm moist
Tropical Gulf or Atlantic air over a wedge of colder and denser air of
polar crigin. The Piedmont and the Ap[].lla{,hmn Mountain region
lie in an area where the wmovement of Polar Continental air masses
frequently is greatly retarded, and where the boundary between the
polar air and the warmer tropical air may occasionally become more
or less stationary Tor as long as 2 days. Extratropic al cyclones fre-

uently originate or inerease in intensity along this boundary, and
the rainfall from the resulting warm-front storms may attain moder-
ate or even high intensities that continue for 24 lhowrs 0r Imore.
Rainfall in these storms, lowever, rarely has exceeded G or 7 inches
in 24 hours. Warm-front winter rains are not of the l}pe that
causes the greatest concentration of run-off and hence the greatest
erosion by 1unmntr water. Owing to their wide areal extent and
their thorough saturation of the soil during a long drizzle, warm-
frent rains are important in indocing mass mov ements of the soil
by slumping and caving and by slow downhill creep.  Prolongec
rains of this type create a definite flood hazard.

In late spring, summer, and carly autumn most of the precipitation
originates in convectional storms. These produce rains which may
be of high intensity but are generally of short doration and of small
areal extent. These storms are slmost always associated with extra-
tropical eyclones and occur along cold fronts caused by intrusions of
bodies of Polar airv, which generate hige convective currents in warm
moist Tropieal Maritime air masses.

Tropical cyclones ocensionally pass through the area but their
ocenrrence is confined largely to late summer and eurly fall. By the
time the tropical hurricanes reach the Spartanburg avea they are
generally assuming extratropical chmrncteristivs, and the vainfall
may be of the warm-front type, convectional, or a combination of
the two. Tt is usually of high intensity, The eharacreristivs of the

rains in 1936-37 and their effect on crosion are disenssed more fully
and examples are presented on pages 76-91.  (See also figs. 43 to 57, )

Erocsion by surface run-off from a storm depends on the character
of the soil, angle of slope, vegetal cover, and especialiy on the amount
.md intensity “of the rain. Heuvy sumimer rains. either convectional

: tropical-cyelonic, are the major *gully washers” The heaviest
.1in period recorded for Spartunburg was in 1888, when 15.26 inches
of rain was received in August and 2044 in Sepiember, a total of 35.70
inches, a large part of which fell within 2 weeks. "This was more than
the rainfall for the entive year in either 1925 or 1930. The unusually

* Meteorologienl Inferpretation was prepured in eooperntlon wilh  Benjamin Holzmen
and K Clarke-1hitstad of the Seetlon of Climatle and l'bhysiographle Research,
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heavy precipitation in 1888 appeurs to have been cuused largely by two
tropical eyclones which passed through the upper Tiedmont of South
Carolina in rapid succession. The yewrs 1928 and 1929 also had
exceptionally heavy rainfall from tropical storms, On August 10-12,
1928, the Southeastern States were deluged by heavy rwuns from a
tropical cyclone which passed northieastward from the Gulf of Mexico
and left the continent again near Chesapeake Bay. Spartanburg
was one of the centers of highest precipitation (fig. 4) and received a

Storm of
Auvgust {0 Hand 12 1928

Ranfall  (achesy

£
12 and above

Prggue d-—Distribation ol toinl pecipltation in lropieal exelons of Awmust 10-32, 1425,
Bhe T inehes of rabn reccbved of Spactanbery, 2, O fell within 240 hours,

total of T inches of rain, all of which fell between 8 a, m. August 10
and 8 a.ny. August 11 This was followed on August 15-17 by a second
tropical disturhance, which may be considersd as an extension of the
earlier one (A 5). Spartanburg received 8.10 inches of rain, 7 inches
of wihich fell in the 24 howrs between B n m. August 13 and 8 a. m.
Aupust 16, Tn these two storms of Augnst 1828, 15.10 inches of rain
fell within the 6 days from August 10 to 16.
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The storms of 1929 were even heavier. A lhurricane on Seplember
23-27, 1929, bronght unprecedenfed rains to many stations in the
Southeastern States, A totat of 15 inches was recovded in a single
day in Glenmville, (Ga. Crescent, in Spartanburg County, 8. C,, re-
ported 12.08 inches from sunset September 25 to sunset September 27,
Spartanburg itself received 6.15 inches hetween 8 a. m. September 25
and 8 a. m. September 27. This was followed within 3 days by a trop-
jcal cyclone of unusual duration, which caused high winds and heavy

iy =

Starm of
August 15, fBond I7, 1928

Fenfoll  Gnches)

12 ond obowe

Tavkrir S-—Distribulion of tolni prieipitation in tropical exvelone of Angust 16-17, 1028,
Bpartanbueg, 5. O, receivind 5.0 fneles of rdn, 7 lehes of whieh fel) withia 24 bours.

rains. Bebween 8 & m. September 30 and 8 a, m, October 9, 9.86 inches
of rain fell at Spartanburg, and 6.93 inches of this cume in the 24
hours from 8 a. m. October 1 1o 8 0. m. October @, These two cutstand-
ing storms in September and October 1929 thus brought to the Spar-
tanburg arca 16.01 inches of rain within 7 days.

The probability of occurrence of high and low monthly precipita-
Lion for periods of 1 to 52 yeavs is shown in table 2. based on records of
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the United States Weather Burean (34, pp. 76-16, 35). 1t is to he
expected that in an average 5-year period, for example, the precipita-
tion for 1 and only 1 month would exceed 12 inches and for 1 and only
1 month would be less than 0.1% inch.

TanLe 2—Probable frequency of occitrrence of high and Iow monthiy precipito-
fion, Sparfanbury, S, .

Alonthly Alonthly [ Monthly Alonily
Frequeney {years) | procipivntion | precipilation Frerjuency {yenrs) precinblation | previpitatinn

Mmore than— | less than— 1! tire that-- | less thin-—

b
Inehes Frchex ] Tnches Inches

M1 43 (1 - 12 0. 19
HI ] 1§ 10 i
ih 25 105 g Loz

T Troee,

In the 46 years for which Weather Burean records of precipitation
at Spartanburg are complete, the monthly distribution of heavy and
light precipitation is as follows: Murch, July, August, and December
have the greatest frequency of heavy monthly precipitation; May,
September, October, and November are the months which most fre-
quently have had precipitation of less than 1 inch (table 3).

TapLr 3—-Number of wmonthly occwrreences of hewvy and Fght precipitation,
Sparfuwbinrg. 8. ., Li-pear record

t}:: l;ﬁ:,',)l:'i’l‘:"(?gcrﬁ;s‘ Jun. | Feb. | dlar. | Apr, | 2Iny | June | July | Ao, Pdepl | Gel, | Nov. | Dee. ] Total
10or more._________| 1 Ju] 2 1 1 k4 3 3 2 & Q 3 23
T less.oooooe___ 2 1 0 1 H 9 0 1} 1 2 9 0 b=

Records of storm intensity at Spartanburg are available only since
1934, when automatic yain gages were installed in the Tyger River
basin by the United Stutes Geologicul Survey. Since June 1935
these have been opernted in cooperution with the Soil Conservation
Service. Trom 1918 to 1930 the Weather Bureau station at Green-
ville, 8. C., 30 miles to the west and 200 fert higher, recorded the
short-period precipitation intensities shown in the following tabu-
Iatton:

Maxintnm
precipitation
Length of period: in fnches

5 minutes o2
10 minntes__._.__ __.. A0
15 minutes._ ... .- . V25
30 minntes_ . . . a0
T | | N 343
2 honrs_ o e P 3.59
24 hours - 820

The maximum precipitation, by months, for a 72-hour period at.
Greenville, in the 47 years ended 1930 was:

Tnehes Inehes
January— o . e TR Iy . . .94
Febrnwary_ el nl G186 AWEUSE e 1414
Mareh .. G611 Beptember—_._. e, e T, 48
Aprile .. e 321 Octobera——._. T.7H
MY e . S 30 Novembero oo o ________ __ 2,06

UM o o TO Do DOY e e L 5.%0
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Late in October 193¢ the Section of Climatic and Physiographic
Research of the Scil Conservation Service installed four recording
rain and snow gages of the weighing type adjacent to selected gullies
and other study areas within 14 miles of Spartanburg {(fig. 6). The

MORTHK GaARGLING
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A Ak
A
Y L

™y

COUNTY

GCRAEENYILLE

REE,
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maLBER,

waonr O

SPARTANBURG COUNTY
SOUTH CAROLINA
(L1141
SliF e e
LEQLLD

C?u £06[8 44D TomnE
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— ETLL HIEHWIRD
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€1 MLOEDWL MMU ClafR
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TUCARE 3 weTe
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TFIGURE 6.—-Map of Spartanburg Counly, 8. (., showing the locntion of the vecording vnin
wiges wivl of the pailles deseribed in this bullefin,

daily precipitation from each of these gages has lLeen graphed, and
the e{frecipitgtion for Y4-hour periods during storms has been iabu-
lated. Precipitation before October 1986 and that of exceptional
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storms since that date has been charted from records of two recowd-
Ing gages maintained in the same avea by the United States Geo-
logical Survey and the Soil Conservation Service. Owing ta the
distances of 8 to 14 miles between these six recording gages, their
results show considerable variation but give 1 moderately good repre-
sentation of rainfall throughout the arca. Microclimatic studies
made in western Okishoma during the past 2 years by the Section
of Chimatic and Physiographic Research have shown marked spol-
tiness of rainfall (40). Preliminary results obtained in Okluhoma
show considerable variation in the vecords of gages only 3 to 5
miles apart.

Rain intensities in the Spartanburg area from July 10, 1936. to
July 9, 1937, ran as high as 1.65 inches for a L4-hour period recorded
on Ocfober 16. TIntensities in excess of 1 inch per hour ure given
in table 4.

TarLy 4 —Preeipifation infensilics of more thon 1 inch per Mowr, Npartanbnry.
N Tty 100 R o uly B AT

Maximuin preeipitntion foe—- i Muximum preeipitation for-
Pats ———— l' - e Date [ ] . : .
b honrj 1 hate 2 hoors (21 hours L haur: | oor [2 hanrs hr;-)ll:rq
———en o amem RN S PR, j RN JR——— __Il __.l .
138 Inches | Faches” faghes: tuches |i 1837 Fuches: faches | faches |
Aug. 78 . .- b Lagp 20 LA dupe 2 R I 1 -+ Lo [.43 1. 4a
. 2 1. 1) il Julvtoo.oooooco ] L@ LT [. ¥t |90

Maximun, L 2.3 | Bo2 | 5w

12 pages were fo uge fram daly 10 g0 Oct 21, 1936, sudd G from tiere oo, *1 he records frut andy 4 s were
used in compiling the dala for the period sfter [doe. 25, (K,

The storm of October 15-16 bad the greatest intensity for all
periods from 74 hour to 24 hours. The intensity of that storm for
a 2-hour period exceeded slightly the highest 2-hour intensity re-
corded in the 13-year record for Greenville (p. 12), The heavy ruins
listed 1n table 4 were the most destructive of the entire year, from
the erosion standpoint. The close velation between precipitation
Intensity and rate of pully erosion was clearly shown by feld ob-
servations and is set forth on pages 75-91.

GEOLOGY
PHYSIOGRAPHIC SETTING

South Carolina may be divided physiographically into three major
provinees or belts which roughly purallel the coast (fig. 1). Within
each of these areas, similarity of bedrock and of physiographic his-
tory have brought about move or less wniformity in topography,
soils, and erosion forms,

Approximately half of South Cavolina is in the Coastal Plain, o
broad lowland developed on sedimentary beds which dip gently
seaward. Topographic reliet in this province is low except in the
western part, where sand hills rise a hundred feet or more above
their surcoundings. O its landwurd side the Coastal Plain abuts
agsinst the Pledmont, an area of much older und more resistunt rocks
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of igneous and metamorphic origin, which extends almost to the
northwestern corner of the Stale. Owing to its resislance to ero-
sion and its grenter distance from the sea, this avea lus not been
worn down so low, and many of the streams and rivers crossing the
Piedmont cascade over rapids or falls where they puss from this
province to the Coasta) Plain, From this Fall Line or ¥Fall Zoue the
Piedmont extends westward to the base of the Blue Ridge Monn-
tuins, which are formed of the same weneral 1 vpes of vock but in this
area stand about 2300 feet higher. These are characteristically ma-
ture complex mountains with subdued topography.  Their rounded
crests and smooth, flowing slopes we well clothed by forest. Cliffs
and other bare rock surfaces e not comnion.

Spartanburg County les entirely within the Pledmont province,
The northwestern corner of the county includes several hills which
arz outliers of the Blue Ridge, but the arca in generat is charactoer-
zed by the gently rolling topography typical of a land sarface natu-
rally dissected by running water.” The divides, with, few exceptions,
rise to a remarkably even sky line, the trace of an old erosion sur-
fuce {the Pledhnont peneplain). which hux been uplified and now
slopes gently toward the sea.  Elevations in the county range from
an average of about 1.006 foef in the northwest to 500 feet in the
sountheastern part, i air-line distance of some 43 miles,

The njor strewms of the county, the Pacolet. Tyeer, and Enovee
Rivers, head in the mountaios to the west and fow southenstward,
following the regional slope of the land {fig. 6). The avafable
rehief, or difference in elevation between the main stroam channels
andd the divides, is from 100 to 200 feet. Slopes are steepest close (o
the streams and. through mnely of the area, pass into the miove geutie
upland by a marked shonlder or break in slope.

Few of the strewns have beeowe well graded, except for short
reaches,  Owing to the thick zone of weathered rock, muny of the
snadler creeks have not cut deeply enough to encounter =olid mate-
rial except where n hard mass or vein s exposed unusuadly close to
the surface. The levels of the graded portions of the streams are
controlled by the temiporary harriers or shouls thus formed, or by the
level of the master stremns to which the smaller ones wee tributary.,
Most of the major stveams have reachedd the submafure stage in their
development. They flow in valleys with discontinuous flood pluins,
which at some places reach widths of one-half to three-quarters of n
mile. A few shoals are found along even these lurper rivers, and
there the bottom lands are searcely wider than the river channel.

Most of the bottom lands are subject to frequent floods. and nuny
such areas are now wnfit for cultivation. Flooding has resulted in
the deposition of infertile sund over the silts of the normal flood
plain.  Many bottom lands, once furmed, have been abandoned and
allowed to grow up in willow, alder, and other lowland vegetation.

BEDROCK IN THE PIEDMONT

The rocks of the Piedmont province ave higlily complex und have
had a Jong and varied history. Some of them, for example marble
and quartzite. were originudly sedimentary rocks but have since heen
changed by regional metamorphism.  Others sach as granite and
diorite, and more mafic types including peridetite and diabase. are
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igneous rucks and still retain their original character. The greater
part of the province, however, is composed of gneisses, gmeissic
granites, schists, slates, and altered voleanic rocks. In some of these
the mineralogical composition gives an indication of their original
character, but in many of the rocks of the area metamorphism hus
almost completely obscured their earlier condition,

Little geologic mapping has been done in the southern Piedmont
in recent years, and the geology of Spartanburg County has never
been studied in detail. The nost closely velated region for which
there is a published geologic report is the Gaffney-Kings Mountain
area, which lies close fo the northeast corner of Spartanburg County.
The work was done by Keith and Sterrctt, of the United States
Geological Survey and published in 1931 as Folio 222 of the Geologic
Atlas (74). Owing to the trend of outerop of the rocks of the Pied-
mont. northeast-southwest paralleling the mountain front, the belts
of rock mapped in the Gaffney-Kings Mountain quadrangles puass
southwestwird, and many of them enter or cross Spartanburg County.
There is a close relation between the tvpe of bedrock, and the soil and
erosion conditions in the Piediont. A knowledge of the geology of
the area is helpful, therefore, in interpreting the erosion conditions.
Preliminary tracing of the boundaries of the varions rock formations
in Spartanburg County has been done in connection with the physio-
graphic reseavch. More detailed investigation of the geologic rela-
{ions is being earried on but has not been completed.

According to Keith and Sterrett the oldest rock recognized in this
area is the Carolina gneiss (/4. p. 3), & complex sevies of interhedded
pneisses and schists heavily injected with granite. It is believed to
be of Archean age” Intrusive inte this is the Roan gneiss, a dark
hornblendic rock of schistose and gneissic structure and variable
composition, which occurs in luarge masses or as dikes und narrow
belts cutting the Carolina gneiss. Dikes of pyroxenite, amphibolite,
gabbro, and other basic materinis, many of which have now altered
into svapstone, are associated with the Rean gneiss. The Battle-
ground schist {74, p. 4), a manganese-bearing sericite schist named
for the historic battleground at King’s Mountain, is of Algonkian
age, next younger in the sequence. The King's Mountain quartzite,
Blackeburg schist, and Gaffney marble, believed to be of Cambrian
age, follow in that order.

Several different granites have invaded the rocks of this area.
The oldest of these which has been distinguished is the DBessemer
granite (74, . 4), named for Bessemer City, in the Lincolnton quad-
angle, N. C. This iy a much-metamorphosed, fine-grained, musco-
vite-biotife granite, locally with porphyritic texture. It is younger
than the Roan gneiss but is believed, like it, to be Archean. Two
granites {74, p. &) which cover wide areas appear to have been in-
truded much later, as they show less deformation and shearing than
the older rocks. The Whiteside is essentially a light-gray muscovite

s eologists have divided inte a serics of eras the time beiween ihe formatlon of the
wlidlest rorks sxposed on the mirth's speface and the present. Some of the Pledimont voeks
are believed to belong to the eldest ere, the Arvchean, and sume to the following ern, the
Alponkinn,  Gther rocks are cansldered to e beon formed muel later in the Cambrinh,
the earllest porlod known to luve had abundant anlimal life of comples type, Most of the
Piedimont rocks are believed te have heen lovmed before the Cnrboniferous perlod, the
time when the major coal deposits of (he Fastern States were made, From the Carboni-
fergus to the Recent is a streteh of hndreds of milllons of yentrs, during which erorlon baa
worn dewn ond carried nway vast thlcknesses of the uppermost meries of rocks,
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biotite granite thought to have been intruded during the period of
mountain building a! the end of the Carbeniferons. The Yorkviile
is probably vounger than the Whiteside and is a gray to dark-geay
coarse-grained biotite granite possessing, in places, a porphyritic tex-
ture and a roughly parallel arrangement of feldspar phenocrysts.
Portions of it grade into diovite as a result of absorption of preexist-
ing dioritic rocks.

Owing to the lack of good exposures and the extreme variability
in composition of the Predmont rocks, identification of the pavent
material of the seils is diffienlt. Lach successive igneous intrusion
or regional deformation has greatly altered the preexisting rocks.
The dark-colored Roan gmeiss, for example, hus absorbed the Carolina
gneiss so thoroughly at some localities that little trace of the original
rock is left.  Musses of the Curoling pneiss and (o a greater extent of
ihe Roan gneiss are vecognizable in the Whiteside granite. Blocks of
Roan gneiss have been included in the Yorkville granite, and where
blocks of the dioritic facies of the Roan were digested or incorporated
into the molten mass of the Yorkville, the composition of the invad-
ing magma has been completely altered and pusses from a granite
into a granodiorite, quartz-diorite, and diorite (74. p. 6). With such
complexity in the history and composition of the vocks of this aren.
pure rock types are almost unknown. Geolagic boundaries are sel-
dom sharp and distinet, and correlations of vock type with soil series
and eresion hazard must be bused on general rock groupings rather
than on minute sulxdivisions of rock types.

WEATHERING

In a warm, humid climate like that of the southern Piedmont,
contse-grained ignecus and metumorphic rocks weather deeply.
Chemical decomposition of foldspars is active, and vocks of granitie
type quickly give wayv as the feldspar is converted into kaolin or
clay, Although granite and granite-gneiss of the types mentioned in
the preceding section comprise a major part of the area of the Pied-
mont, ontcrops of such rocks are rare and are found chiefly in shoals
along the major strenms.  Throughout mieh of the province these
rocks are weuathered fo depths of 25 to 50 feet, and on the gently
rolling interstream divides wenthering nity have penetrated 100 feet
or more below the surface.  Many of the schists also weather rapidly
owing to breaking down of the feldspars and micas. Rocks rich in
dark ferromagnesian minerals {mafic) arve generally less decply
weathered thun those which are vicher in feldspar and quartz, or
silica (felsic) ; and in areas where mafie formations predominate, the
solid bedrock can usually be found a few inches to several feet below
the base of the subsoil.

In Spartanbnrg County mafie rocks are of small extent, and soils
developed from them occupy only ubout 2 percent of the land sur-
face. This fact is of great significance in the erosion of the county,
becaunse the rate of gully entting in areas of snch rock is much less
than the vate in areas of granife or other deep-weathering felsic types.
The character of the rocic and the depth of weathering also deter-
mine, in large puart, the depth to which the gully channel ean be
cut (fig. 7). In aress where the hedrack containg many resistant
rock minsses. dikes, or veing, these will returd or prevent down-

FITHR — e ?
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cutting of gullies through the surrounding friable rock, A gully
cut in such an area nsually has many steps or barriers in its channel
and will not reach its maximum depth and a fully graded condition
until the roeck masses which forin the temporary buse levels ave cut
through. Resistant dikes or ledges of this sort provide nt least
temporary stabilization i the segment of the channei immediately
upstream and in regions of weak rock are in many situstions the
only suitable foundations on which control dams or other protective
works can be built,

RELATIONS BETWEEN GEOLOGY AND S0OILS

The upland soils of the Piedmont are formed fromn residual soil
materials derived from the underlying rock or from bedrock higher
on the slope. Weathering of the solid bedrock produces a friable
zone of rotted rock or saprolite, which although badly decomposed is
still In place and retains its original arrangement and structure.
This rotted rock is neither rock nor soil. but is . stage intermediate
between the two. It is the parent materinl from which the soil-
forming processes develop the characteristic topsoil and subsoil of
the mature soil profile.

In the Pledmont, more than in many other parts of the country,
the soils are intimately related to the bedrock. In this urea there
has been no glaciation to remove the soil cover or to bury it beneath
8 layer of transported debris; slopes are gentle and suitable for the
formation of thick mature soils; and the climate promotes dee)s
weathering, thus providing an abundant, supply of decomposed parent
material ready for the soil-forming processes. The major kinds of
bedrock in the Piedmont and the soil series t6 which they have given
rise are shown in table 5,




TABLE 5.—Relations belween parent rock, color of B horizon, drainage, and soil series in the southern Piedmont

Felsic rocks ! li\'[:i{x(ed N
i rocks 3 (roeks
r“rtgél'\,’;“,d(';&gh “;‘3;1“_“5"323 highty in- | Slate and volenie rocks (such as meta-
base. hornblendite, mafic | Jected or morphosed clay shales and flne-tex-
5, y 3
Granite and granite gneiss Miea schist gnejss) ’;‘;:%SI ;‘f(? tured voleanic tuffs)
Drainage map)
- - Yellow to
Red tored- | Yellow to . . | Red to red- : Yellow or . . :
dish-brown | red B horj- | G18¥ Bhori- | qid brown | Red B hori- | oo iinovel. | YeUow B | poy B ygrigon | feddish-yel-| Gray B
B horizon zan zon B horizon on low B horizon horizon lmlegnhorl- horizon
Cecil_. .o -. . Louisa...... i - . Alamance.....
Good .- e {Lockhurt..-, }Durh..\m_.-‘ .............. {;\[ndison., }l)mldson.. ________________ Wilkes Georgeville. {Hcmdon.- ...........
Intermediate. . .comenn. {‘ég{?}:\"g """ ) ; Mecklenburg:.{ Helenn.___. | ooeouenonz i ——-
POOT.cocoaman.. . Worsham. . {.o.ao..ooin Tredell........ e B -.v.-] Orange.

! High in feldspar and silica, or quartz, low in ferromagnesian minerals, light in color.
* Lowerin quartz, higher in ferromagnesian minerals, medium to dark in color.
3 Felsic, intermediate, and mafic.
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From table § it may be seen that in the Piedmont related soil series
tall into groups the members of which although derived from the sume
parent materials have somewhat different solums. ID)istinetion between
such groups, which have recently heen named “catenas™ (24, pp.
16-17), can he no sharper than the distinction between rock types.
Where a gneiss becomes excessively micaceous and grades into a
schist, a soil of the Cecil group will give wuy to a Louisa or a Madison.
Similar transition in soil series occurs where rocks are heavily in-
jected with igneous material of a different compesition, thus locally
changing the rock character. Such changes are usually gradual, but,
where dark-colored dikes cut ucross lighter felsic rocks, such as gran-
ite, the resulting differences in soil may show as a distinet color band
on the ground surface.

The local distribution of individual soil series such as the Cecil,
Appling, or Worsham, depends on relief, drainage, and vegetation.
Appling soil, for example, indicates felsic rocks and a fairly flat or
gently rolling upland with moderately good drainage. Cecil soil
comes from the same type of parent material, but is found on well-
drained sloping land in areas of more broken topography. Worcham
soil is fornied from the same parent rock, but is found only in poorly
drained belts in Jow areag along siveams.

Each soil series may be divided into several subdivisions known as
types. These are Dased on differences in soil texture and are conlrolled
in part by original geologic conditions and in part by erosion. The
Cecil sandy loam, for example, can develop only where quartz or other
sand-forming material in the parent vock is sufficiently plentiful and
is In large enough grains to he preserved in abundance in the soil.
Cecil clay loam may result frum a rock of finer texture or from the
removal by erosion of the sandy surface layer of soil, thus exposing the
underlying clayey subsoil, Stony or gravelly phases of a soil type may
result from the presence of dikes or hard rock layers, fragments of
which aceumulate in the soil.  In sonie soils, such vock fragments cover
almost the entire surface.

Apriculturally the different soil series fiml different uses. From the
erosion standpoint, too, there are certain differences between Cecil,
Appling, and Worsham, but these result iurgely from the topographic
position and drainage of the series. The fundamental differences arve
Tound between the groups of soil series and are based on the parent
material of the soils. For this reason, a geologic map of an aven fur-
nishes valuable information as to the future erosion hasard theve. It
1s not always necessary, however, that complete geologic conditions e
mapped. A map of the rock type regardless of the age or stratigraphic
position of the individual formations (geognostic map) is an aid in
delimiting the arcas of high and low erosion huzard. Mapping of the
rocle types in the area of the Seuth Tyger River demonstration project
has recently been completed.

S0TL MIGRATION

Although the upland soils of the Piedmont are residual and are
closely related to the bedrock of the aren, this relationship is some-
what modified or disturbed by the downhill muss movement of the
soll. Owing to the action of this process, the soil at any point on a
hill slope may be more closely related to hedrock furxther up the slope
than to the rock immedintely beneath. Soil creep, the slow down-
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slope movement of seil or rock debris, acts so slowly that it is usu-
ally imperceptible except. when periodic abservations are made over
a long space of time,  Soils on sloping surfaces everywhere are grad-
ually creeping down the slope.  Although the pull of gravity is con-
gtant, movement of the soil mass nsually takes place 1mtermittentty.
Movement is especially active (1) in perods when the ground is
saturated and friction iy reduced to a minimum: (2} in periods of
maximun varintion of (emperatte, when expansion and comtraction
canse minute movements of the smfuce soil ; mud (3) in cold weather,
when frost heave ciuses more extreme displacement. Movement of
the first type takes place by plastic flow.  1n movement of types 2
and 3, the soil particles wre lifted perpendicular to the slope by
thermal expansion or by {rost heave and they retwrn to a position
slightly lower on the slope as they settle Jownward, more or less
vertically, under the influence of gravity (pp. 62-63).

Soil creep 1s most effoctive in the siwetnce layers of the soil and
lends to keep the A horizon, or topsoil, migrating dewnhill.  There
is evidence, however, that the entire soliin, to the hase of the B hori-
zon is in motion. Tn many voad and railroad cuts, on stream banls,
on pully walls, and in other deep exposures in the Pledmont, the
houndary between the ¢layey I3 horizon and the underlying rotten
rock or parent material s quite distinet (fig. 8). Above the line is
a normal soil prolile, which shows in some places, toward the buse of
ilie B horizon, a faint stratifieation parallel to the topographic sur-
tace, Beneath the line the rock structures ave preserved; (]il{es and
rock Jaminae rvise to that elevation and ave truncated sharply there.
The division is sometimes mavked by a distinet change in color, und
ustally algo by a more or leas detinite line of stones or subinmgular

Pigrer §—The distinet ehurnge In color, level with the hesud of the hanomer, marks the
bty beiween the  reddisivhrown Appling subxell above gnd che sy rolten rock
below. T'he Jower 2 Feel of (he soil peaflle shows an indisiinet stenlitication pacallel to
the dividing line,  Below the line the originnl rock straetures aee preseved,
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rock fragments, most {frequently of quartz, which may be called =«
stone line {fig. 8). This distinct boundary at the approximate buse
of the subsol} sugpests that the entire soil prolile above the parent
material has moved downhill. The layer of rock fragments along
the boundary gives further evidence of soil creep.

The stone Imes of the southern Piedmont are directly related to
the climatic conditions and geologic history of the area. Owing
to the warm humid climate, the rocks are deeply weathored and
abundant parent maferial is available for soil formation. The ma-
ture soils of the Southeast are very old and deep, and were not dis-
turbed by the Pleistocene glaciation, as were the soils in the North-
ern States.  Soil creep in the Piedmont, therefore, can have oper-
ated without interruption since hetfore the Ice Ape.

T 3 AR 5
Fieng U—Twe stone e acress the nlddle of (e pletare tes ot fhe boge of the 13 bori-

won b thwe soil.  Iepeath the line, traces of the oviginal rock stroctuee arve visible, The
sehe ne the lert is G ook g,

On a slope underlain by weals, weathered rock, containing more re-
sistunt rocic layers and dikes, the weaker malerial 1s the first to he
acted on by the soil-forming processes and gradually becomes part
of the subsoil.  The resistant rock Iayers are left projecting upward
into this subgoil, and it is believed that as the soil creeps slowly
downhill the hard rock layers are sheared off at the soil base and
fragments are carried along at the bottom of the creeping mnss
{fig. 10}, I the hard Iayers are strong and massive tliey may tem-
porarily prevent soil creep or at least impede its aetion,

The abundance of rock fragments which form the stone fine at
the base of the B horizon and the scareity of snch fragments higher
in the soil appear to result kurgely from the fact that the rvock frag-
ments enter the creeping mass at the buse and tend to stay there.
This mny be due purtly to gravity, as the rocks are somewhat
heavier than an equal volume of soil.” Tt appears also that Uhe faster
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movement of the upper soil layers would cause them to tend to aver-
ride the rocks rather than to carry them along. Even if the
source of the rock fragments were such that the rocks were released
uniformly into all layers of the soil, the spacing between fragments
n the various layers would not be equal but would be proportionate
to their rate of movement. That is, & layer moving twice as fast
as another would have the rock fragments twice as far apart. If
the soil at the surface moves 5 or 10 times as fast as the base of the
subsoil, which seems not improbable, the rock fragments would be
5 or 10 times more widely spaced in the upper layers. Scarcity of
stones in the upper part of the soil is also to be expected, in that the
forces of weathering are more active close to the surface and rock
fragments world he broken up and rounded off more rapidiy there.

Figre 10.—8oil cracp, nnd the method by which stone lings are belioved to be formed.
Hoek fooprmenls sheaved ofl from the resistant Iayers and dilkes in Lho C horizon are

errled down siope it 1ha bose of the ereoping soil. Phie peraws ot Lhe vight indicnie
that creep is gresiest at ihe surface but 35 sctive even at the base of the B horivon.

Stone lnes and the distinet boundary between the subsoil and
pavent material are only two of the many signs of creep. Tilted
fence posts and poles, broken rock strata bent down-slope, trees with
curved frunks concave on the up-slope side, and broken or tilted re-
taining walls are some of the common indications of soil ereep (27,
pp. 23=23).  Measnrements of the rate of movement of different soil
inyers or of relative rales of movement in the different soil types are
not available. Movement is undoubtedly very slow but varies
greatly with different conditions of climate, ‘slope, and vegetal
cover. The evidence of nmovement is clear, however, and displace-
ments of many feel are indicated. On cultivated lands the process
is greatly accelerated. A single plowing of a hillside field may
transfer the surface soil 6 inches or more down the slope.

Down-slope movement of the upper soil layers also takes place by
washing. Sheet wash during heavy showers rapidly carries away
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the surface so0il of hare slopes, and unless the material is swept into
a gully, stream, or river, it accumulates in minor denressions in the
slope. Removal of the topsoil by sheet wash thins the soil profile
in the areas where the evosion tas2s place. Where the washed ma-
terial, or overwash, is deposited, it tends te thicken the soil, usually
making the surface layer coarser and of more sandy texture. The
sedimentary structure of the overwash, in most places, shows imper-
fect but distinet stratification, and in many places it is cross-bedded.

In the Piedmont, overwash resulting from man’s use of the land
is especially noticeable in the valleys and behind the older terraces
on the hillsides, In many valleys where the water table is high, over-
wash of coarse and usnally infertile sand overlies a well-develope
profile of bluish or grayish fine-textured soil. In poorly drained
depressions on cultivated land, overwash may be foundl to have boried
the soil profile completely. On terrvaced slopes, much of the coavser
material of the overwash is deposited in the water furrows behind
the terraces, gradually filling them and producing level benches on
the slope. Overflow of water from the choked water furrows in-
creases sheet erosion in the area immediately down slope, so that on
many fields little or no topsoil is left except on the tops of the bench-
like tervaces.

The valley soils of the Piedmont bottom lands differ from the
mature soils of the uplands in that they usually are humature and
in that they bear little or no relation to the underlying hedrock, The
materials of these soils have come from higher ground by overwash
down the siopes, by stream transport, and by slow soil creep. Under
natural conditions they consist largely of fine-textured clays, silts, and
organic matter. Where flooding has cccurred as a result of man-
induced erosion the material deposited hag as a rule heen more sandy.
and bottom lands which were once fertile have hecome unproductive
wastes (2, p. 8).

TETROGRATIY

In order to verify the c¢orrelations between the major soil series
and bedrock types of the Piedmont, a hrief petrographic study was
made. Specimens were collected from outerops of firm bedrock of
representative types. Thin sections were prepared and were studied
under the microscope. A summary of the approximate mineralogical
compaesition of the rovks examined is shown in table 6.

The results showed that many of the rocks diffored markedly from
what they appeared to be when examined with the naked eye.
Neither did the information obtained with the microscope agree
always with the traditional correlations of the Piedmont soil series
and rock types. This may result in part fren inaceuracy of rock
identification in previous correlations, from Inck of uniformity in the
rock musses, from the limited number of thin sections examined, and
in part from the difficulty of obtaining specimens suitable for grind-
ing into thin sections. Only firm and reasonably fresh outcrops of
the bedrock conld be used, and the very faet that these outcrops
were sufliciently resistant to withstand erosion hetter than the rocks
of the surrounding area indicates that they may not have been
entively typical. In the Piedmont, however, solid rock at the surtace
is so rare that even if all outerops were studied, large intervening
unknown areas would stil} remain,
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TapLB G—Approrimete mineralogical composition of representetive specinens of
bedrock from Hie Picdmont of western Soufh Careling

Compositivn of rock speciinen—!

Nn.o 2,
I Noo 1, Por- Na. 3, No. 4 .
Minerals Biotite | phyritic | Terido- Olivene ccl"‘;lfé'rﬂif\ B'ig;‘ti' Q:;fé:
Eranite (uarts tite diabase slate sf:]nciss %muiss
{Ceell | dlorile { {Iredell | (Iredell tWilkes | (Wilkes | (David-
soil) ]]S!II"?:::{I) D soil) soil) suil) 500 50il}

Na. 5, No. 6, No. 7,

Pereent | Percent FPereend Pereent
Quartz .. .o el 14 ] 0 1
Fuldsgurs:
Crthocinse
Migroperthite ard mjeropeg-
matit
Albite___.
Andesine. ..
Briownite,
Ferrmpgnesions:
Biotite
Clivioe

Antigorite_-
Epidote

Alterution produets Sl
Allothers . . .aae.._

' 'Ng. 1 fromn quarry 1 mile south of Codar Hill Sehos!, 5 miles soithwest of Buflalo, Tnion County.

No. 2 front rapids in streat below Layion’s Gully, 1.8 miles west of Walnut Grove School, 11 miles south
of Spertanburg.

Ng. 3 from Santh Crroling Highway 56, about 1.5 miles noreh of 1'yger River, 18 miles southeast of Spar-
tanburg,

No. 4 from South Caroling Highway 7, 11 miles west of Abboville,

Nos. 5and 6 from Urited Stales Highway No. 20, 0.5 mile west of Browd Hiver, Cherokee County.

No, 7, characteristic leat binck from Rieh Hill, L4 miles soutly of Whilestone, Spartanburg Couauly.

Specimen No. 1 (table 6) came from an area of Cecil soil and is
identified as biotite granite. Much of the Cecil soil is believed to
be derived from this rock type. Specimen No. 2, from an area of
Lockhart soil, has a normal amount of quartz but is approximately
half andesine feldspar and is a porphyritic quartz diorite. The di-
orites are border-line rocks, some belonging to the felsic and some to
the intermediate groups. Their identification depends largely on the
character and proportions of the feldspars. In soils work, diorites
have usually been classed with diabase as “basic” or mufic rocks, and
diorite has been stated to be the parent rock of the Pavidson and other
similar soils. Specimen No. 2 belongs to the diorite group but is
closely related to the granites and gives a Lockhart soil.

Specimen No. 8 shows Iredell soil formed from peridotite, a very
darlk, highly mafic rock which consists almost entirely of one mineral,
olivine. Specimen No. 4, also from an area of Iredell soil, shows the
formation of that soil from a diabase containing about one-third
olivine and two-thirds bytownite feldspar.

The Wilkes soils, many areas of which were formerly mapped as
Tredell, are of mixed types; hence a wide variety of rock specinens
might be collected from areas belonging to that soil group. Speci-
mens Nos. 5 and 6 are from an area of Wilkes soil. Both are high in
quartz, and the siructure of the rocks and the churacter of their min-
erals give them the names, “quartz-chlorite slate” and “quartz-epidote
gneiss,” respectively, Both are products of metamorphism.

Specimen No, 7 was obtained from the abundant “float” of blocky
rock fragments which covers parts of the crest of Rieh Hill, about
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& miles southeast of Spartanburg. This is an area of Davidson soil,
and it has previously been assumed (77, p. 427) that the parent rock
there was digbase, which was intrusive'into the country rock in the
form of a dike. The analysis given in table 6 shows that the heavy
hard dark rock owed its character not to the abundance of basie teld-
spars and dark ferromagnestan ninerals but to an unusually high
proportion of garnet. Keilh and Sterrett, writing of the Gaffuey-
Kings Mountain quadrangles (2} p. 7.7}, commented on the presence
of compact masses as much as 3 feet thick, consisting of small grains
of garnet generally mixed with quartz and stained with manganese
oxides. They noted that in places the weathering of the garnetiferous
rocks (schists) set free the partly decomposed garnet evystuls, which
in some places covered the surface like pebbles of rusty gravel. It
secmns likely that much of the blocky font rock of Rich Hill also may
be derived not from diabase but from gurnetiferous gneissic luyers
in the schist which outerops near the middle of the hiil.

These few petrographic studies give only a suggestion of what
might be done in correlating soil series with rock types.  Valuable
information as to erosion hazard can also be obtuined in this way.
Even the few specimens listed in tuble 6 give information as to the
erodibility of the areas from which they come. The high perceutage
of silicie feld=par in specimen Ne. 1 indicates that kaolinization would
be rapid, hence the ¢ horizon or parent material of the soil would he
wealk and nonresistant to erosion. ‘I'he mica in specimens Nos. 1 and 2
would aulso tend to weaken the rock, The high percentage of quartz
i spectmens Nos, 5 and 6 and of garnet in specimen No. 7 would be
expected to form a somewhat tougher parent material more resistant
to erosion than that of the Cecil and Lockhart soils.

SOILS OF THE I'IEDMONT

EROSION AND THE S0II. PROTFILE

Mechanical and cliemical sovting in the upland soils of the Pied-
mont have differentinled those soils into several distinet horizons
which together muke up the mature soil profile. The nature of this
profile determines to a great oxtent the erodibility and the particular
manner of erosion of the vurious soils.

The principal divisions of the mature soil profile, from the surface
downward, are designated the A and B horizons, which together
constitute the solunt and are the Iayers commonly 1eferred to in nny
mention of svil (75, ». 4}, and the C hovizon or parvent matevial of
votten. rock.  The A horizon usually contiing n sirface layer of
organic matter, but in some soils this may be thin or zbsent. In this
region of Red and Yellow soils. us is general in lumid climates, the
A horizon lins lost most of its hases and its colloids and other fine
soll particles by leaching and eluviation. These huve Leen eartied
downward and the colloids and some of the basos depostted in the
B horizon, which 1s wsualiy of deeper color and finer texture, and
may be extremely tough. The thickness of these hovizons as well as
their chemical properties varies from place to place and may change
markedly within w few feet. Parent walerial, slope, vegetation,
rvelation to drninage lines, and extent of erosion or soil creep may
cause such local variations. The € lorizon or parent material, being
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directly a product of the bedrock, varies in general as the rock does,
and is much less affected by surface conditions than is the overlying
solum,

The properties of the soil which control its erodibility are many
and varied. Texture, structure, colloidal condition, state of oxida-
tion, and thickness of the severzl horizons ull play a part. Soil
texture, or the size of the individual particles, is dependent on the
nature of the parent material and on the sction of the processes by
which that material was formed. Textuves ave described according
to the proportions of sand, silt, and clay ; and most soils such as Joum,
silt Joam, and loamy sand are mixtures of two or more of these
grades. The coarser soils ave the more absorptive and allow better
nercolation, and hence do not erode 5o easily. 10 the finer grades the
condition of the colloidal material is a major fuctor in determining
their erodibility.

Soil structure, or the manner of arrangement of the soil particles,
is dependent on the texture, the chemical characteristics of the finer
constituents, the plant life in the soil, and other factors. The strue-
ture may be massive or may be an aggregate of smaller particles and
Le described as, nut, shot, crunib, ov single grain (13, {;é'-. 2y, It may
be prismatie, columnar, fragmentary, or platy, according to the way
the I3 lLiorizon fractures. Structive is of great Importance in con-
trolling vulnerability to evosion. Within the same soil profile, sltrue-
tural differences between the A and B horizons may result in the
evedibility of the two being widely different. The success of certain
kinds of soil conservation treatment also depends on the soil strue-
ture. The construction of check dams, for example, is practicable
where the sobsoil is fivm and massive but in platy soils, or soils with
a loose nut or shot structurve, crumbling around the abuinents would
soon render a check dam useless.

The effect of the colloidal coudition of the soil ou erodibility has
been studied by Lutz (19, 20}, Middieton {2/}, and others. This
seems to be o particularly fruitful field, and much valuable in-
formation on erodibility -may result from continuation of studies
of soil colloids. Buiefly, the condition of the colloids, whether they
are dispersed or flocculated, has an important bearing on the ease
with which they ean be removed by evosion. In the fleceulated con-
dition the fine colloidal particles are gatherved together into larger
units and ave not easily trangported. Dispersed material is highly
subject to eluviation and washing.

Although color in itself may be of minor Importance, it is fre-
quently a significant criterion of other soil conditions. Other factors
being constant, soil colors may range from light gray through brown
to black with ncreased content of orgnnie malter. Suebsoils usnally
contain less organic mutter than topsoils, and their colors depeid
more on the mineral content, especially on the amount and form of
the iron that is present. If the ivon is oxidized and nonhydrated
{hematite) the subsoil is ved, but if oxidized and hydrated (limonite)
it is yellow. If iron is present in the reduced state, as in the im-
perfectly drained soils of valley bottoms, the subsoil 1s usually gray
or grayish blue, The mottled gray, yellow, aud rusty brown soils
of the valleys, stream terraces, and lower “benches” of the Piedmont
are also evidence of poor drainage (15, p. 5).
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The thickness of the various soil horizons has u vital effect on
erodibility. The A horizon is conunonly loose and sandy, and if it
1s thick, perhaps 10 to 18 inches, it will act as a sponge and absorh
much of the rainfall, thereby preventing immediate run-off. Tf this
hotrizon is very thin, however, it can have little Leneficial effect re-
gardless of ifs porous character. A tough clayey I3 horizon many
feet thick may retard violent gullying for & long period. but a thin
B horizon may be cut through in a very short time and, if the nnder-
Iying material is weak, the destructive, caving type of gully will
result,

The character and thickness of the € horizon is of prime sig-
nificance in determining the progress of gully entting.” In some
areas this zone of roften rock or parvent material is only a fraction
of an inch in thickness and is underiain by solid rocl that will ef-
fectively resist erosion for thousands of years, Elsewhere, as in
much of the scuthern Piedmont, the €' horizon is 10 to 50 or more
feet deep, and the fransition into firm bedrock is very gradual. Tn-
der these conditions, deep gullies can develop with phenomenal
rapidity, and the thicker the C horizon the greater the erosion hazard
to the area {pp. 17-18).

SOIL SERIES OF SPARTANBURG COUNTY

The Cecil soils are by far the most extensive series in the upper
or western part of the South Carelinn Piedmont. In Spartanbury
County, according to the soil survey published in 1924, they occupy
89 percent of the tofal avea of 524160 acves (J7, p. 423). The

Appling and Durham soils, members of the same family, increase
to 91 percent the total area of soils formed mainly from granites
and granite gheisses. Louisa soils, formed from mica schists nnd
quartz-mica schists, form about 2 percent of the area and in many
places grade Into the Cecil. Tredell and Davidson soils, derived
from mafic rocks, cover scattered avens totaling 1.8 percent of thoe
county. The remaimder, slightly over 5 percent, is in hottom lunds
having Meadow and Congaree soils.

Since Spartanburg County was surveyved in 1921, two new series,
Lockhart and Colfax, have been established and other older series,
among which arve Madison, Worsham, and Wilkes, have been recog-
nized in the county for the first time. The Lockhart and Madison
soils were formerly mapped as either Cecil or Lonisa. The Colfux
soil, & down-siope phase of Cecil, Appling, or Durham, was formerly
mapped lurgely us Durham. The Worsham is a poorly drained valley
soil derived from granitic roeks. Aveas of fhe Wilkes, » soil derived
from mixed rocks, were formerly mapped as Ivedell.

Many types of Cecil soil have been recognized in this avea. Most
widespread of these is the Ceell sandy clay lowm, now classified s
Cecil sandy loam, eroded phase, which occupies almost $ percent of
the county. The Cecil sundy lomn comes second, with 82 percent,
and the Cecil clay loam noxt, with 12.7 percent. The Cecil gravelly
sandy clay loam, gravelly sandy loam, coarse sundy loam, and fino
sandy loam together male up & little more than 4 percent {J7, p. 4=3).

The Cecil soils were among the first to be tilled in the Piedmont.
They erode easily, and owing to the combination of long use and
high erodibility they have suffered severely, In their original condi-
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tion, most of the sois derived from granites were probably sandy
lonms. Remmnants of suudy topsoils in areas having apparently vip-
gin profiles sugwest v much deeper and more widespread sandy A
horizon. Much of the sandy lopsoil hag been carvied away by sheet
erosion. so that the solls now mapped as Cecil sandy ke, eroded
phase. and Cectl elay loanm. eroded phase, represent progressive de-
grees of removal of sandy topsoils that were once 8§ Lo 16 inches thick,
Gullying in the Cecil soils and rvelated series has been particularly
serious becruse of the deeply weathered hedrock and the lacl of hard
barriers to retard or prevent down-cutting. IMany of the Cecil
sullies are 20 to 30 feet deep, and o few have reached twice that
depth.

The Cecil sotls? are characterized by a topsoil which. in the dif-
ferent types. ranges from brownish-red friable elay loam 3 to 7
inches deep to a yellowish or reddish-brown gravelly sandy loam
6 to 8 inches in depth.  The samdy clay lomn and sandy Joam. both
vellowish hrown to reddish brown, are the most widespread types,
aird the topsoil on the sandy loam s i some places 12 to 18 inches
deep. The subsotls or B horizons are red stifl clays, brittle when
dry but plastic when wet. They often contain conrse quarly grains
and miiea flakes. The 13 horizon extends (o a depth of about 3 feet
in some of the coarser types but may be 5 or even 1 or more feet In
depth in the finer textured soils. Where wundisturbed or little
aftected by creep, the base of the B horizon grades alimost hmper-
ceptibly into the parvent materizl or € horizon. The depth to lirm
bedrock may be 5 feet or less in sonwe of the areas of gravelly loam
but is often 40 or 50 feet in the finer types and iy be much more.
The coarse gravelly {ypes of Cecil soil are derived from granites,
gneisses, amil quartz schists contalning abundant veins, dikes, or
layers of quartz. Owing (o the gravelly swrface, the coarse mem-
bers of the Cecll group ave less subject to sheet erosion than the fine-
textured soils.  The sandy Toans and ¢lay loams are derived largely
from granites, granite guneisses, and sehists, Owing to the heavy,
tight, clayey nature ot the B hovizon, gullies in the Cecil soils are
charneteristically shallow and V-shaped while cutting in that hori-
zon, Imt: beeome deep and U-shaped n cross section when they have
entered the wealc parent material.

The Appling sandy loam has a fopsoil 10 te 12 inches thick coun-
sisting of light-gray to yellow loamy sand or {friable sandy loan.
The subsoil begins us a yellow fo orange sundy clay and quickly
passes into a reddish-yellow or yellowish-brown stiff clay, the lower
parts of which arve mottled with red where well drmined and with
gray in wetter areas. The Appling is derived lurgely from light-
colored granites. It is subject to sheet erosion aml is gullied readily,
but, owing to its position on undulating fand and on divides instead
of 1 rougher locations, the Appling usually has fewer gullies than
the Cecil soil.

The Durham soil is closely velated to the Appling. It oceupies
the same topographic positions, on flal or almost flat land, and is

“The following dereriptions of (he profiies of the sollz of Sparianboee Couniy nre hased
in prrt b SML SUERYEY  GF SPARTAXBURG CODNTY, SR CARDEINA (77} im0 paet o
RO CONTHOL METHODE St T SOUei canola Y paanyosse, peepneed by jhe Soil iree
ston Serviee, U, 8 Bopaeiment of hroecior, i 205G in perd oo ab eopabtisied manusevipt
by Charley Ih Gay on (he seils of the South Trger River wateeshed ) and in part on the
pevsohnl chservalions of the writers,
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usually derived from light-colored granites. The surface of the
Durbam topsoil often has u whitish appearance. hut the A horizon
m general is a yellow or yellowish-gray sandy loam 10 or 12 inches
deep, pussing downward into a thin ayer of Hghi sandy clay ov
heavy loam. The subsoil is a bright-vellow to orange firiable clay
or heavy sandy clay. which extends to a depith of 2 to 215 feef.
Below this is a friable sandy cluy, dull vellow to orange vellow and
faintly mottled with red. The subsoil grades inte the ¢ liorizon,
and the motthing may extend 1o a depth of 10 feet or more.

The Collux, one ot the newly described soils of this aren, is the
down-slope, less well-drained cotnterpart of the Cecil. Appling, or
Durham, and s considered ax a teansition (o the Worslham soil,” Tt
oceurs mast conuponly in dralnagewavs and depressions on broad,
almost flat ridges in areus underlain by granites and acid gneisses.
Smaller areas are found on lower slopes and around streamheads.
The Colfax soil s characterized by a mownse-gray loamy sand top-
soil and a subeoil of yeltow sandy clay which becomes mottled and
heavier within 36 inches. The parent maierial is normally gray to
white sandy elay containing one or more lavers of tough plastic
clay and seattered erystals ot incompletely knolinized feldspar. .\t
gonie focalities, as shown in gully walls in the Foster's Tavern avea.
the upper pare of the parent material ig abont 10 feel thick and has
a higher sand eontent than the underlying decayed vock. This upper
layer gives evidence of having heen accumulated either hy mass move-
ment or alluviation.  Althongh the Colfax soll is resistant to ¢han-
nel entting, it evodes readily where kept continuously nioist hy the
wuter from o spring or see).

The Worsham soil i= even less well deained than the Colfax, and
is found low on the slopes around streambicads and along valley sides.
It Is the wettest of the soils derived from the felsie igneous rocks.
Many of the areas formerly considered us Worsham would now e
mapped, af least in part, as Colfax.  The topsoils of the two series
are similar, but the Worsham_subsoil Is characteristically gray or
bluish-gray heavy elay. =ometimes mottled with vellow or hrowu.
whereas that of the Colfax is normally vellowish.

The topsotis of the Louisa sandy ehov loam and elay Toam ave darle
brownish 1o veddish brown and contain noticeable amounts of mica.
The .\ horizon is seldom more than a foot thick and puasses downwil
tto a friable, micaceous, ved or reddish-brown clay which has a
slick, greasy feel. Mica hecomes increasingly prominent as the =ub-
soil wrades downwud into the parent material, which is a badly
weathered anen sehist or gneis< Gullies cut rapidly in the pavent
materinl.  (8See Cox’s gully, p. 115.)

The name “Lockhar™ has recently been applied o a soil =eries
derived from a slightly pneissic porphyritic granite or diorite whiteh
nnderlies arge arens, especially in the southeastern part of the
connty. This soil iy intermediate in character between the Ceeit wnd
Lonisa, It resembles the Lonisa more closely, but differs from it in
that the proflile of the Lockhart is shallower and the subsoil is more
friable and of lighter eofor.  The Lockhart has 6 (o 8 inches of yel-
lowish-gray gravelly sandy loam fopsoil and a frm Ind hrittle light-
red highily mieaceous subsoil 20 to 30 inches thick which containg
Jarge white crystals of partially decomposed feldspar which have
weathered from the bedrock. Fhe parent material is highly micace-
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ous and friable. This soil 1s very erodible where cultivated. New
rills appear after every rain, and washed material quickly clogs ter-
race channels. DBecause ot the vulnerability of this soil to sheet
wash and gullving and because of the difficalty of protecting it with
erosion-contrel structures, many areas of Lockhart soil now support
only marginal or submarginal agriculture,

The Davidson clay loam has a dark-reddish or chocolate-colored
topsoil 4 to 10 inches deep. The subsoit is a heavy eluy, durk to
margon red, somewhat deeper in enlor than the Ceeil subsoils, The
Darvidson is derived from dark mafic vocks, which in wost places are
not deeply weathered. For this renson, although sheet orosion is
severs amdl small gullies are numercus. the pullies usually remain
V-shaped even afier they have cut through the base of the B borizon,

The Iredeil seils have a grayish-yvellow to brown sandy to clayey
loam topsoil & to 10 iuches thick. The subsoil can be easily recog-
nized, as 1t is yellow to bhrownish-yellow hnpervious plastic elay, ex-
tending to a depth of 2 to 215 feet. On exposed snvfaces of this
viay, desiecation develops a distinelive cracked pattern unlike that
of any of the other soils menitoned above. The parent muterial is
greenish and micaceons and is derived Trom dark-colored mafie rocks.
Shieet eroston 1s moderately active on these soils. Shallow gntlies are
found, but deep gullyng is ruve.

The Wilkes is not a distinet soil series but b5 o mixture of many
kinds of soil. The term is used where the soil. owing to complexity
of the parent material or to other factors, does not (it into any of
the defined series. or where severnl soil series are present but the
areas of each are too small to map. The bedrock of the Wilkes soil
ranges from granite and felsic gneiss to dark-eolored mafic rock such
as underlies the Tredell soil.  Injected rocks wmd aveas containing
numerous dikes ave common sources of Wilkes goil. The furgest urea
of Wilkes in Spartanburg County is underiain by Dbanded horn-
Blende gneiss, and by tale sehist, The soils deseribed as Wilkes vary
in charucter from Cecil and Appling to Iredell and Meckienbury
(table 5). The topsoil is usually lieht, sunly, and 2 to 10 inches in
depth.  The subsoil varies from plastic clay to sandy clay and the
color may be any shade from gray to red,; depending on loeal con-
ditions, In most places the Wilkes soils are easily croded by sheet
wash and gullying,

LAND USE: PAST AND PRESENT*

Many factors, includling climate, hedrock, soil, vegetal cover, and
steepness of slope, deterinine the crodibility of the huxis in any region.
The rate and manner of soil erosion, however, and the localization of
its action depend largely on the treatment that the land receives.
Improper methods of farming, construction of roads and railroads,
digging of ditches, and throwing up of poorly planned terraces share
the Tslame for destructive erosion of the soil. Al have had their effect
in Spurtanbarg Connty.  The agricultural background of this avea
is typical of the npper Piedimont as a whole just us the evogion coudi-
tions in this county are similar to those in adjacent aveas of the
Piecinont n both North Carolina and Seuth Caroling,

A vepaved T cooporition with A, L Tal of the Section of €impdie ad Phesiogenphlife
Hoesenreh.
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SETTLEMENT AND EARLY AGRTICULTLRE

The first white seftlements in Spartanburg County were made
during the period 1750-60 (23, p. 724). Ome group of pionecr
farmers settled between the North Tyger River and Jordan’s Creek,
in the western part of the county. Others tool up land along the
Middle Tyger and Pacolet Rivers (¥; 16, p. #3}. Settlement ot the
remainder of the county, however, was retarded until after 1770 be-
cause of the hostility of the Indians. Many of the carly settlers
came from Pennsylvanis, Virginia, or North Carolina, and some
divectly from Ireland.

The farm economy of the ploncers was relatively simple.  Cattle
wistng was an important industry. The stock was allowed to roam
throngh the woods but was rvounded up at various “cow pens” for
branding and preparation for driving to Charleston or some novthern
market. Corn, wheat, nud oats were raised on the bottom lands
along the streams, but until after the Civil War the interstream
ridges were considered of little value. Charleston was the neavest
market; hence little production of staple crops for sale was at-
tempted. The one exception to this wuas the growing of tobacco.
This crop was raised by some farmers during the colonial period
and early national times and was transported to the const in large
hogsheads on wheels. Cotton production began in the southern
part of the county anbout 1802, At first the cotton, like tobacco, had
to be transported to the coust for sale. Columbia lJuter became a
market. Even as late as the Civil War, however, Spartanburg County
had 0t become i estensive cotton producer. Cotton gins were
few in number and usually the ling was separated from the seed
by hand. The lurger planters, owners of slaves, were the principal
cotton producers.  Very little cotton was grown in the northern
part of the county.

Agricultural practices of this early period were chavacteristically
of pioneer type. Lund was cleared of its timber, cultivated until
it was worn out. and abundoned: then u new area wus cleared.
Under this wasteful system of farniing much more land was culti-
vated in proportion to the production than now, especizlly in the
southern half ot ihe county. The destruction of the forest was very
rapid, and apparently most of the virgin timber had been cut by the
middle of the last cenfury,

Tn 1826 there were estimated to be 50.000 acres of land under
cultivation in the county (24, table p. 217). The area of improved
tand expanded greatly until 1850. In the next decade, population
arowth, especially among the whites, came almost to a standstill,
and there was extensive emigration of small farmers {o newer sec-
tions ot the country, A decline in the tota) acreage under cultivation
and in the output of the three principal erops, cotton, corn, and oats,
resulted. This condition continued throngh the Civil War and recon-
struction period. Tt was not without s benefits, however, for much
of the land retived from cultivation soon wus protected by a covering
of gecond-growth pine, Timproved methods of cultivation and betler
varieties of seeid hrought grearer returns from the fewer acres that
were tended.

The coming of the railroads furnished u belter outlet for the cotton
crop and made commercial fertilizers available at a comparatively
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low cost. The first railroad to enter Sparfanburg connected it with
Union and Columbia in 1859. Others were not finished until atter
the Civil War. The railway lmown as the Richmond & Atlanta
Ajrline, now the main line of the Scuthern, was completed through
the county from east to west in 1873, and the line trom Spartanburg
to Asheville, N. C,, several years lnter.

Return of more normal economic comlitions in the 18T(0s hronght
about rapid expansion. Many of the old fickls that had reverted to
forest were cleared again and returned to cultivation, The area ex-
posed to erosion was increased, and most of the farmers in this post
bellum period paid little attention to the preservation of the soil. The
destructive practice of clearing, farming. und abandoning was all too
common. The farmer who enriched his land with manure or by turn-
ing under grass crops. legumes, or rye was the exception. Continued
predominance of the two clean-tilled crops, eotton and corn, in the
agricultural economy of the county hindered the adoption of any
systematic rotation and aflowed erosion to progress rapidiy. Lamd
vonsidered good for one particular crop was used for that crop continu-
ously. There are ingtances of land having been planted exelusively to
cotton for a period of 50 years. When it was found desirable fo rest
a piece of land atter continuous cropping in cofton, the piece wag usu-
ally planted to one crop of corn followed in the fali by a crop of small
arain. Another method was to emit the crop of corn from the sequence
and sow the Tand to smiall grain divect!ly after the cotton.

When one-horse plows were uged, it was customary to plow to a depth
of zhout 3 inches, Since the two-horse turning plow has come into
use, plowing is deeper, usually 4 to 6 inches. Defore the infroduction
of terracing, plowing was done in straight rows, and in corn tillage it
was often the practice to “check” or cross plow. The field was plowed
and cultivated first 1n one divection and then at rvight angles (o the
first rows, If the rows last plowed happened to run up and down
the hLillside the erosion hazard was greatly increased. The huilding
of terraces madle it necessary to abandon the strajghl-row method, and
contour cultivation is now used almost exclusively.

Terracing has been used widely since the 1890%, and some farmers
adopted the practice as carly as 1866. Types of furmer-huilt ferraces
are almost as numierous as the farms on which they are used. One set
of specifications widely used when terracing was first introduced

wlled for a vertical interval of 3 to 814 feet Detween terraces and a
tall of gbout 1 foot per 100 yards along the terrace water channel. The
terraces were gencrally made 4 plow furrows wide, although some
farmers made broad-base terruces 12 furrows wide, similar to the type
now zdvocated. Many terraces were rin exaetly on the contour except
near the end, where some fall was given. Because terraces frequently
were laid off by eye, without the aid of an instrument, they were in-
accurate and their rate of fall varied greatly. Most farmer-built
terraces have a fall much greater than that now used by the Soil Con-
servation Service and terracing associations. Water from most of the
terraces was led into some convenient depression such as an old gully,
road drain, or ditch along the property line. It no convenient cutlet
was af hand the terrace waler was somethnes conduefed down the
slope through a hillside diteh with a grade considerably greater than
T7T88°—30—3
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that of the terraces. Some of the worst gullies were sturted from
hillside ditches and unprotected terrace outlets, which eroded rapidly
because of thelr steep pradient.

Many of the old terraces have not been well maintained, and fill-
ing of the water chanunels has converted them into bench terraces.
Water flowing over the rim of these flat-lopped terraces has caused
gsevere cvosion and gullving on the areas 1mmeditely down slope

(fig. 11}. Some of the Targoer beuch terraces ave now heing regraded
mednmc‘lii\' i order to redistribute the aceumatated topsoil more
evenly over the slope.

Pk 1 Waker owlne over the edpe of Uwese ol Beneli Tereaes= hos ciised severe
sttect erosion and siallow gullying gy (e ateeas Gownedhelely dows stope. Six miles
sputh of Sparianburg, B,

POST BELLUM EXPANSION

The dependence on cotton as the major cash crop inereased stead-
iy from 1870 unldl almost the present tine and was paralleled by
the growth in the acreage of mproved Luul. By 1880 the total fm-
mmvd fund haed sur p;l*-‘-l'(l the wnte bellum high of 1850, and expau-
sion has continued fairly steadily ever since. This growth wus
Jargely in the northern part of the county, which before the Civil
War was more remote from ontlets for its produce than was the
conlhem part. The shorter growing season in the northern are
{/1. G p. 513 4 po 19y had also discournged ex{ensive cott(m
pwduction The intraduction of railvoad transportation and
cheaper commercial fertilizer in the 187s enconrsged cotton rais-
ing in the northerly part of the county and enabled the faurmers
there to mature their crop earlier. thus overcoming the climutic
handicap.  Cotton production preached its high pomt during the
World War hut declined shortly afterward owing to the boll weevil
invasion and the low prices of the past-war depiessmn Produc-
tion had recovered by 1930, but low pricex and crop-reduction pro-
grams have since led to turther restrictions of cotton acreages.
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PRESENT LAND USE AND EROSION CONDITIONS

Since 1929 there has been n marked shift in the utilization of farm
land. Although the acreage of land in farmng increased 8.4 percent
from 1929 to 1984, there wus a slight reduction in the acreage of
cropland planted {table 7). Farm land of 2l other classifications
was increased, largely as u consequence of the reduction of cotton
acreage. As cotton prices dropped, some of the marginal land be-
came submarginal and was diverted to other uses or was abandoned.
This is reflected by the large increases in “idle or fallow” land, in
“woodland not pastured,” and in “ail other furm Jand.” Part of the
increase of these three classificntions resuited from the ubundonment
of rough gullied tand no longer suitable for planting,

TABLE T—.drreage and percenfage of farm lwnd in Spartanburg Connty, 8. O,
gecording to femd wse, JE20 and 183)

[ A preoximale Lol Bined area 188,500 acpes]

Faoaad ise ; 1929 1034

Crogaland: ocheread ) Frreent t seres? | Percent

- Plapted stinevested nnd Wilured ... o0 L L L - 454 2, 124 A2
fllearfilow. ... ... ... ... e - o 1E, 280 W, 7.

Pnsture:
Flownhle pnd other monwondlund. .. : 33, 2606 X 3T, 082
Woolland___ ... - . . 12, g

Woadlatsd, nob pasturecd . kR 02, M

Allother. ... - e - £ 4. 25, KN

Byl S |
TOe i o e wLear | st Ao

- l..

U From USITED STATES THUUEMT oF Tug CENsUS (38, 00 2, pl. 2, Conaty Ialde £, pp. 3603613,
! Pareentage of total sren of tie county,
3 From UNiTED STATES HUREAU oF THE CENSUS (33, . f, Canaly lable 1, pr J50-581 0.

The effect of these changes from the standpoint of erosion hazard
is suggested even more strongly in table & in which the mujor crops
are c¢lassified us clean-tilled, or erosion-inducing, and close-growing,
or eroston-resistant.

None of the clean-tilled crops offers the soil mueh protection
against the climatic forces. Owing to the character of the cotton
plant and the method of cultivation, cotton lund erodes purticularly
badly. It is significant, theretore, that although cotton occupied
27.7 percent of the total land area of the county m 1929, by 1934 the
acreare had fallen to 16.0 percent of the total.  Corn is also & clean-
tilled crop, but gives the soil somewhat inore protection, and has a
shorter growing season than cotton, After the corn is ~*laid by” in
the suminer, the natural growih of grass between the rows may offer
some protection against erosion, or legumes may be planted therve for
the same purpose.

More land has recently been planted to orchards, especially in the
northern section of the county. The first orchards on a large com-
mercial seale were set out n 1920.° In 1929 the county as a whole
had 2,760 acres in orchards, vineyards, and planted nut trees; in 1934
the acrenge had almost doubled, the greater part of the increase be-
ing in the townships of Beech Springs, Campobello, and Cherokee.

o Poarsonal communiention from Bruest {‘arnes, State coordinator for South Carolina,
Boil Conservation Service, formerly county agent of Bpartanburg County,
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The major plantings are of peaches and apples; vinevards are in-
creasing in importance. Orchards and vinevards are classed as ero-
sion-inducing, because they offer little protection to the soil. especially
when the plants are young and during summer seasons when the
space between the rows is clean-tilled.

The close-growing crops such as those listed in table 8 help to
protect the land against erosion.  Although they form a less efficient
protection than dense unpastured woodland or natural sod. they are
among the best of the erosion-resistant cultivated crops and often
are used in horizontal strip cropping to check erosion on sloping
fields. The increase in these crops from L4 percent of the total land
area of the county in 1929 to 10.7 percent in 1934, an increase of
139.& percent. helps materially to veduce the erosion hazard. The
clean-tilled crops listed in table 8 showed a decrease of 21.9 percent
from 1929 lo 1934,

Tanne B—:levewge and percentage of principal erosion-inducing and erosion-
resisting crops harresicd und pereenbage af loial urea af the county in ench
crap, Npartanburg Connly, N0, 1829 and 1934

[Appraximate total land nrea 450,000 acres]

Tand use ! ' 1940 i 1934
i

Principal clean-tilled (prozino-inducing: crops: 2 b i Percent 8 Aeres

5, g T8, 50N
121 60, 623 M2
.6 4,550 1.4
.2 1, 537 A

§ Percent 1
16.0

Totad. . i e o 40 5 [54, 812 3l

Irinviral close-rrowing foro-ion-resistants eraps:
Wheat dhreeshed 0 0 00 0 0L . 18, X4
Oatg threshed orfed .0 L0 L0 3, (34 . 18,127
Allhayerops® ... ... ... e . R 15,821

§2. ka2

1 A part of the acreage i= lisied twice, because an som.e It 2 erops were raised [n the year. as of winier
grain (ollowed by sumnier legime hoy.,

* Acreages ¢f cotlon, eorn, and sweetpotutoes anrl ypms barcested nre from USITED STATES BUREAT OF
THEUENSUS (3L v £, pl. 2, Connty fabie 3, pp. 34555, Acrenses of landd in orchands, vinevnrds, aand planted
nut rrees are foin UXITER STaTES BUREAT OF TiE CENSUS 122, . 2, 2 sericy, County fuble 8, pp.al-itl)

2 Percentage of tat 1l area of the esunty.

! Acresges for 1900 gre from UsiTen STATES BUKELT OF THE CENSUS (32, o 2, Pt 2, Connly faile 3, pp.
433-13-3!.3 Acreages for 1034 are from UNITED STATES BUREAC oF THE CENSUS (33, 2.1, b, 2, County table 3,
i ARE=S80.

® Includes censns elassifieations: “alfalia.” “timothy and elover,™ “sweet vlover and lespedeza cut for hay,”
“all other tame and wild erusses,” aned “annoal legumes saved for hay.”

Many gullies in_the Bpartanburg area have originated on pasture
Jand, much of which is abandoned eropland now fenced. Owing to
soil impeverishment and the lack of a hardy pasture grass the vege-
tation is sparse. Most of the volunteer grusses of this region provide
only a_peor cover during the drier months, and overgrazing and
trampling by livestock quickly denude the soil, forming bare areas
or galled spots where sheet erosion and gullying can gain a foothaold.
Although tilled Jand and pasture are highly susceptible to erosion,
recently abandoned areas are even more vulnerable, On tilled land
the inequalities and minor channels produced by a rain are evened
out or filled by caltivation, and future rains cannot enlarge them.
On abandoned land, however, rills and channels remain and are en-
larged by each succeeding rain so thdt they quickly grow to large
zullies.
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Soil erosion has seriously affected most of the agrienltural iand.
Sheet wash has removed 25 to 75 percent of the A horizon from at
least three-fourths of the county. Only about one-tenth of the
county has lost less than 25 percent of the A horizon, and most
of this area is in valleys too small to cultivate or on rough broken
fand. Abont 15 percent of the area has been practically destroyed
by soil erosion. Even the woodlands, which are chiefly worn-out
agricultural land abandoned and grown up to pines. have little
topsoil remaining. Land which has never been cleared for cultiva-
tion is not necessarily in an andisturbed virein condition.  Almost
all such areas have heen thinned periodieally and have also been
affected by fire and by grazing.

Gullies are “occasional to frequeni™ on about 99 percent of the
land. On fields now under cultivation the gullies generally are
shallow and are confined to the B horizon.  Abandoned fields, how-
ever, whether grown up to woodland or covered with younger pioneer
plants, nre generally riddled with gullies ceut deep in the friable
C horizon,

Much of the history of fand use in Spartanburg County is reflected
in the present erosion conditions. The southern halt of the county.
embraced in the townships of Cross Anchor, Glenn Springs, Pacolet,
Reidville, Walnut Grove, and Woodruff, was the first to be devoted
{o eotton culture. Now it has a slightly higlier proportion of wound-
land and o considerably smaller proportion of cropland than does
the northern half of the county. The recent decrense in number of
acres cultivated seems to have been greatest in this section, and many
old fields. gbandoned hecause ot sol depletion, are now growing up

n pine woods. Within any area of uniform soil and slope the fields
cultivated first and longest are. in general, the ones most severely
eroded. The pioneers cultivated first the flat bottom land along the
streams and the sloping lands of the valley sides. Now much of the
bottom Jand is buried by stlif and sand washed from higher ground,
The valley sides ave deeply ent by gullying.  Present-day agricalture
is predominantly on the uplands.

CAUSES AND MECHANICS OF GULLY EROSION
METHODS OF INVESTIGATION

Reconnaissance stndies of the chavacter and distribution of oullies
in the southern Piedmont show « ¢lose relation between gullying and
the past aund present land use. Many types of irritation of the soil
have been produced by man’s use of the land, and most of the arcas
of severe erosion are directly related to roads. ditches, terraces, and
other water channels, or to the type of cuitivation practiced.

Detailed field observations on typical active pullies have brought to
light the mujor prineiples of gully formation—the dynamics of
gullying in the Piedmont. These principles were derived from study
of some 12 representative gnllies in Spartanburve County, of which 9
are described in this bulletin (pp. 94-136). In order to establish a
permunent record of the present condition of these gullies, to measure
the erosion, and to estimate the run-off, each gnlly and its drainage
area was surveyed. Topographic maps on u seale of 20, 25, or 50
feet to the inch were prepared, with a contour interval ot 2 feet.
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On_these maps the positions of individual cutting heads in the
gullies were roted, and the major heads have been designated by a
key letter and number. Longitudinal H)z'oﬁ]es down the gullies and
their tributaries and cross sections at selected positions aid in giving
a full record of the condition of the gully when mapped. Periodic
remapping furnishes a record of the gully’s growth,

Base maps of the gully areas, on a 10-foot contour interval, have
been used for plotting additional information. One set of maps was
prepared showing vegetation and land use, and for two of the gullies,
maps were made of the erosion features and physieal relationships
in the gully area {figs. 60 and 71},

Observation of some of the gullies studied has beén continued for
more than a year, but records on others cover u shorter time. Peri-
odic observations are being continued. Various methods have been
used for the measurement of gully erosion. Retreat of gully rims
has been computed from stikes driven in the ground surface 5, 10,
15, and 1n places 20 and 25 feet back from critical parts of the gully
rim.  Similar stakes have been used in the water channels leading
to active cutting heads. From these many stakes, accurate data have
been obtained showing the amount of erosion and caving or slumping
from gully rims, By
comparisen with rec-
ords of rainfall in-
tensity at adjuacent
recording rain gages,
rates of gully en-
largement for given
precipitation, so1l
type, slope and land
use were determined.
Where vecession is
rapid, frequent mea-
surements are made
and the area re-
mapped periodically
on & large scale, such
as 10 feet to the inch.
This has already
been done on critical
areas af several of
the gullies.

To measure the
rate of cutting of
plunge pools, iron
rods threc-eighths of
an inch in diameter
and 30 inches long
were driven horizon-
tally into the walls
: - . W (fig, 12) to serve as
IMeunre 12.-~Thirty-ineh lron sods drived Inte he gally ]narkers_ In a few

hends serve as markers from whleh the headwird erg- N i .
sion can be measured, of the more active
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heads, selected for especially detailed measurement, a larger group
of rods has been used. Periodic measnrements from these make pos-
sible the counstruction of a series of accurate profiles showing the
manner and localization of the erosion and caving,

Photographs of significant parts of the gullies at vurious stages
and under ull weather conditions give pictorial evidence of the
changes taking place and of the actual operation of the processes
which cause them. Periodic rephotographing of some of the same
features gives an accurate record of the erosion. Considerable work
has been done during rain periods in order to observe directly the
processes whiclh operate. Winter studies have been made of the
action of frost in the soil. One entire night in February was spent
observing and photographing the growth of frost crystals on gully
sides. Pictures taken at frequent intervals throughout the night
and during the forenoon of the following day show the ice erystals
first growing and carrying soil material npward, then melting and
allewing it to fail down slope.

Other specialized methods were used in particular parts of the
work, The techniques of the soil scientist, geologist, ccologist, clima-
tologist, and historian all contributed.

GULLY INITIATION
CONCENTRATION OF FLOW OF WATER

Few if any of the gullies in the Piedmont upland have been de-
veloped by normal geologic erosion. The natural stream channels of
this region are bordered or overgrown with vegetation. Tnder naturul
conditions bare sides are the exception. Accelerated run-off of surfuce
waters, however, has so increased the rate of cutting in excess of the
geologic norm {8) that in many places deep, steep-sided gullies have
been formed by hicision in the bottoms of old and fairly well adjusted
normal valleys {p. 101}. Not all guillies follow old drainage lines.
Many of the gullles of the Piedmont have been developed where for-
merly there was no channel drainage.

Almost all gullies vesult from the acceleration of run-off or froni an
unnatural concentration of flowing water. Acceleration and concen-
tration of water have been brought about in various ways, and guilies
may be classified into several groups on the basis of their origin. In-
creased amount of run-off results trom overgrazing, burning, detor-
estation, or denuding of the land by cultivation. Concentration of the
run-off 1s caused by construction of roads and railroads, with their
accompanying ditches, by construction of tervaces and terrace outlets,
by contour plowing followed by the breaking-over of furrows during
heavy rains, and by stock paths, which in many cases become rills and
gullies. Acceleration of the movement of water in stream channels is
sometimes brought about by clearing of brush from the banks, a
practice which often results in accelerated bank erosion (26).

Almost everything man has done to the land hus tended to increase
the rate of run-off rather than retard the flow., Clearing of land for
cultivation removed the protective canopy of tree branches, and the
organic litter and humus soon were destroyed or washed away, Culti-
vation of the ground speeded the removal of the A horizon and teft in
many places only the less absorptive cluyey B materials, which shed




4() TECHXNICAL BULLETIN 633, U. 8 DEPT. OF AGRICTLTURE

a large percentage of the rainfall and cause high immediate run-off.
Raising of cattle, sheep, and other livestock, so frequently accompanied
by overgrazing, hag made the land more vulnerable to erosion, by re-
ducing both the quantity and quality of the vegetation, leaving only
a sparse plant cover poorly adapted to absorbing rainfall and slowing
the run-off. Paved highways, cities, and other man-made structures
allow almost no rainfall to reach the ground dirvectly, but divert it
through channels prepared for the purpose. The damage is done where
the concentrated flow of water is released onto the unprotected land.
Within any area having moderate uniformity of climate, bedrock, and
soil type, the slope and the past and present Iand use are usually the
dominant factors in determining the localization of severe soil erosion.
In the southern
Piedmeont there is a
very close correlation
between land slope
and suitable land use
within any one soil
type. The steeper the
slope the more rapid
will be the surface
run-off and the great-
er the tendency to soil
erosion. Land use
safe for a gentle slope
may he entirely un-
snitable for a slightly
steeper slope. The
limiting slopes {for
different uses vary in
different regions. It
appears that the steep-
est slope suitable for
any formof cultivation
in most of the soils in
the Piedmont is about
12 per cent.'® Much of
the worst gullying in
the Spartanburgareris
on the steep or moder-
ately steep slopes, but
gullies, once started,
) may eat headward in-

g 18, —Many gallies have developed frome road ditehes

and wheel ruts. This hillside rond bas been abandoned to lands which 510[)@
winl o reandabont route By way of the conerere Lighway 011]); gent[}r or are

e used, .
st now be wser pl'll[_‘tlcil“y ﬂﬂ.t.

. A

ROALS AND RATLROADS

Many £ the largest and most striking gullies in the Spartanburg
area were caused by old roads. Some of the gullies were developed
from drainage ditches paralleling the road (fig. 18). Others have

I UNITED RTATES DEPARTMENT OF THE [NTRRIOR, Soil EROS10N SERVICE. EROSION €ON-

TROL METHONS 9L THE S0UTH CARDLINA UIEDMONT. G4 pp., illus. [1935].  [Mimeo-
graphed,] See pp, 398, 36,
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formed from deep ruts. There are also a large number of gullies,
tributary to the road ditches, and lying approximately at right
angles to the course of the road. These have developed where water
enters the road ditches from terrace outiets or, having passed umnder
the road through a culvert, is released to continue down slope (fig.
14). Many of the older roads in this avea have been relocated several
times because of severe
gullying, and some of
the prominent gullies
follow roads which
are known to have
been in use as early as
1819 (22, Spartanburg
County Map.) Little
has bheen done to check
erosion along these old
routes. Roads have
been moved a short
distance to one sidle or,
more recently, have
been entirely realined.

With the passing of
the old unimproved
road, conditions have
become even worse.
Graveled  highways
and the main routes
paved with asphalt or
concrete usnally have
more efficient drainage
ditches. Run-off from
the prepared or paved
strface is immediate
and almost complete;
ditches are large and ;
carry the accunmulated . op 14 wWater frow this culyert under a topsoil roud
water fo a pOlDl’, “‘he‘[’e hag eut a gully 7 feet deep. When the gu!_ly [J(!IIEFI'!!.I:I!S
it can he dischar ge d i(:l:llfltt}lﬁil?fﬁ.[]er inte the C horizon, cutting will be greatly
conveniently with a
minimom of harm to the highway, This flow of water, which during
heavy rains may become torrential, soon cuts new channels. Slopes
below the road are gullied by water from the road ditches, The area
up slope from the road suffers too, but in a diffevent way. Road cuts
break the continuity of preexisting drainage lines, and water pour-
ing over the edge of the cut is able to eat back quickly into the
fields above. Sears has pointed to the “highway menace” (25) in
Oklahoma and other younger States, where roads have been laid out
on section lines, regardless of the topography, and have thervefore
disrupted the natural drainage to an unusual extent. Similar dis-
ruption is cansed in other parts of the country by new straight high-
ways, which make use of deeper cuts and higher fills than did the
old carriage roads.

In the old urimproved roads, the arcas drained were usually
small, and the ditches were shallow. The water of excessively heavy
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rains could eross the road in broad sheets and continue on its way. The
introduction. of the machine grader, which cuts a sharp V-shaped
ditch section, has made the ditches more efficient drains but has also
made them much more vulnerable to erusion (12, p. 26; 25, p. 242).
The tendency to keep all drains free from weeds has made matters
still worse. In the Piedmont, roadside ditches often become deeper
than they are wide and may even undercut the road although the
surfuce is left intact. In contrast to the erosion along highways is
the lack of gullying along railroad rights-of-way. This may be
dne 1n part to the use of » flat-bottomed ditch, partly to the less fre-
quent reworking of the ditch sides and profile, and partly to the
Jow gradient of the railroad lines and the consequent low angle of
most: of their drainage ditches. At many railroad cuts, a diversion
" ditch several feet up slope intercepts the surface drainage and car-
ries it downhill in a separate channel well away from the track.
Although a diversion ditch of this sort may, for many years, keep
the water out of the cut, it usnally produces a deep gully parallel
to the raiiroad and some feet farther np the slope. The same plan
has been used to a smaller extent along some of the highways. It
changes the site of erosive activity and thus protects the road, but
it does not check the erosion. If the diversion diteh is too shallow
or too close to the road, breakage of the dividing wall allows the
water to pour down the slope into the road drain.

Culverts tend to cause gullying both at their inlets and outlets.
The ordinary pipe type of culvert estublishes the base level for its
drainage area at an elevation several feet Delow the smrface of the
road. The lower end of such culverts may cause cutting unless pro-
vided with a suitable apron to lower the water harmlessly to a natu-
ral drainage line. This type of culvert allows removal of several
feet of soil from the uphill side of the voad and promotes rapid
deepening of the road ditch. The drop-inlet culvert obviates muny
of these disadvantages.

TERRACES AND TERRACE QUTLETS

Terracing came into wide use in this avea in the 1890s. Although
the terraces constructed during that period gave some degree of
protection to the fields, they were the direct cause of many of the
gullies now present in the Piedmont. In laying out a system of
terraces on a field, a farmer commonly arranged to make the water
furrow empty at a road, where the disposal of the water became the
problem of the highway engincers. Qv the terraces might be run
to a fence line, often n property boundary, where a diteh led the
water straight down the slope. If the fields were too large for the
terraces to carry the water all the way across, additional spillways
had to be constructed. The dangers of the ontlet ditches were not
always immediately appavent. The water cut only slowly in the
tougl" clay of the B lorizon; but ence down into the rotten rock,
or parent material, the ditches deepened rapidly. Many of the deep
gullies of the Spartanburg area started from terrace drains. The
old low terraces were easily overtopped by the water from heavy
rains, and where ferrace breaks occnrrved new channels down the
slope soon developed. Tnless prompt action was taken these too
became gullies.
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The broad-base terraces in use toduy are much more eflicient than
the type constructed 40 or 30 years ago, and more attention is now
paid to the safe disposal of the terrace-outlet water. Instead of heing
allowed to run down an unprotected slope, this flow is spread out
over a meadow strip—n broad grass-flooved waterway—or it is car-
ried in an outlet channel protected with masonry or vegetation bafiles.

Even contour plowing has a tendency to promote gullying, unless
the rows are run exactly on a level and are well maintained. If
there is a slight sag as the rows cross a draw or depression, water
tends to nceumulate there and Dreaks over from one row to another.
In exceptional rains this may vause deep rilling, or even the develop-
ment of x moderate-sized gully.

CLASSIFICATION OF GULLY FORMS

In working with gullies if is often convenient to have some simple
means of describing their outline or form. Just as the natural drain-
age of the lands gives definite information as to the geologic struc-
ture and physiographic history of the region, so the gully outline und
drainage are related to the physical features and Jand use of the guily
aren. Gully forms are controlled in large part by the distribution of
terrnce outlets, terrace hreak-overs. roud drains, and other channels

O TRELLIS £ PERALLEL

A LINEAR & DENDRITIC F COMPOUND

e 15, —Chaeacterisile gully forms: A, Linewe; £ Dulbons; O, dendritic: B, trelils
£, pueallel; F, compoumi. (A, B, ¢ 5, aml Foare from fekl surveys; scale §s 100 feer
per ineh,  F i from w sketeh ; seale nbout 75 feet per ineh
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which carry water to the gully. Six of the most characteristic gully
forms (fig. 15) are:

4, Linear: Long and narrow, with narrow head and few important tributaries
along its sides; common aloug property lines; follows old or existing drain-
age ditches, many of which bhave been dug or plowed out to serve ns terrace
outlets. Linear gullies may grow bLroader at the head and with further growth
may develop a bulbous, dendritic, or compound pattern.

B. Bulbous: Broad and spatulate at upper end, but may be lnear in down-
stream portion; incised in upland, often following the course of an old natural
drainage having a semicireular or amphitheatre-shaped head with small tribu-
taries or rills entering frot all sides. The patfern is likely to beeome dendritic
5 the gully grows alder.

€. Dendritie: Formed of many Dbranehing tributariez; usually developed
following the mufural drainage lines but may he due in part to ditehes, ter-
races, road drains, in a semicireular or amphithentre-shaped Lead. Heudwiard
cutting along tributarics accentuatis the dendritic ehamieter.

D, Trellis: Tributary pullivs or branches enter the muin ehannel at angles
npproaching 90°; developed on 2 flab or eveoly sloping aren where o system
of terraces empties into a central terrice drain or outlet. Headward erosion
along the terraces further accentuates the trellis effect.

E. Purallel: Composed of two or more parallel tributaries which empty
inte o main gully, as with driinage of old roads where ruts and road ditches
run parallel for some distance belore coming together into o main gully ehanoel,
Headward enrting aceentnates the paraliel development for a thue it capture
of one tributury by another is likely eventnally to destroy the parallsl pattern.

£ Componnd @ Combinations of any twe or more of the gully forms. The
main channe! may have tributaries entering in trellis pattern and the tribu-
taries themselves may be dendritie, parallel, or hulbous,

STAGES OF GULLY DEVELOPMENT

A typieal gully in the southern Piedmont passes through four
distinct stages in its life history.* In gullies that are large or old,
there may be considerable difference in character between the head
and the lower portions, and several or all of the stages are usualiy
present at one time. The four stages of the cycle thus apply not only
to the sequence of events at any one point but to the present condition
of the various segments along the length of the gully. The conditions
here discussed are churacteristic of the Cecil s0il and similur types,
in which o resistant subsoil overlies weak parent material.

The first stage consists of the development of a chanpel cut
through the topsoil and the upper part of the B horizon, This stage
may be brought about by rilling, or muy be initiated artifictally
through excavation of a ditch, furrow, or terrace. The second stage
begins when the gully penetrates downward into the weak C hori-
zon; a steep or overhanging head develops and begins to migrate
headward by cutting anl by undermining and caving of the B houi-
zon, This is the most vielent stage of gully growth. The rapid deep-
ening of the channel keeps the walls bare and in an unstable condi-
tion, and the active caving of the head of this section of the gully
constantly increases the gully area. Additional substages in the
growth of the gully muy be murked by the headward progression of
snccessive waterfalls, each of which deepens the gully and produces
renewed channel cutting. When the gully channel has eroded to a
graded condition controlled by some local base level, there is a
retardation of erosion. Stage 3 is a period of readjustment. Woath-
ering, slope wasl, and mass movenent slowly reniodel the slopes, and

A rhe feur siages woere suzgested Inoa briel reporr, FIERIONT GULLIES, subndtled iy A, A,
Normand, December 30, 1934,
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the steep, barren gully walls give way to more gentle slopes with
talus accumulations at the base. Plants can take root and grow on
these more moderste slopes, and as healing continues and vegetation
gains control of the situation, the fourtl stage, stabilization of the
gully area, is attained. New topsoil slowly but steadily is formed
and accumulates over the old scarred surface,

Euach of these stages is clharacterized by a more or less typical
cross section. In the first or channel-eroding stage the cross profile
is shallow, V-shaped, and nurrow, This type of section is maintuined
as long as the gully is cutting in material of uniform consistency.
The second stage, that of headwward cutting, tends to have a boxlike
profile with walls vertical at the top, steeply sloping at the buse,
and with a narrow but rather flat gully floor. When lhealing begins,
the slope of the walls grows gentler, and the cross profile of the
gully becomes niore like that of a normal stremn valley., When stu-
bility is reached the profile is fixed and has the shape of a broud V.

These stages of gully history are developmental and grade one
into another. Each is fundamentally different, however, and rec-
ognition of the stage reached in the cycle of gully cutting 1s of grent
assistance in judging the future hazard and In planning the best
means of control,

STAGE I: CHANNEL EROSION BY DOWNWARD SCOUR

Where rain falls on smwooth sloping lands, the water, theovetically
ub Jeast, flows off as a more or less uniform sheet,  Perfectly siooth
surfaces, however, are almost nonexistent, wnd even small inequalities

in the slope tend to concentrate the fow of water, forming minule
channels o rills. If the material is easily eroded, these rills deepen
during each successive rain and, unless filled or obliterated by cul-
livation, soon grow to gullies (fig. 16) that require special measures

Fioung 16.—Unless rills gre lilled or obliterated hy caliivation they soon grow to gullies,
The young gullies ou this desuded land nre cuiting downward in lhe teugh B horizon,
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to arrest their growth. Hillside gullies of this sort usually are cut
it a normal, well-drained or moderately well drzined soil,

Gullies may be formed also by accelerated erosion of the channel
of & normal stream or drainageway. A single torrentinl rin or
freshet has, in some cases, trunusformed the valley of & perennial or
an intermittent stream into a deep. bavrven gully. In snch Instances,
removal of the vegelal cover within the drainage basin has usually
heen a causative factor. The normal stream channel may have heen
adequate to carry the water and its load of debris for all average
rains, but may finally have given way under one of torrential mag-
nitude. The snils along streams and in minor drainageways down
the hillsides differ somewhat from the average soils of the hill
slopes. Those along mejor streams are usnally thick, poorly
drained, grayvish, and fairly tough. Soils of minor drainageways
down hillsides may be identieal with those of other parts of the slope
except that they are commonly of unysual thickness. owing probably
to soil creep.

During the first stage of erosion of a hillside gully, abrasten and
transportation are the main processes, as m uany natural stream,
Waler flowing through the gully softens and loosens the soll and
then carries it away. Owing to the absence of protective vegetation
and of properly adjusted drainageways, cultivated lands ave par-
tieutarly valnerable, and are subject to rapid erosion. In material
of uniform resistance the entive gully t{'m]ls to deepen and enlarge
at a fairly uniform rate, as for example, in the ruls and drainage
ditches along old roads {fg. 13).

In the Cecil and reiated seil types nnder cultivation in the Pled-
mont, the sandy or Joamy A horizon is removed by sheet erosion and
rilling. Gullymg proper makes its start in the resistant clay sub-
soil, or B horizen. This is in most places fairly nniform in texture
but is not necessarily of uniform depth. Many of the guliies cut to a
depth ot 2 to 6 feet in the Cecil, Appling, Durham, and Louist soils
and have moderately smooth and narrow V-shuped channels.  Where
the resistant subsoil extends much deeper, V-shaped gullies 10 or 12
feet. deep are sometimes seen. The mnre continuous the slope and
the more uniforn: the muterial, the more consistent is the size and
cross profile of the channel. Cutting s rapid on steep slopes and 1s
slower where the hillsides flatten out.

When the gully channel has been cut almost to the bottom of the
B horizon, the material becomes somewhat less uniform in resistance.
Minor irregularities are revealed by the differential erosion of the
flowing water. These tend to enlarge and deepen. and in many
places pot holes develop. Some ure only a few inches in diameter,
but others are 2 to 3 feet across and of even greater depth (fig. 17).
vhese pot holes are enlarged as the water ehuwrns with a cireular
motion and abrades the sides and bottoms with sand and stones car-
ried along by the current. As they cut into the underlying C hori-
zon, the pot holes enlarge more rapidly at their hottoms, and may be
of much greater diameter there than at their necks in the tougher B
horizon clay. TUnder rare conditions, enlarging pot holes muy inter-
sect the wall of & deeper and Iarger gully, thereby producing an
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underground passageway for the water. As the pot-holing process
continues, the lower part of the B horizon is quickly cut away and
the gully floor, now cutting entirely in the parent material or sapro-
lite, deepens even more rapidiy.

Frovne 17.—DInl hobes 4 {eet deep cut in the boltom of o gully chunnel.

During the pot-holing process, irregular water currents are set
up, which tend to undermine the guily walls. This lateral scour
may cut muny feet into the channel sides, thereby causing higher
portions of the wull to collapse.

STAGE 2: HEADWARD CUTTING AND RAPID ENLARGEMENT

When a gully cuts downward through the base of the tough B
horizon the rate of erosion usually is increased manyfold. The
weak parent material is removed rapidly, and a waterfall develops
where the flow plunges from the higher or upstream segment of
stage 1, down over the lip of B horizon material into the deeper
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gorge characteristic of stage 2 {fig. 1%).  Tonlargement of this plonge
Tiead and npstreant ngeation of the Tall may he eaused by i scour.
plunge-pool cutting, caving. and seepage. any ar all of which may
operate simlaneously.

Froreis 18 —Water tall aned pebaoze e wliae the Qow beotn e sDatlow Voshaped shinn-
aek elepaneieristTe of stage | il o File eep, steepee watlal eluaeienel of ez 200 Uppeer
ol mally fresiaz ., Posler's Favern drea

VERFALLE ASND PLUNGE s

Where a gelly channel has been overdeepened by mipid evesion in
the U horizon, the Jareral teibutaries wnd the opper end of the wain
drainnge Doe may still he eroding in the tougl B borzen ol w mueh
higher level. They therefore enter the deepened regment. of the
trnII\ a8 hanging valieys. Water flowing iuto the (Il‘t‘!l{‘nl’d aully
Trom theso lnnhm' cliannels plunges to the floor as waler (l“‘-s.. o
it rare cases enseades down (he walls,  Waterfails formed in this
way tend to earve wiehes in the gully walls wnd depressions in the
floor, which together ave deseribod as plunge pools tligs 18 and 1),

Gully heads of the plonge-pool type enfarge partly by abrasion at
the lip or brink of the fall. Where the material is tough, as in the 1
horizon of Ceeil suils, wearing away of the lip by the action of run-
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ning water and the sand and silt it carries is extremely slow. Some
of the gully lips which were observed for a period of u yewr showed
only IIISl(fnth wnt recession,

Erosion and mass movement of the weak C horizon vesult in cav-
ing of the overlying subsoil and are of great significance in the en-
Jargement process. The material of the © horizon is vemoved in
several ways. Burge of water in the plunge pool at the buse of the
fuall soaks the rotten parent material and so softens it that portions
flow slowly outward or fall away, leaving the overiying part of the
wall unsupported. Spray from the watertall and t3|1|.l*«ln|1<r trom the
plunge pocl also wet the buse of the wall and prepare the way for
caving or collapse. Another cause, and one which is often over-
lool\ed, is the saturation of the pavent material by water which
trickles downward from the lip of the waterfali.

Frivie 10.—"Two plunge pools formed bengith lip= ol resistant sulsoil, They are cutting
lesdward inte an abandoned feld.

When water is flowing inte a gully over the lip of a plunge paol,
pitrl of the flow ])IUH"L‘H clear of the wall and falls to the gully floor.
Owing to surface tension, however, o portion of the flow {.‘fln"‘a to
the wall and flows downward in a thin film (fig. 20). Asthe B hori-
zon of the soil is almost impervious, Jittle waler is absovrbed there,
When the flew reaches the pavent material, however, much of it soals
in. and the soft, wet, rotten rock flows or falls from the wall, thus
developing a cave with an overhanging root of B horizon. The sur-
face tension is strong enough so that the trickling water will cling
not only to a verticnl wall but 1o the wnder side of a cave roof or
overhang. Some of this bacle trickle drops from projections in the
voof of the cave, but much of its flows down fo the C horizon. When
wet, this wealk material beeomies a1 soft pasty mass, Paortions of it

TT788"—10 4
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break away and slide down the <lope. or, if on an overhang, the ma-
terial falls to the cave Hoor where 1t accumulates as a shapeless
mass of mud.

Although the back trickling of this thin film of water may at fivst
sight seem trivial. repeated observations during rainstorms have
shown that this part of the eroston process produves one of the most
dangerous stages in the cutting of the deep gullies of the southern
Piedmont. The process 1= effective not only during vaing but as long
as any water flows over the lip of the fall. It aets during voluminons
flow when the main stream of water shoots fur out from the lp and
is equally effective when the flow = =light and all of the water clings

€ Soil Horizon
PARENT MATCRML
e Weak ,  n g ) \‘

bt v
N - 1 Folien Blocks
: W from gully rm

.‘1 Piunge Pool

s

b 4

- hY

WMesrks 200 Section of o txydeal zalls Dewd pdunge paol dao a0 o=0fl having o resistant 05
frorbumt and weak paeent ompgesand. Pack (eickle along the ovechamg moistens the O
Wevinan ated promates coning,

to the wall, I{ the drainage area of the gully has g thick absorptive
topsoil or layver of plaut Litter, the flow may be prolonged For hours,
ar even dayy, aflor a storm.

Back trickling of water below waterfalis and the part i plays in
geologie erosion in the Sonthwest were desertbed in 1017 by Grogory
(70 pp. L22-100Y. Hestated that this process and seepage of ground
water from the rock wall were largely responsitile for the develop-
ment of rock niches or eaves in the head walls of box canyons,
Brvan (7, ) later doesertbed o shnilar getion which tukes place on
the under =urface of pedestal rocks formed where boulders or other
resistant roek masses have protected underiyving weaker material
from erosion. On several pedestals of this sort near Lees Ferry,
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Ariz,, Bryan observed that the water ran inward along the under
surface of the capping blocks to about 3 feet from the rim. There,
much of the water dropped to the ground ns a drip curtain (3, p. 3},
or a discontinuous sheet of droplets and threads of water analogous
to the sheet of water falling from the eaves of a house. Some of
the thin film, however, flowed inward to the top of the supporting
pedestal and wetted the top layers of the soft pedestal material.
drip furrow formed at the base of the drip curtain and deepened as
little rivulets carried material away from it.

Similar back trickle of water adhering to the under side cf sills,’
cornices, and other projections from buildings would be more com-
mon except for the use of a longitudinal groove or gorge on fhe
under side of the protruding member to keep the water from rinming
down the wall. This architectural solution of the problem of back-
trickle is worthy of consideration. Even a small groove on the
under side of an overhanging cave head of a gully would be sufh-
cient to break the trickling Alm of water and prevent its reaching
the weaker C horizon material lower on the back swall of the cave.

CYCLES OF GULLY-HEAL CUTTING

As evosion of the weale pavent material of the soil undermines
the tough B horizon, tension cracks develop, and eventually the
overhanging block falls. The depth te which the cave in the weaker
material can be enlarged before collapse of the lip depends on the
strength and thickness of the subsoil and the width of the arch,
Periods of cave cutting are invariably followed by periods of col-
lapse of the cuve roof, and a simple cycle of activity of these
processes may be outlined. The three steps of this cycle are shown
in figure 2. In the gully head illustrated, the resistant B horizon
is from 2 to 6 feet thick, and overlies n weak C horizon. The depth
of the gully in the C horizon depends on the depth of weathering,
the grade of the guily floor, and other factors, but typically is 3
to 20 feet. The steps shown in figure 21 are ns follows:

8tep 1.—The gully-head wall is vertieal or nearly vertical amt has Iitdle or
ne everhung, (See figs. 18 and 5.)

SrEPr 2—The recess in the C horlzon hag beew cut hick by orosion and by
the caving of wenk aterinl saturated by water from baek trickle, secpage,
and spray. The overhnng of the B horizon is becoming prominent. Plunge-
pool nction removes the croded material and increnses the vertical drop of the
water by lowering the floor, Tension is increasing in the upper part of
the B horizon and g erack is beginning to develop.  {See fips. 12 and 36}

Qrep 2-—This is the time of maximum rvecession of the cive and shows a
further nceresice in vertical drop in the plunge pool. There is o marked over-
hang of the B horizon. Smull portions of the B areh may bave fallen, and
the mujor tension crgek is eolarged ahmost to (he breaking point.  (See figs
14, 22, and 64.)

Return to a former condition.—Collapse of the overhanging B horizon
material (figs. 23, 33, and 57) brings a return to stage 1, or 2, depending on
the proportion of the overhang which breaks away., The head wall is left
withh less overhang. Caved material on the guily floor may produce tempo-
rary damming of the chuannel nnd promote the deveiopment of underground
drainage.

During moderate flow of water, the base of the waterfull is fur
out from the rear of the eave. The energy of the fall is dissipated
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with Tittle effect on the gully head wall except in stage 1. when un-
dermining is promoted. The falling water, however, deepens the
plunge basin and brings the gully floor te grade level. The action
of the plunge water is also essential for the removal of muaterial
which has caved or slumped from the head wall and sides. In
places where an uwnusually large volume of undermined material
collapses, the plunge water may be able to break down only the
debris immediately at the foot of the fall. The remainder acts as

Step 2 Return 1o step |

AR o
\\.\-.\‘\\\\ . AN .
\_'Q:\B\hquzun N - B horizan
RN -

N

D

-
c
5

Ly
h
-,
A

-

~
e L T

~ L N

Freene 21, Steps in the exele of gully-head eiving.

barrier and, if it completely fills the c¢hannel and is impervious. it
may pond water temporarily in the gully heand (figs. 20 and 54).
The standing water softens the material of the € horizon and pro-
motes further caving from ubove. Water passing over the gully
hip and falling on the nner slope of the barrier is deflected back
agrainst the head wall and brings about additional cutting and cav-
ing. If the barrier is high and much water is poured into the gully
the hydraulic head increases and underground channels may b
opened through the barrier. or the water may overtop the dam at a
low peint and rapidiy cut it away. Removal of the barrier prepaves
the way for further caving in the gully head.

If the gully floor is at grade and cannot cut deeper hecause of
control by a local buse level farther down the channel. tle plunge pool
i the gully head may be very shallow, The total depth of the gully
may be little more than the thickness of the B horizon, so that the
cave In the C material 1s very low. Owing to the shallowness of the
cave, the root usually is well supported at the sides and may remain
in place untif the low cave has Deen extended fur back into the bank.

ALODIFICATHINS OF GULLY HIEADS

Irvegularities in the material of the gully walls may modify the
shape and ruate of eniting of the gully heads. Resistant diles and
veing or harder strata ot the bedrock itsell may retard erosion or
control its course. TIn places. dikes have hield up the overiyine soil
and reclk material, but buck-trickling water has softened the material
beneath, and a cave has developed; or two caves may be present, one
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above the resistant rock layer and another below (figs. 18 and 54,
head J~1 Walden’s gully).

If the channel bringing water to a deep gully is floored with vege-
tation, the root mat commonly acts as a lip. The water runs off the
hanging roots and falls to the gully floor without wetting the head
wall. A firm sod cover may sag several feet and still serve to pour
the water well out from the gnlly head and prevent any of the
flow from trickling down the wall. Roots of trees and shrubs
have somewhat the same effect and help retard gully-head evo-
sion, though usually enough lenks through between them to moisten
the weak parent material (fig. 40). The drip of water falling on
sloping portions of the gully head from exposed roots and root-
lets, carves drip pockets, and these develop into small rills. Trom
time to time the soil between the roots is washed out and they are left
bare and protruding, Portions of the root mat periodically fall
from the bank, and blocks of the resistant soil mass cave with them.

SEFP CAVES

In a few of the gullies studied, the nactivity of the cutting head is
due mainly to seepage. Gully-head cavities formed in this way are
referred to as seep caves. The common association of gully heads
with terrace water furrows or drainage ditches produces conditions
favorable for seepage, because the concentrated and protracted flow of
water In the man-made channels gives every oppertunity for the
ground to become saturated. In spite of these conditions it has been

found that very few of what at first appeur to be seep caves ave
actually caused by seepage. Studies made during heavy rains and
at varions intervals afterward indicate that, in most gully-hend caves,
not seepage but back trickle is of major importance. When the trickle
stops, the walls of the cave soon become dry.

In a few gully heads, tension cracks a short distance back from
the lip allow water to move downward rather freely and emerge us
a seep or even a concentrated jet in the cave beneath, This was true
of gully head B in the Foster's Tavern area (figs. 22, 23, and 90),
which was observed periodically for 14 months. The tension ecracl
gradually widened, thus allowing more and more of the water to
go through to the cave and leaving less to pass over the lip. Figures
24 and 25 show .the condition on rainy days. The water is entering
the crack above and emerging from the roof of {lie cave below, The
lip at this gully head is in an unusuanlly thick and resistant B hori-
zon in Cectl soil, and its form made only one major change in the
14 months in which it was studied. The upper wulls of the seep
cuve lie in a moderately weak C-horizon material which gives way
abruptly downward to a vulnerable C saprolite, as is shown by the
distinet break of the cave wall in figure 25. Rapid removal of this
lower material is mainly responsible for the enlargement of the seep
cave.

Prolonged winter rains early in January (figs. 43 and 46) brought
about the caving of the arch in the gully head. The channels along
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o 22— Heep cave in oefly bewd Bl e The rove Teogully louwd 15
1 Septs CPavern oaeean July N Poster= wvern area. on Jdanuney 14,
T, Waner Frant [he terraer elidn- TetT. afrer the aech bad collapsed as o
tiel pereolates downward ot il rhe resull ol prolepnged reins.

Ly ateb e e man's HTH

Tisree 24 —Water, Howine Trian lel'e gl in the tereace channel pisses downwaed
gl the ten=inn erack 1o @ Seep o in the woll of the gully shown st the right.
The striped end B onurked o fnches.
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Er AT Erad i
Frevri 25-—Indide of the seep cave af hend B of Foster's Tavern aren. The seepage

wafer emerges as a Jrot from the tension crack in the eave roof, FPart of it fuils to the
Hoor and part flows down the walls a3 hack feickle,

which water seeped through the tension crack and the large size of
the cave are shown in figure 23. Until new tension cracks develop
and seepage can again take place, this head will be of the true plunge-
pool type.

A seep cave along the side wall of another gully had an opening
about 3 by 314 feet and was large enough inside to permit a man to
stand upright (fig. 26). Water entered from a tension crack in the
bed of an old road bordering the gully. The entire roof caved in
during the heavy rains of Qctober 1986.

The caves described in the preceding paragraphs carry water anly
in wet weather. Others which are fed by springs and are wet almost
continuously are sometimes found. Tigure 27 shows a seep cave
which extends back some 10 feaet into the wall in weak material at
the base of the Worsham soil. Masses of scil have fallen from the
roof of the cave although little or no water trickles down the face
of this cut,

CLASSIFICATION OF ACTIVE GULLY TIEADS

From the various gullies mentioned above it may be seen that gully
heads of different types present somewhat different problems. The
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types of gully heads found in Spartanburg County can be classified
(1) aceording to vertical profile and (2) by horizontal plan or rim
outline (fig. 28).

On the basis of their vertical profiles, gully heads may be classi-
fied into four types.

1. Inclined: Low heads entirely within one soil horizon, or higher heuds
in soils having approximately uniform resistance through all horizons.  Ln-
clined heads may be tormed also by uatual or artificial stabilization, ote
phuze of which, nsually, is slopiuy of the Liesuel

2 Vertieal - Rather nnnsual. This type of bead may be enlirely within one
s0il horizou or may he in materinl of unifurm resistanee: may have woeuker
materinl and cave ut bnse concealed by il exeept during stori periods; or
nay be n temporary endition representing  step 1 of the gully-head eyele.
sumolimes called box hesnd (Hg 21},

rd

P T SN A ] ~
t. INCLINED 2.¥ERTICAL ) 4 VEGETATED

5 I ! i Fk ; d
B IPOINTED 2. ROUNDED 3.NOTGHED 4 DIGITATE

Frarre 28 —Chanweteristic types of active gully Trads; 4. Lomnxitudinal secttous ; B, plnn
views gt the rlma Althedeh peinted gully heads (#8110 very comtnanly lave Belined
profiles (4, 1), mnl many rounded heads (8,2 have vortienl head walls (0 23 any
"ir the profiles sirown nbove may be associated with sny of the plan views of the gully
rims.

2, Cave: The mwost eommon type of Lead in deep gullies where the &nil
Torizons are of different degroes of resistanee. A touzh I3 horizon, dike, or
laver of rock forms the Hp. This fype commnonly peisses thirough the ¢yelic
changes shown in figure 21 If may be caused by Dack-trickle and plunge-pool
action or by seepage.

4, Vegetated : An overhanging root mat or sod forms u spout il keeps the
flow of water well away from the hunk.

On the basis of rim outline the following types of gully heads may
be recognized.

1. Peinted: Clhannel deepens and breadens gradnaliy and vniformly from the
narrow, pointed head; nsually shallow,

2, Itounded: Semicirealar, usually with steep or vertical walls

3. Notehed : Like rounded Bead but with sharp nobeh in the semicizele, ‘Uhis
often indicntes that the gully rhn is in e resistant Bohorizon but that the
channe! s cut down inte weaker material.

4. Digitate: Multiple head with members arrapged like fhngers on i hand.
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Although this classification is based on tle types of gullies in the
Spartanburg area, many of the forms described ean be found in other
parts of the country.

MABS MOVEMENT

As the cutfing head of the gully progresses up the channel, the
segment immediately downstream from the active head enlarges
rapidly. This portion of the gully, greatly deepened by plunge-pool
scour and caving, continues to be active until the steep walls ure
sloped back and vegetation can gain a foothnld. Water flowing
in the gully softens and undercuts the banks. This causes large seg-
ments to cave or slump downward, blocking the channel or accumu-

.t ' F - TR Yok W . e X

Fiogne 2h-—~Tension eracks parallel to the rim on the wost side of basin A, Littlejohn's
gully,  (Photogruplicd January -4, 1987, after 7 days of driszlng vain.)

lating as a sloping talus at the base of the wall, Smaller particles
break loose, roll or are washed down the wall, and are carried away
through the gully ¢channel.  These processes ave largely responsible
for the rapid wilening of deep gullies by which they quickly engult
the adjoining fields,

When gully erosion cufs a deep trench into the soil and roek, the
equilibrium of the neighboring soil is disturbed. Lateral pressures
are no longer equal and there is a tendency for the soil to give or
move slightly toward the side of reduced pressure—toward the gully.
If the gully walls are steeper than the normul angle of repose for
the material under existing conditions, they tend to eave or slough
off until the slopes flatten to the angle of repose. DBecause of the
relicf of lateral pressure the upper parts of the gully walls have a
tendency to lean and cave into the gully. The tension produced in
this way is expressed in the field as vertical or steeply dipping cracks
essentially parallel to the gully rim and a few inches to many feet
back from the edge (figs. 24 and 29). As the cracks widen, owing
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to wetting and drying, lieating, cooling, and freezing, the blocks
bounded by them tend to break away and slide or fall into the gully.

Such movenent may fake place as shimping, in which a block of
solid materinl, or an area of sloping debris wcting essentinlly as a
unit, slowly moves downward with backward rotation oun a more or
less horizontal axis parallel to the scarp.  Columnar blocks, and
long nwrrow wedges sepurated from the gully walls by tension
cracks, often slip downward in this manner. Many of the irvegular
crescent-shaped depressions along streams are evidence of down-
ward and ontwurd movement by slumping (fig. 3[}8. Slump move-
ment is algo common on a talus, or slope of loose debris, where ma-

Figurg S0 —Shunping in the dight-gzray Waorsham suil wlong 1ty small strmon was e
nujor gause of the laree ereseent-=hiped depression at (he right asd ol Lthe smalter ome
ot the left ok,

terinl settles downward as fust us it Is cut away from the base. Such
slopes usually are broken by many transverse crevasses, s water
making its way downward through these cracks aids in lubrication
of the slump movement. Slips slong gully walls sometimes follow
old fault surfaces which were developed long before weathering had
reduced the rocks to their present Triable condition.

Caving is distinguished fronu slumping in that cuved material tends
to rotate forward as it falls, Tension cracks are present, at least in in-
cipient form, en the upland surface along the marging of any steep-
walled gully. As these cracks gradually widen, owing to heating and
cooling, wetting and drying, or Tateral frost thrust in the soil, the
blocks are forced outward wnd, being no longer bound to the walls,
fall vertically downward or plunge forward into the gully. It is not
nnusual for hlocks containing many cubic yards to cave m this way
(figs. 31 and 52).

The separation and falling of relatively thin sheets from the gully
wulls is referred to us spalling, Such sheets muy be 4 or 5 feet In
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width and height but 6 inches or less in thickness. As they usually
erumble te small fragments on impact they must be seen in action to be
fully understood. A photograph ot a large spull actually falling in a
gully head is shown in figures 82 and 33. Caving and spalling ave of

eat importance during the winter and spring months and during
ﬁie later stages of run-off from a rain.

On sloping surfaces everywhere, the upper layers of the soil move
slowly downliill by soil creep (p. 21 and figs. 8and 9).  This movement
1s ordinarily too slow to be perceptible and may amount to only several
inches or a fraction of an 1neh per year. Tt Is most active where the

lower part of a slope
15 cut away, as where
gullies or streams
have carved a deep
channel in a valley
bottom. The rate at
which ecreep would
cause downhill move-
ment of the soil and
bring about a closing-
in or convergence of
gully walls varies
greatly according to
the soil, the slope, and
the moisfure content.
No measurements of
this effect ure ss yet
available.

Soil creep is essen-
tially a flowage within
the soil layers though
the creeping soil may,
in some pluces, slide
over the underlying
parent material (fig.
10). Soil at the sur-
face moves the fustest
because changes of
temperature, moisture,
and frost conditions

L L - are at a maxhnum

FIGURR 31.—_Cm'u:l' m:u::riul Inn Lhe upper tll'itl of lusin B, there. Movement de-

':"Et!iatxl:,tfgutl)’[!i(‘]ql'f;zllii"'ﬁg {Lmographed Januey 4, 1037, after  0ncoc with increas-

ing depth, snd, unless

slippage occurs, there is practically no niovement at the base of the
subseil.

Flowage of the rotten rock or parent material in the lower part of
gully walls has sonetimes been suggested as one cuuse of the rapid
growth of gullies** Brown 3 considered that this form of mass move-

2 BryxeTr, . L S0IL EROSION AND VEOOD CONTROL. T &, Dept. Agr, Graduate School
Lectures, Jan. 31, I'eh, 1 and 3, 1928, [57] pp. 1936, [Mlmcogmphed.] See lecture

[iA N
E:3; Abt S Lrown. Lotter to 1 8. Luie, regionn) vonsorvator, Repglon 2, 8oil Conservation
Service, discussimg hypotheses of gully growlh considered dueing Rald trips in the vieiolty
of Epartunburg, 8. C, May 11, 1844,




PRINCIPLES OF GULLY PROSION N SOUTH CARDLINA {31

Fron e 30 e—d feed A of Widden's 2uliv, seen drine e lrttee paret af the radn of Oetoler
15, B, et e fhekel 33 Db b the wotl gl the B pite ab tadlen mrersal in
the v Jaanl,

i ek
.;_i‘ d.ikif

Praoi 3 T s Bl og Wadden™s zully a0 fes taiisintes LGetew, Pl s ke apenws fadi
errlis it b ~peell e slady of PR el ey sobl starting s tall. A smatles biock s abont te
[HIOR

wient wi~ of i jur importanee dusing corbain stages o the growth of
Piedmont gnilies,  Aeccording to this theory, lavers of the C-horizon
material low i the gally wadls o beneathe the gully floor flow plas-
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tically when they are saturated with water and loaded beyond a cer-
tain critical point. If the bottom of the gully is cut down close to the
water table, very little surface water may be needed to pracduce satura-
tion and plastic flow, If the gully floor is far above the level of under-
ground water, more surface water may he required to bring the C
material to the saturation point. Water flowing through a guily or
stream may saturate the lower part of the walls. This process muy be
seen to be effective along the bunks of certnin small streams where
saturation by seepage and surface water combined so lubricatos the
material in the lower part of the banlk that it flows forward and down-
ward and allows the overlying drier soil to settle downward usually
in the form of slump blocks.

Outflowage of earthy materinls in the lower part of the walls of
gullies or ravines has long been considered an tmportant phase of the
ravine-butlding process in Sweden (3. pp. 4=5. 9, 1.2; 6, pp. 9-10).
Piastic flow beneath the ground surface is known to have causod
upward bulging of the botton: of cuts made for railroads. cunnig, and
other engineering projects in the United States, and in sone instances,
maovement has continued intermittently over a long period or until a
stute of equilibrium has been reached. Conditions in the weathered
granitic and gneissic rocks in Spartanburg County are moderately
weil suited to produce plastic flow in the parent material. No con-
clusive evidence has been obtained that there is any deep-seated move-
ment on « large seale, but shallower flowage sueh as that which pro-
duced the stump scarp pictured in figure 30 is faivly common where
the ground is saturated.

Exposed surfaces of soil ur rock tend to break up into smull frag-
mients owing to chemical alteration, weiting and drying, temperatine
changes, frost heave, and the swelling of mosses and algae after dry
periods.  Bare areas of clayey soil are particularly vilnerable and
cften develop a thin surface layer of loose crumby or fluffy character,
which may be called a crumb muleh (fig, 84). This crumby layer is
absorptive and is little affected by light rains, but it is readily reioved
by showers or rains of greater intensity (fig. 35). During dvy weather
the mulch erumbs on steep slopes roli und slide downwards, thus con-
tributing to the gradual retreat of the gully walls.

Frost action not only loosens the surface layer of the soil but
causes much downhill movement. In bare soils with a high clay
content the top layer may be raised by the growth of spew trost or
needle 1ce just below the surface. Whater freezing in the clay forms
a multitude of tiny ice needles which grow ountwamd from the soil
perpendicular to the surface (. 36). Other ice Layers or lenses may
form within the top fow inches of the soil.  As the needle jee LIOWS,
earth and pebbles are raised, sometimes to & height of severn] inches
above the ground.  When the ice melts, these are lot down by grav-
ity and come to vest farther down the slope (fig. 36). Tiyen greater
migration results from the downhill rotation” of the ice crystals.
Owing to their melting first at the base, the erystals fall down slope,
carrying with them the overlying sotl and pebbles, and on moderate
to steep slopes the erystuls and soil materials may stide or roll sev-
ernl feet farther, If freezing is vepeated nightly and the needle ice
melts again each day, the movement prodoced by this process can
remove a considerable thickness of soil even in u single winter.,
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Twir 35.—Crumb muieh on the wall of a rondside gully. Seepurpe from the bank and
cutting by watur tlowing iu the gully bave removed the oiuleh from the lower hinlf of the
wall.
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I L N Y -~ Wﬁ» e
Fisrne R6—Crystals of spew [rost or needle iee 5 inches high, formel on o slone af
moist clavey %oil on o mlght in Febroary,  Many of the erystils have meloed e the
bage and have fallen forwiand, carrying theic Loads of seil and pebbles several inches ar

i feot ur more down the slope.
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WARIIING OF WALLS

Water flowing down gally walls removes material by sheet erosion
and rilling. but it has also cortain minor protective effects which are
usually overlooked. When crossing the impervious B horizon, which
in the Predmont soils is usually red, flowing water picks up a load of

Fiagvus 37, -In Jhe upper cornoes of the peture aee rennants of the painilike coating of
clity washed fromn the U horizen Blghor on the mully wall,  Haipwns!t and crumbiing of
the dry materia! hove removed the erust from the central part of the view,

clay and s1lt. When the water verelies the more porous white to gray
crumbly (' material lower on the gully wall, niuch of the clay is dé-
posited and fornes a conting or paint usually less than one-sixteenth
inch thiclk, whieh has somewhat the appearance of stucco (fig, 37).
This clay covering sheds water fairly well. and the minute lichens
and algae growing in the luyer tonghen it so that it is broken only
by exceptional rains. Where this protective ernst is penctrated by
running water, the weul C-horizon material erodes with wreal x'upid-
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ity, but the coating is scon repluced by the washing of andditional
clay from above.

A little noted but very common phase of clay painting on gully
walls is the development of miniature mudflows (fig. 83). When
flowing over loose, finely divided material, drops of water may pick
up enough mineral matter to become viscous, and may then make

4

Freirne B8~—Mintniure wudllows of red clay on b verlion! sutly wall cat in weathered
granitie rocl,  Whe flows form towgh ribs which heip to prevent chimbling of the
tmderiying malercial,

thetr way down the walls as miniature mudflows, a phenomenon
that has also bren observed on the walls of gullies in Sweden ({4,
ppo F1=12, fg. 7Y, As an individual flow progresses, water is lost
fron: the sides and mud is deposited at the margins, where it forms
a pair of tiny ridges or natural levees which. tend to confine later
flows to the saine channel. When the moisture hag been absorbed
or evaporated the flow solidifies and stops, leaving o bulbous ter-
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mination and & grooved traclk, Figure 89 shows several solidified flows
with bulbous terminations formed where the gradient of the flows
was decreased at the top of a small tulus cone. Minlature mud-
flows are formed on steep slopes and on walls which arve vertical or
even tilt slightly forward, in which case they have much the appear-
ance of dripping wax on a burning candle, "The small mudfows shown

Tiarng 30— Close view of minidlure wodtlews, shawing the grooved testeks and bolbngs
terminations, This is in the pavent material of the Nighly mickecous Loeklnet soil.

in figure 40 were produced experimentally by allowing a steady dvip
from a gallon water jug to flow down a small channel and over the
edge of & vertical gully wall in Lockbart soil. The pictures were
taken at intervals of several minutes and show the nutural levees
and the way in which the flow shifted from one couwrse to another
when the terminal bull becane so large that it obstructed the channel.

Where the flow of water is more dispersed or where the wall is on

the under side of an overhang, long, straight mudflows are rure
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or absent. Instead the surface becomes covered with a multitude
of tiny interweaving mad rills of irregular form and infricate pat-
tern. Clay paint, mudfiows, and mud rills are present not only on
gully sides but often in gully-head caves as well. The protection
given by these clay deposits helps to prevent the coliapse of loose
crumbly surfaces in dry weather, deflects particles of material falling
from above, and protects the wealk wall against the impact of rain-
draps.
CHANNEL CLEARING

The rapid enlargement characteristic of this stage of the gully-
cutting cycle is dependent not only on headward erosion and wull
failure but on rapid removal of the accumulated material from the
eully channel. This ean be accomplished only by heavy rains which
produce run-off of considerable volume. DBecause of the seasonal
charvacter of such rains, gullies tend to become choked by debris
during some parts of the year, but at the season of heaviest rainfall
the accumulated material is removed. The talus which provides a
buttressing effect to the gully walls Is cut away, and the walls are
prepared for another period of caving and slumping.

STAGE 3: HEALING

The stage of healing and readjustment, which follows the period
of most active cutting, is a time of delicate balance in the regimen
of the guily. If there are no unusunally heavy rains to cause ex-
cessive washing, no drought years to weaken or kill the vegetation
ag it tries to get a foothold, and no human or animal interference
in. the area, this stage should progress smoothily, and the gully should
approach rapidly a stabibzed condition. There are, however, many
possible interruptions, and the task of healing the gully may be set
back any number of times. If the base level that controlled the de-
velopment of the graded condition in the second stage 1s lowered or
if some other fuctor cavses rencwed cutting, the whole gully may be
rejuvenated and may revert to stage 2.

The beginning of the healing stage may be brought about in
several ways. Natural advancement of the gully toward the drain-
age divide diminishes the upland drainage area. The proportion
of the run-off which flows into the gully head 18 decreased, and more
of the rain falls direetly into the gully. Natural or artificial diver-
sion of water from the drainage basin of the gully accomplishes a
similar decrease in flow within a shorter time.

As headward erosion is reduced, down-cutting is retarded, and
the walls can become graded to a gentle slope suitable for the growth
of vegetation. During thie stage the water channel remains much
as it was in the more active perod preceding, but the plunge pools
are converted to long sloping heads, owing to the accumulation of
material caved from the gully rim. Weathering and washing reduce
the slope of the walls, but a low vertical vim may remain in the
resistant material af the top of the soil profile. Vegetation begins
to grow within the gully; first on the talus slopes, then in the bottom.
As the plant cover increuses and the root mat becomes denser, erosion
is decreased still further, and more and more soil material and leaf
litter accumulate in the gully. '
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STAGE 4: STABILIZATION

The final stage of the gully cycle is reached when the gully chan-

nel is gracded to 2 more or Jess permanent local base level, when the
walls have sloped back to approximately the angle of repose, and
when vegetation has grown in suflicient abundance to anchor the
soil, allew the development of new topsoil, and promote its accumula-
tion. There is no sharp breal between this stage and the preceding
one, The period of healing is a necessary prelude to stabilization,
and the one stage grades into the other.
. In the Piedmont, large arcas of abandoned gullied lands have
healed and have gradually been stabilized by plants (fig. 62). The
type of vegetation which takes root in the stabilizing gully and the
rate of growth of the plant cover depend on drainage, the angle
and direction of exposure of the slope, the soil type, and the sources
of seed most easily available. In gully channels kept moist by u con-
tinnons flow of water from springs, valley trees such as alder,
maple, tuliptree, sour gum, and willow appear. In drievr portions
of the gully channel and on the talus slopes and walls, vegetation
such as pine, sumae, mimosa, blackjack, and post oak becomes estab-
lished. As a result of the caving and slumping of blocks of soil
from the gully rim, grasses, vines, and small woody plunts are trans-
planted naturally to the gully floor and slopes. Honeysuckle, Ber-
muda grass, young pines, sumac, chinaberry, mimosa, and cultivated
plants such as the Himalaya blackberry, rambling rose, peach, and
privet have heen observed transplanted in this manner in the
Spartanburg area.

Barring further active gully evosion, stabilized gully areas will
gradually become regenerated, but many centuries will elapse before
they develop a new soil at all comparable to that of which they were
robbed by a few short years of unwise cultivation.

A stabilized gully should be able to resist normal flow of water,
but there is always the danger that excessive concentration of flow
may cause renewed cutting or rejuvenation in the old channel. In-
crease In run-off on the gully watershed is a likely cause of trouble.
Even if the gully has worked headward to the drainage divide,
stabilization may be upset in other ways. Adjacent gullies eroded
to a lower level may cut sideward or headward and intercept ov
capture the drainage of the stubilized area. This process occurs
in nature on a large scale In viver captures. It is exceedingly com-
mon in gully eroston, and examples of past and impending capture
mzay be seen in many of the gullies described in thrs bulletin (figs.
62 and 90).

As long as any water flows through the gully there is always
the pc:»s-;siEilit;r of the cutting out of both the gully floor and its
stabilizing vegetation by the upstream migration of a knickpoint
or overtall. This must be considered in the construction of checlk
dams, and ample precautions must be taken to protect the dam
farthest down the channel agninst undermining by a headward-
migrating knickpoint {p. 74 and fig. 41).

§tabiliz:1ti0n, either natural or artificial, is never truly permanent.
Constant vigilance is needed to forestall renewed cutting in areas
which have once been seriously eroded. Check dams and other
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Fravee 41, Unless precattiong ey measires are Biken, e kujchpwint <hown ju the tore.
wroarnd will cosrtinte toomicrate upesdeedn il soon will wleriioe the log eleek diln,

comtrol structures must e Inspected amd maintained sy=tematioully
il thelr useluliess i 1o continue {7,

LIt E

During stage 1 the gully was confined 1o the A and B horizons.
The channel was frreenlor and s grade depended favgely on the
slope of the surfuee or on that of (he terrace or diteh along which
the gully had cut. In the second stage, or period of headward cut-
ting with its plunge-pool erosion and wall eaving, the gully grew
rapidly both downward aned laterally, The depth to which the chan-
nel eould ent was vontrolled in part by the reststance of the soil and
rock muterial and e part by the level of hawvd barciers farther
downstiean,

Any stream o waterconrse tends 1o deepen 1ts chasnel undl dts
slope s Just sieep cnotgh to carey the sediment o lond which
Is delivered to ite I there is an exeess of enerey over 1he smnonnt
needed Lo tea=port the load the channel ix cut deeper or degraded.
[T on the other aad, the lowd s too large for the strewm o trans-
port, seme of the material is dropped, and the channel i built up or
aggiseled. Inoa streant having womaoderately continous flosw an
almost perfeet grnded condition may be attiined,  To intermitient
shreans or i stremins having o e range bhetween low water wnd
flood stage the grde may change repeatediy.

Gullies. generally speaking, are mtermittent streamy coursos al-
thongh the lower ends of many of the deep Piedmont gullies contain
a miore or Tess continuons flow from smadl springs in the channel
ooy, Dwring a heavy rain a gully channel may be deepened several
feet by the rewoval of material whieli has Fallen or washed tnto i or
by the secour of the current on the solid cullv Noor. Befween rains
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the caving of blocks from the walls may alter the gradient of the
channel and form barriers which must be removed before grade
again can be attained. Near the head of an active gully where
much of the material thus added to the channel consists of blocks
of the resistant B horizon, the gully channel is apt to be steeper.
If the C horizon is gravelly or contans an abundance of rock frag-
ments, the general gradient will be steeper than if the materinl added
to the gully bottom is finely divided. 'The gully channel is deepest
when ron-off ig at a maximum. As the rain slackens and run-off
is Jessened, some of the material is deposited and the headward por-
tions of the gully floor are built up. When the flow ceases, the angle
of the floor is somewhat steeper than the true grade.

In the gullies studied in the Spartanburg ares u wide range of
grades was found. Gradient was seen to be dependent on many fac-
tors such as the position in the gully, character of the seil material.
and, degree of activity of the gully (fig. 63). The Jower end of Cox’s
golly (p. 115) near Switzer, S. G, is floored with a long sand train
having a gradient of only 3 percent. One of the cutting heads {(head
B) which brings in a heavy load of sediment but not much water,
has a gradient of more than 11 percent and has built a sund fan en-
tively aeross the main channel where it enters the gully (figs. 42 and
803}. The other major
head (head A} carries
proportionatety more
water and less sedi-
ment, but most of its
load 1s dropped where
the flow is Impounded
by the sand fan of
head I3 (fg. 42).

During stage 2 of
the guily cycle, when
headwurd cutting is
netive, the gully stead-
ily approaches a grad-
ed condition, but as
long as active down-
cutfing of the channel
is in progress there is
iittle opportunity for
stabilization of the
walls. Deepening of
the channel constantly
steepens the side
slopes, and vegetation
has little chance of
gaining a foothold,

The change from the
active cotting stage to
the healing stuge, then
cannot come until the
channel has attained,
at least fE‘.ITlpOI'!'tl'ily, 1, Moo 42,~—View soufliwiard dows basin B ol Cox's polly

. - towied Hhe brond sasdy Bat, wheee 1he main channel! las
graded condition, buen lilled, vr aggraded, to'u depth of § feet.
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Even after the floor of the channel has ceased rapid down-cutting,
the gully walls continue for a time to cave and wash away and
gradually work back to a move gentle slope. Decrease of erosive ac-
tivity allows more rapid growﬁl of vegetation. TFewer plants are
washed out, and gradually the walls attain a good plant cover. The
natural pioneer plants that spring up as volunteer growth in gullies
which are beginning to heal can be supplemented by the planting of
selected erosion-resistant species,

RASE LEVEL

The fundamental principle that streams carve their own valleys
and that tributaries enter the trunk streams with nccordant junctions
was first expressed about 1800. This principle, known as Playfan’s
law, is well recognized today, and its corollary is also true, namely :
When there is a change in level of the trunk stream, tributaries tend
to adjust themselves to the new level. IT the major stream is cut
deeper, its tributaries deepen their channels accordingly; if, on the
other hand, the major stream is dammed or otherwise has its level
raised, the tributaries deposit material in their channels and build up
to the new level. This principle applies not only to major drainage
systems but also to small streams and gullies and even to rills de-
veloped by sheet erosion.

Many large gullies are graded to the level of a permanent stream
into which they empty. The Ievel of the stream, in turn, is controlled
by o still lnrger hody of water, or by a barrier which forms a rapid
or fall. When the base level of a stream remains fixed for a long
peried of time n graded condition can be attained, not only on the
main stream but on its tributaries. A stable lake level similarly al-
lows streams entering the lake to become graded.

Changes in the level of streams and lnkes may take place in a num-
ber of ways. Stream Jevels may be raised naturally by damming of
the channel by landslides, fallen tiees, brush, or ice, or artificially by
the work of man. Lake levels may be raised in the same way by in-
creasing the height of the outlet. Whater levels may be lowered by (1)
destruction of a barvier or dam which forms the local buase level; (2)
increased erosion, owing to greater volume of water or faster run-
off; or (3) clearing of vegetation along the stream channel or lake
outlet, thus allowing faster movement of floodwaters (26).

If the lowering of base level is gradual, the result in a tributary
gully or stream valley may be a slow uniform down-cutting. More
often, though, the change in base level is rapid. The main stream
cuts downward quickly Dut the tributaries, having a smaller volume
of water, do not quite keep pace. Rapids or waterfalls develop where
the tributaries enter the main stream.

KNICKTPOINTS

Falls or breaks in the grade of a stream or gully profile are spolen
of as knickpoints. Upstream migration of a knickpoint may deepen
a gully or stream channel by a number of teet, destroy much of the
healing which has taken place, and temporarily return that segment
of the channel to stage 2 or to what we may call u subdivision of stage
3 of the cycle of gully cutting.
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Similar waterfalls or rapids may be present within a fairly inactive
gully and if held up by tree roots, fallen trunks, patches of sod, or
resistant rock materials, may remuin at the same site withont advane-
ing headward for many months or years. If the soil or parent mate-
rial contains layers of unequal resistance to erosion or if a mat of roots
covers the channel of the gully, the knick is usually vertical or over-
hanging. In these cases the more resistant soil, roclt, ov vegetable mat-
ter holds up the top of the step, anl a cave may develop in the weaker
material beneath. The headwurd advancement of this step, as erosion
continues, 1s accomplished chiefly by repeated breaking oft of the 1ip
and the caving in of the sod and trees when the old gully floor is under-
mined. If the materinl is homopeneous, or if little vegetation is pres-
ent to toughen the gully floor, the knick is commonly less abrupt and
may be a rapid or a series of small steps,

Old knickpoints in a gully may renew their activity or new lnicl-
points at weak places in the gully floor may be initiated if the rate of
cutting in the gully is increased. If additional water is diverted into
a gully by rearrangement of natural drainage, by construction or al-
teration of road drains or terraces, or by the breaking over of poorly
maintained terrvaces, erosion may be aceclerated. Removal of vegeta-
tion within a gully or on land in the drainage basin above the gully by
clearing, burning, or overgrazing may likewise produce more rapid
run-off and greater damage by erosion. Remeoval of absorbent topsoil
from the gully watershed leaves an erosion pavement (23} of stony
or clayey subsoil which sheds water rapidly and allows little to soak
in (fig. 16}.

The erosion hazard of active knickpeints is seen clear]y in the Spar-
tanburg area, as well as in other paris of the country, where gullies
which for a long time were appavently stable have renewed their activ-
ity and are again cutting both headward and downward. Vegetation
is being undermined, and the slope of the gully walls is becoming
steeper, The area is reverting to an carlier stage of the gully-erosion
cycle.

’ RATE AND AMOUNT OF GUILLY EROSION

It is well known that although some of the Piedmont gullies have
been growing for many decades, others have formed in a much shorter
time. Information us to their rate of cutting or period of development,
however, is rather scarce. Many factors control the rate of gully for-
mation, The size and slope of the drainage basin, the land use, the
character of soil, and the depth and shape of the gully head all are im-
portant. Meteorological conditions such s total precipitation, inten-
sity of precipitation, the seasonal relations between intense precipita-
tioh and frost and cropping of the land, and the rain pattern itsellf all
affect the resnltant erosion.

In the study of the rate al amouni of erosion of gullies in the
Spartanburg area, vecording rain gages were installed close to the
eunllies being observed, as mentioned in the seclion on climate.
Stakes were set on the upland surface at regular intervals from the
gully rim, iron rods were driven in the gully heads and walls, and
maps, sketches, and photographs were made periodically to record the
amount of erosion. The studies included not only changes in gullies or
gully systems as a whole, but in individual gully heads and small
segments of the walls,
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SIZE AND CHARACTEL OF DRAINAGE AREAS

It will be seen from the detailed topographic maps which were
prepared for the gullies that there are great differences in the areas
draned by individusl gully heads. Area alone. however. does not
control the rate of cutting. The slope of the drainage basing is o
vital fuctor and can be estimated from the topographic naps. The
type of land use 11 the drainage area may make extreme diffevences
in the rate and amouant of run-off.  Ruin falling on a paved highway,
for example, runs off inumediately and almost completely.  Burren
land that is eroded down to the 13 horizon in clayey or gravelly soil
wives the most rapid and complete Tun-ofl of any soil avea, and, de-
pending upon the intensity of the rainfall, this may be ag much us
95 percent. Buch aveas of eroded B maferial are present avound
severul of the gully heads here described (fg. 16). The relative
rates of run-off for various tilled crops such as small grains plunted
broadeast or drilled, for open cultivated ¢rops such as corn and cot-
ton, for enltivated lands on A, I3, and C horizons ot various texture
und structure, for orchards. for foresis, and for grassland ou dif-
ferent slopes huve been studied by agricultural colleges and erosion
experiment stutions throughout the country and have been shown to
vary widely,

The depth and shupe of the gully head also control the rate of
erosion. If the hend 1s shallow and entirely within a tough B hori-
zon, as in stage 1 of the gully cycle, erosion is relatively slow. Deeper
plunge-pool heads, the lps of which euve owing to undermining, may
crode with extreme rapidity.

METEOROLOGICAL FACTORS

The annual precipitation in an avea does not necessarily bear any
close corvelation with the rate of gully erosion. Tf the precipitation
comes as slow drizzles throughout the year or as light rains during
the period of maximum ground cover, the land may crode very little.
If, one the other hand, precipitation is intense, the destruction may be
rapid even though the annual total be small. Ior this reason avernge
ramfull means little as an indication of vegional erorion hazard., To
suy that an area receives an avernge of 30 inches of precipitation a
year does not mean that evosion will be more severe there thun in an
area of 20 inches of preciprtation or uny less severe than in one of
100 inches average annual precipitation.

In the same way the customary niethod of tabulating rainfall by
n daily total is unsatisfactory as an indication of erosion hazard,
Only under unusual circumstances would the rainfall for each hour
of a 24-hour period be approximately uniform. It is far more likely
that the day’s total would be made up of one or more periods of
heavier rainfall separated Ly periods of drizzle or complete lnck of
precipitation. On a rainfull vecord running from 8 a. m. to 8 w. m,
a rain Justing from T:30 a0 to 9 m, would be divided inta 2
days although the entire storm Insted only 90 minntes und occurred
on a single calendar dany.  Such o storm would appear on the recoud
no differently from two separate rains, one of which may have
occurred in the middle of the morning of the first 24 hours and the
other about dawn uf the end of the seeond 24-hour period.  Such
recovds give no indication of the ability of the vain to erode. In
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studies of soil erosion, the storm rather than the daily precipitation
must be taken as the umit of rainfall, and precipitation records so
far as possible should be continuous, so u sto show actual intensities
rather than accomulated totals. Rain sequence is also u significant
factor in erosion hazard. A shower falling on soil thoroughly wet
from prolonged rains is likely to have a high percentage of run-off,
whereas a rain coming without preliminary souking of the ground
has a better chance to be absorbed.

The periodicity and character of the storms in the Spartanburg
area from July 10, 1936, to July 9, 1937, and their effect on gully
erosion are shown in graphic form in figure 43. The record of pre-
cipitation wuas taken with recording gnges of the weighing type,
whieh register for both rain and snow.*  The amount of precipita-
tion and its intensity are shown by the heavy solid line, which is
comparuble to the tracing made by the recording pen of the page.
The duily total is indicuted by the bar graphs along the base line.

The meteorological situation responsible for the rain is also shown.
During the suminer months many of the rains are convective and
usually oceur along a cold front. Some are thundershowers; others
are instability rains anaccompanied by thunder or lightning. In
contrast to these are the prolonged, widespread warm-front rains,
which are seen to be more common during the winter and spring
months, These terns, warm front and cold front, apply to the charue-
ter and position of the air mass responsible for the rains {fig. 44). A
warm-front rain, for example, is formed where & mass of warm air
actively overrides a passive mass of colder air.  In doing so the warm
air rises and is cooled until condensation tukes place. The precipi-
tation that results is generally more or less prolonged and extensive.
A cold-front rain is produced wlere n mass of cold air at the earth’s
surface pushes forward beneath a passive body of warmer air, fore-
ing the warmer air aloft and again causing precipitation by cooling
of the warmer air. Cold-front showers, however, are characteris-
tically of short duration and spotty distribution. Thunderstorms
are frequent ulong cold fronts during the summer months, Con-
vective storms of the instability type may result from the heating
of the land and lower air during the warm daylight hours even
though not controlled by frontal conditions. The positions of warm
and cold fronts ean be interpreted from the standard daily weather
map of the United States Weather Bureau. A study of these fronts
and of the relation of raintall to the cold and warm air masses is a
murked aid in interpreting the potentind damage to be cuused by
the storms. -

The crosion hazards created by these two types of rain, cold front
and warm front, ave sufficiently different to demand further explana.
tion, Cold-front rains in the Spartanburg area are shown in figure
43 as occurring frequently from July to September and less often in
the colder months. The intense nature of these rains is shown by the
steep gradient on the intensity graph. (See August 7 and 16 and
September 8.3 Their spotty distribution, however, shows only when
records from a number of stations are available. In figure 45, 4

Nk record frowm Joly 10 to Oetober 22, 183G, wos taken from e Nosbite page, main-
tained cooperntively by ihe 7. 8 Geelogical Swrvey aml the Soil Conserviilon Sevvies,
Tle recordd for the peciod afier Qetobep 22 wes odeined from the Laylon jore, Instoibed
and meintained by the Sectlon of Clmalic pnd Dieysiographic Tesenrch of the Bervies,
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the rainfall of August 8 for the Barry and Neshitt gages is plotted
by 14-hour periods. (See fig. 6 for location of the stations.) Al-
though the Barry gage is only 814 miles northwest of the Nesbitt
gage, the rainfall at the Barry gage started sooner, was almost five
times as heavy, and lasted more than twice as long. On September
3 (Big. 45, B), in another cold-front thunderstorm, the ruinfall at the
Nesbitt gage started sooner, was more than three times ns heavy, and
lasted longer than at the Batry gage. Records from other gages
{nonrecording type) within 10 or 15 miles show even greater
divergence.

The rains of October 15-16 were of the warm-front type probably
complicated by convective showers. They were much more wide-
spread than those of Augnst and September and showed less varia-
tion in intensity between stations. Figure 45, ¢ shows the close simi-
Iarity in intensity and timing of that rain at the Barry and Nesbitt
gages. Although in its wide distribution this rain is characteristic
of the warm-front type, its high intensity indicates that it was due
to a combination of causes. More characteristic warm-front rains
oceur in the winter months. The rain of Jannary 1 to 3, 1987,
for example (fig. 43), shows a much gentler aradient, which indi-
cates a lower intensity, The records of individual gages (fig. 46, .1)
show marked similarity in the puttern of this rainfall, not only for
stations within 14 miles south and east of Spartanburg but also at
another gage at Lancaster, 8. C., 70 miles to the east.  The steadiness
of the rainfall, which let up only for short periods during the 21,
days, is typical of the warm-front type. Another characteristic
warm-front rain came on February 20 to 21, 1937, {figs. 43 and 46, B).
The timing of the fall was nniform throughout the Spartanburg area
and was similar, although slightly delayed, at Lancaster.

Because of the differences in the types of rainfall predominant at
different seasons, the rute and manner of enlargement of gullies
varles markedly from one part of the year to another. The winter
and spring are essentlally times of wall caving. Swnmer and fall
are characterized by channel clenring. The prolonged, drizzling,
warm-front rains of November, December, January, and February,
saturate the ground and cause & maximum of caving from the gully
rim but rarely huve sulliciently rapid run-off to curry much of the
material down the channel. In contrast to these the intense cold-
front storms of July. August, September, and October, and the oc-
casional tropical cyclones of the sume period give heavy run-off,
which clears out the debris-choked channels and removes the blocks
of caved material at the base of the walls. No study could le made
of tropical cyclones In action us none passed through the area during
the olservation period.

The rapad growth of the deep, caving gullies of the Piedmont ve-
snlts from the combined work of these scasonal processes. Caving
und slomping of the gully walls without removal of the material
wonld be a self-limiting process. The wully would, in time, become
s0 choked with ils ewn debris that further caving would be impos-
sible. This condition is sometimes approached in the spring months
when, the gully walls are well buttressed by piles of fallen material,
reaching up to or above the base of the B3 horizon and preventing
the enlargement of the caves in the ¢ horizon, which prepare the
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way for major caving of the gully rim. Accumulation of slopes of
fallen material is thus one of the best protections against gully en-
largement. When chamnel clearing washes away the debris from
the base of the gully walls, the ¢ horizon is exposed to removal by
trickling waters or 1 free to flow slowly forward as a plastic body.

COLD FRONT WARM FRONT

Figure 4-+—Vertical sections through a cold frant and a warm front, showing the distrl-
itlon of ridn in ench.  "Mhe vortical seale is greatly exagyerated.

Either type of removal leaves the overlying resistant soil without
adequate support and prepares the way for additional caving from
the gully rim. Although caving is most characteristic of the winter
season, 1t can take place at any time of the year. It is not caused
solely by drizzling rains, but may result from heavy showers if they
are sufficiently prolonged to cause thorough saturation, or if they
chance to follow soon after other rains which have partially soaked
the ground.

OBSERVATIONS ON EROSION OF GULLY HEADS AND WALLS

During an observation period of almost a year, some of the gully
heads of the Spartanburg area showed little or no change. Others
receded 10 to 15 feet within a few months but were practically
dormunt for the remainder of the year. The seasonal variation in
guily activity suggests that by careful timing of gully-control
measures man might take advantage of the work already done by
nature. If water is diverted from a gully at a season when much
material is collapsing from the walls the necessity for artificial
filling can be avoided. In the absence of flowing water the caved
material will remain in place and form slopes on which vegetation
can gain a foothold. This is the first step toward ultimate stabiliza-
tion.

LAYTONS GULLY

One of the most extreme cases of rapid enlargement was in the

lower segment of Laytons gully (Bg. 58 and p. 101}, When
this gully was visited on July 11, 1936, there was evidence that the
main channel below J, the junction of the two tributaries, had been
eroding rapidly., That part of the gully followed the course of a
natural stream through mixed woods and had cut 10 to 15 feet below
the old valley floor. The recent renewal of cutting in the main
channel was cansed by water from the west tributary, which drains
an aren of 1.15 acres of severely eroded corn and pea fields that have
an average slope of 13 peruent.

Little change took place in this part of the gully from June 11
until the storm of October 8 and 9 (fig. 48). Head J, where the
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west, tributary enters, was cut baclk slightly during that rain, and a
small amount of caving took place. The changes were velatively
slight, however, and conditions remained much as they were during
the summer (ﬁgs. 47, 49, and 51). On . Qctober 15-16 the area
received u rain of nnusual intensity, The gage at the Layton gully
had not been set in operation at that date, hut at Neshitt’s gage,
3 miles to the southeast (fig. 6}, 4.39 inches of rain were recorded
in 20 howrs (fg. 43); 2 inches of the rain fell in 2 hours. The in-
tensity at the Layton gully area may have been somewhat higher.
A standard gace 1.5 miles northeast of the gully received 5.53 inches,
another standard gage 4 miles west received 6.25 inches, and a re-
cording gage 514 miles northwest of the gully canght 5.87 inches,
3.63 inches of which fell between 8 and 10 a. m. on the 16th. As a
result of this rain, the narrows in the lower channel of the Layton
cully were entirely cut away (fig. 48), and the active head (J),
where the west fork enters the main gully, receded some 15 feet
{fig. 50). Caving of the walls increased the 19-foot width of that
part of the gully to 31 feet (fig. 52). The tough soil of the B hori-
zon along the western rim caved in blocks several tons in weight,
which phmged forwurd and Janded on the gully floor in an almost
inverted position. Approximately 1,500 square feet: of wooded land
along the gully rim caved during and immediately after this heavy
October storm (fig. 53). Such Jarge volumes of caved material can
be worn down and washed away only by powerful rains, Most of
the fallen blocks in the Layten gully reinained for many months,
their buttressing effect giving the walls partial protection against
further caving.
WALDEN'S GULLY

Head A of Walden’s gully cut back about 50 feet between January
1934 and September 10, 1986, at which time the water was diverted
by a drainage ditch (figs. 53 and 69). Prior to the diversion, this
head drained several acres of land, but after construction of the
ditch the drainage was reduced to the immediate area of the gully
head, which totalled ounly some 1400 square feet, At this head
of the gully the B horizon is unnsually thick and massive and at
some sensons forms a very deep overhang (fig. 54). When wet,
however, the clayey materlal softens and caves off In blocks. On
October 8-9 the area received a rain which was recorded at a gage
1 mile to the north as 4.20 inches in 40 hours, 1.40 inches of which
fell between 6 and 8 p. m. on October 8. On October 9 this gully
head showed much. fresh caving and the process was still continuing
although the water going over the lip was almost imperceptible.
Small pieces of the wall were dropping almost constantly, and larger
spalls a foot or sore seross and several inches thick occasionaﬁly
broke loose and fell.

The rain of October 15-16 produced even more marked effects
and was largely vesponsible for the caving shown on figures 53 and
54. The Barry gage, 1 mile north of the {_f;ul]y, recorded 5.94 inches
of rain in 18 hours. A tota] of 3.67 inches fell from 8 to 10 am.
on Qctober 16, with a maximum intensity of 2.43 inches in a single
hour, In spite of the lack of flow over the gully rim, owing to di-
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version of the water, there was enough rain to saturate the soil and
caving was active. The falling of a large spall or slab of seil from
the thick B horizon in the gully head is seen in figures 32 and 33.
The crack behind this block could be seen widening for a minute
or more before the actual caving caught by the camera took place.

Because of the absence of any flow over the rim, caved matertal
accumulated on the gully floor until, by January, this gully head,
instead of being a vertical drop of more thun 20 feet, had a scarp
only 6 feet high, from the foot of which stretched a long incline of
fallen material (fg. 54). Healing of the gully head is in progress,
and vegetation is rapidly establishing itself,

Heads J-1 and J-8 of Walden’s gully (fig. 54) have also receded
but have been less active than head A.

LITTLEIDIX'S aULLY

Head A in the Littlejohn gully drains an area of 6.18 acres, most
of which has lost a large proportion of its topseil and is now idle
(figs. 77 and 78). The greater part of the water flowing over this
head comes from rain falling on the north side of the road and
reaches head A through a culvert. From October 24 to January 4
head A caved back 5 feet. By January 12 it had receded 4 feet
farther, and by Jannary 22 a total of 10 feet of the rim had fullen
(figs. 29, 53. and 54). There were no ruins of unusual intensity
during this 3-month period. The heaviest came on November
11-12 and brought 1.31 inches in 25 hours, at » maximum rate of
8.25 per hour, as recorded at the Tinsley gage 214 miles to the north-
west {fig. 6). Several rains of 0.6 inch or less fell during the first 3
weeks of December; one on the 19th totaled (180 inch. Most of the
caving resnlted from precipitation that fell between December 29
and January 6, during which time rain was received every day ex-
cept January 4. These rains were of the widespread low-intensity
type characteristic of warm-front conditions. The maxima for a
94 hour period were 1.42 inches on December 30-81 and 1.54 inches
on January 1-2. The highest intensity was 0.63 inch for 1 hour 50
minuies, or a rate of about (.34 inch per hour.

Head B-4 of Littlejohn's gully caved 5 feet between October 24
and Janvary 4, and 3 _feet more by Januvary 7 (figs. 53 and 34).
Most of the caving resulted not from intense rains but from thorough
soaking by the slow general raing of December 28 fo Janunary 6,
which fotaled 5.72 inches. Between January 7 and early April Iittle
or no caving took piace although 1.89 inches of rain fell on Jannary
19, 1.08 inches on January 28, 0.95 inch on February 9, 1.22 inches on
February 20, and 1.15 inches on April 4 and 5. The reason these
raing did not cause further caving on head B—4 is that caved mate-
rial was accumulated higher than the contact of the B and C hori-
zons and had to be removed before further undermining and caving
could tale place,

¢0X’8 QUELY

Caving of the heads in Cox’s gully was not rapid until, owing to
a terrace break, hewl B {figs. 55 and 80} began accelerated cutting.
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From Qctober 27, 1936, to February 4, 1937, this head receded 14 feet
by caving (fig. 83). By March 17 it had progressed to 17 feet be-
yond its Qctober position, and by April 6 to a total of 20 feet. Tt
then remained more or less inactive until the latter part of June, but
by August 13, 2 additional feet of erosion had taken place. This
head of the gully drains an area of 146 acres, 0.28 acre of which
wag formerly pine woods. Clearing of this woodland during the
spring and summer of 1937, however, increased the rate of run-off
and the erosion hazavd ab the gully head.

Heuad A receives water from a voud culvert and an idle field of
1.68 ucres, but this head cut only 6 feet between Qctober 27, 1936,
and February 4, 1937, and had made no further progress by the fol-
lowing Angust T3,

; : . il ; - LI
oy 55~—Ilewmi L of Cox™s guliy, Mareh 20, 1537, Fhis branch of the gully grew hewd-
ward 20 {ect between Octoler 27, 1836, and April 4, 1987,

FOSVETS TAVENN ABREA, GULLY BASING A, B, AXD L

Active eaving in gully basins i\ and BB (figs. 53 and 90} is instruoe-
tive in that the rate of cutting changed markedly when the sizes of
the drainage areas were altered. TUntil about October 1, 1936, head
A drained only 0.15 acre, but at that time construction of a small
loose-rock dam ulong a property line ncreased to 6.5 acres the area
draining through that head and decreased the flow to head B, A
short infense rain, which at stations a few miles away totaled 2.5 to 8
inches, was responsible for most of the caving which occurred be-
tween September 15 und October 14, 1936. Head A was enlarged
some 4 feet during that period bui head B showed little change.
From October 14 to January 22, head A grew rapidly, but from that
time until August 13 it was only slightly active.

Head B of the Foster’s Tavern gully area formerly drained some
8.14 acres, but diversion to head A, about October 1, 1936, reduced
the area to 1.77 acres. When observed first, on June 10, 1936, head
B had o height of about 19 feet, and a teusion erack 18 inches back
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from the lip allowed part of the flow of water to move downward
and emerge as a jet in the roof of a large seep cave beneath (figs.
24, 25, and p. 53). Except during unusually heavy rains most of .
the water passed downward through the cruck and little went over
the lip, As a result, the head showed no noticeable chunge in out-
ward appearance from June 1936 until J angary 1937 (figs. 22 and
23} although the cave was becoming steadily deeper and broader
during this time. Tven the heavy rain of October 15-16 made no
obvious change in this gully head {fig. 53). The long period of slow
saturating rains from December 28 fo J anuary 6, however, enlarged
the crack, and the weakened arch over the cave collapsed {fgs. 23 -
and 33).  Other minor caving has taken place sinee, but no major
changes had occurred when the gully was last observed on August
18, 1937,

No rain gage was in operation in the Foster’s Tavern area until
October 22,71936, but from the records of gages G {o 12 miles south
and southwest it is estimated that more than 4 inches of rain fell at
the gully in the storm of October 15-16. In the period from De-
cember 28 to January 6, 6.34 inches fell in a series of long drizzles
accompanied by occasional move intense showers. The slow saturat-
ing rains caused much of the caving of the side walls, Heavier
showers of 1.33 inches in 8 hours on December 31, when 0.8 inch
fell in 2 14-hour period, and 1.88 inches in 18 hours on J anuary 2-3
washed out a little of the secumulated material and accelerated cav-
ing of the heads and walls.

ufficient survey data are not available for an accurate cnlenlation
of the volume of material removed from this gally, but it is known
that approximately 0.017 acre, or 740 square feet, of land along the
gully vim caved off in the period from Novembey 1, 1936, to Febru-
ary 1, 1937. The aversge depth of material lost was approximately
20 feet, making the vohime removed some 550 cubic yards. Nearly
all of the run-off was from clean-cultivated terraced felds on slopes
of less than 5 percent. The percentage run-off for this area is prob-
ably very similar to that for fallow land on a b-percent slope on
GCecil clay, which has been found by Diseker and Yoder (5, p. 13) to
range at least from 87 to 87 percent, depending largely on the in-
tensity and duration of the rain and the soil moisture at its start.

The entire gully at basin L {Gross’ guily No. 1) has been cut in
less than 10 years, and several of its heads continue to grow rapidly
(figs. 18, 53, and 54). The gully follows a fence line and was devel.
oped from a more or less Jinear diteh which carried the water from
the terraces down the slope. Head 3, a muitiple head which now
drains an avea of 1118 acres, caved back 7 feet from October 14,
1936, to January 12, 1937, but only an additional one-half foot in
the following 7 months (fig. 56). "Heads 8 and 9, which together
drain only 0.222 acre, caved 414 feet from October 14 to J anuary 12
and only one-half foot additional by August 13 (fgs. 54 and 85).

The overfall or knickpoint at the head of the lower basin in the
main channel of gully ¥, moved headward 4 feet between Ociober
14 and October 26, another 8 feet by January 12, and 2 feet additiona]
between January 12 and August 13. This overfall is capped by a
tenacious clay (fig. 57, A and B), but erosion of the weal saprolite
beneath allows it to be undermined, just ss in original cave heads
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around the gully vim. Collapse of the lip and side wulls results
(fig. 57, ¢). The peculiarities of the soil which have produced the
resistant lip in this gully are discussed on page 133.

GROTUND-WATER RELATIONS

The natural position and contour of the water table are determined
largely by climate, topography, local geologic conditions, and the
character of the soil profile. The water table, or top of the ground
water, normally parallels the surface of the Jand but is less irregular.

FIroone 56.—ITeqd 3 on the west side of mully L, Foster's Tivern areg, duving i roin on
Outoler 8, TG,

It lies deeper below the surface on hills, but closer to the surface in
valleys or other depressions, and thus has somewhat lower relief
than the land. Where the topographic surface meets or intersects the
water table, water appears above the ground as a spring, stream,
lake, or marsh. Streams fed by springs give definite indication of
the level of the water table. Especially in regions of low rainfall,
however, streams may be purely surface phenomens unrelated to
ground water.

Accelerated erosion brings about important changes in ground-
water conditions. Removal of the A hovizon by sheet erosion in-
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creases the rate of run-off and thereby veduces the chance for water
to percolate downward into the soil. A lowering of the water table
results, making the Iand less suitable for the growth of vegetation.
When rills and gullies develop, the water is drained away even faster
and the water table is lowered to, or even below, the level of the gully
floor. Plants that require an abundance of water weaken and die,
and their place is taken by more xerephytic vegetation which can
withstand the drier conditions. In the Spartanburg area pine is
probably the most persistent tree under these circumstances, and the
tops of dry spurs and islands in many of the gullies are covered with
pine needles, lichens, a few hardy weeds, and scattered colonies of
pricklypear. Vegetation of this sort gives fur less protection to the
ground than a good sod or a luxuriant forest growth. For this ven-
son, lowering of the water table makes for progressive expansion of
the eroded area wherever gullying has once been started. Depletion
of the vegetal cover for many feet back from the gully rim reduces
the resistance of the soil to erosion.

Where ground water is abundant, springs may emerge along the
eully walls. In most gullies in the Spartanburg area the upper end
of the channel is dry, but springs may maintain a small flow through
the lower portion, as in the Layton, Walden, and Barry gullies, and
in several of hose in the Yoster's Tavern area.

Within the gully, the level of ground water may be ut or above
the floor, may be 1 sediment deposited on the floor, or may lie in
undisturbed soil or rock several feet below the gully bottom, In
the Piedmont the soil locally has an important effect on the height of
the water table. The tight clayey B horizon of the Cecll and related
soils is almost impervious and not only retards the downward per-
colation of water but in some places appears to act as a capping
layer, which prevents the escape of water trapped beneath, Sections
showing the position of the water table in the deeply filled floor 6f
Cox’s gully are presented in fignre 83. The situation there is chur-
acteristic. Toward the upper end of the gully the water table is
several feet below the gully floor, but in the lower portion, below the
entrance of basin B, ground water is found in the sandy fill and
the level rises with reference to the graded surface of the fill in cach
section farther down the channel.

Lowering of the water table i shown in asnother way. The lower
ends of many of the deep gullies of the Spartunburg area exhibit in
their walls gray unoxidized Worsham soil, the upper surface of which
is interpreted as the former level of ground water. In parts of the
Foster's Tavern area the surface of this gray soil is 15 or more feet
above the gully floor. Such conditions are evidence that gullying and
accelerated stream trenching have greutly exceeded the natural rate
of erosion, and the slow processes of soil formation have been unable
to keep pace. The gray Worsham soil is, in most places, rather re-
sistant and retards the development of large gullies.

The effect of ground water in producing a thick resistant soil be-
neath drainageways on hillsides is an important factor in determining
the vulperability to gully erosivn. Owing to the more continuous
presence of water and probably also to the effect of creep, the B
horizon of the soil in draws or drainage lines is often wnusually
thick. If the slope is low and the water table is near the surfuce
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the soil may be of Worsham type. In any case, the greater thickness
of the subsoil makes the aren more resistant to erosion, and this prin-
ciple may well be utilized in selecting locations for terrace outlets.
Although outlet ditches on any part of a slope may cut at first with
equal speed, those down natural drainageways may be expected to be
more permanent, and the deeper subsoil there should give better
foundations for any rigid bafiles or dams which may be required.

REPRESENTATIVE EXAMPLES OF GULLY EROSION

The forms and processes of gully erosion described in the preced-
ing pages have been observed in many gullies throughout the Pied-
mont of South Carolina and adjeining Stutes. The detailed studies
on which actusl rates and dynamics of gully cutting have been de-
termined, however, were made in the vicinity of Spartanburg. Men-
tion has been made freely of these gullies and of the informiation
gleaned from them, but their descriptions have not been presented
n full or as complete units. Much may be learned by studying the
life history of individual gullies—following their growth from in-
significant rills to large and destructive chasins. The early history
of many gullies is obscure. The origin of some of them, however,
can be traced back to the early nineteenth centnry.  Alternate periods
of gully growth and dormancy can be followed through ante bellum
times, the Civil War, the reconstruction period, and on into the
twentieth century, the World War, and the present. Case histortes
of nine representative guilies of the Spartanburg area are presented
here. TFour of these gullies drain into the same stream and are in-
timately related. They are described collectively as the Foster's
Tavern gully group, after which the characteristics of the individual
gullies are discussed separately.

' METHODS FOR THE RECONSTRUCTION OF GULLY HISTORY

The history of the initiation and enlargement of the gullies de-
seribed in this bulletin hus been worked out from information ob-
tained within the guliy itself, from local physiography, and from
accounts of the property owners and nearby residents. Most helpful
in this regard is the evidence gained from the ages of trees growing in
and around the gully. Stumps of rvecently cut trees were examined
wherever available and the annual growth rings counted. Few
recent stumps were found, so the oldest and generally the largest
trees growing on the floor and walls of each gully were bored with
an increment borer, which shows the complete series of annual rings
from the outer bark to the center of the tree. In this way the age
of the trees can be determined; and by adding 2 to 5 years, the esti-
mated time for the trees to take root after erosion, the minimum age
of that part of the gully can be computed. The oldest trees ave
found uniformly in the lowest and oldest end of the gully. The
upper end of an active gully is usually bare, or supports only a few
small pioneer plants,

Information gained from the larger trees growing within the gully
can be correlated with that obtained from borings In trees growing
on the gully rim or on islands of the upland surface which have been
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completely isolated by gully cutting. Lowering of the level of
gronnd water where a gully cuts close to a tree or erosion of the
soil from around some of the roots is clearly recorded in the growth
rings. As the tree’s growth becomes stunted. the new rings added
eacl year are much narrower than those added formerly. The period
of active eutting of that purt of the gully, then, is known to have been
between the time of stunting of the trees on the rimn and the beginning
of the growth of trees on the gully floor. The history may have heen
complicaled, however, hy one or more cveles of recutting. When
erosion was renewed, the vegetation in the gully was cleared out.
the gully deepened, and new trees grew, after which the gully hecame
stabilized.

Physiographic evidence from the gully pattern, and the character
of individual basins. heads, and drainage channels within the gully,
help in tre reconstruction of the history and ean be correlated with
evidence from tree rings and from human aecounts.

Hurman history provides a check of the data obtained from tree
rings and aids in adding details, especially for recent decades. Dates
of terracing and of building or altering reads and ditches have been
valuible in working out the history of some gullies. Dates of vetive-
ment of the land or of land abandonment because of gullying or
sheet wash can be verified in many instances from the vegetation
record. From these various sources it has been possible to date. with
a fair degree of acemracy, the beginning of gullyving and some of the
stages of gully advancemeur,

In the following parzes eacl gully or gully group is represented
by a large-scale topojrraphic map and by » map showing vegetal
cover and land use. Maps of erosion features in and nround two of
the gullies are also included. The vegetation and land-use maps
show the relationship cf gully eause and gully cutting to the ecology
and the man-inteeduced changes in the area. The degradation of
the areas bordering the gullies and the encroachment of erosion onto
cultivated land are also seen. The age and diameter of trees into
which borings were made are indicated. Maps of erosion features
show the present state of activity of the guilies and the character of
the erosion now going on. The areas of active erosion, in red, are
chiefly on steep gully walls where the erosion processes nre the most
violent and where the material is the most vulnerable. Areas where
erosion now is retarded by vegetation or is not sufficiently active
o remove accumulating pine needles and leaves are mapped in
orange. This classification includes also areus in which erosion pro-
ceeds slowly owing to the gentleness of the slopes and the small size
of the drainage area. Sheet wnsh and rill wash, however, are active
even on very low slopes, especinlly where vegetation has not yet
gained a foothold. Other colors on the erosion-features maps indi-
cate areas of active caving and stabilized areas. Qutside of the gully
rim are shown old normail vallevs and enltivated and unecultivated
upland. Prominent knickpoints in the gully channels are indicated
by crosses,

The parts of the gully system are divided according to drainage
basins, designated by letters. Active heads within some of the
hasins have been numbered, that is, Walden’s gully, basin J, head 4
would be designated as Walden’s gully J—L.
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LAYTON’S GULLY

The Layton gully lies 1.8 miles west of Walnut Grove School on
the north side of the road from the school to the village of Moore
(fig. 6). , Althongh not so old as many of the other gullies in this
area, Layton’s guTIy has passed through several distinet stages in its
development and shows a marked contrast between portions which
are now temporarily stabilized and others which are cutting with
phenomenal rapidity.

GEOLOGY AND SOILS

The bedrock at Layton's gully varies from injected mica schist to
coarsely crystalline, porphyritic, gueissoid granite or diorite. The
schist 15 probably a facles of the Carolina gneiss and the invading
igneous material resembles the Yorkville granite. Petrographic ex-
amination of a fresh rock specimen from a ledge in the stream to
which Layton’s gully is tributary shows it to be a porphyritic quartz
diorite (table 6). Over most of the area both schist and granite are
weathered to a depth of at least 25 ov 30 feet.

Owing to the complex nature of the bedrock and its variability even
within small areas, the soils at the Luyton gully are basically of o
somewhat mixed type, and differentinl erosion has produced further
variations. Aldthough formerly mupped as Louisa clay loam and
sundy clay loam (47}, these soils would now be classed as Lockhart.
Neither the porphyritic quartz dierite nov the injected schists are
sufficiently resistant to form effective batriers to evosion in the gully
area. Both types of bedrock weather to a weak friable parent mate-
rinl which erodes very easily and produces eave heads beneath the
more resistant B horizon. The Lockbart soil, because of its thin
solum, the friable nature of its subsoil, and its micaceous parent
material, is even more erodible than the Cecil. West of the lower
end of the gully is a small arew of Worsham soil, but this is of little
consequence in the gully history,

TOPOGRAFPHY AND DRAINAGE

The Layton gully has its head at a break in the drainage ditch
along the north side of the topsoil read (fig. 58)." From there it ex-
tends northward some 675 feet, in which distance it drops 90 feet and
attains & maximum depth of 19 feet. It follows the course ot an old
intermittent drainageway and is incised in a gently rounded hillside
with an average slope of 13 percent. The gully is essentially linear
i form but is developing a trellis pattern in its upper end as the
various heads are being extended laterally along terrace water fur-
rows (fg. 15).

The total drninage avea is 4.3% acres, divided as follows:

Acres
Tpper segment (hasing A and B, to seetion 3-3) ... ____0.80
Middle segment {basins C to I, to sectivn 4"y ____._. et e LLBT
Lower scgment (basins J ol W) oo oL L o e 1.17
West fork (basin L) - - 115
+.3%

13 The tepographic waps of Layion's, Litfleiolm®™s, Cox's, and Btrees™s gullies were wade
hy Osear 1D, Price; the topographie map of Walden's gully was made by H, A, Ireland, nnd
thnt of the Fosier's Tavern area by . A, Dreluand, Jo O Owen, and O) D, Peice,
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DEVELOPMENT OF FPRESENT DRAINAGE

When the present owner acquired this property, some 30 years
ago, the most active head of the gully had advanced to a point 90
feet from the road. The location of the head at that stage can be
identified in the field today by the character of the gully walls (fig.
59) and hy the age and distribution of the vegetation now growing
there (figs. 60, 61, and 62). The fields on both sides of the guliy were
terrnced and there were two terraces between the gully head and the
road. It appears that the gully whs essentially stable at that time,
as the walls were well vegetated and the cross section was a broad V.
The middle portion supported mostly saplings only a few years old,
but the lower course (fig. 60) lay through a small wood lot con-
taining a number of white oaks which were then 90 to 130 years old.
That part of the valley was broad and open. The siopes were so
pentle that wagons eould be driven across them, and from the po-
sition of the ancient oaks it would seem that the valley had been
much the same since before the Revolution. The surface soil along
the valley sides may have been thinned somewhat by sheet erosion
and creep but much of the topsoll remained because of a thick cover
of forest duff. The B horizon of the soil was abnormally deep along
the axis of this valley, owing partly to downhill movement by soil
creep (fg. 49).

The vecent acccleration of erosion at this gully, according to the
property owner, dates back 20 to 23 years. About 1914, the land
wus let to tenants. Within 2 years the terraces above the gully
head had broken over, and the gully had started cutting rapidly to-
ward the highway. The tenant farmers apparently paid little at-
tention to the terrace break-overs and also allowed the development
of many washes in the fields. Between 10 and 20 years ago the
white oak thnber in the wood lot was sold, tree by tree, thus re-
moving much of the protection of the slopes in the old valley.

A few years ago the owner repaired the terruces, reversing the
flow of some of them so legs water would be carried into the main
cnlly. He filled the minor gullies, some of which were suid to be
5 or ¢ feet deep. This work undoubtedly returded cutting of the
main gully.

Recently, probably since 1935, the west fork (figs. 58 and 63)
started rapid cutting owing to the breaking of terraces or because
of the cropping system used. By July 1936 the lower segment of the
eully had been converted from a broad V-shaped valley to a deep
U-shaped gash. The bottom was literally ripped out of this old
woll-vegetated valley. and a steep-walied barren channel which en-
farged rapidly by caving and slomping was produced (fig. 47).

PRESENT EROSION CONDITIONS

Tor convenience in discussion, the gully has been divided inte four
sections, ench having different but falrly wniform erosion conditions.

UPPER SEGAMERT

The upper or headwater segment, that closest to the road, is a
little more than 90 feet long and extends about to the position of cross
TTT88° 39— 7
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section 3-3° (fig. 58). This portion of the gully, consisting of basins
A snd B, is less than 23 years old and occupies an area that was
formerly terraced and cultivated. It is now almost barren of vegrta-
tion and is actively eroding (figs. 59 and 61). The walls are re-
treating by washing, crumbling, slumping, and caving, Individual
cutting heads are progressing by plunge-pool action, by washing, and,
where weak C-horizon material is softened by back trickling of sheets
of water along the vertical or overhanging walls, by caving. Seepage
is of little or no importance. Caved material is Temoved from the
gully channel only when heavy raing cause abundant run-off,

The largest cutting heads in this upper segment are all of plunge-
poel type with a lip of tight B-horizon clay overhanging a cave de-
veloped in the C material. Head A-1 at the highway ditch (fig. 61)
recelves the most water of any of the three large heads and drains
about 0.19 acre. Unless protective measures are taken it eventually
will undermine the road and project gully branches along the road
ditches, presenting serious trouble for the highway-maintenance staff.
It has cut very little in the last year, however, and the road may not
have to be moved for some time. Hend B4 on the second terrace on
the west side (fig. 64) is wider and lower. It drainsan area only one-
fourth as large but 1s eating headward much more rapidly. From
Angust 1936 to August 1937 this head broadened 8 feet and extended
up the water furrow about an equal distance. The owner has helped
to retard the cutting of the head by regrading the terrace which
leads to it so as to reverse the flow and drain the run-off from the
fields away from the gully. Head B-2 drains only some 600 square
feet but is very active (figs. 61 and 63). This marked activity of
heads having only small drainage areas is one of the outstanding
features of this wpper segment. Drainage from areas of 25 square
feet, or even less, forms a well-marked channel down the gully wall
and in many cases develops a small-scale cave head.

More rapid deepening of basin B than of basin A has produced a
smail knickpoint abont 3 feet high, which is moving upchamel in
basin A. Some attempt has been made to stabilize the gully walls
and channel by planting honeysuclkle, but owing to the rapidity of
erosion the vegetation hus not grown well and has had little effect os
a contrel measure. :

ATDDLE SEGMENT

The middle segment receives dirvectly the drainage of 1.57 acres
in addition to the 0.50 acre draining into it from basins A and B.
It extends from cross section 3-3’ to section 9-9” and comprises some
350 feet of fairly well stabilized gully much older than the upper seg-
ment. In this stretch, the stabilized character of the floor and walls
and the age of the pines and tuliptrees now growing ther~ (figs. 59,
60, and 62) indicate that the channel has existed for wi least 35
years and that in the past filling has about kept pace with down-
cutting. Portions of this segment show vecent cutting which is now
dormant. In other parts fresle searps and small terraces indicate
active erosion.

Except near the head, the middle segment receives little water from
the west side. On the east side it drains 2 much targer avea, including
one terrace more than 350 fect long planted in clean-tilled cotton,
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The cutting heads are of various tvpes. In basin C several small
but very active plunge pools receive the waters from the thivd ter-
race on the west side. These plunge pools {(-2, C—) advanced
2% to 4 feet from Augnst 1936 to August 1937, but deepening of thig
basin has been more marked than headward erosion of its rvim. In
the summer of 1936 the plunge pools were only 5 to 7 feet deep,
and the walls of the basin sloped downward to the floor. the lowest
part of which stood 4 feet above the trunk channel of the gully. By
the summer of 1937 the heights of the plunge pools had increased
greatly, and most of the basin floor had been lowered almost to the
level of the main channel. Basin C is by far the most active head
in this stretch of the gunily. Only one typical plonge pool, E-L
(fig. 63}, is found ou the east side of this seament of the pully, as
most of the water enters by steeply inclined chanmels. Head -1
differs from those in basins'A, B, and C in that the lip is formed of
A tangled mass of sod and tree roots which overhang and protect the
gully wall, thus preventing rapid lip erosion.

The stabilized condition of the middle segment of the gully wil
soon be disturbed. The Jower part of this streteh has nmmerons small
falls or knickpoints developed s & result of rejuvenation of the low-
est segment of the gully. The youngest and lavgest of these was
formed when run-ofl from the storm of October 15-16. 1936, cuused
excessive erosion of the main gully helow the junetion of the tribu-
tavies. At the start this knickpoint was 2 feef high but by August
13, 1937, it bad migrated upstream 42 fect and had increased to o
height of more than 4 feet (fig. 65). Headwurd movement of this
step is certain to continne nunless protective measures arve taken ar
unless it encounters a resistant dike or other rock barrier. Complete
recutting of the walls will follow this deepening and all trace of the
present stabilization will probably be removed {p. 74},

WEST il

The west fork drainage flows in & much shallower channel than
the main gully and at the present time includes the run-off from 1.15
acres.  Most of this is planted in cowpeas, but about one-fitth is
serabby, mixed woodland swhich has grown up since that nren wag
removed from cultivation 15 to 20 veurs ago.  Abont one-eighth to
one-tenth of the drainage area is bare ground from which the topsoil
and some of the subsoil has been stripped by sheet erosion and shal-
low mllying (fig. 66). Part of the fow in this fork is derived from
the fourth terrace on the west side, dininage from which. apparently,
at one time entered the main gully near liead 10,

The channel of the west fork’is much younger and less well de-
veloped than that of the east or major branch of the gully. It is
nowhere more than 6 or 7 feet deep and for at least half ifs length
is not Incised at all.  The water spreads out over a wooded slope and
flows in a group of poorly defined interweaving courses to the lip
of gully head J. Purt of the water comes trom g tributary which
flows down the spur between the two gully forks, following the
course of an old ohscare farm rond® (fip. 58). Prainage of the ap-

slope portions of this old read has been captured by basing B, C,
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and F, working headward from the deeper east branch. The greater
part of the water draining through the west fork comes from the
sloping fields and bare land to the west. Because of the high angle
of slope, the steep terraces, and the poor vegetal cover, run-off from
this area is very rapid, and the west fork of the gully is enabled
to cut vigorously. Head J, where the west fork plunges to the ficor

TIGURE Gd—Tlead B—4 on the west side of Tayton's gully, Although this Lead dralng less
tiun 104 Eeet of terrace it has ent about § [ect in o yedr.

of the downstream segment of the gully, grew headward 12 to 13
feet by cutting and caving during the storm of October 15-16, 1936
{p. 82 and figs. 49 and 50). Unless artificiully controlled, head J
may be expected to move headward up the west fork at a rate of 10
or more feet per year.

LOWLR SEGMLENT

This downstream stretch, extending for some 225 feet and draining
an area of 1.17 acres in addition to all the upstream segments, shows
clearly a wvalley-in-valley form consisting of an old gentle-sided
valley, in the bottom of whiclh has recently been cut a deep, steep-
walled gully, which is rapidly enlarging (figs. 47, 48, and 63).

Accelerated erosion of this section appears to be caused mainly by
water coming down the west fork and not down the larger eastern
branch of the gully, A considerable amount of run-off enters this
Jower segment civectly from. the eroded field on the west side.  Water
from many smaull chamnels plunges over that rim of the gully, but,
owing to the rapid caving and slumping of the walls, there are few
well-developed plunge pools. A marked contrast exists on the east
side, where the drainage area is about one-fifth us Jarge but is chiefly
iil pine woods. No well-defined channels enter the lower gully on
that side.
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Heavy rains in October 1936 brought about drastic changes in the
upper end of this gully segment, deepening the channel and causing
rapid caving. Both rims of the gully were well wooded, but the
walls were so deeply undermined that large blocks caved, carrying
the trees and shrubs with them (figs. 51, 52, and 53). The recent
eniargement of this eully has been desceribed on pages 79 and 82 of the
section, Rate and Amount of Gully Erosion.

PRESENT YEGETATION AND LAND.USE GONDITIONS

In 1936, as shown on figure 60, the cultivated area surrounding the
gully was almost entirely in ‘cotton and cowpeas. The cotton,
growing on the east side of the gully, was clean-tilled and well cared

: for. The cowpeas, grow-
ing in the fleld west of
the gully, made a very
poor showing. They
were not cultivated, and
the field grew up heavily
with various weeds, in-
cluding horsenettle, pas-
sionflower,and crabgrass.
There was a small patch
of corn in the northwest-
ernt corner of the area.

The gentle slopes near
the tops of the hills have
In general a sandy top-
soil 4 te 6 inches thick.
On a few scattered spots,
as along the roadside,
remnants of the A hori-
zon are held in place by
coverings of broomsedge,
lespedeza, and weeds
(fig. 67). Lower down,
where the slopes are
steeper and erosion has
done more damage, large
aveas of the B lorizon
and some of the' B to C
transition zone are ex-
_ . : ‘ posed. Scattered growth
o o et of ploneer vegetstion is
S DRI  (onnd in these areas,
Figure 85 —Knickpoint 4 feet high in Layton's gully be- All of the gully ex-

iween crogs seitions 8 nud 9. Thres stoges v the cept basins A, B, and C

deepening of the gully woy be seen: (1} The pently
E_lllophlg walls Im tlm1 iimckgr;mjmii { 2[) tiijo moldte?}ltelty 15 bordered by woods
deep present chinnel heyond the level rod, am! (3) the ; .
newest channel it the foregrount helow the knickgolnt. alld, except fpl the parts
how 108t active, the area
within the gully itself is also wooded. The many trees in the tem-

porarily stabilized middle segment differentiate it distinetly from the
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eyrn G8—Almost 2 feet of soif bas been steipped from sround thiy ash supling in lhe
aten drained by the west fork of Layton's gully.

more recently eut headward portion (figs. 60-63). Pine, tuliptree,
sourwood, dogwood, maple, oak, ash, and hickory are common, and
come of the pines nnd tuliptrees have been shown by boring to be 30

to 35 yeurs old.

The area of mixed wooeds, between the fence, which paraliels the
west fork of the gully. and the long narrow bare strip. which was
once n farm rond. was formerly cropland. It was abandoned about

FIGURE BT —View vasiward peross basin & ool Lavton's gully,  Severnl ipebes of lopsail
St versain ip L menssy sieip alome U roadside, 'Phe covfonficl! ar the Jefu has
vroded far down into the subseil.
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20 years ago, when the field to the west, where the rain gage now
stands, began to wash too badly to cultivate.

Along the lower segment of the gully, pine and mixed woods have
replaced a stand of mature white oaks, stumps of which ave still in
a fair state of preservation.

This gully area shows clearly that a wooded region will vesist
erosion from the surface downward but has little protective effect
when attacked from beneath as by undevcutting from a deep guliy.
In the lower segment, trees 6 inches or more in diameter have been
undermined and have fallen into the gully (fig. 51). Saplings pro-
ject at various angles from caved blocks. ~ Many ‘rees along the side
of relatively inactive portions of the gully have tilted outward from
the bank but have become stable again, and their upper parts have
resumed vertical growth., Roots of trees partinlly undermined hy
gullying aid in protecting the bank, sometimes for'a period of years
(fip. 75).

Even if the gully does not nndercut the trees, lowering of the
ground water as n result of gullying interferes with their normal
development (p. 93). Borings in pines close to the vim of the gully
show a permanent retardation of tree growth 20 to 21 years a0,
caused apparently by the cutting or deepening of that portion of the
gully. ALt the lower end of the middle segment the effect of the
unfavorable conditions may be seen in the comparison of two pines,
both of which are 80 years old. The one on the edge of the gully
is 6 inches in diameter and the other, only 6 feet farther up the slope,
is twice as large. Prior to the recent remewal of active erosion,
pines grew very well on the C-horizon material of the gully slopes
and floor. Washing of A- and B-lorizon soil over the ¢ material
on some of the slopes undoubtedly nided tree growth. The pines
plotted on the map (fg. 60) show diameters of us much as 12 inches
for a 33-year-ald-tree.

PROBABLE FUTURE DEVELOPMENT

Unless artificially controlled, this guily will in time undermine
the road and force its removal to & new location. Headward migra-
tion of the 4-foot knickpoint up the east forls will deepen the chan-
nel, cansing the wooded side slopes to eave, and the healing process
will have to start anew to adjust the walls to the lower level of
drainage.  Accelerated cutting will condnue until a new grade is
established. Head J will continue working up the west fork at a
rapid rate until it emerges from the woods. Tven faster erosion
may then result. More agricuitural land will be destroyed by guliy-
ing, particulariy the arca between heads A and L,

Ordinary rigid check-dam construction would be of little use in
this gully owing to the weak, crumbly muture of the bedrock.
Diversion of the water and sloping of the bunks might be advan-
tageous, but would introduce the possibility of developing an equally
bad gully from the diversion ditch, Layton’s gully offers an ex-
cellent site at which to study the operation of plunge-pool lieads and
might well be worth some experimental construction for gully-head
control. Retardation of erosion at a few critical points would at
least postpone the rupid enlargement of this pully.
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WALDEN'S GULLY

The Walden gully, on the property of J. H. Walden, 1 mile west
of Moore, s one of the most spectacular in Spartanburg County.
Its aeep canyonlike channels ave incised as much as 35 feet below
the evenly sloping upland, portions of which have been completely
isolated and left as islands surrounded by steep, vertical, or even
overhanging gully walls. Several of the cave heads are still active,
and channel erosion continues to undercut the walls (figs. 68, 69.
and 71).  Other parts of the gully, however, have been naturally or
artificiaily stabilized. This gully illustrates well the complex his-
tory by which such featurves are developed. Successive stages of cut-
ting and stabilization are well shown: capture of slowly eroding
heads by more active ones is illustrated; and the beneficial results of
diverting water away from the head of the gully are seen.

GEOLOGY AND SOILS

"The bedrock of this gully aren is a felsic gneiss consisting mainly
of quartz and a high percentage of large feldspar crystals. It is
porphyritic in places and is eut by many small quartz veins and
pegmatite dikes. Few of these, however, ave thick enough to form
resistant barriers in the channel. The zone of weathered rock or
saprolite, the parent material for the overlying soil horizons, is deep,
and in 1o place has the gully cut down to firm, resistant bedrock

fig. ).
( The soil of the entire npper portion of Walden’s gully is Appling
sandy loam. Much of the topsoll is still present m the fields and
pasture land around the gully but has been disturbed by plowing.
It has an average depth of about § inches except in a few places
near beads H and J (fHgs. 70 and 71) where the topsoil has been
entirely removed by sheet wash and shallow gullying. The subsoil
or B lorizon 1s a firm, lght-red to yellowish-red clay of unusual
thickness. Near head C it is 129 inches deep and in several other
places meastives more than 100 inches. This appurent over-thicken-
g of the clayey subsoil is found beneath several of the channels
entering the gully and suggests the effect of soil creep or more eff-
cient eluviation beneath the drainageways. The red and yellow mot-
thing, characteristic of the lower horizons of the Appling soil, is not
pronounced in this gnlly aren.

Immediately downstream from the lowermost head of the gully
{head K} the Appling soil grades into Worsham, which has a
dark-gny topsoil and a subsoil, yellowish at the top and underlain
by light-gray resistant material.” This resistant soil Inyer is even
thicker than the B horizon ot the Appling soil, and is underlain
af about 200 ches by triable suprolite or decomposed rock., Uphill
from the aren of Worshwm soil the upland has an avernge slope
of about 8 percent. The Worsham area forms  distinet shoulder
or narrow bench, at the outer edge of which, about 100 feet from
the permanent stream, there is o marked brealk in slope. From this
break fo the stream channel the hillside slopes at about 30 percent.




1
]

LA YR £

RS T R

U, 8 1

WLLETIN a3y

TEOCLENIUNL ]

106

DT HEM L

)

[ERLLS

118
I

A

I MO
1

1]tun




- Fioure 4
FoundD AT END

OF BULLETIN.




T

PRINCIIMLES OF GULLY BLORION IN SOUTH CALOLINA 107

DEVELOPMENT OF THE PRESENT DRAINAGE

The history of the development of this gully has been worked
out from the age of vegetation in and around it, from the physiog-
raphy of the gully area, and from accounts of farmers living close by.

Walden’s gully nppears to have started about the middle of the
last century. By 1855 it was about 20 feet deep and extended up-
slope to shghtly above the shoulder of the hill (fig. 72). At its
upper end the valley probably had two indistinet heads, one near
the pomt where the gully head K is now, the other at a correspond-
Ing position in the basin of the main channel. Springs very likely
contributed some of the water in this channel, as the lower “portion
of the present gully still curries an almost continuous flow. = Above
the gully head, shallow drainage lines collected the run-off and
poured it into the growing depression.

Some time before 1860 the upland aren was cleaved of natural
vegetation and was planted, only the steep slope between the shoulder
of the hill and the permanent stream being left in woods. Evidence
that the land, now deeply gullied, was once cultivated may be seen
1 the distinet line which separates the surface soil, disturbed by culti-
vation, from the underlying undisturbed soil, which is mostly of
the B horizon. Sueh u line is present on all or most of the islands
of the upland which now remain in the gully {fig. 68). Through this
field flowed fhe water from a roadside diteh that drained several
acres of fmrm land north of the pully. As erosion progressed, the
gully lengthened, following the drainage lines, and by 1875 the two
heads had extended 50 to 100 feet upslope from the position they
occupied in 1853, The novtheastern lead, now referred to as basin
K, has changed very little since 1875. Returded by the resistant
Worsham soll, erosion could proceed only siowly at this portion of
the slope. Continued abrasion, however, finally wore through the
Worsham material.  As erosion reached verticully downward into
the suprolite, and upslope to the wenker Appling soil, the rute of
entting was preatly nceelerated, and caving of the walls became
more 1mportant {fig. 73).

By 1895 the gully head had moved 100 to 150 feet nupslope along
what is now the main chanmel, basin G had Leen cul to approximately
its present length, and the tributary channels D, B-F, H. and J had
been started (fig. 72). The headward extension of bhasins G and I
wus stopped by the construction of o diversion ditelh and embanlk-
ment, and natural stubilization of the heads by vegetation then
began,

Lervacing first became common in the region arcund Walden’s
gully at about this period. No direct evidence is available, but Jocal
residents thinl that the aren around the gully was terraced about
1895 to 14800. The terraces collected the run-off of the slope and
directed it toward the gully, thus increasing the flow down the chan-
nel and causing faster erosion. Terraces drained into what have
hecome basins ¢, I, H, and J. Drainage through terrsce breaks
about 1893 to 1903 is thought to have been responsible for the cutting
of basins D and E. Basin A wug initiated by a later terrace brealk
which probably occurred hetween 1905 und 1915, By 1915 basin ¢
had reached approximately its present size, and vegetation lad
started the process of stubilization. 1t uppears that formerly head
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C had carried the overflow water from the road ditch, but that about
1915 natural or artificial diversion added that water to the drainnge
of basin A. As the gully heads approached the drainage divides of
the terraces, they received less and Jess water; activity dimimshed
and stabilization was approached. Heads E and F have gradually
healed and have reached a foir degree of stability (fig. 74), but al-
though D and H are close to the divides and are no longer actively
croding, they arve still bare,

In the period from 1915 to 1938, basin A was carved and the head
of basin D was undercut and captured, thus forming the large is-
lands. The rapid erosion of basin J began about 1915, when a break
in the terrace leading to head H allowed that water to drain into
the enst side of busin J. Rapid decpening of the main channel dur-
ing this and earlier periods left basin G as u hanging valley witl
its mouth 10 feet higher than the trunk channel and separated from
it by a knife-edge divide (Ggs. 63 and 69}. The upstream end of
this divide is being undercut at the present time, and i this process
continues. the npper portion of basin G will be captured.

Walden’s gully is of compound form (fig. 15). Heads working
up the slope have tended to produce a dendritic or branching pat-
tern. Erosion cutting headward along terrace water furrows, since
1900 or 1905, has carved luteral tributaries to the gully, thus giving
part of it a trellis pattern. As gully tributaries dissected the land,
the arens between them were withdrawn from cultivation and by
1916 had begun to grow up in broomsedge and small pines. Later
erosion completely isolated several of these areus and lett them as
Jarge islands within the gully.

PRESENT LAND USE AND EROSION CONDITIONS

When studied jn the late summer and early fall of 1936 only 3
basins, A, B, and J. out of a total of 10 were active. A comparison
of the maps made in 1936-37 (figs. 33 and 69) und the acrial photo-
eraphs taken in 1934 shows that head C did not change its position
ﬁm‘ing that period, but that basin A eut headward about 55 feet in
214 years. Head C, for many years, has been partinlly stabilized
with heneysuckle and smalil saplings of pine and tuliptree. Head A,
on the contrary, has been barren (figs. 68 and 70).

On September 10, 1936, o ditelt wus dug by the landowner, divert-
ing awuy from head A all the drainage from the rond and from the
upper terrace. The flow was_ directed across well-sodded slope
draining into an adjoining gully several hunduved feet farther novth
(fig. 69). Since that time the large cave head 1n basin A has dis-
appeared, the roof of the arch has fallen in, and there has not been
sufficient flow of water through the gully to remove the caved mate-
rinl {(pp. 82, 87 and figs. 32 and 33). The henling process has started,

" and severnl kinds of grasses und honeysuckle are Luking root on the
Jong slope of caved material. The diversion of the water was very
simple and required only a few howrs’ labor with n shovel. The
result may be the stabilization of this busin of the gully and protec-
tion of the highway against erosion.

For o few years beforn September 1936, basin A was the most
rapidly evoding part of the gully, anel down-cutting of the channel
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. i
P Ta—Deep upderent in weak saprolite on the west wall of the amin elavnel of
Waliten's zully, tlong e line of seetion 4=, Althigugh the voek slvueturos gre pro-

servmd, the wall maderial is soft and porous.

draining that branch determined the grade Tor other busins near the
head of the gully. The outlet from basin B, for example, has been
incised so quickly. to keep pace with the down-cutting of the mnin
channel, that it s now 12 feet deep but only one-half foobt wide
Vig, 63, Walden section 3-37, and fig. 69). Basin B3 has a very
small drainage area and althongh it will eventually become graded
to the main chanuel this process will take o Jong time.

Tn 1937 hasin J, with eight cutting heads, was the only hasin of the
cnlly which was croding rapidiy (fig. 71).  Although the total area

Fiouns Td—View up the channel of bnsin 1, Walkder's sully, now paeelly sladiitized by
vegetntion, The Jargest Leee iy 18 years oid.
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drained was less than one-seventh acre, eaving was very active and
the flow of water was sufficient to remove the caved material. The
head J-1, on the east side of basin J, is very likely to cut through
the neck of the upland spur dividing basins H and J, thereby isolat-
ing the end of the spur as another Iarge island within the gully,
The other five basins of the gully are relatively stable. Some
erosion takes place in all of them. but its progress is slow. The

Fromee 7H.—The vool system of this large oak s heen effective tin vetwrling orosion of
t'g;‘-l{}{"}j@ctmg point pu the northeast side of the guelly, 15 feet seutheast of seetion

relation of the basing to the slope has an important effect. Those
lying transverse to the slope,such as I, H, and J, have their up-slope
walls cut by the erosion of water passing over the rim, whereas the
down-slope wall, affected only by rminwash and caving, is more
favorable for the development of a vegetal cover. Whalls of gully
basins cut in wooded areus may be protected temporarily by the root
mats ot trees (fig. 75).
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The channels of several of the basins contain steps or knickpoints,
most of which have developed in the main channel and have worked
headward up the tributaries. Some of these are 2 to 5 feet high and
make the channel a series of steps (figs. 63 and 71}, Many of them
were started by periods of excessive erosion, some of which may be
correlated with individual storms or times when cultivation was in-
tensified in response to high prices or increased demand. The knick-
points in basins H and J, at about equal distances from the H-J fork,
suggest the propagation of the same period of deepening up both
tributaries (fig. €3, Walden profiles H-1, J-2, and J-8). Knickpoints
in channels D-1 and C-1, at about the same distance from the gully
mouth, may also have resulted from the migration up both channels
of a knick which originated in the main gully. Rapid cutting of a
Iarge gully north of Walden’s gully has lowered the channel of the
stream to which both are tributary. A knickpoint 8 feet high re-
cently has worked about 40 feet up the Walden main channel. If
this knick continues to move up the channel, marked deepening of all
~the tributary basins must be expected.

No gully can be considered truly stabilized until it has been graded
to & permanent base level, either natural or produced artificially by
the construction of substantial check dams. These dams themselves
must be protected rgainst undermining by knickpoints or their life
may be very short {9). (See pp. 74-75 and fig. 41.)

LITTLEJCHN'S GULLY

The Littlejohn gully, on the farm of E. N. Littlejohn 214 miles
southwest of Pacolet and 10 miles southeast of Spartanburg, shows
the rapid destruction of an old road by gullying (figs. 6 and 76).

The bedrock at this gully area is essentially a hornblende gneiss
heavily injected by granite and cut by many pegmatite diles. Rem-
nants of the gneiss, now badly disintegrated, ave prominent in the
head of the channel designated as basin A (fig. 77). Fine-grained
and porphyritic granites, together with pegmatites, constitute the
walls in basin B, which follows the line of the old road. The gneiss,
granite, and pegmatite all are weathered to the full depth of the
gully and offer little resistance to erosion. The soil in the areas of
cneiss and fine-grained granite is a Cecil elay loam, from which most
of the topsoil has been removed by sheet wash. The subsoil, or B
horizon, a tough clay of moderate thickness, forms the uppermost 4
to 6 feet of the gully walls. The soil from the porphyritic granite,
which occupies the area east and northeast of the gully (fg. 78}, 1s of
the Loclhart series. 'The topsoil has been removed from most of the
area, covered by this soil type throughout the watershed, and near the
gully much of the subsoil, too, has been eroded away.

The Littlejohn gully is cut into a smooth hillside sloping less than
10 percent. Most of the run-off comes from an abundoned field of
5.9 acres north of the highway. That aren once was terraced, but
since its abandonment many of the terraces have broken and the
fields have grown up in broomsedge, plums, persimizons, briars, and
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pew romd i ot the left,

Liftlejolin's gully, lovking neress Yasin A and up the conrse of basin I3 which follows the old rond, The
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other pioneer plants (fig. 78). Drainage from this area is collected
rorth of the highway and reaches the gully by way of a culvert
underneath the road.

This gully is somewhat less than 40 years old. It developed where
water from road ditches and terraces was concentrated in a small
natural valley. Accelerated erosion deepened the natural channel
and developed a cave-head gully which advanced headward up the
valley and into the road ditches and tereace outlets. Until about
1929 the old road could be used, but since that time 175 feet of the
roadbed has been cut away by gullying to a depth of 24 feet below
road level. Cutting of road ditches down through the base of the
B horizon, especially in areas of Lockhart soil, converts the ditches
te destructive gullies. Rapid incision of the ditches occurs, and in
many places lateral cutting that undermines the road results. Road-
side drains extending downward into the C horizon are commonly
several times deeper than their width in the resistant B material. In
the C horizon, however, they broaden again, which gives them o
bulbous enlargement at the base. As portions of the B horizon are
undermined and cave away, the ditch or gnlly assumes o more nor-
mal shape with vertical or sloping walls.

Little water now passes along the old road into basin B. If the
flow were large, erosion would be very rapid because the subsoil has
been removed and the heads in the upper part of basin B are cut-
ting directly in the C horizon. This condition does not allow the
development of cave heads, as there is no resistant material to form
an overhanginy rim. Erosion is probably somewliat slower than
it wounld be 1f an overhang existed and caving and bacl triekle were
operative,

Construction of the new highway, 60 feet north of the old oue,
diverted drainage from head B but has increased greatly the flow
into head A and has caused rapid growth there. According to the
owner, this head cut 30 feet In a single year. Actual measurements
made in 1936-37 showed 10 feet of cutting int a littie over 2 months
(p. 87 and figs. 58 and 84). The head of basin A is now within
25 feet of the road and, unless brought under control, will force re-
location of the road within o few years (figs, 76 and 77). The main
channel of the gnlly and basins A and B are barren of vegetation,
and the walls are rvetreating rapidly (fig. 78). Caving is active at
the head of basin A {fig. 29), around the mouth of basin B, and on
the south side of basin B, where dvainage of 0.37 acre from a single
terrace has developed a prominent eave head (fig. 31). Water from
this terrvace is responsible for most of the recent erosion in basin B.

An unusual feature of this gully is the large step or shoulder,
about 75 feet long and 25 feet wide, on the west side of basin A,
The shape of this mass and the position of slunmped and caved blocks
on its surface suggest that at some former time the gully channel lay
along the top of the shoulder, but that the chamnel wus abandoned,
owing possibly to the capture of the drainage by a more active
tributary,
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CoxX’s GULLY

The Cox gully. located on the property of A. J. Cox, 4 imiles
southeast of Switzer and 16 miles by road south of Spartanburg
(fig. 8), differs murkedly from the other gullies here described in
that its channel has aggraded to a depth of several feet. Owing to
the intense activity of two impertant gully heads. large quantities
of erosional debrig ave provided, but except 1 very heavy rains there
is insufficient flow of water to carry the material to the lower
end of the gully. A large volume of sediment has accumulated in
the channel, buried the gprowing vegetation, and eonstuntly raised
the levei of the broad, flat gully floor (figs. 42, 79, and 80).

HISTORY AND SETTING

The serious erosion in and avound this pully is intricately related
to the agricultural history of the area, which is one of the earliest
developed farming distriets in the county. The land was granted to
John Patten by the first Governor of South Carolina about 1785 and
is believed to have been put into cultivation shortly thereafter. A
large brick plantation house was built about 1800 and apparently
became the center of a small community, as the adjacent crossroads
is known to have had its own poest office.  The big house, now in a
bad state of disrepair. stands about 200 yards from the present heud
of the gully (figs. 80 and 81). The old road which crosses the
gully arca was present in 1820, as is shown on the Spartanborg
County map in Mill's Atlas of 1523 {22). Serious gullying forced
the abandonment of the original road about 1922. and a new one
was constiructed farther up the slope.

The Cox gully area is underlnin in part by mica schist and in
part by a highly feldspathic granite gneiss. Where the rock is
deeply decayed, as at gully heads A and B, the parent material is
extremely weak and friable.  Where somewhat less badly weathered.
the rock is still relatively resistant. 7The soils vary according to
the underlying parent material, In most of the area they are of
the Louisa series. Some of the soil resembles the Lockhart. but is
classed as Louisa because of the greater depth of the B horizon, its
deeper red color. higher plasticity. and greater resistance to erosion.
At the falls in the main chanuel below head A (Hg. 79, section 5-57)
part of the tough topsoil ov I3 horizon appears to be seniistratified
and attains 2 maximum depth of 12 feet, lying directly on fairly
resistant bedrock. which forms the falls. This narrow rocky portion
of the channel is a local base level below which basin A cannot erode
rapidly. Deep pot holes are present in the rock at the falls, but
even so this barrier can be expected to control the deepening of basin
A for a long time to come.

The Cox gully is inciged inte what was oviginally a shallow valley
with gentle slopes ranging from about 13 percent along the channel to
3 percent near the divide. It extends from near the old plantation
hiouse southsestward to Ferguson Creek, one of the major tributavies
of the South Tyger River. Rills and shallow gullies exused by ter-
race breaks, improper terrace outlets, and road drains, in the absence
of udequate soll-congerving practices, are closely spaced in the area
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above the deeper gully. The surface of the abandoned road has been
lowered 10 feet, and ditches bordering the road have cut into the
weak C horizon. The main gully down the center of the old valley
may have been formed as much as 50 years ago, but Iater became
temporarily stabilized by a thick growth of vegetation. More re-
cently, head A of the main chanmnel and head B on the north side
have renewed active cutting.

PRESENT LAND USE AND EROSION CONDITIONS

Early in 1937 when the vegetation and land use around this gully
were mapped (fig. 80), the 2.14 acves in cotton was the only part of
the drainage area which was under cultivation. Much the greater
part has at some {ime been cultivated but has later been abandoned.
Old-field pine covers 3 acres. The trees on the badly eroded steeper
slopes north of the gully show by their age that cultivation of that
portion of the land was discontinued nearly 80 years ago. Near the
outer edge of the woods, however, the trees are younger, thus sug-
gesting gradual encroachment on the cultivated fields as the mar-
gins of the tilled land became eroded and were abandoned from
cultivation. This process is still going on, as is shown by the small
strip of pioneer plants above gully head B. Since the guilly was
mapped, however, an area of pine woods avound that head has been
cut for cordwood and the land returned to cultivation.

One-half acre was abandoned when the old road was rerouted some
15 years ago. Part of this is growing up in broomsedge and small
pines, but about 0.13 acre immediately upslope from gully basin A
18 bare, because erosion is too rapid to allow vegetation to gain n
foothold (fig. 82). East of the new road a field of 1.17 ucres has
recently been taken out of cultivation and is raising a thin cover of
pioneer vegetation. One-half acre between the roads has been idle
for a longer time and has been planted to black locust and loblolly
pine by the Soil Conservation Service. The downstream part of the
valley has a cover of mixed woods, either because of the better supply
of moisture there, or because the arven may never have been entirely
cleared.

The main channel of Cox’s gully, lying along the axis of the old
valley, nverages about 10 feet in depth, but the tributaries, which cut
into the steeper side slopes, are somewhat deeper. In the last few
years basin A has advanced completely across the old road and now
has tributary heads where each road ditch enters (fig. 82). The
principal drainage into this basin is from abandoned fields, pine
woods, and the old and new roads. At the lower end of basin A the
channel narrows to about 1 foot and then drops § feet to the floor
of the graded portion of the gully.

Basin B, the tributary draining the cultivated field north of the
gully, has the most active and rapidiy advancing gully head studied
in the Spartanburg area (pp. 87-89 and figs. 53 and 55). Between
October 27, 1936, and April 6, 1937, this head advanced upslope 20
feet. If this rate were to continue, it would take only a few years
for head B to destroy the ficld which it drains. Iead A, unless
checked, will advance upslope and undermine the relocated road as
it did the old road.
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THE GRADED CHANNEL

Deposition and removal of sediment from the channel of Cox’s
gully depend on the character and intensity of the rainfall. The
run-off from a light rain oceurring after a dry period, sinks rapidly
into the deep sand train on the gully floor, and material carried by
the flowing water is deposited. Raising of the gully channel by this
process has buried some of the younger vegetation, and the sediment
has encroached many feet on the larger and older trees. During
a period of about 2 months in the spring of 1987 material washed
from gully heads A and B built up the level of the main channel
by an nverage of more than 15 inches,

Deposition may continie internittently for many months, erad-
ually raising the level of the gully floor. An exceptionally heavy
rain, or one coming at a time when other showers have saturated the
fill in the valley floor, however, can cut away much of the fill mate-
rial and earry 1t along te be deposited in the downstream end of the
gully or to be poured into Ferguson Creek. Other factors affecting
the establishment of grade in the gully include the thick mat of
honeysuckle which covers the floor and ¢limbs into the trees in the
lower end of the valley and the deposits, like natural levees, formed
by Ferguson Creek during flood stages. Sedimentary deposits of
this sort where the sand fan at the mouth of Cox’s gully enters Fer-
puson Creek appear to have raised the temporary base level of the
gully. Recent cutting out of brush along the shores of Ferguson
Creek (designated as a “drainage project™) may in time bring about
accelerated erosion of the stream banks, removal of the lower end
of the gully fan, and a lowering of ihe gully hase level with consequent
removal of the fill.

A series of borings into the fill in Cex’s gully was made on seven
ranges across the main channel and on two ranges across the tributary
channel, basin B, along the lines of cross sections 6, 8, 9, 11, 12, 13,
14, 15, and 16 (figs. 79 and 83). In each range, holes were drilled at
1-foot intervals within 5 feet of the gully walls and at 2-foot intervals
across the remainder of the section. The character and thickness of
the fill, the size and position of the buried gully channel, and the
relation of the water table to the gray unoxidized parent material
were noted. Most of the borings passed through coursely laminated,
fine- to coarse-grained light-colored quartz sand, containing mica and
feldspar, and having a layer of fine red clay at the top of each
lamina. The sands are redder and more clayey at the base, where
they are in contact with the red oxidized micaceous clay of the old
buried gully walls. Below the red clay is the gray micaceous saprolite
of the parent material. Where the saprolite lay more than 9 feet
below the surface it could not be reached by the anger used for the
Lioring.

Tn sections 6 and 8 (fig. 83), the top of the unosidized saprolite
coincides with the ground-water level and is lower than the bottom
of the old gully channel. This indicates that oxidation causing the
red color in the clay takes place only above the level of ground
water. In section 9, the ground-water level is above the saprolite
but still below the old gully floor.
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No water was encountered in the borings along sections 11 and 12
across basin B. This results probably from the fact that effective
subsurface drainage of water into the main gully channel has lowered
the ground-water level on the adjacent slopes. It appears that the
level was formerly at the top of the saprolite.

In sections 13, 14, 15, and 16 the surface of the ground water is
n the sedimentary fill sbove the old channel and is essentially hori-
zontal. It comes closer and closer to the surface in successive sec-
tions down the chunmnel and about 150 to 200 feet downstream from
section 16, ground water is at the surface, as shown by the moist,
swampy conditions, The level of ground water varies from day to
day and from season to season according to precipitation and evap-
oration and may at times rise into the red clay even at the upper
end of the channel as at sections 6 and 8. The elevation is controlled
in part, also, by the thickness and porosity of the sedimentary fill
in the old gnlly. Recent changes in water level have not lasted
Jong enough to cause deoxidation. The red color of the clay is re-
lated directly to an average level of ground water and has been
produced by oxidation during a long period of time. The abundant
ground water in the channel of Cox’s gully has helped the growth
of vegetation, thereby aiding in building up the sand fan and bring-
ing about the graded condition of the gully channel.

BARRY'S GULLY

The Barry gunlly, on the farm of R. H. Barry, 2 miles northwest.
of Moore, shows how by simple and inexpensive measures & farmer can
retard the growth and control the shape of a gully. Water from
an area of 18.5 acres drains to the gnlly, but careful farming has
helped to prevent excessive run-off. Lespedeza followed by small
grain 1s used in fallow fields. Where cotton is grown, an interrow
of oats is used for winter cover. Bermuda grass and cowpeas now
occupy considerable parts of the area, and no land is bare except
along the roads and on parts of the gully floor. The flow of water
approaching the gully is dispersed to some extent by a 2.7-acre Ber-
muda grass pasture (figs, 84, 85, and 86).

DEVELOPMENT OF PRESENT DRAINAGE

The guily has developed aleng the axis of a small, wooded, natural
valley, which headed at a spring lying in a broad semicircular de-
pression in the slope (fig 87). It 1s cut in Appling soil, compara-
tivelg resistant to a depth of 10 or 13 feet but underluin by decom-
posed granitic roeck which is more vulnerable to erosion than the soil
horizons sbove. The land of the gently sloping drainage area was
clesred and farmed long before the Civil Wae. Continged cultiva-
tion and planting of many clean-tilled crops, however, so increased
the run-off that a gully wuas initinted at the streambead. By 1917
this gully had deepened and had developed a vertical head or plunge
pool which had advanced some 200 feet into the Bermuda grass
pasture (fig 87). Enlargement took place chiefly by the caving off
of Jarge blocks of the tough Appling soll, but the material, being
of fairly uniform resistance, did not develop overhanging cave heads,

The gully not only had destroyed a considerable area of the pas-
ture, but by advancing toward the road threatened to divide it in
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two. To aveid this inconvenient splitting of the pasture and to
retard the growth of the gully, the owner, in 1917, constructed a
terrace which prevented the flow from reaching head A and carried
it some 150 feet farther down the east rim before allowing it to en-
ter the gully (fig. 87). The outlet of the new channel was unpro-
tected, however, und headward cutting developed a new branch of
the gully, basin B, which followed the line of the terrace.

The older gully, in the meantime, was planted to briars, climbing
rose, honeysuckle, and chinaberry. These, assisted by natural
growths of sycamore, cedar, tuliptree, and sweetgnm, began to stabil-
ize the head and walls. The Bermuda grass of the pasture, trans-
planted naturally by the caving of sodded blocks from the gully
rim, aided in stabilizing the pgully head.

Frooup Sii—Ilendwurd portion of Baery's gully. The Bermuods grass pusturs extends to
the fenve. Che ficld across the road Is planted in swadl grain,

By 1933, basin B had been cut to about the same length as basin
A {fig. 87) and threatened to continue headward toward the roud.
In the interval of 16 years, however, head A had become so well
stabilized that the farmer decided he ecould sufely plow out one
side of the terrace Jeading into head B, block the terrace drain by
a small dam, and divert the water buck into head A. Head B is
now beginning to be stubilized by Himalaya-herties and rose cut-
tings planted there, and by pioneer growths of pine and hardwood
saplings. Material caved from the head and wulls has begun to
accumulate and eventually will form a more gentle slope on which
other vegetation can become established.

By 1936 head A had begun to show slight cffects from the re-
newed eroston, but by the time n hazardous stage is reached head B
will probubly be sufliciently well stabilized to take care of the entire
flow.
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The possibility of wide application of this principle of rotation
of gully heads as a conservation practice was suggested In a previous
article (13). Successful applieation of the principle depeids on
many factors, including the soil type, slope, and kind use. Although
diversion of water from the active heuds at the Bavry gully did not
stop further enlargement, 1t prevented division of the pusture, pro-
tected the road, und retarded the ervosive processes. Complete control
of the erosion would probably have been too expensive a project,
both in labor and wmoney, to be undertaken privately by the land-
owner. Relirement of the Bermuda grass pasture from grazing and
more complete planting of the gully heads and walls would have
been valuuble though relatively mexpensive additions to the control
program that was used.

Hend C of the Barry gully developed many years ago where drain-
age from a terrace entered the lower purt of the valley at a brenk
in the surface slope. Erosion of this pully head was arrested by
reversing the drainage in the terrace, thereby cutting off the supply
of water. Since that time the walls of head C have gradually us-
sumed a more gentle angle. Trees as much as 30 years old are now
growing in that basin of the gully (fig. 83).

THE KNICKPOINT

Rotation of the heads las greatly diminished the hazard of this
gully to the furm Jand above. Another source of danger, however,
is found farther down the gully. During the cutting of basins A
and B, the channel within the gully has gradually grown deeper.
This has not taken place uniformiy but has been most marked down-

stream. A knickpoint (p. 74} about 6 feet high has developed and
is moving upstream (fig. 88}, Its lip is at the level of the floor of

Pt 8§, —Npickpoinl G feel Bigh in e lower end oof basin
crpss seetion S-07 on the Lopogre e g,
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basin A and is held up by the root mat of the vegetation which
had partially stabilized that gully channel. Close beneath this old
channe! floor lies the weak rotten rock or saprelite of the disinte-
ﬁrated granite gneiss, and this material is rapidly being cut away

y plunge-pool action. Unless this rejuvenation of the evosional
process 1s checked, the whole gully will be cut downward into the
weak C horizon, and stabilization will then be a much more difficult
problem.

FOSTER'S TAVERN AREA

The Foster’s Tavern area. located 3 miles sontheast of Spartan-
burg along Unifed States Highway No. 176, i1s named for the pre-
tentious old brick house north of the crossroads {fig. 89). The house

Frne 89.—Foster’s Tavern, at the interseciton of United Nuues Highway N, 175 and
the obd CGeprgin Road, pedr Spartanborg, 8 C. Thiz mapsion, bulit wbout 18135, §s pow
a priveie residence,

was built by Anthony Foster about 1815, and was used for many
years as a tavern and inn. Its position at the intersection of the
old Georgin Road, now a county read, and the Spartanburg-Colum-
bia Road, now a concrete highway, made it an important stopping
place for travelers, especinlly those golng Detween Alabuma or
Georgia and the Central Atlantic States. Some of the gullying of
the lands is believed to have started from the enlarsement of pits
from which e¢lay was inken to malke brick for the house. By the
time of the Civil War the felds ucross the road intersection from
the house (figs. 90 and 91} were deeply dissected by gullies, appar-
ently developed in purt by the abundemment and neglect of the
land during the war. According to local tradition, these gullies
were used for meetings of the Ia Klux Klan, and the initials KKIC
deeply carved in the trunk of an old maple tree in the gully basin
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here designated X, are sometimes taken as substantiation of this
story.

Field surveys made in 1936-37 show that much land in the Foster’s
Tavern area has been abandoned. Most. of that still under cultiva-
tion is badly sheet washed, and deep gullies have so dissected the
avea that the fields are small and of irregular shape. A lurge part
of this damage can be attributed to improper design of terraces and
terrace outlets. ILack of adequate terrace maintenance is also an
Important factor; and many of the gullies in abandoned fields have
developed from old terraces which have filled with washed soil and
have broken over, causing destructive ercsion at each break.

Land taken out of cultivation in this area grows np in a pioneer
succession including erabgrass, Bermuda grass, broomsedge, sumac,
briars, and pines. If left in a natural state the vegetation eradually
changes toward a thick growth of shortleaf pine on the uplands and
pine with a seattering of hurdwoods, such as maple, tuliptree, and
beech, in the valley bottoms and in gully channels, where pround
water is normally close to the surface.

GEOLOGY AND SOILS

The Foster’s Tavern aren is underluin by a deeply weathered
conrse-textured grunite gneigs, containing many large crystals of
acid feldspar which now huve weathered to kaolin or white clay.
These, with the dark minerals present, give a pepper-and-salt ap-
pearance to the decayed yock or saprolite. This material, once hard
and resistant, is now so friable that large musses can he broken with
the bare hands. It disintegrates veadily when saturated by water,

and blocks of it In & stream crumble and disappear much like lump
sugar in hot ten. In several puliies in {he area there are more re-
sistant mnsses of u schistose or slaty rock; dikes or veins of resistant
quartz are alse present.

In the Foster’s Tavern aren n definite relation exists between the
character of the soil and the slopes. Cecil soil occupies the uplands
and extends downward to about the middle of the slopes, where,
usually, it grades into a zone of Appling. Colfax soil is present
from the Appling zene to the break in slope or shoulder of the hill-
side and is found also around the streamheads. From the break in
slope to the edge of the flood plain the soil is Worsham. The narrow
flood plain itself is alluvial, A small area of Lockhart soil, developed
on o belt of wnusully highly porphyritic gneiss, crosses gully basin
L (fig. 90} near its upper end.

The topsoil of the Cecil, wherever present, is sandy and the soil is
therefore classed as Cecil sandy loum. In parts of the uplund are,
however, removal of the topsoil by erosion has revewled the tight,
resistant red clay of the B horizon, thus placing the soil in the Cecil
sandy loam, mixed phase, classification. The resistant clayey sub-
soil of the Cecil 1s 12 to 15 fect deep on the uplands, but is generally
less than 10 feet thick on the slopes. Beneath the subsoil les the
rotten rock or suprolite usually exposed in the deep gullies of the
area.

The Colfax soil has poor internal drrinage and moderately good
surface drainage, and 1s characterized by a topsoil of gray sand
Ioam and a subsoil of yellow sandy clay. Under this, at a depth
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of about 24 to 36 inches, is a gray clay containing masses of kaolin
produced by the weathering In place of feidspar crystals of the
original bedrock. Layers of tight gray clay occur in some places in
the basal material of the Colfax soil and greatly retard the cutting
of gully channels. The avernge depth of the resistant. parent ma-
terial underlying the Colfax is about 12 feet, but beneath this is a
friable saprolite, the sume as that underlying the subsoil of the
Cecil and Appling. Gullies cutting into the resistant material, there-
fore, eventnally reach the saprolite, and rapid advancement of the
gully by undermining and caving of large blocks of material en-
snes. In this aren, several gullies that have developed up-slope in
the Cecil soils have had their progress retarded for some time by
the tough material underlying the Colfax and Worsham at the
shoulder of the hill. When this material has been cut through, how-
ever, another cycle of down-cutting has been able to progress up the
gully channcl, deepening it covsicerably.

The Worsham soil is similar in some ways to the Colfax but hus
n gray loamy sand topsoil and & bluish gray subsoil. The soils of
this series generally bhave poorv internal drainage and are found
near the zone of permanent ground water, low on the valley sides.
The Worsham is not extensively developed in this area.

TOPOGRAPHY AND DRAINAGE

Most of the gullies are grouped radially around the semicirculur
hendwater basin of n small stream (fig. 90), but others enter the
stren approximately at right angles farther down its course (fig.
91). Some follow nutural desinage lines, but ofhers bear no relation
to preexisting stream courses. The slopes of the valley sides are
slightly convex in profile and range from 10 or 15 percent close to
the streams to less than 5 percent along the divides. The general
physiographic setting and the patterns of the gullies suggest that
the natural streams formerly headed at springs, one each in basins
J und K, and snother close to the junction of basins A and G (fig.
90). On the upland abave the streamheads the run-off followed
gentle sags in the slope. Closer to those heads, however, between
the break in slope and the valley bottom, the flowing water descendled
steeper slopes, of 20 cr 30 percent or more. It was in this area that
gully cutting probably made its start.

uch the same conditions prevail on the sides of the valley as
around the streamhends. Two differences are: (1) The presence of
a. well-developed bench above the break in slope and 20 or 30 feet
sbove the stream and (2) the entrenchment of the stream to a depth
of about 2 feet into its narrow flood plain. This entrenchment is
greatest in the southwestern part of the area, shown in figure 91, and
farther downstremm, where the channel has been cut to a depth of
6 feet below the flood plain. Entrenchment of the stream suggests
vecent rejuvenation in its activity, and this idea is horne out by other
factors. Within very recent times the stream las swung laterally
and has undercut the banks, causing portions of the slopes to slide
downwuwrd. In the lurge bave spots which have resulted. guilies
are beginning to form and work headward. undgermining large trees.
Remnants of old high-level sears where the stream has undercut
its bunks show the former elevation of the stream chunnel, Tribu-
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taries have entrenched their channels in the altuvial plain, keeping

ace with the down-cutting of the main stream. and many natural
gridges formed of tree roots and surface sod have been left where
the tributary streams have deepened their channels. It may thus
be seen that the down-cutting and adjustment of the streams of this
area are still going on.

DEVELOPMENT OF THE GULLIES

In order to understand fully the present relationships of the var-
lous gullies it is necessary to look back into the history of their
development. So far as 1s known, the entire aren was in virgin
forest until about 1783. Settlements grew up in the region about
that time, much of the timber was cut, and major roads ineluding
the Georgia Road and the Spartanburg-Newberry-Columbia Road
were lald out. Gullying may have begun fairly early after the Iand
was clenred. It was active long before the Civil War, and by 1864
gullies G, H, J, and K (fig. 90) not only had been cut but had
already begun to stabilize.

In the latter purt of the nineteenth century, chiefly between 1880
and 1900, terraces were constructed on much of the land in this arei,
and gully basins A to I got their start during the latter purt of that
period. The Spartanburg-Union Road, now United States High—
way No. 176, was improved and macadamized ahout 1906. The
heuads of gullies G and H were filled artificially and a eulvert was
instadled that diverted drainuge into gully basin A. DBetween 1920
and 1925 the alinement of the road was modified slightly and the new
route was paved with concrete. In that period also the culvert at
head A was abandoned and a new one was instulled ut head G. which
now carries most of the drainnge from the area east of the highway.
A few years later two tructs of land south of the gullied area were
niited m ownership, and the new owner revised the terracing system,
of the fields, thereby diverting more of the drainage to gully basin A.

GULLY BASINS ATO H

These eight gully basing nre purts of one dendritie gully system
(fg. 13), the branches of which come together at the head of the
permanent stream 460 feet west of the hightway., They were cut into
a relatively smooth hillside and do not appear to have foliowed any
older water courses. Any drainage channels which may have existed
must have been very small and indistinet, us all traces of them have
been removed by the gullying. It is thought that imost of the gullies
were initiated where surface run-off, concentrated by old terruces
and road drains, was released and allowed to flow down the slopes
to the streamheads. Gully cutting starfed at the steepest and weunk-
est. parts of the slope and worked headwurd toward the divide.

The gully heading in basins G and H was the original gully ot
this southeastern group. It had veached essentially its present form
before the Civil War, us some of the trees in busin (3 now ave more
than 70 yewrs old (fig, 92). The stabilizing vegetation remained
undisturbed from that time nuntil a year or two ago when the channel
below basin A started to cut very rupidly. The lower part of the
gully below heads G, H, and C is now being deepened and the trees
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are being undermined by a knickpoint several feet high which is
cutting its way up the channel.

Basin G now receives the run-off from about 12 acres east of the
highway. The water reaches the gully through a culvert and 1s
lowered to the floor by a concrete flume, which prevents abrasion of
the guily head. The large flow of water has caused a slight secouring
at the outlet of the flume, but the vegetation has resisted erosion
effectively and basin G has vemained stable. Head H receives very
little water and is entirely stable,

Gully basins A, B, D, E, and F, are related divectly to terrace
outlets or terrace breaks. = The origin of basin C is less distinct. This
hasin may have been carved by water from the old culvert under the
highway at the present head A or by drainage from a terrace which
since has been destroyed by the cutting of basing A and B.

Basin C is one of the older branches of the gully and iz well
stabilized with trees more than 30 years old. It now receives drain-
age and sediment from the sheet-washed field immediately to the
north, and, owing to the thick vegetation, much of the sediment is
canght and deposited on the gully floor, which has thus been built up

to a ecomparatively
steep grade. This
busin will not exist
much longer, how-
ever. Its headwurd
portion is being un-
dermined on the
south side by basin
A, and is gradunlly
being eaten away by
that branch of the
eully (figs. 90 und
93).

Basin D is similar
to busin (' in that it
15 one of the older
branches of the gully
and has become sta-
ble and has accunmu-
Inted sediment on its
floor. Basin D re-
ceives water from
two terraces,theflows
from which enter it
over a tough gray
clay, the parent ma-
terinl of the Colfax
soil. Owing to the
resistance of this ma-
terial, cave heads
have not developed

LI o et ; at the present terrace
Flsune 92.--Besin 4 of the Foster's Tavern nrou wus evorled  gutlets. Aithough

1o much jts present condition Lerore the Civil War,  Seme el - . ,
of the trees are how more than 70 years old, bdsl n D is nut cut-
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ting rapidly around the rim it is being enlarged and attacked from be-
low. DBasin A, which flows at a level many feet lower, is cutting away
the divide between them, and the channel in basin D is being eroded by
a kmickpoint moving headward from the lower end of the basin.

Basins I& and F each receive water from terraces, but, because of
the presence of resistant material similar to that ju head D, are not
eroding rapidly. These basins were active in the past, at a time when
they carried a greater flow of water and before vegetation was able
to gain a foothold there.

Busin A is the deepest and most active of the entire group. It
now drains about 614 acres of cultivated land, the concrete high-
way, an abandoned macadamized roud. and a small arvea of abandoned
farm land, For some time prior to QOctober 1, 1936, the flow into

ek 93 ~View westwnrd along the divide bebween busin &, on the leff, which isg
aclively entiing and s now 15 feet below basin O, oo the right, which is stabiBized,
Irgster's Tivery ared, neur Spactanburg, 3. O,

head A was relutively small (p. 89). Much of the water draining
through the highway ditch escaped through a break in the ditch
bank and flowed across the field along u terrace channel to head B.

On October 1, however, the break was repaired and the entire
flow in the roadside ditch was diverted into head A, causing it to
advance at a much faster rate. This head is sbsolutely unpro-
tected and is enlarging so rapidly that it is a very real hazard to
the concrete highway.  The gully hus already cut into the shoulder
of the road, and the danger will continue to increase unless preven-
tive measures be taken. Head B is advancing along the course of a
terrace channel. Owing to the diversion of water back to head A,
the B head now draing less than 2 ueres and is eutting much more
slowly than it did before October 1, 1936.

The channel draining basins A and B wuas formerly one of the
minor branches of the gully, but, owing to un increase in its drain-

TTTRR®—30——0
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age area in the past 15 years by reterracing, it has deepened and en-
larged to such an extent’ that it has become the master channel of
the whole gully system. This chanuel is now 26 feet deep near
basin B, and its level controls the levels of the other gully channels.
The tributary gullies emptying into this main channel arve all cutting
downward near their mouths to keep pace with the downeutting of
the master channel, and a Lknickpoint is progressing up each tribu-
tary. Falls or steep sections in the channel profile are present near
the mouths of gully basins D, E, and F, and in the C-G—H branch
of the gully. The advance of these knicks is refarded somewhat by
the thick growth of vegetation on the floors of the tributary gullies,
but the knickpoints are steadily moving upstream, deepening the
channels and bringing an end to the period of stability.

The lower portion of the channel draining basin A is now in the
healing stage. The walls are weathering and washing down to more
gentle slopes, and vegetation is gaining a foothold. "Trees up to 30
years in age sre growing in the main channel 150 feet above the
junction with the C-G—H tributary. Above this point, to the junc-
tion of basins A and B, pioneer growths of tuliptree, mimosa, and
blackberry are established. In basins A and B, caving and cutting
are so active and the walls are so steep that vegetation is unable to
make a start. The rapid caving and erosion of the heads in basins
4 and B has been described on pages 89-90.

GULLY BHASINS J AND K

Basins J and X are believed to have developed from the exten-
sion and enlargement of two natural stream valleys, each of which

headed in a spring in a shallow natural depression in the upland.
The eastern depression was enlarged by water flowing in a single
chanrel, and developed into & more or less linear gully, now gully

basin J. The cther, gully basin X, had a more complex history and
is broad and bulbous or fan shaped. Gullying in these two basins
is reported to have started from clay pits which were opened about
1815 nesr the junction of basins J and K to make brick for the con-
struetion of Foster’s Tavern.

From the evidence available, it appears that gully basin J has
advanced about 150 or 200 feet from the head of the natural valley.
Downstream from the former head the valley has less steeply slop-
ine sides and 2 broader bottom than above that point (fg. 94). The
gullied portion of the valley is about 20 feet deep. Little water
flows over the south rim, and the wall is steep and smooth. The
northern rim, Liowever, is irregular, owing to cutting by mumerous
streamlets.

Trees 60 years old are growing in the bottom of basin J and, ex-
eept for the northern rim, the gully is essentially stable. Where
each streamlet flows over the wall, a raw active head has formed and
is slowly cutting away the soil. These heads are ouly in the nitial
stage of development, but they constitute danger points, which in a
few years may become serious.

_Gully basin K also appears to have advanced about 200 feet above
the original spring and streamhesd. Part of this enlargement very
probably was due to removal of clay for brick making. Drainage
enters this gully in about four major channels, and, as in basin dJ,
there are hare scars down the gully walls at each of these points. De-
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nuded places of this
sort are regarded as
danger points where
active gullies arve apt
tobegin. Atpresent,
however, the drain-
age is small and the
flow not highly con-
centrated, so eroslon
is slow, A compara-
tively deep B horizon
of resistant clay at
the gully rim is in
part the cause of the
slowness of cutting.
Trees have been able
to grow in the gully
for the last 70 vears
or more, and It is
near the mouth of
basin IL that the
maple tree, bearing
the carving “KEKI”
stands, The lower
ortion of this gully
asin 1s in Worshum
soit, and 1s a fiat
meadow covered with
grass and containing
a stream which flows :
most. of the year. FigrrE 4. —View upstreem in the old normal valley several
This pﬂ.ft of the val- g?%ﬁ?%‘é:f:ﬂ?&}:;'eﬁﬁ g\li.:‘iz;:.{m’e of gully bhasins J and K
ley appears fo have
been stable for many decades. The small stream, however, has sev-
eral knickpoints in its channel, below which if 1s entrenched te a
depth of about 2 feet. How long it will take for this renewed cycle
of cutting to destroy the meadow and undermine the trees remains to
beseen. Itisevident, though, that gully stability is relative and easily
may be upset, after remaining undisturbed for a long period of years.

GULLY L

Gully L lies about 500 feet southwest from the broad upper portion
of gully K, but its drainage enters the main stream only 30 feef
below the outlet of the J-K gullies {fig. 90). Gully L is typical of
the erosion where terrace waters are tlirected into a ditch along a
property line. It is distinctly linear, although its rim outline is ir-
regular and tends toward a trellis pattern, owing to the extension of
lateral heads up terraces and other drainage channels entering the
guily. The gully follows the property line so closely that for sev-
eral hundred feet only a few posts of the line fence ave still in the
ground ; the others hang over the gully, dangling froin the useless
fence wire,

Although gully Lt has a maximum depth of 24 feef, it is much
younger than basins A to X. According to the owner of the prop-
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erty, on the west side of the fence the rapid crosion which formed
the gully took place in ~freshets™ in 1928 and 1929. Prior to 1928
there was only a ditch that one could step weross at almost any point,
In 1925 and 1929, however, torrential rains cawsed such heavy run-
off that the pully was greatly enlarged ahnest overnight.  Na record
of the actual dates of the excessive gully cutting ix avatlable, but i
seems safe (o assume that the erosion took place largely in the excep-
ttonally severe rains of Angnst 10-12 and 15-17. 1028 (s, -+ and 5])._
and September 2327 and September 30 fo October 3. 1929, which
have been discussed W the zeetion on climate {p. 83, Under such
conditions fhere is little wonder that the feance-line drainage ditch
ronning directly down the <lope should have been eroded to a moder-
ate-sized gnlly jn the rains of 1928 and enlarged to a major gully in
the rains of the following vesr. The gully has continued to grow
sinee that date, and in the intense rain of October 15-16, 1930. the
heads on the west ide caved so much that severs] fence posts were
undercut_and the entire fence had to be reerected farther back,

Guily L formerly received part of the deainage of the Beld to the
vast, bt that Geld vecentIv has been abandoned and the terraces have
beeome choked with sediment, Terrace overflows and breaks have
aectrred, und most of the ran-off now flows diveetly down the glope
o the lower end of the ehannel that deains gullies J wnd K (fig. 90).
The abandoned heads where the old terraces formerly entered the
cast side of the gully have now caved in and are beconming healed with
briars and honevsuckle,

The large feld west of the gully is in enltivation except for the
smal! portion around the gnliy vim where sheet ervosion. rilling, and
shallow gullying have removed the A horizon anel have cut deeply
inlo the subsoil (Be 91}, According to the owner, the fiekd was ter-
raced nbout 1912, the terraces heing Iaid out I eve, with a drop of
T oot vertieally tn 135 feet hovizontally, Most of the water carvied
by gully L comes from thix field, and the yapid run-off owing to the
steep gradient of the werrace channels has had mueh to do with the
citting of the guily.  That cutting was speeded by the lntense storms
of 1928 and 1929: but n gully would have formed, 1o time, even with-
oui these unusunal rains.  Cuiting probably started at the break in
slope at the onter edge of the shoulder of the Till. where the gentie
stope of the hillside gives way to the steeper inclination exfending
down to the strenm. When the gully channel had been well estab-
lished. cutting of side beads hegan, and each major tributary to the
gully is now cutting baclk along its owa channel,

The shape of the gully heads and their rates of advancenwnt ave
dependent very largeiv on the type of material underlving the soil.
Head 1 (fig. 53, Gross’ gully No. 1, or basin L, Toster’s Tavern urea)
is undertain chiefly by a saprolite derived from a massive granite
gneiss, on which Appling soil hag developed. It s a niodified cave
head, rounded in outline, and is not. eroding vapidly. Heads 3. 6-7.
and 89 are in the saprohite of a very friable porphyritic gneiss, from
which Lockhart soil with its characteristic thin soil profile has de-
veloped. These are cave heads, of rounded or notehed outiine (figs.
56 and 95), and they ave advancing vapidiy. On the contrary, head
13, in the resistant parent materind of the Colfax snil is pointed in
outline, inclined in profile (g 98), and is enlarging only slowly.
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Control of such a head would, therefore, be relatively simple. Sev-
eral of the heads nre of modified form, owing to the presence of a
resistant quartz dike in the C horizon, or purent material.  In one
head fhe (\ilw forms the root of the cave. and back trickle by water
flowing aloung the wall has softened the underlyving material and al-
lowed it to collapse. In two other heads the dikes divide the caves
info separate poriions (fig. 18).

(tully I shows (wo distinet eveles of cutting, The upper Tevel, at
abont 160 Lo 168 feet, ix cutting headward into the hillside awd vep-

Fuvng WO Compeitn! gave head &40 00 Loelthnet sol on the aest side of ooliy Iasin
Teoof the Poster's Tovern avez.  Waler Erom lwe chanpels falls separagely inte the
plunge pool

resents the fiest evele. Where the 160-Toot contour crosses the clun-
nel, 150 feet up from the gully mouth. however, there is a secondary
head or prominent kniekpoint some 8 feet high {(fig. 57) which is cut-
ting headward and deepening the gully channel, This secondary
head may have heen caused by rejuvenated cutting at the lower end
of the gully, ov mny have resulied Jargely From the natare of the soil
profile. The lip of the tower head ix held up by the resistant elay of
the Colfax purent material which naderlies this nortion of the gully,
Beneath the clay. however, bs [eisble deeayed rock. stmilar to thu
present under the I3 borizon of the Loekhart soil 1 the upper end of
the gully. A Grpieal cave head has developed at thix knickpoint and
is advancing pidly up the gally clunoel, fargely by the intermitient
breaking ofl of the Iip or roof of the cove as the material underneath
15 removed {fien 574,

The Colfax soil with its Tieavy elay Taver does not extend far np
the slope. and when the knielt has been eroded past the apstream end
of This layer it will move headwiod mnel more rapidly, beease the
audly floor there ix the weak rotien saprolite. Unless the deainage
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is cliverted or other protective measures are taken, this gully, within a >
few decades. may be 35 feet deep and still enlarging.

GULLY M

Gully M 1= one of the longest and most linear eullies observed in
the Spartanburg aren. It lies approximately 1,200 tfeet southwest of
gully L. whieh it resembles in several vespects. It was developed
from a property-line ditely used as a terrace outlet and, like gully L.
was changed from a diteh to a deep gully by the infense vains of
August and September 1928, and September and Octobor 1929,

Gully M is 925 feet in length and has a maximun depth of 22 feet.
Tt is straight but is slightly bulbous at the upper end. wheve drainage
from severzl terraces and shallow gullies enters from the sides. There
ave several active cave heads in the upper bulbous portion, and minor
ones where terrace waters enter the gully farther down along the sides
of the channel (fiz. 96). The size of the cutting heads depends in
part on the amount ot water entering the gully at that point and in
part on the character of the weathered rock., The shape of some of
the heads is modified by the preseuce of less weatheved rock or by
resistant quartz veins.

This gully, like gully L. shows evidence of several stages in its
development. The channel in the upper, and slightly bulbous, por-
tion is incised some 8 feet below an older level of the gully floor. The
present channel 15 only 1 to 3 feet wide and winds back and forth.
1 places cutting into the gully wall and producing an overhang of
as much as 7 feet. This entrenchment within the gully must have
taken place rapidly because there has been little broadening of the
channel.

While the upper end of the gully was cutting downward into the
Ceril soil of the upland slope, the lower end, erossing an avea of
Colfax soil. remained a comparatively shallow ditch. The gently
cloping bench or shoulder with its resistant sandy clay pavent ma-
terial, on which the Colfax soil has developed, is particullarly broad
at this guily and ends, on the downhill side, in an abrupt break in
slope. Below the break the hillside dips steeply to the valley flat of
the main stream some 16 feet below. Beginning at this steep portion
below the brezk in slope, the gully has cut headward and downward
into the Colfax material and a knickpoint has developed. Early in
December 1936. there were really two knickpoints, each an overfall
with a lip formed of a layer of resistant clay. One knick was at that
time 10 feet high and 230 feet up from the mouth of the gully; the
other, T feet high, was 50 feet farther upstream, Later in December
the 10-foot fall was eut back until it had become a steep slope. By
July 1937 most of the caved materinl which formed the inchine had
been removed, and there was again a vertical fall of some 10 feet,
The 17-foot drop hetween the upper and lower segments of the chan-
nel, occurs now within a horizontal distance of 15 feet.

A spring, rising in the gully channel about 200 feet below the ur
permost head. has flowed continuously during the period this gully
has been under observation, The water passing over the knickpoints
in the channel has kept. the clays suturated. This has allowed blocks
of the material to spall off and has caused the advance of knickpoints
up the channel even between rainstorms, Toward the latter part
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FIGURE 968.—Looking down-channel from the upper end of gully busin M, in the Foster’s Lavern area. Note
the eroded land on the gully marging and the recording rain gage in the fenced enclosure in the upper
right-hand corner.

GeT1




133 TRECHNICAL BULLIEFIN G4 1. 8 DI, o AGRICULTUII

of the period of obgervation. the channel inumediately below the
lower knickpoint enlarged rapidly, giving the lower basin of this
gully & bulbous ontline similar to that of the basin below the knick-
point in gully L. This wax brought about by eaving, spalling, and
slumping. and by eutflowage of material from the base of the walls,
Between storms the stream of elear water flowing over the knick-
peint disappears into the caved material wnd emerges I the channel
helow, milky with sediment. Tt s ohvious. therefore, that material
constantly 1s beiug removed from the basin below (he kuickpoint,
With continned erosion and upstream migration of the knickpoints,
the upper end of the gully 1y be eut down an additional 20 feet o
mere, which will make it one of the deepest in the enfire areu.

SUMMARY AND CONCLUSION

In thig physivgraphic stady of the principles of gullving in the
southern Piedmont the problen: hus been approached in two REACH
(1) A generval siudy of the rogional and loeal conditions which nile
the xouthern Piedmont particubarly saseeprilide 1o wullving, and {2
wrinvestigation of the catises and meehanies of gy cutting and 1
rate at which the process operates. as seen in represeniative aullies
in the vicinity of Spartanburg, 8. C. These sthiudios differ fronm nosg
ather vesearel on gullyving fn their physiographic approach, in tha
they were wade Targely an untreated gallios, and in that vheervations
were continied over a period of many monehs.

The humid and warm {(mesothermal) elimate of (he Spartanburg
avei, with rainfall adequate ar all seasous, varies only slightle from
year to year, henee dronghits are rare and are nat an Important cause
of <oil vrosion. The major elimmtic factors in gully ervasion v the
Spartanburg areq are the intense cold-front raivs and tropteal L
eanes of Tate summer and early fall.

Deepy weathering of the igneons and metamorphic rocks of tlu
Picdmont prepares the way for vapid erosion.  Rocks of tlis Ve,
rich e feldspar and silica, cover large weeas and are nuel i
renclily eroded than are the dark, ferromagunestun-vieh rocks, which
are less abundant in this region,

The corvelation of rock tvpe to =oil sevies nnd erosion lzard i
partienlarly close in the Pledmont. The ved and yellow soil= are
characterized by profiles in which the B horizon is more resistant
Lo erosion than the underlying pacent materinl, Soifs havine this
Lype of profile are the most common in the arens considerod iu thi-
hulletin, and dnelude che Ceeil. Appling. Duchiam, Loekharr. Louisa.
Colfax, ind Worshan,

Past and present Tand e hiave mnely to do with the localization of
erosion. The fength of enlitvation. type of crop, method of t g,
crogion-control practices, and the lay-out of roads and other worke-
af man all afleet erosion conditions=." Period- of land abandonment.
i particnlar, have been marked by the nitintion of sheet orosioe.
and prullving,

Tnvestigation of fhe canses and mechanies of gallving was cueriod
on i detail at 12 representative gullies and was Supplemented by
Tess dletailed study of w nwiels larger number in the surroniding are.
The maps, photographs, and recorded obzervations farnisl the -
from which measorements of gully ehanges are made. Coneenien
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sion of the flow of water is the main cause of gullving, and in this
aven concentration usually has been brought about by roads and
ditches, and by terraces that have been huaproperly constructed or
maintained.

The deep eaving gully typical of the =01l of the southern Pied-
mont passes through fonr distinel stages in = life history. In
stage 1. the channel-cutting stage. ihe gudly worles downward throngh
the A and B horizons.  Curting in (his stage is relatively slow., and
thisg is the time at which protective measures can best be pndertadon.

Stage 2 begins when the pully penctrates the buse of the B horizon
and beging cutting in the wenk pavent meterial. Tlis stage, charae-
terized by the headward migration of au overfadl and plange pool
and by rapid caving of the walls and deepening of the channel, is
nrich the most violent stage of gudly growth and 15 the Teast favorable
for the successtul application of control measures. Caving and
slumping of the walls and heads altevoate with perlodie clearing
aut of the eaved materiad from the solly chanmel. Additions] sub-
stages i the pully’s growth may ovenr o the form of poriods of
beadward progression of snceessive warerfalls or kaiclpoints, mark-
g renewed channel eutting and deepening ol the gully,  Stage 2
ends when erosion i» reiurded beenuse the channel reaches & praded
condilion under the control of some loeal base Jevel,

Stage 3 = a pevtod of adjustment to the graded ehannel. Slapes
of the golly walls arve yveduced by weathering, slope-wash, and mass
miovement: plants are able to get w foothold on the Jowered slopes.
and vegetation gradually brings abont a healing of the aully,

Stage 4 s a peried of stablization and s eharaeterized by the
slow development amd accundation of new topsoil over tle old
searved snrface.  Rejuvenated cutting bronght about by lowering
of the base level or an inerease in the swount or mie of run-off can
at any time cause stage 3 or + 1o revert (o slage 2,

Stadies on the rate aud amount of erosion in Piedmont gallies
lave shown that the geatle, prolonged, widespread mins eharacter-
istic of the passage of warm fronts in the winter and spring months
bring about caving and crambling of the ;dly wallz and thus fend
to fill the gallies and make them shallower but somewhat wider. The
run-off Trom such s normally i light aud produces littke washing
or cleartng out of the gully chaunnels. Most of the gully clearing and
deepening is aecomplished by intense focal ring, eithor the sunmmer
showers that usnally ave associated with extratropical evelones ovenr-
ring along cokd Trontsy or the tropical harricanes of ke snonner
and early fall. Either the gentle or the tntense tvpe of rainfall
alone would be wineh less destruetive than the altereation of the twao.
s oone prepares the material {or removal and the other earvies i
away.  Duwrtige the senson of futense mius spocial cave should be
taken 1o prevent washivg of the Tandx aud (o repair damages to tev-
raees and other water channels ag soon as they aceur.

Catting heads of some of the gullies i (he Spartanbuye aren re-
ceded 10 or 153 feel within a fow months and then were practienlly
dormant the remainder of the year, A single rain of high intensity
caused part of the Laytou gully (o widen 12 feet, Two gullies knowh
to have boen stirted by dnteuse rains i the Inte summer of 1928
and 19 wre now 20 Lo 25 Teet deep and ave enlarging vapidly.
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The life histories of six gully areas have been veconstructed by
means of physiographic, ecologic, and human evidence. Layton’s
gully shows the effect of terrace failure and the rejuvenation of
erosion owing to the headward migration of a knickpoint which is
destroying the stabilized portion of the gully channel. Walden's
gully, developed from terraces and a road drain, is deep and con-
tains many isolated remnants of the former upland surface. Sev-
eral of the heads show well how diversion of the inflowing water,
by man, has yesulted in natural healing and stabilization. Little-
john’s gully is an example of the enlargement of a voad ditch and
drain by gullying from the run-off of an area of abundoned land.
Headward extension of the gully may soon necessitate a second relo-

cation of the road. Cox’s gully, also formed by the run-off from an -

old road, is distinctive in that 1t has a flag aggraded floor and a rela-
tively high level of ground water. Thick growth of vegetation in the
lower end of the channel has retained much of the sediment and is
gradually inecreasing the depth of fill. Bumry’s gully, in Appling
soil, shows the result of an active knickpoint.” It also demonstrates
how a farmer, by a simple control practice, has retarded the growth
of a gully und controlled its shape. The Foster's Tavern area shows
the ndividual and group history of seven gullies ranging in nge
from a decade to more than a century and now in vurious stages of
development. The relations of drainage and soil type to gully cut-
ting are partienlarly evident in this locality.

From the standpoint of soil couservation it is in general more
essential that we preserve the good land than that gullied lands be
reclaimed. Although fields dissected by gullies 10 to 50 feet deep
cannot be brought back to %\ood tilth by any reasonable expenditure,
it may be necessary to check the erosion of those guliies in order to
protect adjoining land, An active gully threatens everything within
its drainage basin, and unless gully enlargement is stoppeﬁ, entire
fields or farms may be rendered altogether useless for cultivation.

Many of the worst gullies in the southern Piedmont have resulted
directly from old terraces, road ditches, and other drains which were
constructed originally to controi the flow of water and prevent ero-
sion. Successful control of gullies must be based on an adequate
knowledge of the existing conditions and of the processes to he
combatted.

Gulilying can be and should be prevented by wise land use and
proper maintenance. But where pullies have made a start it is im-
perative that they be checked whije still in the first stage of devel-
opment, Because the shallow gullies in the Piedmont soils eut rela-
tively slowly, there 15 a tendency fo think that a similar rate of
erosion will continue, and that control mensures are not necessary
for small gullies but can be applied Iater if the gully grows to more
alarming proportions. This is far from true. In the soils of the
Cecil and reluted series the B horizon, usually some 3 to 6 feet thick,
acts as a tough crust that protects the weak underlying material
from erosion. When these few feet of crust have been cut through,
the guliy will enlarge many times faster, downward, headward, and
laterally, and the problem of control will be increased enormousty.

Control of gullies, especially those which have reached the second
stage, can be achieved most economically by following the pattern of
natural stabilization and by taking advantage of the most fuvorable

-
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seasons and most opportune stages in the cycle of overfall eutting and
of gully development. Unless drainage 1s to be diverted from the
gully, the major aim must be to bring about the characteristics of
the stages of healing and stabilizing by (1) establishing an artifi-
cinlly graded condition in the gully, (2) preventing further head-
ward migration of the cutting head or overfull, and (3) preventmg
the washing out of material which enters the gully and aids
raising the floor and establishing conditions suitable for plant
errowtin

Artificial establishment of a graded condition in a gully ecan be
carried out by the coustruction of check dams or baffles, which serve
s local base levels and prevent further down-cutting of the channel.
In the weak parent materials of the Pledmont soils, however,
construction of rigid dams is seldom practicable.  Conditions
are more favorable for vegetative control. A good cover of close
growing vegetation in the lower end of the gully channel, as at Cox’s
gully, may effectively retard erosion and promote healing.

The part played by seepage in the headward migration of over-
falls in this area is much smaller than is sometimes supposed. In
the Cecil soils and in other similar series that huve a resistant B
horizon, back trickle of water down the face of the overfall and
under the overhanging lip is a much more effective agent of ero-
sion, Instead of being more or less continuously wet from seepage,
the weank material beneath the B horizon is souked only during rains
and for a short time afterward. Deepening of the cave beneath the
uverhang is, therefore. periodic and associated with raimfall. Cav-
ing of the protruding Hp usually takes place when heavy rains

follow periods of desiccation. Advantage can be taken of this
periodic caving to eliminate some of the work of the sloping of walls
for gully control. Heuadward cuthnf of overfalls can be prevented

very effectively by the installation of an adequate drop-inlet culvert.
These culverts are particularly advantageons from the physiographic
standpoint because they establish a locul base level for erosion above
the inlet and after Jowering the water to the gully floor release it with
a minimum of scouring.

The clearing out of gully channels relates directiy to the intensity
of rainfall and its seasonal distribution. If the heavy downpours
could be eliminated from the precipitation regimen of the region,
the control of gully evosion would be greatly simplified. Such an
artificial change in climate is, of course, out of the question, but the
end can be achieved in part by modification of the character of the
run-off. The effect of heavy rains on gully erosion can be lessened
by maintaining & broad strip of close-growing vegetution avound
the gully rim and in the drainage area upslope from the gully, The
mat of vegetation in this conversion ares helps to reduce and retard
the run-off and spreads the flowing water so that it enters the gully
in numerous trickles instead of in a few large channels,

As long as water passing over the gully rim can reach the weak
material of the C horizon, undermining of the resistant B-horizon
lip will continue. Accumulation of caved material up to or sbove
the base of the B horizon provides a protection which helps prevent
Jarge-scale caving and slumping induced by the action of back trickle.
Clearing out of the gully channel removes the protecting material
and prepares the way for further caving. If by check dams, vege-
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tative contrad, or olher means the gully can be filled hieh enongh to
protect all of the C horizon. furilier eaving can be prevented and
fateral expanzion of the gully stopped or greatly rvetarded, Water
may be diverted from the gully to prevent elearing out of the chan-
nel and te give a better opportunily for healing and stabilization,
Tnless the new waterway i carelully protected ngainst erosion, how- "
ever, there 1= alwuye the danger of developing two gullies where

formerly there was only one.

Guily-comrol work cun be performed most efficientdy if advantage
i taken of rhe seasonal differences in rainfall and run-off,. Work “
done in the svason of prolonged gentle tains will be in Tutle lonnedi-
ate danger of washing away.,  During the season of infense storn-
protective work= may al any time be subjected to n severe test. and
unfinished in~tallations wiay be destroved before they ean have mueh
effect on the pully system.

Protectineg enliv heads. walls, and fHoors 15 uot enough. Protee-
tion must al-o be provided against erosional altack from the dowa-
stream end of the channel. This is a factor of wimoest noportance
and one thar i~ all too often overlooked,  Where the rate or amownn
of rm-off has been nereased by deforestanion of hitlsides, by ozl
ing out of strewn channels. ov by changes s GOllage practices or crop-
prug syteins inereased erosion in the main steam or gdly channel r
way eatse deepening which will be propagated np the tributars -
gtillivs ns sall falbs or kuniekpoines,  Overdecpening by the head-
ward-amierat it knickpoins destroys the adjustmeni of these ¢han-
nels atd ranses g rejuvenntion or rerne tooao carlieor and more aetive
stage i the mailvocatting exele. Tle advanee of o kanickpeint may
cut away vegeiation and may maderinine check dams, Dafies, and
other climuied ~straeluves, sud destroy their vabie for erosion eontrol,

If thi- common phyvsiographie provess i+ disregarded. acceleratl
erosion mayx. oo very brief tone, completely vudo the progress of
months o1 year- of oully stabilization.

LITERATURE CITED
t1) Diewarr. 11 1T
FUIN CLELE oBIGOANHE S B ATION OF =000 RS0ST0N B AND PROGUCTIVITY,
i Blev, I8 370-600, illus
(2 —e—eem gyl TRAREINE, W, L2
TOOS, Sorg FROSION & SNATIONAL Mexoser. U0 S g e Uil 33, 836 pp
it
i linvas, Kien
LI, PLIF T A1, Gt 1w B~ 41tk wiipy =i L H W b~ PR ael Ruevey Boil
T 117, §iins,

T, PEDOSTAL B RORMES 1Y DINPTRENDIAL P HosTos, 17, N (ool
sSurveny Ball, T T 4a, il
[RYR IR AN 1155 & RN I §
1920, BAVINBILONINGEY LU ETAvA Myvetiges Gpol, UadersHkn, (ser, (0
Nog G Arabals 18 25, Noo 65, 95 e, il
Gy Dy { &
AL, NIPEASDERAP VID DApReves, Sverizes Geol, Padersion caer, €
N 200 Arsthoh G T8I30 No 8§, B pp, illas,
Puerson. 0 K
INTO FARSY pROwEeoey o SeanraNprnG,  bTatior e editory. Spmelaniaeg
13, 00 Fleralf ooy 22, ISR, o0 2




PRINCIPLES OF GULLY ELROSLION [N 50U CALIXA 141

{8) Duserrn, BE. (.. aml Yoper, R. L,
1436, SHEET EROSION S1CMES ON CECIL CRAY. Al Agr. xpn Sin. Bull,
245, 52 np., dllus,
0 Eancre, 1% Moy
1937, WHEN 15 A oULLY STanLeY U 8 Dept. Agr. Soil Conserv, 2020205
RS H [T
(10} Grecory, !leEsRerr E.
1915, GEOLOGY UF TUE NAVAIY COUNTHY . & RECONNAMSSANE OF PARTS OF
ARLIZUN A, NEW MEXIO 0, Aasn ivraat. UM, Geol. Survey 'raofl. Paper
a3, 161 pp. illes,
111) HILcarn. B W,
IRSL, REPORT QX COTION PRODUCTION IN CTTEIE UNUPER #1aTes .. . UL 8,
Consns (5, 10th Clonsus, v 5 -l
Hoon, Grokce W,
1936, GREEN ROADSIDES MAKE STAILE HIGHWAYS, U 2 Dept. Agr. Soil
Consery, 20 HE-270 ilus,
Ingnaxn, ML
10937, ROTATION OF GULLY UEADS, A NEW CONSERVATION PRAMTICE FOR GULLY
coNtinl., UL ¥ Hept, Awe, Sail Canserv, 20 8300224 240 s,
IKerrir, A, and Stergerr. 1) 1
1931, PESCRIIMTIOE OF THE GAFTNEY AND KINGS MOUNTAIY QUADEANGLES,
T, 8 Geol. Burvey, Geologie Atlas of the United States, folio 222,
13 pp.
KELLoas, Croames 15,
19080, DEVELOFALINXNT AND STGNIFICANCE OF TIIF GREAT S0IL GROUVPS 0F THE
TxITED §raTes. U, & Dept. Agr. Mise, Pube 2200 40 poe. {los.
Taxnunea, Jo B,
180T, COLONIAT, AND HEVOLIMTIONARY HISTORY GF UPPER 80T (AROLINA .. .
A6t pp., illu Greenvillo, 8, ¢
Lavrtaer, W, oL, Besrer, VL B PErtrss, B O Tleans, W, Enwanp, and Vax
Ty e Cornelins.
TG, S011, SUBVEY OF aPARTANHITRG COUNTY, S0UTH cAkoLIsa, UL S0 Dure
Roils Field Operitions T82T0 Hept. 205 400140, Dlus,
TownERaILe, W. (.
3L, ACURLERATION UF EROSION ARME GEOLOGLe Nuidis.  Nafl, Roescareit
Connedl, Amer. Geophiys, Union Prans, Ann, Meoting 150 5005
304, Qs
Ltz T, Frucox.
1030, THE PHYSKHO-CUHEMI AL PROPERTILS OF 80118 AFFECTING BOIL EROSION.
Mo, Apr. Expt. Bta. RQeseareh Dull, 2120 45 ppe, e,

A0, TIHE RELATION OF SOIL EGOSION T CERTAIN INIIEENY S0, PROVERTIES.
Nl Bei. J00: 430457, s,
AlmhoLEres, L,
VM), PROPERTIES OF SQILE WHICH INFLUENCE S0IL Enosioy, U0 R, Dept.
Agr. 'Fech. Bull. 178, 16 pp.
MiLs, Rongrr.
[1825.] AYLAS OF THE STATE OF SOUTH CAROLINA . .. 29 maps, T p. de-
sepiption,  Haltimore.
1826, STATISTICS (1 SOUTH CAROLINA, INCLUDING A VIEW OF ITS NATURAL,
QIVIL, AND MILUTARY 1HETORY, GENERAL AND FPARTICUTAR, o] Ph..
illits.  Chavleston, 8, .
Manxe, {5, in collaboration with Drestey, V.oAL, Geemnty Joxes, G, H,
Mawrrxy, W, S, Greerera, G, o] Davsiown, L. WL
TUBG. A PROVISIONAL HOLL MAP OF BANT AFRICA THENYA, UGANDA, TANGAN-
YIK&, AND ZANZIBAL) WITLD EXPLAXATORY MEMOIR. 34 pp., illus
Laondon, -
Heans, Paun 3.
A95T, mInHway MENACE P 8 Dept. Agr. Soil Consery. 21 210-232, 243,
ilins.
SHARPE, (1 19, NTEWART.
1037, “RRUSNITING Urr” THE BANKS OF sTrREAMS. T 8 Dept Agr. Soil
Clonsery. 2: 221..22, jllus
149388, LANDSLIDES AW LELATED PHENOMBENA, & STUNY OF MABS-3MOVEMENTH
OF SOLL AND BOCK. 137 np., ilug. New York.



http:1)1-:1-:'1'1.11
http:N.\\"A.1O

142 TECHNICAL BULLETIN 633. U. 8. DEPT. OF AGRICULTURI

(28) SEAW, GHARLES F.
1924, EROSION PAVEMENT. Geogr. Rev. 19:G638-641, iilus.
{29} TuomwTEWAITE C. WARREN.
1931. THE CLIMATIS OF NORTH AMERICA ACCORDING T0 A NEW CLASSIFICA-
108, Geogr, Rev. 21: 633-655, illus,
(30)
1437, THE LIFE HISTORY OF KALNSTORMS @ PROGRESS NEPOKT FROM THE OKLA-
HOMA CLIMATIC RESEARCH CENTER. Geogr, Rev. 27: 92-111, illus.
(81)
1587, THE SIGNIFICANGE OF CLIMATIC STUDIES IN AGHRICULTURAL IESEARCH.
Boil 8el, Boc, Amer. Droe. 10 475480, illns,
(32) Uxitep States BUrReaU oF TEE (‘ENSUS.
103132 FIFTEENTH CENSUS OF THE UNITED STATES: 1980, 4 v, illus.
Washington, [D. C.]
(33)
1930, UNITED STATES CEXSUS OF AGRICULTUIE: 1943, 2 v, illus. Wash-
ington, [D. C.]
(34} Unren STATES WEATHER BUREAU.
1530. CIIMATIC RUMMARY OF THE TUNITED STATES. L. 8. Wenther Bur.
Buoll. W, ed. 3, sec. 98, 26 pp., illns,
135)
1031-30. CLIMATOLOGICAL DATA FOIR THE UXNITED STATES LY SECTIONE.
south Caroling sections in v, 18-23.




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secrelary of Agricullure Hexay A. WaLnace,
LU'nder Scerelary M. L. WiLsow.
Asgsistant Secretary Harry L. Brown.
Coordinator of Land Use Flanning and Di- ¥, 8, EISENHOWER.
rector of Information.
Director of Exlension Work C. W. WazBURTON.
Direclor of Finance W. A Juse,
Direclor of Personnel Roy F. Henorlckson.
IHrector of Research Jamea T. JARDINE.
Salicilor MasTin G. WaITE,
Agricultural Adjustment Adminisiration H. R. TovLey, Administrator.
Bureau of Agricullural Economics__ .______. A. Q. BrLack, Chief.
Bureau of Agricultural Engineering 8. H. McCrory, Chisf.
Bureau of Animal Industry Joux R. Monver, Chigf.
Bureau of Bivlegical Survey_______________ Ina N. GasrieLson, Chief.
Bureau of Chemisiry and Soils Hexry G. KwierT, Chisf.
Commodily Erchange Administration J. W. T. DuveL, Chicf.
Bureau of Dairy Industry 0. E. Reep, Chiegf.
Bureau of Entomology and Plant Quarantine. LEe A. Srrong, Chief.
Office of Experiment Staiions James T, Jarpixe, Chief.
Farm Securily Administration W. W, Avexaxper, Adminisirator.
Food and Drug Administralion Warrer G. Canreeery, Chicf.
Forest Sertice Feapikanp A, Sincox, Chief.
Louise S8TaNLEY, Chicf.
Crarisern R. Barnetr, Librerian.
Bureau of Plant Industry E. C. Avcnrrr, Chief.
Bureau of Public Roads Tnosas H, MacDonaLp, Chief,
Soil Conservation Service H. H. Bexnerr, Chief.
Weather Bureau R. H. REICHELDERFER, Acting
Chief.

This builetin is a contribution from

- Boil Congervition Servive H. FI. BexxrrT, Chief,

Divigion of Researel oo .. ___ | - W, C. LownERMILE, C'lief.

143

U. 5 GOVCANMENT PRINTIHG UFFIGE: (939







hi: "

LEGEND
BARE
CULTIVATED, ROW CROPS
(Gern}
FI(ONEER P:.m'rsm rca
el plen et ' e, ESa
E EROSION-RESISTING VEGETATION, PLANTED / P e
L Homgreuchiad / J__;‘&;% 2 ot
'._ ,l_: frotd
;” i3

GRASS "
{Beemindc gross ond Broomusdge’ / '1'
RINE_ WOODS i
CWIh Droaheadgl ground cover)
m MIXED wWOQDS
£ Pogtor, pine, oak, gum, mople, stc)

10°P 30+ 10-ixh pre, 30 yeors did.
POP = poplar

A T

7,

-~ '
n



hi: ™

______ B et TR L) S ? mmm————
——— ) CouNTY ; 204D

AG JJ\J c 4 \ - LEGEND

SAN £ pa i
£ " S " ' Uptand Area
- e * .
A '-c-_- ) Cullivated
Uncultivoled

Shesl woshed, wilh
shallew  Qutlias

Ok agrmot valley

Eiel 13

A
\ : Y
R ), A 5 Gully Arsa
woved
Erosion (aclive}

Erosion (rerarded?

\
AECH

Stobilized




TOPOGRAPHIC MAP
OF THE

COX'S GULLY AREA

ON PROPERTY OF A.J GOX,
4 MILES SOUTHEAST OF SWITZER,
SPARTANBURG COUNTY, S.G,

SCALE N FEET

ot hoce s i e S

Cuntour Interval 20 Dotum  Assumad
Uets of Mopping. Oclober 23— Novembar 51936

o

LEGEND
Canteur e WP
Rim of guily ame—
Croinage divide
Infaremitlgnt slreqm o == .




ey,
5 Veoua,,

VEGETATION AND LAND USE &
OF THE ;

COX'S GULLY AREA

BCALE IM FEET
o el o] 1L 200

Contoyr tnterval 104 Jamary 8, 1937

LEGEND
LEGEND
(8] sane .
CULTIVATED, RDW CROPS Cantour - __:-"-_
(Coltant tntermitiont stream 1—--...—

Rim af gqully
Nroinoge  boundary

PIONEER PLANTS
CEroomsedge, plum, young pind, miscelioneces
smati pionts and anrubst

EROSION-RESISTING YEGETATION, PLANTED
{Pne ond locest saediings, hansywciis}

PINE WOODDS

MWl MIXED WOODS




TOPDGRAPHIC MAP
BARRY'S GULLY
o Ay

/ [~ Dat
| i

.
~
\\




VEGETATION AND LAND USE
OF THE

FOSTER'S TAVERN AREA

3 MILES SOQUTHEAST OF

SPARTANBURG, S.C.

SCALE IN FEET
Q 100 200 400
o — e — S———————— e——
Contour [atearval 1Of Datum Assmad
Date of Mapping Getabar 1936

LEGEND
Contour pgo—" RHim of Guly .-

Permonent Stream ——=—== Fance —te———

Droinoge Boundary + v tent Strwarn-—.o .

tron Pin
ITTE .

Gully Basin M




uw:.«ﬂ o

't
')
™

FOSTER'S TAVERN
Buailt obaut 18IS

230

AREA

AL
~a

ne

S P

G 2,

LEGEND




“\ . //,, 4 z.\ =
W)
j 'W

=N

A< NS\
AN & Tl SEEEET (NI

iy
20

7]
¥

/QJ aul i
Fa 185" =

TOPQGRAPHIC MAP
OF THE

" WALDEN'S GULLY AREA

ONTHE PROPERTY OF J H.WALDEN,
| MILE WEST OF MOORE,
SPARTANBURG COUNTY,S.C.

SCALE N FEET
L 23 L:1ed 75 il
Confour [ntarval 2, Dotum Assumed
Dote of Mupping: August 21~ September 3, 1938 Fenca

F 8, —T ki { the Walden" 1y ares.
IGERE & opographic map o o Waldan's gully 1798839 (Face p. 108)




o)

VEGETATION AND LAND USE
OF THE LEGEND
1 Contgur
W A L D E N S G U L LY A R E A Daprassion Coatour
SCALE N FEET Inlermittanl Straom
25 53 E 100 Ulrmnuqe Boundory
Rim of Gully

Conlowr  Intarval 1OHY Ocrobar 1936 Fenca

F1ouRe 70.—Vegetation and land use of the Walden’s gully area.




B

EROSION FEATURES
OF THE

WALDEN'S GULLY AREA

SCALE N FEET
Q 25 bt 75 L]

= e £,

GContour Interval 10§t Qcrober 1936

"."':'“::\\\

LEGEND
Coniour
Deprasson Canfour
Inlermitten! Sireqm
Drotnage Buwndury
R af Gulty
Fenee

Knoickpoink

"""'-'-“::-—-1_

] V] O normot valley

GQully Areo

{"gx"_i Coved
! : [ Erosion (active}
-ﬁ;ﬂ, Erosion Crerovded)

B Stabilized

N
i
!
|
|
-

Fioure 71.—Erosion features of the Walden's gully arvea.




TOPOGRAPHIC MAP
OF THE

COX'S GULLY AREA

ON PROPERTY OF A.J. COX,
4 MILES SCUTHEAST OF SWITZER,
SPARTANBURG COUNTY, S.C.

SCALE IN FEET
Led L=

o

Contaur Ieterval 241 Balum  Assumed
Date of Mopping: October 23— Novembar 5,196

200
=

LEGEND
Contour —
Aim of quily ——————
Oroinage divide  sveasarean -
Intermitant streom .-~
Cross aections 2 2'

THIGE T8 —="Topograpitie i of (e ox's anily oren
o 7 (B | [EHITI @ TITES L0 (Faee p 11U




i ragres, -

VEGETATION AND LAND USE
OF THE

COX'S GULLY AREA

SCALE W FEET
Ll |4

o e 00

Conler Werval HOMT January R, S37

LEGEND

BARE
CULTIVATED, ROW GROPS Gomour
LCatlon} | . Wlermillenl siranm
PIGHEER PLANTS A R Run ol gully T

[ Brocmsedge, plum, young ems, mincalaneout - ” P .
wmall plonln gad 1hrobs} . . . ! Dramnoge boundory e [T

EROSION-RESISTING YEGETATION, PLANTED
[Pwma ond Jocunl sasdhings, hansywichil

PINE wOODS

MIXED wDQODS

107P 30 (0-inch pme, 30years old

Fiovre 80.—Vegetation and Jand use of the Cox’s gully area.







LEGEND

BARE

m CULTIVATED, ROW CROPS
{Carn, cotion, qosdans)

CULTIVATED, SMALL GRAINS
Cwhaal, rye, 0ols, canel

PIONEER PLANTS
{Braomsedgs, sumac, small pies, briars slc)

EROSION - RESISTING VEGETATION, PLANTED

GRASS
(Broomsedgs, Bermuda gross, crabgrasa)

m PINE WwWOODS
{Ghiatly pine, same hordwood)

IE MIXED WOODS
(Ock, mapte, basch, poplar, qum, alc.}

10"P 3Q  (Q=inch pine, 30 years ofd

Fiaure 91.—Vegetation and land use of the Foster’s tavern




m CULTIVATED, ROwW CROPS
CCorn, colton, gordans?

CULTIVATED, SMALL GRAINS
(wheat, rys, ocla, cone)
PIONEER PLANTS
(Broomaedge, sumac, small pines, briars, ale}

EROSION - RESISTING VEGETATION, PLANTED

GRASS
(Arcomzadqe, Bermude grass, crabgrosa)

! Pw PINE WQODS
{Chiefly pina, some hordwood}

MIXED WOODS
[ Ooh, mapla, basch, poplor, gum, afc)

13" 30 1G-mch pine, 30 yaors old

ey, N

HVegetation and land use of the Foster's tavern arvea.




g vty e




