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INTRODUCTION
THE PROBLEM AND PLAN OF APPROACH

This bulletin presents some results of a study of the principles of
stream and valley sedimentation under the influence of culturally
accelernted soil evosion (47, p. 605)2 Tt represents one step in a
research project of which the ultimate objective is to develop a sound

! Suhmitied for publication Mareh 4,1948,
T Italic umbers in parenthesos refer to Literature Cited, p. 1186,

143619°—40——1
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and scientific program to prevent or alleviate damage to valley
resources by such sedimentation. In approaching this complex and
far-reaching problem a modest beginning was chosen, for, as has buen
apsly expressed by Bucher (14, p. 728):

In the deseriptive sciences progress is possible only to a limited extent through
experimentation. The recognition of general properfies and hroad principles
which have the character of “natural laws” depends largely on the patient aceumu-
lation of materials and data, which Jeads to the summation of experience and the
ultimate integration of knowledge.

The present report is based chiefly on detailed studies of sedimenta-
tion in the drainage basins of Tobitubby and Hurricane Creeks, in
Lafayette County, Miss., which are representative of one of the areas
of most severe soil erosion and associated sediment damage in the
Gulf Coastal Plain. The first of the two main parts of the bullatin
is devoted to a description of conditions in these valleys and their
tributary drainage areas. In the second part, 45 principles developed
by analysis of the results of the Tobitubby-Hurricane investigation
and less detailed studies in other parts of the United States are out-
lined and discussed. The studies in the Tobitubby and Hurricane
Valleys were begun in the latter part of 1935 and were continued
during parts of the winter seasons of 1935-36 and 1936-37 as part of a
research project of the Soil Conservation Service.?

Sedimentation is & natural and normal process in all streams an:d
valleys within the United States, and under natural preagricultural
conditions it was, on the whole, highly beneficial. All the fertile
alluvial valley lands, such as those of the Ohio and Mississippi Valleys,
as well as most of the irrigated valley lands of the Western States,
were formed by sedimentation. These alluvial lands, excapt where left
as terraces above overfiow as a result of stream incision, are normally
subject to further sedimentation, which commeonly involves replenish-
ment of plant-food constituents and is to that extent beneficial.
Under certain circumstances, however, the sediment may be relatively
infertile and may thus impoverish the jand, or deposition may occur
in sufficicnt quaentities to damage improvements necessary for culti-
vation and human habitation. Bottom lands are also subject to
destruction by lateral stream erosion, which involves damage even
though new land is built on the opposite side of the stream by sedi-
mentation.

Although sedimentation and stream-bank srosion are normal
geologic processes to which most alluvial lands are subject, they
usually proceed so siowly that the lands may be used with a reasonable
assurarice of stability of investments for years ov even generations,
As these natural phenomena cannot be entirely prevented by any
known humsan means, the objective of control and protective works is
to reduce the rates of harmful sedimentation and associated bank
erosion. It appears that lowering the rate of sediment production by
use of erosion-control practices generally offers the most promising
oplortunity for reducing sediment damage.

3 Tnvestigations were started in necordanee with plans farmulnted by the late Henry M. Eakin as part af
work project B-3-2 of the Section of Sedimentation sStndies.  Instromentnl surveys wore made by W, F.
Witzgal] and E. H. Moser, Jr. 'The former also prepared most of the charts and maps, R, J. Lougee wag
in gharpe of the field work until Mareh 1036 G. L. Anderson assisted <luring the 19352306 winter season nad
. . Connanpehion during part of the 1936-37 scason. Temporary i~k and offlee assistants were supplied
by the Works Fropress Adminisiratinn.  13xtensive eriticism of Lhe manuseript was made by F, F, Barnes,

C. B. Brown, and G. E. Thom. I. Harlan Bretz, F.J. Petthichn, und W. 0. Erumbein cach read parts of
the manvseript and made helpful comments.
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In many streams and valleys in various parts of the United States
the rate of sedimentation has been excossively inereased under modern
conditions of lund use. Where forests have been eleared and sloping
lands carelessly cultivated or overgrazed, topsoils have been washed
away and gullies gouged out by running water. Reconnaissance
surveys indicate that the comulative effect of suel accelerated erosion
has been to ruin about 56,000,000 acres of cropland for cultivation,
to severely damage 50,000,000 acres more, to remove from half to all
the topsoil from another 100,000,000 acres, and to menace innd values
and continuing production on an additional 160,000,000 acres (9,
pp. $92-593). In conscquence, streams draining aveas of such exces-
Sive erosion are receiving sediment in much greater quantities than
before the natural plant cover was disturbed.  Brosion from highway
cuts and fills and other artificially exposed surfaces and waste from
hydraulic mining, sawmills, and other industrial operations, have also
contributed to the increased sediment loads. Where the streams are
unable to carry away all the sediment washed into them, it accumu-
lates in the channel or on the flood plain and may cause considerable
damage. Moreover, the damages may be expecied not only to con-
tinue but to grow worse, because sediment accumulation is progressive,
Numerous reports {rom various parts of the country indicate that such
sediment damage has already become sufficiently serious to demand
consideration in the development of an adequate national program
for soil conservation and flood control.

The nature of the damages has varied from place to place. The fli-
ing of stream channels may increase flood hazards and may also be
detrimental to the artificial or patural drainage of valley lands. In
some places sediment accumulation botween levees has impsired the
effectiveness of floodwsys. Shoaling of channels has reduced the
value of rivers for navigation. Depletion of reservoir storage capaci-
ties by sedimentation is a serious problem in many municipal water-
supply and Lirigation projects and, to a lesser extens, in hydroelectric
and other water-power developments. Deposition of sediment has
been a major factor in the damage to buildings and urban properties
hy floodwaters, as it was during the 1937 flood in the Ohio Valley.
Obstructed drainage has resulted in ponding of streams and swamping
of valleys, which have aggravated malarial conditions. In addition
to making the land unfit {or cultivation, swamping has, in some places,
killed valuable standing timber. Fertile ailuvial lands have been
impoverished or ruined by burial under infertile sand or gravel.
Damages due to stream-bank erosion may be partly chargeable to the
effects of sedimentation in reducing the capacify of channels for
carrying floodwaters. This has been especially true when efforts have
been made o counternet the sedimentary filling by clearing brush and
trees from the stream banks to incresse the discharge ca pacity.
When thus stripped of their natural vegetative protection the banks
become much more vulnerable to lateral erosion, and destruction of
valley lands may result (¢6).

The selection of Tobitubby and Hurricane Valleys for detailed
studies was based in part on the fact that they are representative of
an area of unusually severe soil erosion and’ vulley sedimentation.
They are also representative of many drainage areas in which almost
no sediment coarser than sand is produced by erosion. Much sand is
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transported by the streams, in large partss bed load. But there is no
sediment in the area so coarse that the streams cannot transport it
rather easily, and in this respect fthe avea is similar to large parts of
the Atlantic and Gulf Coastal Plains but differs from many mountain-
ous regions and others where gravel and boulders constitute a large
part of the harm(ul sediment. The climate, including precipitation
and temperature, and the land nse system—iwhich is dominated by
one-crop cotton production, with the valley lands preferred for grow-
ing ecorn—are also fairly representative of a large part of the South-
eastern States. Thus wide use may be made of the knowledge to be
guined through study of the principles of culturally accelerated stream
and valley sedimentation in Tebitubby and Hurricane Valleys.

HISTORICAL BACKCGROUND AND PREVIOUS WORK

Although no comprehensive or ceritical study of the problem of
accelerated modern stream and valley sedimentation has ever been
made, its intimate relation to culturally accelerated soil erosion has
long been recognized by students of the crosion problem. As early us
1801, for example, Moore (56} cited hali-buried posts in Jow places
and the silting taking place in creeks, milipouds, and the heads of
rivers as evidence of soil wastage from upland fields. Damagoe to
navigable stream channels was cited in 1813 by Taylor (78, pp. 172-
178, 246), who described the channels of Virginia scaboard streams as
seldom retaining any appearance of their natural state, “being every-
where obstructed by sands, bogs, bushes, and rubbish.” In 1833
Alexander (2, pp. 9~16) described the sedimentary filling of Piscata-
way Creek, Prunee Georges County, Md., and proposed 2 system of
canals along both sides of the creek to receive the surface drainage
and prevent filling of the navigable channel.

Accelerated stream and valley sedimentation was recognized as
a national problem at least as early as 1908 by Chamberlin (16, pp.
77-80). In 1911 MeGee (52, pp. 31-32) briefly described the role of
accelerated soil erosion in causing sediment damage and noted that
the sorting action of running water was an important factor in causing
different kinds of damage. In 1928 Bennett and Chapline (§) dis-
cussed soil erosion as a national menace and cited examples of sediment
damages in various parts of the country as part of the harmful eflects
of soil erosion.

In Mississippi, in the general area with which this report is pri-
maorily concerned, Hilgard (33, p. 298} ns early as 18G0, only about
25 vears after the area had first been opened to settlement, described
the damage to branch bottoms by sand washed down from the culti-
vated hills. About the same time Huinphreys and Abbott (36, pp.
80-81) nscribed the increasing turbidity of the Yazoo River flood-
waters to increased eulfivation of its banks. In 1884 Ifilgard (34,
¢. 810) mentioned accumulations of 15 to 20 feet of sand on the
origingl flood plains of the smaller strenms of Marshall County, adin-
cent on the north to Lafayette County, in which the present studies
were made. These sand deposits were said to support only o growth
of willows, briers, and Bermuda grass. In 1922 Lowe (49, ». 10)
stated that the Coldwater River had filled with sand as a result of
upland soil erosion, so that the channel, which had formerly been
navigated by freight boats ns [ar upstream as Coldwater, had by that
date become impassible to all kinds of boats. Concerning the Talla-
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hatehie River, Lowe {48, p. 10) wrote: “Even as late as 1900 a small
steamer drawing 4 feet of water plied on the Tallabatchie from Bates-
ville downstream. Now the stream is choked with sand bars, and can
be easily waded at almost any place.”

The belt of loessial soils and underlying unconsolidated Coastal
Plain sands, which together make part of northern Mississippi so
susceptible to soil erosion and assoclated sediment damage, exiends
northward across western Tennessee, and similar erosional and sedi-
mentation conditions developed there about as early as in northern
Mississippi. In 1884 many reports to Safford (64, pp. 423-434)
referred to the washing of uplands and the resultant damage to valleys.
In 1910 Ashley (8) described conditions in the valleys of western
Tennessee that gave rise to the need for artificial drainage and cited
soil erosion consequent to deforestation as the cause of filling of
channels with sand. At the same time, in & report proposing a plan
for drainage and flood protection of parts of the Forked Decr and
Obion Valleys, Morgan and McCrory (57) cited soil erosion, and cspe-
cielly erosion of roadside ditches, as sources of the sand that would
have to be excluded from the proposed drainage ditches in order to
insure their adequate operation, They discussed possible methods by
which the drainage ditches might be protected by ecrosion control and
sediment retardation.

Damage to valley lands in Wayne County, south-central Tennesses,
by accumulation of chert boulders derived from gullying of steep hili-
sides was described in 1914 by Purdue (89). The chert fragments
were carried into the creeks, where they clogged the channels and
caused overflows by which the stream gravel was spread “some feet
thick” over the small but valuable bottom-land fields. In the still
more rugged northwestern part of the Appalachian Platean in southern
Kentucky, Wilson (82, p. 899) has recently described a practice of
building rock or log dams across the minor valleys, or hollows, in
order fo catch sediment during the spring floods and thus augment
the small areas of arable land. It is said that deposits 10 to 15 feet
thick may accumulate, and that in one hollow, which has been settled
over a century, the farmers no longer cultivate the slopes but concen-
{-}mte their efforts on the alluvial land thus built up in the valley

oblom.

The southeastern Piedmont has been one of the areas of most
conspicuous sediment damage to valley land, and numerous county
soil-survey reports have cited such damages. In Elbert County, Ga.,
for exnmple, Fuller and Hendrickson (27, p. 27) have described the
situation as follows:

Bome of the arcas mapped as meadow were originally good sreas of Congaree
siit lonm or Cougarce fine sandy loam over which a mived covering of sandy
material hag been deposited following the clearing of adjacent hillsides. The
bottom Iand of Mill Bhoal Creek about a mile {romn the county line is typical of
this condition. It was reported that all the bottom was cultivated and the soil

was Congsree fine sandy loam 12 years ago. At present the bottom land is &
sandy wash with poor drainage and is covered with alders and willows.

The widespread occurrence of such conditions was recognized by
Bonsteel in 1912 (17, p. 11), when he described the origin of the
“meadow” soils as follows:

Through some portions of the Piedmont Plateau the meadow soils are charac-

teristic of that section and differ materially fromn soils similarly deposited in other
regions. The main streams which How through $he plateasu have their major
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tributaries within the Appalachian Monntaing or their loothills, and the gradient
of the stream beds in their upper courses is very steep. They flow through a
section marked by the deep weathering of the rocks and a consequently friable
and incoherent condition of the surface soils and snhsolils,  Over extended upland
areas along the headwaters of these streams and the courses of their Picdmont
tributarics the granite and other erystalline rocks have hecome disintegrated to
a depth of 20 or 40 feet and remain as o loase apgrepate of mineral matter, thinly
covered by frue seil. The sudden torrential rains of winter and carly spring
frequently remove vast quantilics of this disintegrated rock, which is further
camminuted by its grinding passage down the sfream beds. Sueh a sand-luden
torrent may suddenly eover broad, fertile lowlands in the miiddle course of the
stream with a Jdeposit of white granitie sand having a depth of 2 to 15 feetl.
Destruetion is doubly accomplished in sueh instances through the removal of
soil-forming materinl from the croded uplands and ite depesition upen the fertile
bottom lands. Tt is sparsely mingled with organic matfer in its new position;
it is completely washed of all fine earth suitable for the immediate sustenance
of the ceonomie forms of plant life; it covers and destroys growing crops; and it
abliterates the fertile, fillable land whose surface it covers.

The cumulative effect of necelerated sedimentation in the Piedmont
was summarized by Bennett in 1931 (7, pp. 436437} as [ollows:

Moreover, probally not less than 50 to 60% of all the formerly cultivated
allnvial land In the lower stream Dbotlioms of that region has been covered by
erosional debris to depths ranging from a few inches fo more than 8 fect.  Much
of the overwasl: now epvering the original soil consists of sand and gravel, often
loose and almost invariably much lower in productiveness than was the heavier,
darker colored alluvial soil beneath, thatl is, the original alluvial soil, as it existed
at the beginning of agricultuwral operations in the Piednwont. The deposits are
so variable in texture and other characteristies, within narrow limits, that it has
heen impossible, generally, to make satisfaetory soil-type separation of the numer-
ols conditions on zoil maps. Accordingly, much of this land has been classed
and mapped as “meadow?.

* # Theye prafonnd moedifications of the boftom lands partlcttlml\
clmmctermc the smaller streams, though the broader bottoms of the major
walerways have been largely off: ected also,

The sedimentation problems of the Piedmont are complicated by
the fact that many of the Pledmont streams rise m the southern
Appalachinn Mountains and ave affected by conditions of run-off
and erosion In their mountamous headwater sections. Glum (29}
investigated the effects of deforestation and erosion on the prine l])‘1|
southern Appalachian rivers and concluded that floods had increased
markedly in severtty and frequency as a result of eultural changes in
the drainage hasing of these rivers and that much damage wus bemtr
done to valley lands by the resulting inerensed bank erosion and (lep-
osition of sand, gravel, and boulders. He stated that these damages
extended on downséream into the Piedmont but that no detailed study
had been made to determine how far downstream the sedimentation,
vesulting from accelerated mountain erosion, wns serious. In the
mountam valleys, however, the damage was reported to be severe at
least locally, and eomparatively more scrions beeause of the scarcity
of arable land sufficienily smooth to be reasonably safe from excessive
soil erosion. _ o )

Accelerated stream and vallev sedimentation in southern Indiana
was mentioned in 1011 by Cumings (18, p. 144), who wrate: “Torren-
tial streams now emerge on the sides of broad alluvinl valleys, building
fans of coarse and sterile gravel out over the finer silt of the main
stream flood plane.” ) )

In a discussion of soil conservation problems in Dearborn County,
Ind., in 1915, Bigney (10, p. 215} stated that as a result of cultivation
of 111]1)r lands that had been forested until about 25 years previously
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new valley deposits derived from upland subsoil clays had covered the
“rich soil, previously deposited” in the valleys and consequently had
greatly decrensed the productiveness of the valley land.,

According to Culbertson (18), the Ohio Valley Rood of Mavch 1913
and the wldcsptcud erosion of farm lands resulting from the excessive
rainfall that caused it produced damage by valley sedimentation at
many places in that general avea. Sediment deposition {rom the
floodwaters was also an important {actor in the damage to vrban prop-
erties, ns reported by Horvton and Jackson (85, pp. 86-87), who de-
scribed the ellect of the sedimentation as {ollows:

In simple inundation probably the most damage is caused by the vellow,
sliny, fine, pencirating mud that is deposiled cverywhere. The cifeet of fhis
mud in cities is abmost ‘ueoncelvable.  There may be some gain in Terlilization
when it is deposited on farin Jand, but it is open lo ¢guestion whether or nob its
value as u {ertilizer outweighs cven the damage il does on the farm, o say nothing
of its effeet iu cities and towns.  Any cousiderstion of this benefit to farm land
appears simply an aftempd Lo discover some small benefit in connuction with the
enorinous loss.

The Driftless Area and contiguous parts of the upper Aississippi
Valley have nlso been damaged considerably by sedimentation result-
ing from accelernted soil erosion on the steep slopes and on the exten-
sive high sandy valley benchlands common in that part of the country.
Bates and Zeasman {5) have described crosional conditions and
associnted sediment domages in the purt of this area that les in
Wisconsin and have nlse reported the results of numerous measure-
ments of the suspended Joad of streams and of the volume of deposits
formed by outwash from pavticular gnllies. This paper also describes
the tendency of the coarser part of the sediment to nccumulate in
minor valleys and near the place of origin and calls attention to the
eifect, of soll erosion I contributing sediment to the Mississippi River.
On the basis of original data, estinates arve presented of the net
sedimentary output from various dreainage basins tributary to {he
Mississippt.  More recently, Cohee {/7) hins described the ncoumula-
tion of Loulders on lower slopes and vailley fields, o type of sediment
damage commoun in those parts of the Driftless Area where lintestone
talus has accumulated on slopes that are subject to gullylng when
clenred of thelr natural vegetal cover or ave traversed by concentrated
run-ofl {rom ficlds lying higher on the ridges.

According o Schoelcel (65, p. 220}, in the 1830’s the Galena River
in the southern part of the Driftless Aren was navigable for large
steamboats as far up as Galena, except at extreme low water, and
small steamers could go a few miles Tnrther upstream. Becanse of
sediment deposition, howcvm the channel became more shallow and
tortuous until by 1863 navw&tl{}n hod practically ceased. The
sedimentation was ascribed chlcﬂy to the efle:t of increased soil wash
caused by clearing and cultivation of steep slopra. In the same
area, Trowbridge and Shaw (76, pp. 166-158} noted that flood-plain
aggradation in the upper valleys had been followed by trenching, and
they concluded that upland soil erosion due to agricultural use of the
land had first caused valley sediment accumulation and that later,
as the vegetal cover was alse removed from the valleys by grazing,
the concenirated ran-off developed trenches.  The authors noted that
in some valleys the trenches were discontinuous, becoming smaller in
size downstream until they ended v a grassy, undissected surface.
Another active hendward-growing trench might exist farther down-
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stream. This relation apparently is the same as that which McGee
(61, pp. 261-2783) described as the process of “varigradation” in the
Driftfess Aren of northeastern Towa. The process of varigradation
may be closely related to the phenomenon of wvalley “plugging”
deseribed in this bulletin.

The Missouri River is traditionally known as a muddy river, and
sedimentation has been an important factor in many problems in
various parts of its basin. An extensive and, in part, novel study of
sediment transportation and deposition was made in 1929-31 in con-
nection with preparation of a plan for improvement of the river for
navigation and other purposes (79, pp. 1,082-1,245). It was coneluded
that normal or geologic erosion was responsible for much of the
sediment load, a comparison of suspended-load records for 1879 with
records for 1929-31 failing to show any Increase in the sediment load
of the Missouri River in spite of the severe soil erosion that has
occwrred during the intervening period in some parts of the drainage
basin (79, p. 1,086). Control of gullying along the bluffs bordering
the main stream, however, was suggested for inclusion in a plan for
river improvement, particularly as a measure to reduce the rate of
silting of proposed reservoirs (79, p. 1,176). This emphasis on the
greater importance of eresion in minor drainage basins directly tribu-
tary to the main river is in accord with the findings of the present
investigation. The hluffs bordering the lower Missouri River are
largely developed on deep loess deposits that are susceptible to rapid
erosion if not adequately protected. Scdiment derived from these
loess areas has been deposited on the valley lands in many places
(6, p. ¥95). Brown (12) has described & case in Doniphan County,
Kans., where 2 silting basin has been used to protect the Missouri
River bottom lands from excessive flood and sediment damage.

In the semiarid western regions, stream and valley sedimentation
1s commonly a serious problem in flood control and irrigation enginecr-
ing, but the relation to accelerated soil erosion is complicated by the
fact that many of the western rivers may have been agerading their
channels and valleys before the inception of accelerated erosion.
Under such circumstances it is more difficult to appraise accurately the
extent to which the sediment damage 1s due to accelerated erosion.
The problem is further complicatel by the fact that in the semiarid
regions climatic fluctuations appear to be very important in control-
ling geomeorphic processes, Consequently, the effects of cultural land
use and possible climatic fluctuations in modifying sedimentary
processes and rates will have to be distinguished.

In this region stream aggradation was recognized at least as early
as 1897 by Haworth (32, pp. 28-29). In describing the Arkansss
River in western Kansas he stated:

Within the last fifteen years a very noticeable filling in of the river ehannel has
occurred. The variens bridges which are built across the river at dilferent places
when conetructed from eight to fwelve years ago were usually built high enouph
80 that 2 man on horseback eould easily ride under them while sitting erect, At
every bridge along the river the sands have accumulated until the most of them
are not more than from 3 to 6 feet above the top of the sands.

In central New Mexico, just above the head of Elephant Butte
Reservoir, Burkholder (15, p. 52) reported in 1928 that the bed of the
Rio Grande had risen 12 feet since 1880. The rising bed of the river
throughout the middle valley of the Rio Grande was cited as a major
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cause of increasingly serious flood dangers, swamping of valley Iands,
and & tendency of the river to widen its channel and thus destroy
valley lands. Bryan (13, p. 2911 has described recent trenching of
the Rio Puerco Valley, & tributary of the Rio Grande, as a major
cause of the rapid rate of sedimentation in the middle valley and in
the Elephant Butte Reservoir gt the lower end of the valley. Fortier
and Blaney (26) in 1928 described in considerable detail the sediment
roblems mvolved in river control and irrigation engineering on Ghe
ower Colorado River in Arizona sand California, before the construc-
tion of Boulder Dam,.

A sumary of the important literature bearing on the problem of
stream and valley sedimentation in the Southwest would not be
complete without mention of three papers and the accompanying
lluminating discussions that have appeared in recent vears in the
Transactions of the American Society of Civil Engineers. In the
first of these, Taylor (74) wrote primarily about the sifting of Lake
Austin in Texas, but discussions of the paper included descriptions
of stream- and valley-sedimentation problems in various parts of the
Southwest, including Calilornia. In the second paper, Sonderegger
(70) called attention to the influence of human activities in modify-
ing the normal course of physiographic events. Special considera-
tion was given to the problem of channel stabilization in the Rio
Grande Valley us a result of flow regulation by Elephant Butte Reser-
voir and to the erosional-debris problems on streams flowing from
mountainous areas out across alluvial cones that have been devel-
oped for agricultural or urban use. The discussions of the paper
provided much additional data on these stream and valley problems.
In the third paper, Stevens (72) was chiefly concerned with problems
of sedimentation in Elephant Butte Reservoir, Lake Mead, and other
reservoirs, but he included a discussion of problems of sediment pro-
duction and transportation. These subjeets also received attention
in the discussions of the paper.

A special form of sedimentation problem occurs where the alluvial
fans or alluvial aprons bordering steep mountain slopes have been
developed as urban arens or for intensive agriculture. 'The western
base of the Wasatch Mountains near Salt Lake City and Ogden,
Utah, and the southern base of the San Gabriel Mountains in the
Los Angeles district, southern California, are two outstanding exam-

les. Krosion is active in both mountain areas, and has been affected

y deforestation or by burning of the plant cover. Bailey, Forsling,
and Becraft (4) have deseribed and summarized conditions in the
northern Utah area, where much damage has been done by summer
floods that overflow the improved vulley lands and often cover them
with thick deposits of mud and boulders. In the Los Angeles area
large sums have been expended in construction of detention reservoirs
in the mountains and debris basins and channel improvements in the
allyvial-fan areas, where there are numerous cities and towns as well
as highly valuable agricultural lands, chiefly citrus orchards. The
sedimentation problems of the Los Angeles area, together with the
associated flood and erosion problems, have been described at some
length in a paper by Eaton (238) and in the discussions printed with it.

In the absence of any previous eritical study of sedimentation due
to accelerated soil erosion, particular interest attaches to the well-
known case of accelernted sedimentation caused by hydraulie mining
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in the Sierra Nevada of Californin. During the period of extensive
hydraulic mining for gold, the Yuba and American Rivers—and to a
lesser extent other nearby streams draining westward from the Sierra
Nevada to the central valley of California—berame heavily over-
loaded with debris [rom the mines and were lorced to aggrade their
channels and flood plains.  The sedimentation beeame serious shortly
nfter 1860, and the resulting obstruction to navization on the Saera-
mento River, the inereasing threat of lood damage to cities, the burial
of valley agricultural Jands beneath sand and gravel, and the threat-
ened shoaling of San Francisco Harbor by sediment accumulation
finally led to the prohibition of Liydraulic mining by State law (87).

Beginning in 1906, Gilbert (28), of the United States Geological
Survey, made a study of the processes, extent, and effeets of this
abnormal sedimentation. Special atteniion was given to possibili-
ties of o moderate resumption of mining, with control of the resulting
debris to prevent damage to the strenms and valleys.  Gilbert made
estimates of the rate of sediment production by natural processes as
well as by highway and soil crosion in the drainage basins.  OI par-
ticular interest is the fact that whereas the finer sediment earried as
suspended load was very largely carricd to and depoesited on the
Sacramento River delta at the head of Suisun Bay, the coarser sedi-
ment accumtulated first in the stream channels and valleys near the
mines and gradually moved downstream as n “wave’” of sediment
lor many vears. The progress of this wave of coarse sediment was
marked by aggradation of the channels, with eonsequent increase in
flood heights and coincident damage to flood-plain agricultural lands,
which were covered by inflertile debris during flood periods. Kxten-
sive and expensive engineering works were undertaken to protect the
towns and agricultural lands by levees and to stabilize part of the
deposit above the areas of greatest potentiel damage.

.In the light of the known history of the debris in this California
case, the question naturally arises whether continued soil erosion at
present rates may produce a similar sequence of events in many other
rivers and valleys throughout the country. The production of sedi-
ment was much more rapid in the Sierra Nevada than it ever has heen
in comparahle areas of agriculturally accelernted soil erosion, yet it
is pertinent to inquire whether the same processes may be operating
clsewhere, although more slowly, as a result of agricultural soil
erosion. If so, the ultimate extent of the sediment damage may
not vet be entirely appnrent, because the effects on major rivers are
not vet evident. If this is the case, the potential damages to be an-
ticipated as a result of soil erosion will be greatly increased. On the
other hand, if it can be determined with assurance that such extreme
damages are not probable in major rivers and valleys, it may then be
possible to anticipate with greater assurance a larger future use of
valley alluvial lands as an alternative to continued cultivation of
sloping lands now subject to excessive erosion.

SEDIMENTATION IN TOBITUBBY AND HURRICANE VALLEYS

LOCATION AND GENERAY DESCRIPTION OF TOBITUEBY AND HURRICANE YALLEYS

Tobitubby and Hurricane Crecks have adjoining drainage busins
in northern Lafayette County, north-central Alississippi  (fig. 1).
Both creeks rise near the town of Oxford and flow in roughly parallel
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courses approximately 12 miles northwestward to their junctions
with the Liitle Tallahatchie River. The Little Tallshatehic flows
generally westward townrd the alluvial valley of the Mississippi, as
do the Coldwater River to the north and the Yocona and Yalobusha
Rivers to the south. These are the four principal tributaries of the
Yuazoo River, which together drain some 5,800 square miles of the
dissected Gull Coastal Plain, constituting the upland, or “hill” portion,
of the Yazoo drainage basin. To the west and southwest of these
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IFieone 1.-—Location of the Tobitubby und Huarricane drainage basins {shown by
horizontel ruling} in relation to physiographic distriets of northern Mississippi.
(Adapted from fig. 1, Water Supply Paper 576, U. 8. Geological Burvey.)

uplands is the sc-called “Yazoo Delta,” one of the most productive
agricultural regions in the world. Included in this delta arca nre
about 6,600 square miles of the alluvial lands bordering the Missis-
sippl River, but draining to the Mississippi through the Yazoo.

The drainage basins of Tobitubby and Hurricane Creelks are
generally very similar, although Tobitubby and its prineipal fributary,
Goose Creek, drain about 56 square miles and Hurricane drains only
about 32, The valleys are submature, have first-bottom food plains
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aversging over one-eighth mile in width for most of their length, and
are cut in the maturely dissected North Central Hills section of the
Gulf Coastal Plain (fg. 1). The local relief ranges from 5G to 150
feet, and the altitude ranges from about 280 fect above mean sea lovel
at the mouth of Tobitubhy Creck to about 600 feet at the highest
point on the bounding divide, a knob which is known as Thacker
Mountain,

E..: l
las | f
5 i ‘1 Jda “h
‘ j : ‘g "»'I<-<
%’; { % :" -{u{...;&\., B & .
Jye ARy B :
I B v\ '('"“";d_ <
piv _
B By
o e 1=
5“;‘53\\\- Y I
NN

AILA

Frooure 2.—Loeation of the Tobitubby-Hurricane ares {shown by horizontal rul-
ing) in relation to oufcrop areas of principal peologic formations of northern
giississippi‘ {Adapted fromn pl 2, Water Supply Paper 576, U. 8. Geological

urvey.)

The bedrock of both dreinage sreas is the Holly Springs formation
of Eocene Wilcox age (fig. 2) (60, pp. 64—100). 'This foriaation con-
sists dominantly of unconsolidated slightly micacecus sands, but it
includes numerous lenses of cley. On the higher slopes and uplands
the upper few feet of the bedrock is & thoroughly weathered, partly
indurated reddish iron-stained zone, formerly kuown as the “Lafayette”
formation {60, pp. 86-8S; 67, pp. 198-132). Above the “Lafayette”
weathered zone, or directly above the bedrock on the lower parts of
the slopes where the weaiered zome may not be present, there is a
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surficial mantle of a few feet of silt. This is believed to be a wind-
blown loessial deposit, presumably derived from farther west during
the Pleistocene or Ice Age (46, pp. 64-68), that was spread scross the
country after the ridges and valleys had acquired essentially their
present forms.

As shown in the soil survey report of Lafayette County (3@), the
predominant upland soil is the light-brownish or buff-celored Memphis
stit loam thet has hs«n developed on the loess. Much of the soil
classed in 1912 as Jerphis wovld now probably be classified as
Grenada silt loam. There were, in addition to the Memphis silt
loam, a few scattered areas of Ruston sand, sandy loam, and fine
sandy loam and Orangeburg sandy leam derived from weathering of
the Coastal Plain material. The terraco or second-bottom soil was
light-brown or ycllowish-brown silt loam of the Lintonia series. The
first bottom. soils were clussified as Vicksburg silt loam, Thompson
fine sandy loam, and Meadow, the Vicksburg and Thompson being
brownish in color, the Mendow prevailingly gray. Table 1 gives the
areas of the different soil types in the Tobituhby-Hurricane area as
determined by planimeter from the soils map.

TanLe 1.—Acreage and proportionale exlent of soils in the Tobilubby-Hurricane
area

Area

Boil type ; Bail type

Acres | Pereent

Memphis silt Joarms__ ..o ____ FOFRG || Vieksburg il leam oo . _____
Ruston fine sundy loam. - .2 || Thompsoen silt loam. coeen. cneenan
Ruston sandy loam. ... _ - 531 : . Moeadow, i aa
Ruston sand..... ......
Ciranrebire sandy loam
Lintonin silt lont . ...

At University (1 mile west of Oxford) during a 43-year period of
record, 1887 to 1889 and 1891 to 1930, the average annual precipita-
tion was 50.99 inches, the maximum and minimum being 73.35 and
40.73 inches, respectively. The average monthly rainfall varied from
2.24 inches in October to 5.83 inches in March. The precipitation
data for the 43-year period of record are sumnmarized in table 2. The
temperature fluctuates about the freezing point during the winter
months, but snow forms a very small percentage of the annual
precipitation.

Although only about 18 percent of the land in Lafayette County is
cultivated, the Tobitubby and Hurricane drainage basins have been
somewhat more intensively farmed. The percentage of land devoted
to tillage at any one time bas probably never been much higher than
at present, but nearly all the land has been cleared and cultivated at
some time. Corn and cotton are the principal crops. Soil-conserving
measures have been introduced on small portions of both drainage
basins sinee 1934 by a Civilian Conservation Corps camp located at
Oxford and operated under technical supervision of the Soil Conserva-
tion Service. In the Tobitubby drainage basin about 35 percent of the
first bottom is cleared and is or has recently been in cultivation. In
the Hurricane drainage basin the percentage of first bottom under
cultivation is much less, being only about 10 percent.




14 TECHNICAL BULLETIN 695, U. §. DEPT. OF AGRIGULTURE

TasLE 2.—Minimum, maximum, and average monlhly and annwal rainfell at
University (Oxford), Miss., 1887-19301

. Sop- .| No- | Te-
Rainfall | 708U~ | Feb- I o] April | Moy | Tune July guf.- : Océo vem- | cong-
¥ her

An-
. - :
ary | runry et hor nial

Fnches | Inches| Diches ! Tnchex !mfm|hlr:hrs[ Inchex | Inches Inches! Inches (Inches fuches [Inches
Minimum ap |67 L 0gtb— 0,10 | D64 i 02 b w0 010 0 0.00 0 0.01— 0.47 ¢ 045 | 4073
1

Maximum | B6.15 | .80 ‘512. & LLBS 11,38 | 1235 . 1014 | 9.70 571 6.20 1235 bayn l T8

Avernge. | 486 {18 lase | saz| asel 46t 4200370 26423 295 &30 &n00

I Taa from CLIMATIC SUMMART OF TIE UNITER STATES. SECTION 78, NORTEERN MIssisarrr. U, 5.
Weather Buread.

As 1s common throughout the Southern States, where cotton is the
cash crop that dominates the agricultursl system and eorn the staple
feod and feed crop, the uplands are prelerred for cotton and the valley
bottoms for corn. During ihe hundred years since the region was
settled the sloping uplands have been subject to very severe soil
erosion. As a consequence, the relative potential value of the hottom
lands has steadily increased. But sand, derived chiefly from the
innumerable gullies cut into the Coastal Plain sands that underlie the
upland soils, has been washed in large quantities into the valleys
and stream channels, and thereby serious problems have been ereated
that must be solved if the valley lands are to be effectively utilized for
agriculture.

The grades of the streams and the slopes of their flood plains woere
developed in response to run-ofl habits controiled by climatic con-
ditions and by types of vegetal cover that prevailed before white
settlement. Cleanng of the forests and cultivation of sloping lands
has greatly accelerated the rate of delivery of sediment from the
uplands to the valleys and has caused corresponding changes in
rates of run-off. Thus the grades of the streams and valleys have
been thrown out of adjustment. As a result of the natural processes
that tend to restore the balance by establishing a new, and in part
steeper, longitudinal stream and valley profile, large quantities of
sediment have accumulated in the upper parts of the streams and
valleys.

Th}; sediment has partly or completely filled the stream channels,
thereby causing increased frequency and severity of overbank floods.
Stream channels have shifted, and the ground-water table has been
raised. Drainage of the valley lands has been impaired or obstructed,
and large areas of bottom lands have been swamped. The growth of
alluvial fans and deposition on the flood plains have been accelerated,
and areas of fertile alluvial sili loam have been buried under less
fertile sands. Such areas have commonly been withdrawn from cul-
tivation and now support an essentially valueless growth, largely of
willows, briers, weeds, and sedge. Various ‘ndividual and group
attempts to alleviate these conditions have been uniformly unsuccess-
ful, and at the present time conditions in many places are worse than
before the corrective attempts were made.

EXCESSIYVE SEDIMENT PRODUCTION

Upland erosional debris becomes stream and valley sediment, and
surface run-off waters from the uplands become the floodwaters of
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the lowlands; consequently erosional processes must be considered as
basic factors in the problems of nccelerated stream and valley sedi-
mentation. Although this applies particularly te those erosionsl
processes that have been aecelerated or initiated as a result of man’s
cultural efforts, all geological processes of eroston must be included,
for they continue to operate as sources of sediment production.

In the Tobitubby and Hurricane drainage basins, gullying, sheet
erosion, and velley trenching, named in order of decreasing impor-
tance, have furnished practically all the sediment that has acecumulated
in the valleys during the period of eultaral influence.  Strenm-bank
crosion is not excessive, nor is it an important source of sediment,
except locally.  Soil creep and other mass movements are active but
apparently have not produced much harmful sediment, exeept ns they
contribute to the growth of gullies or the widening of valley trenches.
All these processes, with the possible exception of valley trenching,
may be expected in any area of excessive soil erosion.

Sheet erosion has affected chiefly the loess that occurs as a surficial
mantle a few feet thick over the uplands of both drainage basins. No
attempt has been made to measure directly the rate of sheet erosion
in the Tobitubby and Hurricane drainage areas, but plot investiga-
tions have been made on similar seils by the Thiited States Forest
Serviee at Holly Springs, Miss., 34 miles north of Oxford. During
the 2-year period of study, October 1931 to September 1933, the
erosion per acre from oak forest was 0.05 ton; {from Bermuda grass
pasture, 0.19 ton; from cultivoted land (cotton) with rows on the
contour, 59.33 tons; from cuitivated land (cotion) with rows down
the slope, 195.10 tons; and froia barren shandoned land, 159.70 tons
(68, p. 12). The removal of 195.10 tons per acre in 2 years is equiva-
lent to the erosion of nbout 6 inches of soil in 10 years, A large part
of the land in the Tobitubby and Hurricane drainage areas has slopes
equal to or greater than the 10-percent slopes used in the studies at
Holly Springs, and the erosion rates shown by those studies are prob-
ably reasonably representative of the rates prevailing for similar soil,
slopes, and cover in the Tobitubby-Hurricane aren. The similarity
of the erosion in Lafayette and Marshall Counties has been brought
out by the investigations of Lentz, Sinclair, and Meginnis (43, 44, 69).

Representative textures of the loess und bedrock and the average
compaosition of the valley deposits are shown in table 3. The sedi-
ment derived from sheet erosion of the loess is chielly silt and is trans-
ported nas suspended load by the streams, being deposited only where
there 1s o marked decrease in the velocity or the turbulence of the
wuter. Analytical data indieate that about 75 percent of the sedi-
ment that has accumulated in the Tobitubby and Hurricane Valleys
1s fine-grained erosional debris. This fine material appareatly cnuses
only a small portion of the sediment damage to valley resources.
Gullying of the slightly indurated Holly Springs sand is estimated to
have furnished about 25 percent of the sediment accumulated in the
stream valleys. In the major valleys this sand has accumulated prin-
cipally in or near the stream channels, thereby reducing the discharge
capacity of the streams and direetly or indirectly eausing the principal
damage to valley resources. Much sand has alse accutnulated as
alluvial fans along the valley sides.
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TaBLE 3.—Texture of the loess and bedrock and of the modern valley deposils in
Tobitubby and Hurricane drainage busins

Amount in incdleated grain size

Type of material H ! I ! i : : - i i
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Of major significance is the greater importance of gullying, as con-
trasted with sheet erosion, in the production of harmful sediment.
The concentration of water in gully channels permits transportation
of coarser sediment than is readily moved by the less concentrated
surface run-ofl that causes sheet erosion. Hence gullies, which sear
nearly all abandoned fields as well as many of those still in use, are
the source of large quantities of sand (pl. 1). Starting usually along
& furrow or pathway, or following a natural sag in the sloping surface,
the gullies deepen in the mellow loessial surface material, growing
rapidly by retreat of the gully walls. When the gully channel is cut
down through the loess, the rate of downcutting may be checled by the
more resistant, indurated *“Lalayette’” zone, and the gully widened
as a resuit of the relative increase in the rate of lateral eutting, Where
the “Lafayette” zone is lacking, or after it is breached, the gullies cut
directly into the underlying bedrock sands and clays. When this
bedrock is reached, the production of harmful sediment is greatest,
for the gully then prows rapidly by undercutting, caving, and slumping
of the walls. Where there is a thick indurated “Lafayette” zone,
this stage is postponed until the unconsclidated sands are exposed by
the slower channel deepening through the resistant indurated zone.
In such places the channel incision s usually by pot-hole deepening
or headward migration of an undercutting overfall (pl. 2, A4).

Gully development has been very extensive in some parts of the
area. In one quarter section( NEY sec. 27, T. 7 8., R. 3 W.) tributary
to Hurricane Valley, 41 separate gullies and gully systems were
counted on aerial phiotographs, The largest of these gully systems
covers 3 to 4 acres. In another badly gullied quarter section (SEY
sec. 2, T. 8 5., R. 4 W.) tributary to Tobitubby Valley, 51 separnte
gully systems were identified.

Eroslon is not confined entirely to the washed and gullied uplands
and ridges. Channels have also been cut along the bottoms of valleys
near the head of flood-plain development. Thesc meised valley
trenches are steep-walled, flat-bottomed channels that are dry except
for short periods after heavy rains. “They are similar to the arroyos
of the Southwest. The valley trenches have a twofcld eftect on valley
sedimentation, for (1) their formation and growth have contributed
large quantities of sediment to the streams, and (2) they serve as
flumes to transport sediment from the gullied and sheet-washed up-
lands past the upper parts of the flood plains, where much deposition
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Intricate disseclion of uplands in Tobitubby-Hurricance area ncar Uxlord, Miss.
Several feet of lorss underiain by tho more resistant *' Lafayette’ zone, bencath
which is the unconsolidaied Hully Springs sand.
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A, Head of a gully that is being extended by headwuter migration of an overfall, near Oxford, Miss. Loess overlying indurated
dark red “Lafayette’” zotie, which is underlain by less resistant Holly Springs sand in the center of the view. The ax in right
center shows scale. B, 2-foot aggradation gage, with graduated seale, in Bast Goose Valley. ) 8-inch Twan auger used for
test borings, with extra 4-foot pipe extensions, putty knife for cleaning auger, pipe wrenches, and paper on which samples are
laid out for examination.
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would otherwise occur, to the wider valley bottoms farther down-
stream.

Some of these trenches attain depths of 12 feet, local widths of
50 feet, and lengths of over one-hall mile (pl. 3); consequently, the
contribution of debris by valley trenching has been large. Compared
with gullying and sheet erosion, however, valley trenching appears to
be of secondary importance with respect to total volume contributed.
The flumelike action of the trenchas in transpeorting sediment down
to the wider valley bottons appears to be of much greater importance
than divect contribution of debris produced by the valley trenching.
In addition to the increased delivery of sediment to the wider valleys,
the sorting ol the debris during its transportation through the trench
resulis in separation of the fine and coarse material, which formerly
accumulated as more poorly sorted butl valuable alluviam in headwater
areas. As a consequence of this sorting, concentrated infertile sands
are deposifed at many places in the wider valleys.

METHODS OF INYESTIGATION OF VALLEY SEDIMENTATION

The investigation of accelerated sediinentation and s cffects in-
volves both the study of present processes and the study of existing
deposits that by their charncter and distribution reveal the conditions
under which they were formed. Because of the many difficulties
involved in direct study of the processes, especially within the limited
time available for the Tobitubby- Hurricane investigations. it was
necessary to rely mainly on the study of deposits in place.

During the course of the investization, however, much was learned
from criticnl observation of surface run-off and stream fow and their
effects on sediment transportation and deposition. The processes of
underwater deposition could not readily be chserved directly because
of the turbidity of the water, but it was occasionally possible to wateh
the formation of depasits or the erosion and transportation of tempo-
rary accumulations. The Cfresh deposits left atter overflows were an
even more important source of inlormation. Immediately after dep-
osition the new deposits usually could be essily differentiated from
the underlying or surrounding older material. Consequently the
general distribution and approximate quantity of deposition by par-
ticular overflows could be determined by simple observation. 1In
these ways qualitative comparizsons were made between existing con-
ditions and former conditions as indicated by the earlier deposits.

The period of study was too short and the availuble [acilities were
too limited to permit extensive direct measurements of rates of con-
temporary sedimentation. An attempt was made, however, to do
this in a few critical localities. At one place in East Goose Vailey
{range £G—4) and at one place in Hurricane Valley (range H-9) con-
crete posts with flat concrete bases flush with the ground surface were
set at intervals ranging from 100 to 300 [eet along o line across the
valley. One of these aggradation gnges is showmn in plate 2, B.

Gages were set on these ranges early in the spring ol 1936, and at the
same time others were placed on several ranges across the flood plain
of the Little Tallahatchic River, above and below the mouths of
Tobitubby and Turricane Creeks.  These gages are intended primarily
to measure flood-plain aggradation in the future, as the l-year period

145619 °—40——2
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of the present studies has been too short to permit determination of
contemporary average rates of accumulation.

During the period of approximately 1 year between the establish-
ment of these gages and the close of feld work in the area, however,
visible accumulation occwrred on the bases of a number of the gages.
At no range did this occur on all of the gages across the valley, but it
was confined either to the lower buck-swamp areas of the flood plain,
to the natural levees, or to alluvial fans. The greatest thickness of
accumulation, about one-half inch, oceurred on a small alluvial fan
built into East Goose Valley. A very thin film was deposited on other
gages on this line, chiefly in the back-swamp areas. At the range in
Hurricane Valley, sediment accumulated only on the gages close to the
stream channel. Several of the gages on the Little Tallahatehie Mood
plain alse received a deposit less than one-gixtesnth of an inel in
thickness, and on one gage, in a shallow slough near the river, about
one-hall inchh was deposited. On most of the Little Tallahatehic
gages either no sediment was deposited or the sediment was washed
away by rain or succeeding overflows. Precipitation at University
(Oxford) during 1936 was 13.5 inches below normal. This may
account, in part for the small amount of accummlation.

The major part of the study has necessarily been devoted to
determination of the effects of accclerated sedimentation as shown by
the thiclmess and character of the sedimentary deposits aceumulated
during the period of accelernted soil erosion. Tihis information has
beon obtained mainly by test borings. Borings were made along
ranges crossing the valleys approximately at right angles to the valley
axis, the ranges being spaced at intervals varying from ¥ mile to nearly
2 miles. After field inspection of the area, ranges were located at
places where they would yield critical information on the variations in
sedimentation corresponding to different controlling {actors, sucl as
(1} confluences of major tributaries, (2} alluviel fans built by tribu-
taries draining arcas of unusally severe gullving, (3} variations in
strenm gradient and channel capacity, (4) width of valleys, (5) bounda-
ries between cleared and wooded sections of the bottoms, (6) artifi-
cially straightened channels, and (7) channels completely filled by
modern sediment accumulations. On each range, borings were made
at variable intervals of 20 to 100 feet, the spacing depending on the
irregularity in the thickness of the modern deposits and the difficulty
in identifying the centact between modern and older deposits.

The ends of each range were permanently marlked by capped iron
pipes set in concrete. The pipes were stamped for identification, and n
base map was prepared to show the location of the ranges (fig. 3).
The elevation of the tops of pipes was established by leveling from
standard Government bench marks, and detailed ground-surface pro-
files, including the surface clevation at the top of each test hole, were
taken along the ranges. From these data, cross sections showing the
present and premodern surface configuration along the range lines
were, constructed. The cross-sectionsl area of modern fill was meas-
ured by planimeter, and the volume of modern 511 in the segments of
the valley between adjacent ranges was computed by the Dobson
raservoir formula (20, pp. 7-9), the areas of bottom land between
ranges and the cross-sectional area of fill at each range being used.

The test borings were made with 3-inch Iwan-type soll augers
(pl. 2, O} fitted with extensible iron-pipe handles that allowed pene-
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tration to a dep.h of 25 feet or more.  The augers are of sheatlh type,
and contamination from the sides of the hole is slight. Samples were
taken from each 4-inch depth, a putty knife being used to clean the
auger bit, and were placed upon sheets of paper near the hole for
examination and field deseription. The color and texture, togethor
with other pertinent charneteristics thought to be signifieant, were
noted. Reprosentative samples were also colleeted and preserved for
Inboratory study, chicfly as a cheek on field identification of texture.
Analyses of the mechanteal composition of selected samples were made
in the sedimentation laboratory of the department of geology, Uni-
versity of Chicago, through the courtesy of that institution. The
field descriptions of texture were usnally found to be consistent with
the results of laboratory analyses.

The fundamental factor in the reliability of this method of study
is the accuracy attnined in delermining the base of the modorn
deposits.  In beginning the study, this was the problem of first con-
sideration. It was known that in many small vallevs where sediment
1s ohviously accumulating at present, or is known to have accurnulated
within recent years, exposures in creck hanks and artificial cuts show
light-colored sediment overlying darker and finer material (pl. 4, B).
Below this darker horizon, which commonly is dark gray or black,
the materinl gradually becomes lighter in color, the transition heing
suggestive of a soil profile. In many places, especially where the
deposition above the dark zone has been thin, the buried profile ean
be traced laterally until its continnity with dark-colored soil profiles
now at the surface ean be established. Clear examples of this rela-
tionship are found most commonly in the Middle West, where dark
prairie soils are widely developed.

Tt was also known that in many sections of the country sand and
gravel have heen eroded in large quantities from ullies known to have
developed during the period of cultivation. At some places these
coarse materials can be traced directly from their source in gullies to
valley hottoms where thev overlie finer sediments capped by dark
zones. In such places culturally acecclernted erosion (gullying) is
obviously the cause of burial of the dark bottom-land soil horizon.
The first objective of the studies in Tobitubby and Hurricane Valleys
was, therefore, to determine the extent to which these two criteria,
dark color of buried soils and coarsor texture of modern sediments,
could be used in determining the thickness of modern deposits in the
Tobitubby-Hurricane area.

The Arst test borings were made in a part of Bast Goose Valley
where sand had been deposited over a considerable surface area since
the last annual growth of vegetation. This section of the valley wns
thus known te be an_area of modern sedimentary accumulation.
Testimony of local residents confirmed this visual evidence, as did
the presence of partly buried fence posts and trees and & drainagce diteh
nowhere more than 3 feet deep, and in some parts comp[etef_v filled
with sand, which was kmown to have been dug to a depth of 6 feet
some 15 years previously. These facts justified the vssumption that
horings would penetrate first through modern sediments of known
character, thus providing a basis for comparison with any underlying
older sediments accumulated under markedly different conditions.

Dozens of test borings were made in this part of the valley, and
generel similarity of sequence was found in all. The visible character
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of the surface sediments continued downward for al least several feet
in most holes. DBelow this depth, color changes were usunlly noted,
the reddish and chocolate-brown tints of the surficial material being
rell)laced by lighter vellowish and brownish grays. The change in
color commonly occurred near the level of the ground-wuter tuble and
without regard to the texturc of the material. At somewhat greater
depth, the light vellowish-gray and brownish-gray colors usually
changed abruptly to dark brown or dark gray, or even almost black.
In some boring holes this darkening of color was accompanied by a
notable change to finer texture. With greater depth the color became
lighter, and a foot or more below Lhe conspicuously dark horizon
another sequence of light-gray colors occurred, which in some pleces
could be distinguished from the series of light colors above the dark
zone by bluish and greenish tints and a peculinr bleached appearance.
In and below the dark horizons, small concretions, which may occur
throughout, the vertical sequence below the ground-water table, were
commonly found to be too hinrd to be crumbled essily between the
fingers. In contrast, the concretions found above the dark horizons
at & few places were soft and could be erumbled easily between the
fingers, except those in sands, which appearved to hiave been trans-
ported to their present location as concretions rather than to have
been formed i plece.

When plotted in proper relative position on cross sections of the
valley, the darker horizons were at generally concordunt elevations
and depths below the surface. This was not true of any other recog-
nizable textural or color sequences found in the different borings,
except the change of color at the level of the ground-water table. At
many places the dark horizon had a high organic content of woody or
vegetal material. Furthermore, the dark horizon in some places rose
gradually toward the valley side with uniform slope without showing
any recognizable difference in color corresponding to its position
above or below the water table. In some places it approached the
present surface where verv recent deposition bad obviously taken
place, and its hypothetical projection continued above the slope of
the valley side from which the topsoil had been eroded and where
residual subsoil material was exposed at the ground surface (fig. 4).
These relations at the valley sides suggest o former, fairly stable,
dark-colored topsoil horizon that extended down a colluvial slope and
outb across the surface of the former flood plain before it was buried
beneath modern sediments.

On the basis of these findings it was concluded that the bottom
jands had developed a dark topsoil zone prior to clearing and settle-
ment and that this old topsoil had retained its clistinctive color despite
burial beneath modern sediments to depths of at least 10 feet in some
places and despite the fact that in many places it is now beneath the
ground-water table, which has risen as a resnlt of channel aggradation
and impeded drainage. In the records of the General Land Office
surveys of 1834-30 prairies were reporied in the upper parts of the
Tobitubby and Hurricane Valleys. This suggests that the bottom-
land soils were then dark colored, for prairie soils are characteristically
dark. Subsequent test borings throughout these and other valleys
have shown that generslly similar characteristics and relationships
occur elsewhere under similar conditions,
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4
Typical trenched headwater vailey in Totitubbv-Hurrieane area.  Three photo-
graphs taken at li-mile intervals illusirate downsiresin decrease in depth and
inergase in width,
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A, Sand splay deposited in cottonfield in Kast Goose Valley; B, light-colored,
stratifiecd modern sediment overlying bluck old xoil horizon in tributary of
Coon Creek, Vernon Couuty, Wis.
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Additional confirmation of these interprotations is the fact tha
between 1911 and 1936 an average of about 3 fect of sedimen® was
deposited beneath the Illincis Central Railroad bridge across Hurricane
Valley between ranges H-6 and H-7, as shown by comparison of sur-
veys made in these years (fig. 19). Although the present surface sedi-
ment beneath this bridge is brown, the characteristic vellowish and
light brownish-gray colors usually nssocinted with the ground-water
table occur in sediment shown by the surveys to have accumulated
within the last 25 years, indicating definitely that this grayish sediment
is modern. Nearby, at boring range H~7, the characteristic dark-
gray old soil horizon was {found about 8 feet beneath the surface near
the channel and was underlain by the lighter gray bleached “one,
which is thought to represent the old subsoil. It seems reasonable,
and corroborative of the general theory, that the accumulation during
the past 25 vears should be approximately one-third as much as the

= PRESENT SURFAGCE

Figune 4 —Hypothetical cross soction Hlustrating typicel relations of modern
valley deposiis to buried old soil horizon and residusl soils of adiacent upland
slopes: a, Old sil$ loam soil (dark gray to almost black on premodern fioodl
plain, dark brown on slopes where stifl af surface); b, early nodern alluvial
fan; ¢, modern flood-plain sily; d, very recent surfnco sanding due to complete
channel filling; ¢, residual bedrock sand; f, residual locssial subsoil; g, topsoil
removed by accelerated erosion, The Lhickness of modern deposits, ss here
illustrated, mey be as much as 10 fect,

total accumulation during the period of aceelerated soil erosion—
about 100 years.

In some places no dark old soil horizon was found by boring. This
mey indicate either that the primeval soil was not datk, which would
be & reasonable explanation of conditions in many places, or that it
had been removed by flood scouring or by lateral migration of the
stream. In many of these places, however, light bleached colors and
hard concretions occur at depths correlative with those at which they
were found underlying dark horizons in nearby holes. In such places
these auxiliary eriteria have been accepted as indicators of the maxi-
mum possible thickness of modern accumulation.

No textural criterion for differentiation between modern and older
sediments has been found satisfactory, for in many ploces the varia-
tions within what appear to be unmistakably modern deposits are
greater than the difference in texture between the dark old soil horizon
and the modern sediment immediately above. In genoral, however,
the modern sediments ave distinguished from the underlying older
sediments by greater coarseness and heterogeneity.
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The old dark topsoil of silt is usually underlain by progressively
lighter-colored silt, beneath which, at a depth of a few feet below the
old surface, is sand. This sand is usually fnirly elean, and apparently
it is o stream-channel deposit. This sequence coincides with the
normal vertical flood-plain sequence, in which finer material deposited
from suspended load carried by overbank floodwaters overlies
coarser maferials deposited within the stream channel and largely
composed of bed-load sediment. Stremms that shift laterally at
bends by bank cutting and frequently overflow their flood plains
characteristically build flood plains comprising these two types of
deposits, technically known as vertical accretion and lateral acere-
tion (25, pp. 89-91). So far as known, the streams in question were
of this type when the ares was first settled. No other such vertical
change 1n fexture occurs at uniform depths within the flood-plain
sequence, and it therefore appears evident that the silt-on-sand
contact characteristically found below the dark horizon represents the
base of the primeval flood-plain cover of vertical aceretion. This is
further substantiation of the conclusion that the dark horizon may be
reasonably interpreted as the old soil developed upon the alluvium
before the abrupt and great change in sedimentation rates that has
talken place as a result of culturally accelerated soil erosion.

After the foregoing facts had been discovered and verified it was
concluded that the contact at the base of the modern sediments could
be determined witl reasonable nccuracy by the method of test borings.
The results obtained indicate a total volume of modern accumulation
equivalent to the erosion of a layer 5.4 inches fhick from the entire
upland part of Tobitubby and Hurricane drainage areas (table 7).  In
view of the high rates of sheet erosion found by experiment at Holly
Springs, Miss., on similar soils and slopes (58, p. 12), and the facts
that sheet erosion has been severe in large parts of the drainage basins
and that deep and extensive gullies have intricately dissected parts of
them, it seems reasonable to conclude that the volume of sediment
accumulated in the vajleys during the peried of uccelernted erosion,
as determined by use of these criteria for the identification of the
base of the modern deposits, could have been furnished from the con-
tributory drainage areas. Plot results at Holly Springs as applied to
the Tobitubby-Hurricane drainage area are discussed in more detail
on pages 61-62. The results obtained are thus consistent with ob-
gerved erosional conditions, which tends to confirm the reliability of
the methods used.

TYPES OF DEPOSITS

Practically all the modern sediments in Tobitubby and Hurricane
Valleys belong to ene or another of four distinet genetic types of
deposits, and ab least two other genetic types are present in minor
amounts. These six types are:

Channel-fill deposits.
Vertical accretion deposifs.
Flood-plain splays.
Colluvial deposits.

Laternl accretion deposits.
Channel lag deposits.

Of these, the last two types are of little importance among the
modern deposits, but they may have been more important under pre-
modern conditions. There are practically no Jacustrine deposits, for
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such ponding as occurs on the flood plains produces swamps rather
than lakes, and the swamp deposits are usually indistinguishable from
other vertical accretion deposits.
These genetic types of deposits oceur in what may be called four
distinet associntions, as follows:
Normal ficod-plain, or valley-flat, assosintion.
Aliuvial-fan, or allovial-cone, association.

Valley-plur associntion,
Delts associntion,

CHANNEL-F1LIL. DEMSITS

The channel-fill deposits have accumulated in the stream channels
where the transporting capacity has been insuflicient to remove the
sand as rapidly as it has been delivered. The process has not been a
simple sorting out and deposition of the coarsest material, but a net
accumulation from alternate scouring during rising fleod stages and
deposition during the falling stages. As the average amount of scour
has been less than the average nmount of deposition, the net result has
been aggradation of the channel bed.

The process of channel filling has proceeded rapidly in the upper
perts of both Tobitubby and Hurricane Valleys, in many places, or
perhaps in most, in connection with the development of valley-plug
deposits (described on pp. 29-31). The present stream beds are
usually higher than the buried premodern flood-plain surface, and in
some places they are higher than the present flood-plain surface on
either side. At range T—2 " {fig. 8), for example, the channel bottom
is more than 4 feet higher than the flood-plain surface 400 feet away
and 11 feet higher than the lowest part of the buried premedern flood-
plain surface. The extreme channel aggradation s partly due to
thick growths of willows and other vegetation along the stream banks,
which stabilize and promote upbuilding of the natural levees. QOcca-
sional channel training and cleaning operations by the landowners also
tend to keep the channel confined to the same position on the flood
plain. Eventually, however, the channel shifts to a new ecourse du ring
a flood. In places the abandoned aggraded chunmels may be recog-
nized as low sandy ridges, upon which there is only 8 meager growth
of vegetation. Such an abandoned channel is shown on the topo-
graphic map of part of East Goose Valley (fig. 5). Channel-fill
deposits comprise only a small part of the tote! modern sediments,
but they have been of great importance in causing increased over-
bank flooding and, consequently, increased flood-plain deposition and
sanding of parts of the valley bottom. '

The available evidence indicates that such rapid channel aggradation
was not in progress before the area was settled. Dark soil horizons,
ferruginous concretions, and extensive bleaching in parts of the pre-
modern deposits and the fact that the buried dark-soll horizons
oceur over large aress at uniform elevation suggest that the flood-
plain surface was comparatively stable, and hence that the channels
were probably agerading very slowly, if at sll. Old flood-plain silts
prevailingly overlie what appear to be channel sand deposits, and the
thickness of the finer old sediment is generally fairly uniform. This
relation also suggests thas either the channels were aggrading slowly,
if at all, or that laternl migration was more important than at present,

‘T, H, W@, EQ, and G refer to Tobliubby, Hurricane, West Goose, East (loose, and Qoose Vailleys,
respectively.
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so that the channel shifted from side to side and left & layer of channel
sands at about the same elevation all the way across the valley, to be
covered later by fiood-plain deposits of vertical accretion.

VERTICAL ACCRETION DEPOSITS

In times of flood the stream channels have insufficient capacity to
carry all the water delivered to them as surface run-off. The excess
water overflows the banks and spreads widely over the adjacent flood
plain. Because of greater frictional resistance, this spreading results
in marked reduction in veloecity and even greater reduction in trans-
porting capacity. Part of the sediment carried in suspension while
the water was confined to the channel is therefore deposited on the
flood plain. As the velocity decreases the coarser material is dropped
first and builds up the characteristically sandy natural levees that
border the channels. Finer sediment is carrvied farther from the
channel and deposited as a thinner layer over the entire flood-plain
surface. This 1s the process of vertical accretion (25), and the
depasits are composed almost entirely of sediment that was carried
to the place of deposition ss suspended load. In this respect they
differ from the channel deposits, which are largely composed of bed-

load sediment.
FLOOR-PLAIN SPLAYS

The regularity of flood-plain deposition is interrupted in those
places where excess water leaves the channel through restricted low
sections or breaks in the natural levees. In such places the velocity
of the escaping water may be sufficient to carry along an appreciable
quantity of relatively coarse sediment, which Is carrled farther from
the channe]l than would otherwise be the case. The sandy sediment
is commonly spread outward onto a fan-shaped ares of the flood plam,
across which it is moved forward at least partly as bed load. 'These
deposits are here designated as flood-plainsplays. They are essentially
similar in origin to deposits spread out upon the flood plain when &
crevasse develops in an artificial levee. Glenn (29, pp. 39—-40Y has
described what probably is a form of splay as “fans of sand and
cobbles * * * spread over the once fertile surface” at the ends
of short, shallow distributaries leading from an overloaded small
Appealachian stream.

Splays oceur slong many strearns that are bordered by well-developed
fiood pfains, but in Tobitubby and Hurrieane Valleys their number and
size have been greatly increased during the medern pertod.  Although
individually of small areal extent (pl. 4, 4). in the aggregate they cover
a large area and cause most of the harmful sanding of the bottom lands.

CCLLUYIAL LEPOSITS

Accelerated colluvial deposits have accumulated in considersble
quantity on the flood plain at the base of most slopes bordering
Tobitubby and Hurricane Valleys, and perhaps in even larger quanti-
ties above the flood plains on the lower parts of the longer slopes.
They have caused little damage, however, and have not produced
any significant modification of the valley forms. These deposits are
composed chiefly of the debris from sheet erosion deposited by uncon-
centrated surface run-off or slope wash, together with talus and other
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mass-movement accumulations.  In Tobitubby and Hurricane Valleys
they are dominantly of fine texture, reach maximum thicknesses of
only a few feet, and rarely extend more than 100 feet across the valley
bottoms from the base of the bordering slopes. They are most promi-
nent in the narrow headwater sections of the valleys, where flood-plain
deposition has been minimized as a result of valley trenching,

LATERAL ACCRETION DETOSITS

The deposits of lateral flood-plain accretion are formed along the
stdes of channels, where bed-load material is moved by traction
toward the inner sides of channel bends. Normally such deposits of
lateral accretion are later covered by finer material of vertical acere-
tion, as the channel shifts farther away by lateral bank cutting co
that the slip-off slope on the inside of the bend is overilowed less
frequently and with less velocity. The deposits of lateral accretion
are coarser than those of vertical accretion, but they are finer, on the
average, than the channel-fill or channel lag deposits because of a
greater admixture of material deposited from suspension in the shallow
water on the slip-off slope of the channel side. They may be com-
posed largely of material eroded from the outside bank of the bend
that has been moved diagonally down and across the ehannel bed by
the currents nssociated with helical low (27) and deposited on the
opposite, or inner, bank of the same stream bend, or the next bend
downstream.

In Tobitubby and Hurricane Valleys it is notable that the channel
aggradation has been accompanied by little lateral migration of the
channel by bank cutfing, and, consequently, modern deposits of lateral
nccretion are of insignificant amount. The banks are generally well
protected by vegetation and are fairly stable except where they have
been artificially cleared. Several channel changes by avulsion * were
in various stages of completion at the time of investigation, however,
and this type of change is apparently morc important than channel
migration by lateral cutting.

CHANNEL LAG DEPOSITS

Channel lag deposits are composed of the relatively coarser materials
that have been sorted out and left as a residual accumulation in the
normal process of stream action. They are prominently developed
in the beds of most streams but do not indieate channel aggradation.
as do the channel-fill deposits. These lag sediments also tend to be
mixed with the deposits of lateral aceretion, but in many places there
is n considerable residual accumulation of the coarsest sediment in the
deeper parts of the main channel and in parts of the stream where
lateral accretion is not active. Such residual accumulations are
genetically distinet and often can be recognized texturally where ex-
posed in cut banks after burial and reexcavation. They are typically
found at the base of the vertical flood-plain sequence; although in an
aggrading valicy, lag deposits may be found in old buried channels
ab any vertical position in the valley alluvium below the latest surface
cover of vertieal accretion.

! Abandonment of one channel and development of another in u new Ineition on the Nood plaln, as con-

tsted with migration of channels by progressive bank cuttlng oo the onisivde of bends and filling on the
inside of the honds.
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NORMAL FLOOD-PLAIN, OR VALLEY-FLAY, ASSOUEATION

The various types of deposits are usually found in charncteristic
association with each other, composing together the sedimentary
accumulstion within the valley. In what may be considered the nor-
ma} food-plain, or valley-flat, association of genetic types, deposits of
veitical aceretion oceur as & cover over older coarser depostts of lateral
accretion and perhaps also of channel fill. This flood-plain cover
derived from vertical accretion forms a layer of fairly uniform thick-
ness, whose surface slopes gently and smoothly down valley and some-
what less gently away from the channel banks toward the valley sides.
The modern deposits of vertical aceretion usunlly lie upon older de-
posits of similar origin, which in turn are typically underiain by sandy
channel deposits that were accumulated when the ehannel oceupied
other positions than at present. These older chanunel sands may
represent lateral aceretion on the inside of graduaily shifting channel
bends, or they may represent filling of former channels abandoned by
avulsions. More recent deposits of lateral accretion, in generally
crescentic shapes along the inside of stream bhends, may still be exposed
ab the surface but are typically lower than the surface of the adjacent
older fleod plain, which has been covered by deposits of vertical accre-
tion. The deposits of vertical aceretion form most of the fertile
bottom-land sotls in these vallevs as well as in most others in the
United States.

Modern channel-fill deposits occur in the present stream channels
and in narrow linear strips winding through the flood plain along the
courses of abandoned channels. Bo far as is known, they always
extend downward at least to the top of older, premodern channel sand
deposits. Lag deposits may oecur in the bed of the present stream
channel as well ns in association with the older channel {ill and with
deposits of lateral accretion in old abandoned channels in various
places throughout the ailuvial fill, but they never overlie the upper-
most stratum of vertical acerefion deposits,  There may also be vari-
ous forms of transitory bars in the chamnel. The sand splays are, of
course, immediately alongside the present or former channels, from
which they extend outward and interfinger with or overlie the flood-
plain deposits of vertical aceretion. The colluvial deposits oceur only
along the immediate base of the valley sides, where they extend ocut-
ward into the valley and interfinger with the deposits of wvertieal
accretion. There is characteristically a low area between the natural
levees bordering the streams and the colluvial slopes bordering the
valley sides. This is the back-swamp part of the flood plain.

The characteristics of the different types of deposits in the normal
flood-plain assoeiation are summarized in table 4, and their typical
location in the valley sccumulation is shown in figure 6.
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€ = COLLUVIAL DEPOSITS ALONG VALLEY SIDES
V<7 = VERTICAL AGCRETION DEPOSITS
= LATERAL ACCRETION DEPOSITS
SPLAYS ALONG FILLED CHANNEL
TRENCHED TRIBUTARY VALLEY
CHANNEL FILL

ALLUVIAL FANS
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F1gurE 6.—-Diagram illustrating typical relations of the various types of deposits in the valley accumulation.
(Drawn by W. F. Witzgall.)
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TasLe 4.—Characterisiics of genelic types of valley deposils

Basis of comparison

Type of deposit

Colluvial

Fluvial

Vertical aceretion

Splay

Lateral nccretion

Channel lag

Channel fill

Dominant methods of
emplacement.

Usual plnce of deposit

Dominant texture

Relative distribution
in the valley fill.

Concentration by
slope wash and mass
movements,

At junction. of flood
plain  and valley
sides.

Varies from silty clay
to.boulders.,

Interfinger with the
fluvial' deposits,
along outer margins
of flood plain.

Depcz;‘ition of suspended

On entire flopd-plain
surfaco.

Dominantly silty often
sandy, especially near
channel; often much
clay.

Overlie deposits of Iat-
eral accretion . and
channel deposits; over-
Inin by orinterbedded
with splay and collu-
vial deposits; usually
cover most of flood-
plain surface.

Deposition of bed load .

On _flood-plain surface
adjacent to thestrenm
channel.

Usually sind; may be
gravel or houlders.

Torm scattered lentic-
ular  deposits - over-
lying or interbedded
with vertical acere-
tion deposits adjacent
to present or former
channels.

Deposition of bed load
always prominent, but
suspended load” may
be dominant.

Along side of channel,
especinily on the In-
side of hends.

Sand or gravel; may
include silt or bould-
ers.

Uusually overlgin by
vertical aceretion de-
posits; often nunder-
lain by channel lag or
channel-fill deposits.
May extend across
entire flood-plain
width,

Deposition of bed load. .

On channel bottom_ .. _. .

Sand, gravel, and bould-
ars.

Underlie channel-fill, or
lateral or verticnl ac-
erstion deposits; either
us a nearly horizontal
stratum, - a  veneer
Iying on the bed-rack
floor, or in linear chan-
pej beds.

Deposition of bed load
and suspended load.

Within the channel.

Usually sand, silt, and
gravel. May include
clay or boulders.

Usually form  clongate
deposits of relatively
small cross section,
winding through flood
plain; may overlie lag
deposits and underlie
vertical accretion de-
posits.
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ACCELERATED STREANM AND VALLEY SEDIMEXTATION
ALLOYTAL-FAN, OR ALLUVIAL-CONE, ANSOCIATION

In addition to the characteristic positions of the various types of
deposits, us listed above, there are three other common groupings or
associations that produce characteristic surface forms, always occur
in similar locations relutive to the surrounding topography, and result
from certain definite associntions of causes. These groupings are
alluvial-fan, or alluvinl-cone, deposits, accumulations here designated
“valley-plug deposits,” and delta deposits.

Alluvial fans are well-known geomorphie pbenomeng, althouglh
they are better known by the surface form than by the nature of the
deposits.  Such fan, or cone, deposits nre typically formed where the
eradient of a stream is abruptly lessened as the stream enters a reli.
tively low area of gentler slope, such as the valley of a larger stream.
Alluvial fans are found at the mouths of most cullites and larger
tributaries entering Tobitubby and Hurricane Valleys. Channel fill-
ing, vertical and Iateral accretion, and splays are the chief genetic
types represented among the alluvial-fan deposits, hut they are usually
so Intimntely intermixed that there is little systematic surface or areal
distinetion f)e[;\\'cen them. Most of the larger fans appear to have
originated before modern time, but they have been considerably ag-
araded and extended outward by accelerated sedimentation. In a
few places the reverse has been true, and the old fans Lhave been
trenched by deepencd erosional chamnels, and have therefore been
aggraded only shghtly or not ag all in modern time. Many of the
smaller fans apparently oviginated, or at least first attained significant
size, during the modern period, usually as o result of accumulation of
debris derived from gullies.

Large parts of the present alluvial-fan surfaces are excessively sandy
and thercfore of little value for cropping. The fans are inherently
unstable and are subject to [requent overflow, because the channels
that determine the location and growth of the fans are typicellv sub-
ject to aggradational filling and to rapid lateral migration by bank
cutting,

VALLEY-I'LCG ASSCGCIATION

The valley-plug deposits are always associated with filling of the
stream chammel.  When the channel Tias been completely filled at one
place the locus of deposition progresses upstream by backiilling. At
the same time all the water fowing in the channel is forced overbank,
where it drains down vulley through the back-swamp areas until it
again collects into definite channels and eventuully returns to the main
che nnel below the zone of complete channel filling. This process
causes greatly increased «evelopment of sand splays and, to 1 some-
what lesser extent, inereases the rate of vertieal fccretion from the
water forced overbank. Channelill, sand-splay, and vertical neere-
tion deposits arve thus nll represented i the \'a.ﬁc) -plug associations,
but all 1n greater amounis than in the normal flood-plain association.
The surface form of a valley plug is somewhat similar to that of an
alluvial fan, but it is more elongated than most fans, eccurs in differ-
ent topographic relations, and results from diflerent causes.

In contrast to alluvinl fans, which characteristically occur where the
gradient is markedly decrensed, valley plugs oceur where the stream
gradient is uniform or normal.  There now are slight irregularities in
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the longitudinal profiles of Tobitubby and Hurricane Crecks (fig. 7)
at ranges H-1, H-5, T-2, T-8, and WG-6, which cross valley plugs,
but these irregularitics appear to result from the aggradation of the
channels eaused by the plugging.

In general, the plugs are eaused by decrease in the eapacity of the
stream channel downstream. In some places the decreased channel

(4334) 34T ¥IE HYIA FACHT MOILFAITT

2 & H
H a A

The plotted

o8,

v

TORITUBBY GAEEX AND TRIBUTARIES

=== GOUSE CREEK
——=—fp==—= EAST GODSE GREEK

s -sieeee WEST GOOSE CREEN

el bed ab valley ran

———=—— TORITUBBY CRLEK

(MILES)

OLETANGE

®
l
w
=
=}
w
z
«
2
=
B
=
z

yrofiles of Flurricane, ‘Lobitubby, and Goose Crecks.

he lowest points in the ehann

clevalions are t

PTT S S

a =] o o o
2 -] n o @
- n - " “

L1334} 713437 ¥I5 HYIA IADEY HOLLTAITI

Treone 7.--Longitudinal |

capacity resuits from artificial channel modification, as at the lower
end of the Goose Creek drainage ditch, which emptied into & natural
winding channel of smaller capacity than the ditch. In other places,
as on Hurricane Creek below range H-5, the cause has apparently been
delivery of sediment {rom a tributary in such quantities as to choke
completely the main stream channel. The nature of the original
channel obstruetion is usually not evident, but at some plugs, jams of




ACCELERATED STREAM AND VALLEY SEDIMLENTATION 31

driftwood were probably a primary locus for sand acecumulation in the
channel. In this respect the process may be analogous to that by
which the fnmous “rafts” of driftwood and sediment formerly choked
the channel of the Red River in Louisiana. The developinent of plugs
may also be similar to the kind of intermittent valley filling that
McGee (51, pp. 261-278) described as part of the process that he called
varigradation.
DELTA ABSOT{ATION

Therever the veloeity of a sediment-carrying stream is checked as
it enters n body of comparatively quict water, deposition oceurs and a
delta forms. Deltas have long been recognized as characteristic sedi-
mentary asseciations, and Twenhofel (77, pp. 836--850) has given a
detailed summary of delta conditions and deposits. A typical delta
is composed of bottom-set, fore-set, and top-set beds. The top-set
beds include both subaqueous and subaerial deposits. The subaerial
top-set heds are composed of the several types of fluvial sediments in-
termixed with lacustrine, paludal, and lugoonal deposits and merge
upstream with the valley flood-plain sediments, from which they may
be indistinguishable. Since maost of the subaqueous top-set beds, as
well s the fore-set and bottom-set beds, are formed below the level of
the quict water, they are not properly classified as fluvial deposits. A
delta may, however, be built into a river (77, p. 837) or into a lake on
the flood plain, and such delta accumulations become & part of the
valley deposits, The deitas formed in valley lakes or stroam channels,
and the subaerial top-set beds of othier deltas, are included in the
present classification as a distinctive valley association. Thus deltas,
although formed under characteristic genetic conditions and composed
of a distinctive association of tvpes of deposits, may be classed among
lacustrine, marine, or valley associntions, depending on their location.

The subaerial deltaic surfaces are similar to vallev-plug areas, and
the charancteristic association of genctic types of sediments in the
subaerial top-set beds is likewise very much like that in the valley-
plug association, except that complete channel filling is less important.
The fore-set and hottom-set delta beds are the peculiarly distinctive
fontures that justify recognition of the delta complex as a separate
type of nssocintion. The present valley studies have not yet afforded
an opportunity for detailed attention to delta deposits, however, and
a more complete discussion and description of the delta association will
not be attempted at this time,

Deltas appeat to have been unimportant in modern sedimentation
in Tobitub{)_\f and Hurricane Valleys except as they have formed the
initinl obstruction in some of the ehanneis that have been plugged.
The evidence in these places is inferential in large part, for the sediment
in both the delta and the channel fill is sand, and the beds are not
exposed for detailed study. No important deita deposits are known
to hove formed in the shallow ponds on the food plains. In other
parts of the United States, however, deltas may be of much greater
importance in valley sedimentagion.

vOLUME OF MODERN VALLEY DEPOSITS

In order to determine the amount and distribution of sediment
deposited during the modern period in the Tobitubby and Hurricane
Valleys and the valleys of Goose Creek und its east and west forks,
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principel fributaries of Tobitubby Creck, test borings were made on
53 ranges across the valley bottoms. The location of these ranges
is shown in figure 3, and the present ground surface and premodern
surface, as determined by methods outlined on pages 18-22, are shown
in figures 8, 9, and 10. The width, total cross-sectional ares, and
average depths of fill at each range, and the volumes of modern de-
posits in the segments between ranges, are tabulated in table 5,
Computations by means of the Dobson reservoir formula (20) show a
total modern deposit of 9,035 acre-feet in Tobitubby Valley (including
Goose, East Goose, and West Goose Valleys) and 5,223 acre-feet in
Hurricane Vulley, making a total of 14,258 acre-feet. These quanti-
ties are equivalent to an average depth of fll of 3.1 fect for Tobi-
tubby, 3.8 for Hurricane, and 3.3 for the two combined.

TaABLE §.~~1Width, lotal cross-sectional arca, and average depth of madern fill al cach
range and the volume of modern deposits in seqments between ranges in Tobitubby
anred MNurricane Valleys
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DISTHRIBUTION OF MONERN VALLEY DEFOSITS

The distribution of modern deposits is not clearly ir*"
direct comparison of the volume of fill in the segments *- -
ranges, for the ranges are not uniformly spaced o -
not of equal area. However, by plotting the ;- =+ .
above each range against the distance ~% o
of the Tobitubby and Hurricane #.. .. . : G
flood plain, it is possible to ¢- . St e
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valleys. KEast Goose, West Goose, and upper Tobitubby Valleys
have been considered scparately as though each were the main stem,
and the fill in T'obitubby Valley below their junctions has been incor-
porated in the calculation for ench. The percentage of the total fill
In each tenth of the length of the alluvial valleys is shown in figure 11.

The modern deposits show a marked concentration in the upper
halves of Kast Goose, West Goose, and Tobitubhy Valeys and also
a slight concentration in the upper part of Hurricane Valley. The
approximate percentages of the total valley il concentrated in the
upper half of the valley length of Bast Goose, West Goose, Tobi-
tubby, and Hurricane Valleys, are 67, 61, 66, and 55, respectively.
This concentration in the upper half of the valleys occurs even though
less than 20 percent of the fill occurs in the comparatively narrow
upper fifth of the length of the East Goose, West Geose, and Hurri-
cane Valleys. The upper part of the main Tobitubby Valley, however,
15 relat;ively wide and the fill relatively thick, and there is marked
concentration, amounting to about 45 percent of the total modern
valley fill, in the upper 30 percent of the length of the alluvial valley.
In the Hurricane, East Goose, and West Goose Velleys the greatest
concentration occurs farther downstream, apparently because the nar-
row extreme headwater parts are less favorable areas for sedimentation.
In these valleys, however, the tendency of the modern deposits to
he concentrated in a small part of the valley length is no less marked.
In Hurricane Valley about 45 percent of the modern sediment has
gcoumulated in 30 percent of the valley length, in the fourth, fifth,
and sixth segments from the upper end (fig. 11). In East Goose
Valley about 52 percent of the modern fill 1s concentrated in 30 per-
cent of the valley length represented by the second, third, and fourth
segments from the upper end, and in West Goose about 49 percent
oceurs in the 30 percent of the valley length represented by the third,
fourth, and fifth segments from the upper end.

The width of the valley and the thickness of deposit together
determine the cross-sectional area of modern fill. The cross-sectional
area, average thickness of modern fill, and the width of floed plain
subject o modern deposition, in Hurricane Valley and the main
Tobitubby Valley, are shown graphicelly in figures 12 and 13. A
few ranges, notably T-12 and T-16, depart considerably from an
orientation normal to the valley trend, and consequently the width
of the flood plain and the cross-sectional area of filling for these
ranges are higher than they would otherwise be.

The extreme headwuter parts of the alluvial valleys, above the
uppermost ranges shown in figure 3, have generally been trenched
during the period of acecelerated erosion. An average thickness of
1 to 2 feet of modern sediment oveurs in these trenched sections.
It consists of colluvial wash from the valley sides, together with some
flood-plain sediment that accumulated before the channels had become
too deeply incised to overflow. At the present time only colluvial
material 15 accumulating on these trenched flood plains, for they are
no longer subject to overflow from the main channel. The upper few
ranges on West Goose Creek are in the zone of valley frenching, but
there the incised channel has not attained sufficient size to prevent oc-
casional overflow, and hence the flood-plain surface is still subject to
aggradation from overbank waters. Only a small percentage of the
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total volume of fill has been deposited in these extreme headwater
parts of the alluvial valleys, for the fill is relatively thin and the valleys
fTe NAITOW.

Below the zane of trenehed flood plains, the modern deposits {hicken
rapidly down valley. In Hurricane Valley, & maximum saverage thick-
ness of 6.1 fect occurs al range Fl-1, which is about 1.6 milvs below
the head of tood-pluin developmient and nbout 164 miles [rowm the
moutk of the valley. From this point, the average thickness remains
fairly constant in the next 6 miles down valley and then decreases
in the next 2 miles to an average of zbout 2 feet. This thickness,
except at range H-12, where it is about 4.2 [eot,f is maintained in
the remnining 3.8 miles to the confluence with the valley of the
Little Tatlahatehie.  Although the ilved plain is slightly narrower
below thau above range H-10, the concontration of hil above that

ange is due mainly to o groater thickness of accumulation,

En the main stem of Tobitubby Valley the maximum average thick-
ness ol 7.8 feet occurs at range T- 3, 0.8 milo below the hewd of lioad-
plain development and 10.6 miles above the valley mouth. The
thicitness gradually decreases --aithough with considerable variation
in the cross-sectional aren of fill—-down valley to the junction of
Goose and Tobitubby Creeks, where it is about 2.2 feet. The sumo
general distribution oxists i Goose Creek and its tributaries, except
that the maximum average thickness is somewhat less and oceurs
relatively farther down the valley. Below the junction of Goose and
Tobitubby Valleys, the sverage shickness is about 2 feet or less all
the way to the conlluence with the Little Tallahuatchie.

In general, high average thickness Is associated with valley plugs.
This relation exists in Tobitubby, Eust Goose, Woest Goose, and the
upper part of Hurricane Valley. Below range 13-6 in Hurricane
Valley the arveas where the fill 1s vnusually thick are not delinitely
known to be near plugs, although there is some sugeestion of plugging
at range H-7. The swamping of the valley below range 11.-9 may be
the cause of excessive deposition at that range.

A consideration of the distribution of modern deposits, as shown
by cross sections of the valley &1 reproduced as fieures 8, ¢, and 19,
reveals other important relations. At many of the ranges there is
a marked increase in thickness near the present stream channels and
those recently abandoned. This is particularly noticeable on ranges
T-1, T-7, H~C, H-D, H-1, H-5, BG-6, and WG-6. In many
places such differential aggradation has progressed so far that tho
bottom of the present stream channel is evel with, or higher than,
the surface of the valley bottom at the side. In other places the
aggradation has resulted in abandonment of former channels and
relocation of the streams. At range T-1 in Tobitubby Valley the
channel location has shifted at least twice within the period of aceeler-
ated sedimentation, and present condifions are such that a third
change in the channel location may be expected soon. A large past
of the ditches in the Wells drainage district have also been completely
filled with sand and old natural channels reoceupied or new ones
formed through the back swamps {fligs. 5 and 18).

8 At range H-12 test borings were not siade eanmpletely aerngs the formcr terrace, whicl uaw furins part
of the first bottou, and Lhis ney coase e commpuied aversge thivkess of iegders A1 to appesr abnormally
taigh.
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Alluvial fans built into the main valleys by tributarvies are un
important factor in the distribution of the modern sediments.  They
flank a large part of the valley sides, and in order to represent fans
properly in the data on which volume compuiations were made, a
nun-ber of the ranges were located so as to cross them.  Cross sections
T—4, T-5, and T-7; G -7, G-8, EG-5, and WG-3; 1I-2, H-3, 11-4,
H-5, and H-7, of ficures 8, §, and 10, respectively, show representa-
tive sections of various fans. Af most of these runges, fans were
present belore the modern acceleration of sedimentation, as shown
by the slope of the old seil surface, and in these places there has been
merely accelerated growth of the preexisting fan. At o few ranges,
as illustrated by evoss sections H- 4 and T-7, the modern sediments
have been deposited in fans where formerty there were none.

The presence of alluvial fans usually does not Increase the average
depth of {illing of the ranges that cross them. Al only 3 of 12 ranges
(T4, } 3, and }-7) thal cross fans is (he nverage depth of {itl greater
than would otherwise be the ease. At the nine other ranges the
average depth of fill un the fans is aboul the same or somewhal less
than that on the rest of the flood plain.

Most of the fans extend only a few hundred feet into the main
vallevs, and they modify the surlace configuration only locally.  In
the ageremate, however, they constitute a considerable part of the
valley area. Some of the larger fans have partly obstructed the
drainage of the main valley into which they are built and by so doing
have indueced greater sediment accumulation for some distance up
the vallev.

At places in the lower parts of the valleys the fload-plain surface
has been nggraded until it now extends laterally across former terraces.
Tn such places modern deposits of vertical neeretion cover the loimer
torrace surface to shallow depths, usually of the order of a foot or so.
In these places the width of the zone of frequent flooding and attend-
ant fdood-plain sedimentation has been mereased during moedern
times. The cross sections ot ranges T-8, T-13, H-7, and H.-12
(figs. 8 and 10) show former terraces that are now being covered by
modern deposits of verfieal aceretion.

Compavison of the Toubitubby cross sections also reveals relations
between present and former flood-plain surfaces that suggest that
the low terraces now thinly covered with modern sediment on ranges
T—12 and T-13 mayv represent the downstream continuation of the
main buried flood-plain surface above range T-12. A similar rela-
tionship may exist in Hurricane Valley, but the evidence is less
satisfuctory because of uncertainty regarding the identification of
old soil horizons at eritical points, especially on range H-9. Figures
8 and 10 ilustrate the conditions that lead to this suggestion.

If this interpretation is correct, it indicates that these valleys had
once been graded to a level at their mouths higher than the present
flood plain of the Little Tallshatchie, and had then been partially
reexcavated and graded down to a lower level of the Little Talla-
hatchie flood plain before the inception of accelerated sedimentation,
hv whick a new cycle of aggradation was started. The svailable
evidence does not indicate whether ibis former poried of valiey
exeavation was still in progress at the time the modern acceleration
of sedimentation began. The buried terraces apparently were defi-
nitely lower than, and not coextensive with, prominent terraces that
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now border the lower parts of the valleys and continue nlong the side
of the Little Tallahatchie Valley. These present terraces sre aboust
10 to 15 feet above the immediately adjacent parts of the present
Little Tallahatehie flood-plain surface.

CHARACTER OF THE MODERN YALLEY DEPOSITS

COLOR

Throughout Tobitubby and Hurricane Valleys the sediments at
the present surface of the valley fill are prevailingly brown or light
brown in color.” Locally, especinlly in headwater areas or on alluvial
fans, the brown is tinged with red, indicating that some of the ero-
sional debris was subsoil. 1n many places, however, the brown color
does not continue downward to the base of the modern deposits, hut
changes at depths of a few inchies or more to lighter, dominantly arav-
ish tints. In these places the contact between brown and aray sedi-
ment is usuelly at or near the ground-water level.  In swampy areas
gray sediment occasionally was found at the present ground surface,
but where the modeorn deposits lie entively above the ground-water
table gray colors were not found.

In some places the contact of brown and gray materinl appears to be
fairly sharp, as judged from test-boring cores, but usually there is a
mottled transition zone between the two. The prosence of this
transition zone, in which the mottling transects primary sedimentary
structures, and the close association usually observed between the
ground-water table and the contact between brown and grav sediment
mndicate that the color of the sediment has been changed subsequent to
its deposition.  Presumably this diagenetic change is cansed by redue-
tion of the coloring oxides while the sediment was benenth the water
table.

The deposttion of light~arayish sediment during the early period of
modern sedimentation, followed by burial beneath brownish material,
was considered as an slternative hypothesis to explain the difference
in color. In the Tobitubby-Hurnicane area the surface material of
the predominant upland sotls is gray, but this color is very dilferent
in tmt from the light-grayish colors of the sediments. This color
difference, and the strong evidence for diagenetic origin of the gray
color, indicates that the gray sediment almost certainly does not
represent an accumulation derived by earlier skimuming of upland
gray topsoils, followed by burial beneath later sediment containing o
larger admixture of brownish and reddish upland subsoil and bedrock
materials.

There are also light-colored sand and cluy beds in the Holly Springs
formation, which have been exposed in gullies; but neither of thesc
corresponds closely enougl to the light-gray sediment to be a probable
source of the gray sedimentary material. It would alse be contrary to
the history of modern sedimentation in the vallevs to suppose that
such light-colored debris from the gullies had been deposited at carlier
dates and has since been covered by brownish sediments derived domi-
nantly from the loess that overlies the bedrock sands and clays on
the uplands.

Channel deposits and sand splays are conumonty straw—colored or
light tan, but they may be almost white in small areas. These light

i Coler deseriptions in this report are of moist material.
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colors apparently are in part inherited from light-colored sands of the
Holly Springs Tormation and are in part duc to the notable down-
stream disappearance of reddish tints of the sand derived from areas
where the exposed bedrock sand is strongly colored by iron oxide.

The older sediments of premodern age ave usually gray or domi-
nantly gray but may be mottled with brown or with light-greenish,
bluish, or vellowish tints when the dominant color is very light grayv.
In many places the vellowish and brownish motthng is obviously
associated with concrelions.  Presnmably a change in color is involved
in the development of concretions, the concretions themselves being
vellowish brown when soft and dark brown or almost black when hard.
The fisht-eray colors of the premoderi deposits may be almost indis-
{inguishable from some of the lighter grays in those modern deposits
beneath the ground-water table.  In most plrees, however, there 15 a
Jistinet although slight difference in color, the older sediments being
lighter or havimg more of a bleached appearance, especially when
arcenish, bluish, or vellowish in cast.  Although these colors are so
variable and differ so shichtly that it is diffieult to describe the is-
tinctions accurately cven by reference to a color chart, it is possible
after some expericnce to diflerentiste between them in the field.

PEXTURE

Although both modern and ulder wvalley sediments have been
derived from the same source materials, namely, the loess and the
underiving Hollv Springs formation, the texture of the present surface
deposits is more sandy, on the average, than that of the premodern
surlnce deposits.  The present surfuce 4 inches of flood-plain materiat
was clossified as sand at 35 percent of the places where bormgs were
made, but the old soil was classified as sand at only 10 percent of the
places where it was identificd. The greatest difference in texture
occurs in the upper parts of the valleys, notably above ranges -7,
T--2, and (1 -8, where the surface 4 inches was sand at about 50 percent
of the horing heles but only 11 pereent of the old soil samples were
sand.

The average texture of the total volume of modern sediments also
is coarser than the avernge texture of the upper 4 inches of the old soil.
Tt dloes not lollow, howover, that the Lotal quantify of modern sedi-
ment is necessarily coarser in texture than the total amount of older
sediment in the valleys. [nder natural conditions, a progressive
sorting of sediment has been in process in the streams and vaileys for
many years, by which the finer sediment tended to be carried on down-
stream and the coarser sediment accumulnted In the valleys nearer
its source. As a resulf, a large cquantity of sand underlies the older
flood-plain deposits of vertical aceretion. No systematic efforé has
been made &0 measure the volume of these older sands, but their
inclusion in any comparisons of modern and premodern deposits
might make the average texture of the older sediment coarser than
that of the modern sediment, for the latter has not been subjected to
such prolonged sorting and sand concentration.

The modern deposits are composed of about 30 percent of sand and
70 percent of silt and clay (table 8).  The texture varies greatly from
place to place. Tigure 14 shows the percentage of sand by weight
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and the median {(average) grain size In millimeters of the deposits
at ench boring range.® Tt is apparent that the modern deposits in
the upper parts of the valleys contain a higher percentage of sand
than the deposits in the lower parts of the valleys, Only in West
Goose Valley, however, is the extreme headwnter range the most
sandy, the maximum pereentage of sand being at the third ranges in
Tobitubby and East Goose Valleys, and at the second range in Hurri-
cane Valley. The percentage of sand nt these upper ranges apparently
is related to the channel capacities, the capacity at the lower ranges
baving been reduced by aggradation, and the capacity at the upper
ranges, especinlly H~A, possibly having been increased by valley
trencling.  Consequently, the channel is adequate to bring maore
sand past the uppermost ranges than can be readily carried past the
wider parts of the valleyvs.

The volumetric distribution of sand, or of silt and clay, is deter-
mined not enly by the perceniage of sand and the median grain size
at each range {fig. 14), but also by the volume of fill in varicus parts
of the valley. Thus, where the volume of fill is small, because the
valley is relatively narrow or the fill is relatively thin, or both, the
volume of sand will be small even though the percentage of sand in
the fill is relutively high. Conversely, where the percentage of sund
in the fill is relatively low, but the volume of fill is large, the volume of
sand may be relatively large.

The pereentage of the total volume of modern sand and the per-
centage of the total volunie of modemn fill in each tenth of the alluvial
valley length is shown diagrammatically in figure 11. It is apparent
(1} that the modern sand is definitely concentrated in the upper half
of the valleys, (2) that the roncentration differs in amount and place
in the difTerent valleys, and {3) that the modern sand and total modern
fill dingroms are generally similar in shape, but that the sand is con-
centrated somoewhnt farther up the valley than the total All. If the
texture of the fill were uniform throughout the valley, the two histo-
erams would be identical. Consequently, since they are different,
the concentration of sand farther up valley is due to the greater per-
centage of sund in the fill in the upper valleys.

The concentration of fill in the upper parts of the valleys is not,
however, due only to the concentration of the sarnd.  In Hurricane
Valley about 53 pereent of the total volume of silt and clay is in the
upper 50 percent of the alluvial valley length; in Tobitubby, 61; in
West Goose, 56; and in East Goose, 63 percent.  If the pereentages of
silt and clay in each tenth of the valley length were plotted, the histo-
gram would be very similar in shape to thut of the total volume of
All in figure 11, altheugh it would be flatter and show the coucentra-
tion to be somewhat {arther down valley,

In the Tobitubby, East Goose, and West Goose Valleys there
appears to be a close relation between the location of valley plugs and
the distribution of the total volume of medern sand.  In Tobitubby
Valley about 40 percent of the total volume of modern sand is in 10
percent of the valley length between ranges T-1 and T—4; in East
Goose Valley about 46 percent is im 16 percent of the valley length
between ranges EG-4 and G-7; and in West Goose Valley about 47
percent is in 19 pereent of the valley length between ranges WG-3
and G-7.  As may be seen on figure 15, these segments of the valleys

+ See nppwendlix fur method of detertnining these values,
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are in areas of plug development. Inasmuch as sand is deposited in
large quantities as splays above the heads of the completely plugged
channels, these sandy aveas extend on the average about three-
fourths of a mile above the heads of the completely plugged channels.

In Hurricane Valley the relation of sand coneentration to known
plugs is less apparent. The main difficulty in relating high percent-
age of sand volume to plugs lies in the fact that 32 percent of the total
modern sand is concentrated in the 17 pereent of the valley length
between ranges H-6 and H-9. No plug has heen recognized in this
part of the valley, but there is some suggestion that backfilling due
to plugging may be or may have been operative, for the channel
capacity is notably lower at range H—7 than at range H-6, and a
large swamp extends from n point just below range H-9 to & point
just above range H-12. The concentration of sand may also be due
in part to delivery of relatively large amounts of sand from the thiree
major tributaries that join the master valley between ranges H-6
and H-8. Delivery of sand to Hurricane Valley from relatively short
side tributaries may be a very important factor in the accumulation
of a large percentage of the total volume of sand relatively far down-
stream, as compared with Tobitubby, East Goose, and West Goose
Valleys, where short tributaries contribute less sand in the lower part
of the drainage basin,

Within the modern deposits, the distribution of sand transverse to
the valley length is variable. Tigure 6 ilustrates the principal places
of sand concentration, namely, (1) alluvial fans that wterfinger with
the flood-plain deposits from the sides, (2) present and abandoned
stream channels, and (3) areas extending outward from the banks of
present or former stream channels, where lenses or layers of sand
interfinger with finer sediments. The third of these corresponds to
the sand-splay type of deposit, and occurs chiefly in the upper parts
of the valleys, and especially where valley plugs have developed.

In vertical section, the distribution of sand in the modern deposits
is nlso variable. It is a fair generalization to spy that in the Tobi-
tubby Valley above range T-11 and in Hurricene Valley above range
¥I-11 the modern sediments become coarser in fexture upward,
Below these ranges little vertical change in toxture occurs. In some
places the modern deposits are slightly coarser upward; elsewhere
they are slightly finer or they moy show no appreciable vertical
change. In most parts of the upper valleys, the vertical change is
not truly gradational but results from the increasing number and
thickness of sand layers interbedded with the silt.

BORTING

In considering the sorting of medern and premodern deposits, it is
desirable $o distinguish between two uses of the term “‘sorting.”
In a genetic sense the term may be applied to the dynamic process by
which material having some particular characteristic, such as similar
size, shape, specific gravity, or hydraulic value, is selected from a
larger heterogeneous mass. In a descriptive sense, the term may be
used to indicate the degree of similarity, in respect to some particular
characteristic, of the component parts in 8 mass of material. The
degree of sorting within & mass is not necessarily a true measure of
the amount of sorting that occurred to produce that mass. If, for
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example, a sedimentary deposit is composed of grains having a small
range in size, it is relatively well sorted tex{‘.ut‘aTIy in the descriptive
sense. Depending on the similarity or dissimilerity of the sedi-
mentary deposit to the source material from which 1t was derived,
however, little or much sorfing may have taken place during trans-
portation. 1t is also possible that material that has been subject
to little sorting, such as colluvium washed from a residual clay soil
derived from weathering of a fine-grained basalt, may have a smali
range in particle size, and may therefore be considered better sorted
In a descripfive sense than material that has been derived from more
heterogeneous material and represents a more selective separation
of similar particles from the original mass.

It is possible, by visual observasion of the relative ameounts of the
various-sized grains present, to classify n sediment as to its degree of
textural sorting. For miore precise evaluation, however, three sta-
tistical measures, based ou particle-size distribution as determined by
mechanical analysis, have been suggested. The arithmetic quartile
deviation as used by Krumbein {89, pp. 401-402), the geometric
quartile deviation as used by Trask (75, pp. 70-72), and the log
quartile deviation as seggested by Krumbein (41, pp. 99-107),
each is a statistical expression of the vange in particle size in that half
of the sample between the fivst and third quartiles.® Trask (75, p. 71)
designated the geometric quartile deviation as the “sorting coefficient.”
The geometric quartile deviation is the square root of the quotient
obtained by dividing the first quartile by the third quartile.  On the
basis of 170 analyses Trask found that a sorting coefficient of less than
2.5 indicates a well-sorted sediment, and a sorting coefficient greater
than 4.5 indicates o poorly sorted sediment.

The sorting coefficient has been calculated for all samples of fiuvial
deposits from Tobitubby and Hurricone Valleyvs that were analyzed.
Of the 206 samples of modern sediment, 129 are well sorted and only
1 is poorly sorted by Trask’s classifieation (fable 11, in appendix).
Of 147 sumples of premodern sediments, 1063 are well sorted, and only
1 is poorly sorted. Each sample represented n 4-inch thickness of the
flood-plain deposit and consequently was usually composed of more
than one individual layer. These individual layers would be betfer
sorted than the composites of two or more layers, which usually con-
stituted the samples used.

Trask’s classification, however, was based mainly on marine and
lacustrine sediments, and for this reason it may not be equally appli-
cable to the range of sorting in all types of deposits. If Trask’s
method (which designates as well sorted that 25 percent of the sedi-
ment with the lowest sorting coefficients and as poorly sorted that 25
percent with the highest sorting coefficients) is applied to the fiuvial
sediments in the Tobitubby and Hurricane Valleys, however, those
sediments having o sorting coeflicient less than 1.9 are classed as well
sorted and those having a coefficient of more than 2.7 as poorly sorted.
These limits would not necessarily apply to all fluvial sediments, for
the size range In the Tobitubby-Hurricane deposits is limited because
the source materials have & rather small size range.

The size distribution in the Tobitubby and Hurricane sediments
also serves to illustrate a weakness in the use of coefficien.s based on

¢ T'he Brst guartile is the size at which ene-fourth of the sampic is coarser and three-fourths Szer; the third
quartile is the size at which three-fanrths of the sample is eoarser and one-fourth fner.
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quartile deviation to describe the degree of sorting. The sediments
are composed of varying proportions of sand and silt derived, respec-
. tively, from the Holly Springs sand and the loess, neither of which
has a large percentage of sediment between one-eighth and one-
sixteenth of a millimeter in diameter (table 8). The deficiency in this
size is reflected in the fluvial deposits, and the cumulative curve of
the size distribution is markedly flattened in this size range. When
this flattening occurs near the quartile line, a wide range in the sorting
coeflicients may result from very small differences in the amount of
sand in the sample. This effect is shown by the two analyses plotted
in figure 16.  Althongh the difference in tlie amount of sand in these
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Frours 16.—Cumulative curves showing particle size distribution in two samples
from Tobitubby and West Goose Valleys. This diagram illustrates the effect
of slight differences in mechanical composition on the value of the sorting
coefficient.

two samples is only about 6 percent, the sorting coeflicient is 2.1 for
one sample and 3.4 for the other.

The classification based on quartile deviation does, however, permit
o comparison of the degree of sorting in the modern as contrasted with
the premodern deposits, and of the modern deposits in different parts
of the Tobitubby and Hurricane Valleys. Of the 353 samples ana-
lyzed, a greater percentage of the modern than of the premodern
samples are well sorted in a descriptive sense, o smaller percentage
are moderately well sorted, but o larger percentage are poorly sorted.
Thus it would appear that the range in sorting of samples of the
modern sediments is greater, but on the average they are about as
well sorted as similar samples from the older deposits. It is possible,
however, that some types of premodern sediments, especially the
apparently well sorted premodern chanuel sands, were not adequately
sampled, and consequently that the premodern sediments, as a rule,
may be somewhat better sorted than the analytical data now at hand
would indicate. .

A comparison of the present and premodern surface samples indi-
cates a very different relationship. At 37 of 51 boring holes on ranges




46 TECHNICAL BULLETIN 695, T. §. DEPT. OF AGRICULTURE

T-1, T-11, T-18, H—4, H~8, and WG—4, sorting is better in the pre-
modern than in the present surface samples. At 8 holes the modern
and premodern sediment are about equally well sorted, and at only 6 .
holes the modera sediment is hetter sorted. Apparently no consistent
relation exists, however, between the comparative sorting in the
modern and premodern surface deposits on the one hand and the
location in the valleys on the other. As a general rule, therefore, the
premodern old soil was apparently much better sorted in a descriptive
sense than the modern material forming the present surface of the
first bottoms.

In contrast, if all samples of modern and premodern sediments are
considered, those from the lower part of the valley, ranges T-11 and
T-18, are not so well sorted as those farther up the valley. Of 86
samples from these ranges, only 5 ere well sorted and 29 are poorly
sorted by comparison with the average for Tobitubby-Hurricane
Valleys; whercas of the 267 semples from the upper valleys, 83 are
well sorted and 59 poorly sorted.

If the average composition of the modern deposits at each range is
considered, the sorting of the modern sediments, as measured by the
sorting coefficient, {table 11, in appendix), is poorer in the upper parts
of the valley. At all 12 ranges below T-10 and H-10 the sorting
coefficient is less than 2.5, but at the 37 ranges above T—10 and H-10
the sorting coefficient is less than 2.5 at only 6 and is greater than 4.5
at 14, The variation In sorfing in the upper valleys tends to show
sbout the same irregularity as the percentage of sand.

The Tobitubby-Hurricane deposits are also well sorted in the
genetic sense of representing o selection of similar material from a
more heterogenecus mass. The source material is dominantly silt
and sand, derived mainly from the loess und the Holly Springs sand,
respectively. EKrosion delivers both types to the streams, but in the
valley deposits the separation of sand from silt is fairly complete.
This does not mean that the deposits at any one locality are all sand
or all silt, although a marked concentration of sand does cceur in the
upper parts of the valleys, but that the individual beds of the deposit
are either dominantly sand or dominantly silt. These layers represent
the result of sorting action, and o deposit consisting of interbedded
layers of sand and silt must be considered genetically befter sorted
than & deposit of the same bulk composition in which there has been
no separation into layers. Viewed as a whole, however, such a well-
stratified deposit, composed of various layers that are individually
well sorted but very different in average grain size, may appear to be
very poorly sorted in a descriptive sense.

(Good sorting in the genetic sense meay be undesirable agriculturally,
for sorting out and deposition of certain types of material, such o3 sand
or gravel, may cause considerable damage. On the other hand, the
sorting out of sand and gravel may, by concentrating their deposition
fairly close to the source, reduce sediment damage to move valuable
valley resources farther downstream.

PAMAGES

The damages directly due to excessive sedimentation in Tobitubby
and Hurricane Valleys are of three principal types, according to origin.
These are {1) increasing frequency and height of overbank floods re-
sulting from sedimentary filling of stream channels and aggradation
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of flood-plain surfaces, (2) swamping of valley fands us n result of
obstructed surface run-off and the rising ground-water table caused
by aggradation of the stream beds, and (3) sand deposition on the
former silt loam bottom lands, with consequent loss in the productive
capacity of the land. In addition, direct damages also result from the
genetically closely related processes of (4) valley trenching in head-
water areas and (3) stream-bank crosion. The arveas affected by the
three principal types of damage associsted with excessive sedimenta-
tion are summarized in table 6.

TaBLe 6.— Areas dameged by excessive fluoding, swamping, and sawiing, tn Tobitubly
. / ! ff
and Hurricane drainnge basing

T Arex i Torai bot-
+ alTeetod tom band

Nature of datinge

Sandling ond leres Ferecut

'I‘oi)ir.ni_\}h'y, Gogse, East Goose, West Goose, and Turddenne Valleys, ... . w0 .

Grher tributaries | . 5]
Sanding and swamping. . .. . .. R L 8
Sanding and exeessive flooding 1. . .. - .. I 330 .
Bwamping only., .. . . . . .- 30 .
Swamping and exeessive fooding . imme e e ie e ial &1 -
Exeessive fonding only e mmmm e memee e e e o 2,240

Totnl aren now seriously inpaired or wortliless for agrieultam! wse 4, IR0 558

! “Ereessive Boptdine" g5 here used denotes Innd that, bechuse of Lhe frequency o Uime of Booding, ecrnnat
bit used for apriculture with expectation of & satisfactory return.

INCUEASED FREQUENCY AND NEIGHT OF QVERHANK FLOOCDS

Erosion-plet studies conducted by the Southern Forest Experiment
Station, at Holly Springs, 25 miles north of the Tobitubby-Hurricane
aren, have shown more frequent and larger amounts of surface run-off
from bare or cultivated slopes than from similar slopes under forest or
grass cover (83, p. 10). These tests were made on soils and slopes
similar to those that predominate in the Tobitubby and Hurricane
drainage areas. It is, therefore, reasonable o suppose that as a result
of the clearing of the natural forests and cultivation of the sloping
uplands water Is delivered to the velleys more frequently and in greater
volumes,

There is no evidence that the capacities of the stream channels have
been increased except in the short headwater stretehes where the val-
leys have been trenched. On the contrary, the accumulation of sedi-
ment—mostly sand---in the stream channels has in many places greatly
reduced thewr capacity for carrying floodwaters, This aggravates the
flood problem because storms that otherwise would cause only a minor
rise now cause overbank floods.  As the stream beds and natural levees
have been built up by sedimentation, the rate of return of overbank
waters to the channels has also been returded. This has caused more
prolonged, and therefore more harmful, flooding of the valley lands.
Beeause of lack of adequate data on conditions in earlier vears, it is
impossible to determine quantitatively the extent to whieh stream-
channel sedimentation has thus aggravated the flood problem, but at
many places the evidence of channel filiing is ebvious and unquestion-
able. Channels in which the water flows several feet above the fields
on either side are common. At some places the channels have heen
completely filled, and consequently all the surfuce flow of the stream
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is turned out across the valley. Such conditions are proof that sedi-
mentation is an important factor in causing valley flooding.

At the present time practically all the first bottoms and parts of the
low terraces, or second bottoms, are subject to frequent and severe
floods. It is estimated that 3,200 acres, or about 46 percent of the
bottom lands of the two drainsge basins, is uncultivated becnuse of
the danger of flocds. In general, the flood damage becomes progres-
sively more serious downstream. About 450 acres of the flood area
is sanded and about 510 acres is swamped, but the remaining 2,240
acres, or 70 percent of the total, is damaged only by excessive flooding
and would therefore he nvailable for profitable cultivation if floods
were less frequent and severe. Frequentlate spring floods delay plant-
ing, so that cotton often cannot be planted early enough to escape
sertous damage in years of severe boll-weevil infestation.  Corn is the
principal bottom-and crop, primarily because it is better suited to
witltlistand the flood dangers, but it also may be damaged by summer
floods.

The filling of channels is a real threat to the continued usefulness
of several existing highway bridges, and the frequency and height of
flooding necessitates provision for extensive fills and expensive bridges
in the construction of main roads that cross the valleys. The frequent
flooding also causes relatively rapid aggradation of the flood-plain sur-
face, thus necessitating replacement of fences that have been partly
buried (pl. 5, B). The true cost of such damages cannot be readily
evaluated from existing data.

The cost of the filling of channels in the Wells drainage district can
be more definitely established. This district comprises about 1,500
acres in Tobitubby, Goose, West Goose, and Xast Goose Valleys.
About 11 miles of drainage ditches were execavated in 1920. The
ditching was financed by a $27,000 bond issue, The total cost, in-
cluding interest on the bonds, was $55,000. This was to be met by
special taxes to be collected over a period of 23 years ending in 1943,
The cost of the improvements exceeded the estimates, however, and
an additional $10,000 worth of bonds was authorized. Legal difficul-
ties arose regarding these additional bonds, and taxes for their redemp-
tion are not being collected.

The need for drainage was due mainly to the clogging of stream
channels by sand washed from the tributary uplands, but no provi-
sion was made to protect the new ditches from such sand sccumulation,
and they filled rapidly. Within 5 years, according to the reports from
loea! residents, the ditches had ceased to function adequately. In
1927 the county drainage board inspected the district and reported
that work was needed to reopen the ditches, but no funds were avail-
able for the purpose. In 1937 about one-half of the ditches were com-
pletely filled with sand (pl. 5, 4), and about haif of the remainder had
been so much reduced in capacity that they did not furnish adequate
drainage or flood control. Thus, in addition to the loss of productive
capacity of the bottom lands that were to be improved and protected,
an investment of $55,000 became practically worthless before the costs
were entirely paid.

The quantitative effect of sedimentation in aggravating flood danger
is most clearly shown in places where the flood plain has been built up
to or nearly to the level of former terraces. In such places the decrease
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in capacity for discharging floodwaters without overflow of the terraces
may be computed with suflicient accuracy to establish the correct order
of magnitude of the results. Such computations, even if rough approx-
imations, are nonetheless mueh more precise than the qualitative gen-
eralizations that, in the absence of accurate data on flood conditions
before or during the early vears of the modern period, usually have
been the basis for discussions of this factor in the flood prohien.
Range 13 in Tobitubby Valley provides the necessary phyvsical set-
ting and data for such ecomputations. As shown by the cross section
(fig. 8), there formerly was a narrow, low flood-plain surface sbout 300
feet wide and about 5 feet below 2 second bottom, or terrace, more
than 1,200 feet wide. As a result of modern sedimentation, the entire
flood-plain surface hias been built up until the old second bottom has
been buried to a depth of 1 to 2 feet, and the former lower flood piain
has been entirely obliterated. The present flood-plain surface is
approximately level across its entire width of about 1,500 feet, and a
part of it is under cultivation. A few feet higher is a broad, prominent
terrace (mot shown on the cross section), which is under eultivation
and is one of the best areas of agricultural land in the drainage basin.
The cultivated fields on the present flood plain are inundated when-
ever the flow of Tobitubhy Creek is greater than the immediate
channel can accommodate. No measurements have been made in
the field to determine this channel eapacity, but from the cross-section
data, gradient, and known channel conditions, reasonable assumptions
exn be made as a basis for computation of its approximate discharge
capacity. Such a computation has been made by the Manning for-

mula:
1l ASGRYSYA
1

L

Q

in which @} is discharge capacity in cubic feet per second, R is hydraulic
radius, §1s water-surface slope as determined from the average channel
gradient (10 feet per mile). A is eross-sectional avea in square feet,
and n is the roughness factor, which is taken as 0.05. For the
channel at range 13,

= {(1:486)(2.83)(0.0435)(210) _
- 0.05 =

768

According to this computation, and the assumptions and estimates on
which it is based, & flow of more than 768 cubic feet per second will
now_cause Tobitubby Creek to overflow at this place and to begin
flooding cultivated farm land,

Before the period of modern accelerated sedimentation, channel
overflow at this place would first affect only the narrow first bottom.
The lower terrace, which was ot least four times as wide as the first
boitom and approximately at the level of the prosent cultivated flood
plain, would not have been overflowed until the discharge excecded
the capacity below the level of the lower terrace. Thus, in addition
to the channel capacity, an overbank cross-sectional area of about 1,500
square feet would have been available for flood discharge before the
lower terrace was inundated. Considering only this aves of overbank

1456156°—40——4
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discharge, & computation based on Mamning’s formula, with an as-
sumed value of 0.1 '® for , gives the following resuls:

%
g {1:486)(2.86) é0.0435)(1 500) _y 773
N

From this it is evident that, even if there had been no permanent
channel, the overflow of cultivated agricultural lands on the lower
terrace would, under premodern conditions, take place only when
the flood discharge become more than three and one-half times as
great as that now required $o produce such overflow. Unfortunately,
no satisfactory datn are available on echannel conditions at this place
before modern accelerated sedimentation, hut it s known that sedi-
mentation has reduced the size of channels at many other places m
these valleys. If the premodern channel is assumed to bave had a
discharge capacity about the same as the present channel, the flood
discharge required to inundate the lower terrace would liave been
about four and one-half times that required at present. If the channel
capacity was greater than at present, as is known to have been the
case in some places, the discharge necessary to flood the lower terrace
would have been even greater,

The earlier narrow first hottom would probably have been of little
agricultural velue, and hience its inundation would have caused little,
if any, damage. It is also probable that the loss in value of this rela-
tively small aren of lower flood plain would have been more than com-
pensated by the greater protection of the second bottom againss flood-
ing. Of even greater importance to the farmers now cultivating the
upper terrace is the fact that continued accelerated sedimentation will
progressively decrease the protection against overflow now afforded
to the upper terrace lands by the overbank discharge capacity of the
present first bottom below the terrace level,

In the above computations the assumed values for n are the prin-
cipal possible sources of error, but no reasonable change in these
values would materially affect the order of magnitude of the results.
Except for the change in cross-sectional area and a small difference in
the hydraulic radius, the factors are the same in each computation.
Thus it seems certain that at this place, and regardiess of any increase
in the frequency of flood discharges that may be due directly to more
rapid run-off froin cleared and cultivated sloping uplands, sedimenta-
tion must have caused u marled increase in the frequency of fiooding
of agricultural land during the modern peried. Quantitatively, as
indicated by these computations, the capacity of Tobitubby Creek at
range T—-13 to discharge floodwaters without overflow of agricultural
land has been reduced about 80 percent, or to about 20 percent of its
premodern capacity, if the present and former channel capacities are
assumed to be the same,

SWAMPING OF VALLEY LANDS

Swamping as & result of excessive sedimentation is estimated to
have affected sbout 550 acres, or 8 percent of the total bottom lands
of the two drainage basins. Of this area, 10 acres are severely

18 The ranghness of the oot plain would ordinarily be gronter than Lbat of the chunnel, o the seos
here wsed.
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A, Wells drainage district ditch filled with sand, in East Goose Valley just below
old Batesville rond. B, Three generations of fence posts near boring range
H-E, Hurricane Valley. Newest post is In center; post of earlier fence on right;
and oldest post oun left.
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A, Pond formed as a result of aceelerated sedimentation at boring range LG4,
Lnst Goose Valey; B, trees in Goose Vailey, between boring ranges G-7 ane
G-8, killed by the high water table cuused by filling of the Wells drainage ditch,
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sanded and 510 subject to cxcessive flooding, The swamping has
heen due (1) partly to ageradation of the stream channels, which in
turn has caused the ground-water table to rise until in places it is at.
or its projection is above, the flood-plain surfnce, and (2) partly to
the aggradation of natural levees and alluvial fans, which obstruct the
free Tun-off of water down the valley and to the channel. In some
places permanent ponds have been formed. Such ponds occur
between ranges H-2 and H-3 and between ranges H-8 and H-10 in
Hurricane ¥alley, There arce also ponds at range EG—4 (pl. 6, 4) in
East Goose Valley and below range WG-6 in West Goose Valley.

Standing timber has been killed by swamping (pl. 6, B). and else-
where swamped areas hnve not developed a profita: le tree crop alter
logging or alter abandonment of cultivation but support only a growth
of willows and other relatively worthless types of vegetation. Clon-
siderable areas of formerly cultivated fields have also been abandoned,
and yields in even Inrger arcas are low and uneertain, in addition,
much of the uncleared bottom land that now supports some sort of
tree growth has been rendered unfit for clearing and cultivation
hecause of the high water table.  Of the 1,500 acres of bottom land in
the Wells drainage district, about 250 acres, or 17 percent. are now so
badly swamped as to be useless for cultivation, and on perhaps one-
quarter of this area either the standing timber has been killed or the
present growth consists of willows and worthless hrush.

The development and growth of swamps and ponds on the flood
plains also [urnishes additional hreeding places for mos¢uitoes, and
thus tends to aggravate the malaria problem, which is serious in this
area.  In general. throughout the eastern United States, clearing of
[orests and cultivation of the land have reduced the extent of swamp-
lands and thusreduced the area of breeding grounds for malaria-carry-
ing mosquitoes, but in Tobitubby and Hurricane Valleys this beneficial
process is being reversed at the present time. No fizures nre avail-
able to determine the importance of swnmping in inereasing the
malaria incidence in the Tobitubby-Hurricane area, but fgures are
available for a similar case reported by the Tennessee State Plan ning
Commission " in an area about 100 miles to the north. There, as a
result of swamping and ponding caused by clogging of a drainage ditel
in 1929, malarial deaths in the adjacent area inereased more than 50
percent during the period 1929-35. Perhaps no such abrupt increase
has occurred 1n Tobitubby and Hurricane Valleys, but this Tennessee
case occurs under sufbctently similar conditions to afford definite
mndication of the serious effects of swamping and ponding of the tvpe
that has oceurred, and is incressing, in Tobitubby and Hurricane
Valleys.

BANDING OF VALLEY LAND=

The damage to hottom lands by surface sanding results chiefly from
sand-splay formation, and it is most severe on alluvial fans and in
and immediately above the plug areas (pl. 7, 4). Where sand is
spread out in splays it often covers older silt deposits, and if the
sand 1s more than 6 inches deep, it cruses a marked decrease in pro-
ductive capacity of the land affected. In addition to the loss of
lertility, the tendency of the sanding to oceur in relatively narrow

WTERNESSER BTATE PLANNING COMMMBION, DRIFT, FLOGH WENADE WEST TENNXESSEE AREA. Plan
Taples, 11 7. 1936, [3BLimcographed
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strips 100 to 300 feet wide along the stream channels produces marked
variations in soil charncteristics within arens usually worked as single
fields. It is therefore inconvenient and more costly to eultivate such
fields because of the varying physical conditions, especially as they
affect tillage requirements during periods of drought or heavy
precipitation.

Serious permanent damage o valley lands by sanding is apparently
less widespread than might be supposed from cursorvy examination
alone. In much of the affected area damage by sanding is associated
with less obvious but sericus damage by swamping and frequent
flooding.  Furthermore, test borings indicate that many places that
were surfaced with raw and infertile sand at some time during the
past hundred years have since been covered with relatively fertife
silt deposits. Production [rom such silty soils in various parts of
these and other nearby valleys indicates that when cultivated they
are capable of producing fine crops if protected from fiooding and
swamping.

Locally, however, the damage by sanding has been severe, especially
in the upper valleys. It is estimated that in 1937 about 940 ncres
were worthless or seriously impaired for agricultural use becnuse of
sanding alone.  This estimate includes 340 acres in thie main and
tributary valleys, in which detailed boring survers were conducted,
and 600 acres in other tributary valleys, for which separate estiniates
have been made from much less complete data.  An additional 450
acres could not be reclaimed by control of the swamping and excessive
floading that now make them worthless because the sand nlveady
deposited would continue to make them unproduetive. About 14
acres oufside the aren of excessive valley flooding are both sanded and
swamped. The total aren of sanding is thus about 1,400 acres, or
about 20 percent of the total bottom lands, in the twe drainage
areas. As pointed out above, not all these sanded lands sre certain
to continue to be unproductive but if present conditions continue,
any shnded arens that may be improved by silt deposition will prob-
ably be more than counterbalanced hy other sdditional areas that
will undoubtedly be covered by sand in the future,

VALLEY "TRENCHING

Trenching to depths of 3 to 12 feet (pl. 3) has caused several kinds
of damage in the upper parts of the valleys. The difficuity of working
the lands has been incremsed, and in some places construction of
bridges for the transfer of farm implements from one side of the
valley to the other has been necessary. Trenching has also lowered
the water table in these areas and thereby aggravated drought dam-
age In years or seasons of unusually low ramiall. As drainage was
comparatively good and flood demage small in these hendwater
areas under natural strenm conditions, little benefit has been derived
from the enlarged channels and more rapid run-of resulting from
valley trenching. The trenches have, on the other hand, been an
important factor in transporting sediment, especially sand, down to
the wider and more valuable purts of the valleys, and thus increasing
the damage by sand deposition there,
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SPHEAM-BANK EROSION

Stresm-bank erosion is not generally severe or serious in the Tobi-
tubhy and Hurricane Valleys. Locally, however, it has been con-
siderably accelerated where the banks have been cleared in attempts
to counteract the officets of sedimentory filling of the stream channels.
A good illustration is afforded by a seetion of the West Goose Creok
drainage dilch. Tor a distance of about 1,000 feet the banks have
been kept eleared for a number of years, and this section of diteh has
widened to an avernge width of 43 fect.  For a distance of 2,000 foet
downstream the average widih Is only 27 foet.  Bank erosion enused
by bank clearing has thus destroved aboul one-third of an nere of
bottom land and removed sbout 1,860 cubic vards of sediment in
this 1,000-foot seetion of valley.  Figure 17 illustrates these relations,
The _greater width upstream from the 1,000-foot seclion is due to a
winding stream pattern above the original head of the artifieinlly
stroightened chnunel.

The widening by bank erosion may be accompanied or [ollowed by
notable aggeadation of the streatn bed, so that loss of and by erosion
is not fully compensated by incrensed discharge capucity of the
channel. Plate 7, A shows sueh local widening of West Cioose Creek.

LOCAL CONTROL AND RECLAMATION EFFORTS

Iudividual tandowners and farm operalors have made numerous
attempts Lo improve drinage in the middle and upper parts of the
Tobitubby and Thurricanc Vallexs. At some places sand has been
plowed or shoveled out of the channels and some improvement thus
effected. Owing to the rapid accumulation of sand, however, the
channels must he periodieally reopened.

The same methods have bheen used to slart new channels or to
straighten the old ones, in the hope thal the small dug or plowed
ditches would be enlarged by bed and bank erosion. Such artificial
channels may be helplul for a short time, bhut nsually the desired
enlargement fails to take plnce, and instead the channel fills with
sand.  Beeause the seape of such channel cleaning and straightening
is limited, the henefits are always local, and such messures are nof
known to have been effective al any place over any long period of
time. On the other hand, some of these improvements have cansed
chanmel incision or trenching in the headwater seetions of the vallevs
and progressive migration of watorfalls or rapids upstream into the
uplands. As o resull, old gullies bave been rejuvennted and new
ones formed.

Attempts have alse been made 1o imuprove the channels by clearing
brush and trees from the banks.  An increase in capacity may result
from this practice, but the benefit is only temporary unless the banks
nre kept clear by frequent cutting. The benefits are not known to
have been maintained at any place more than a few vears, except
in some of the sandy headwater aress where cousiderable widening
of the stream channels by Interal erosion has oceurred. The most
conspicious example of such widening is on West Cloose Creels,
where the artificially steaightened chunnel, kept cleared for a distance
of 1,000 feet, has increased in average width from 27 feet to 43 feet
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(fig. 17). Concurrently with the widening, the channel bed was
aggraded, and thus increased channel capacity was achieved only by
a comparatively large incresse in channel width and the destruction
of about one-third acre of {airly good bottom land.

In some areas of serious flood-plain sanding, local efforts have been
made to protect valuable fields by construction of brush dikes a [ool
or two in height. These are huilt parallel to the stream on top of
the natural levees, the brush being laid parallel with the channel
and held in place by stakes or trees. Such dikes are especially useful
where the natural levee is low or where it lias been breached by over-
flow waters or by a path or farm roadway. The brush dikes retard
the velocity of the water sufficiently to induce sand deposition.  The
brush pile is soon stabilized, and the height of the bank is raised
sufficiently to reduce the amount of water and sediment carried out
upon the adjoining field. Large areas cannot be protected by such
measures, however, for the sand is diverted {rom one field only to
be delivered to another plnce of cdeposit. Loeally, however, the
method appears to have considerable value, [or the fields from which
sand is exeluded tend to be built up by accumulation of finer and
more fertile sediment, and thus tend to be maintsined in relatively
good condition for at least a few years. Commonly, however, the
brush dikes have been so carelesslv and poorly constructed that the
nctual benefits have been far less than might have been obtained by
more careful workmanship.

In the Wells drainage district, which includes about 1,500 acres of
boitom land in Tobitubby, Goose, West Goose, and East Goose
Valleys, & more extensive attempt has been made to improve the
bottom land. This district was organized n 1919, and in 1820 about
11 miles of drainage ditches were exeavated by blasting and spading.
The ditches ranged from 10 to 14 feet in top width and averaged 6
feet in depth.

The Wells disirict ditehes did not prove effective, apparently in
part because of inadequate outlet for the water at the lower end of the
district. Instead of enlarging by erosion, as was anticipated, the
ditches soon began to fill with sand. Within a few years, according to
reports of local residents, they were completely filled at the lower
ends. Backfilling continued, #nd by 1937 about 52 percent of the
original ditches were completely filled and another 20 percent were so
nearly filled that they were inadequate to carry off ordinary freshets
without overbank flooding. The extent of filling of the ditches is
shown in figure 18. A large part of the bottom land within the
district is now praetically worthless for farming and is abandoned to
swamps and brush. Plate 8, 4 is an aerial photograph of a part of
West Goose Valley near boring range WG—6 showing several stages in
this progressive abandonment. A part of the valley where the ditch
is entirely filled has been abandoned and is completely grown up to
willows. Farther upstream, where active overbanlk deposition is
now in progress, the land has been recently abandoned and has
partinlly reverted to willows and briers, but where the ditch is still
partly effective the flood plain is cultivated. The present appearance
of the ditches, where completely filled by sediment, is illustrated by
plates 5, A, 8, B, and 9, A.

In conjunction with the demonstration program of the Soil Conser-
vation Service, erosion-control treatment has been given to a small
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A, Sand splay in abandoned fleld alongside filled diteh shown in plate 5-4, Eust
Goose Valley, B, West Goose Croek where it is being widened by active bank

erosion. The widening of the channel has heen accompanied by shallow

ing
as a result of sand deposition. Above range WG-3, West Goose Valiey.
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A4, Progressive abandomment of bottom land at head of plugged, back-filling
Wellz diteh near Range WG-6, West Goose Valley, 4 miles wost of Oxford,
Miss. The diteh, which appears as a broad white line exteading [roin right
to left, i3 completely filled at the left, and the swumpy, wooded bottonr Iand
appears as a dark aren; in the center are three recently abandoned fields, with
dark clumps of brush scattered among fresh sand splavs; at the right, where
the ditch is still partly effective, the light areas of regular shape are cultivated
fields. (Aerial photograph by courtesy U. 8. Ariny Bugineers)., B, View
do“;n completoly filled drainage diteh at Range WG-6, within the area shown
i A
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Ficure 18.—Extent of filling of Wells drainage district ditches in 1937,
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part of the uplands of the tributary drainage areas since 1934.  These
practices, in addition to reducing the rate of sediment production, also
reduce the rapidity of run-off from the upland surface. The applica-
tion of such practices is still too limited o provide much benefit to the
valleys. Before the demonstration work of the Service, little applica-
tion had been made of upland conservation practices and no specific
attempt had been made to proteet the bottem lands from harmiul sedi-
mentation and destructive flooding by reducing the rates of upland soil
erosion und surface run-off.

RELATION TO DOWNSTREAM FLOOP PROBLEMS

Tobitubby and Hurricane Creeks nare ftributaries of the Little
Tallahatehie River, one of the principal headwater streams of the
Yazoo drainsge system. The lower part of the Ynzoo Basin consists
of about 6,600 square miles of fertile alluvial lands commonly called
the Yazoo Delta. According fe the report of the National Resources
Committee (80, p. 440): “The chiel water problems are the protection
of lowlands from headwater floods and a system of drainage for the
Yazoo Delta.” To make most of these alluvial lands rensenably safe
from flood damage, large sums have already been expended by local
interests, and further expenditures by both local and Federal agencies
arc anticipated.

Many past attempts to improve drainage and control flocdwaters
have failed or have been seriously hampered by excessive sedimenta-
tion. The gradients of the streams in the delta are low, and therefore
many of the streams are unable to earry the large loads of sand and
gravel delivered from the rapidly eroding uplands of the basin. In
severnl places dredged drainage canals have been partly or completely
filled, and floodways confined between levees have lost much of their
capacity and have thus become ineffective (78, p. 189). Sand
delivered to the Little Tallahatchie River by Tobitubby and Hurricane
Creeks has probably contributed to such conditious in the delta, and
particularly to the partial filling of $he channel of the Panola-Quitman
foodway, which carries the Little Tallnhatchie water.

For the protection of the delta from floods that originate in the
hilly upland part of the drainage basin, Congress has authorized con-
strizction of reservoirs on the principal tributaries of the Yazoo. As
n part of this program the Sardis Reservoir is now (1938) being con-
structed on the Little Tallahatchie River at a cost of about $14,500,000.
The estimated capacity of the reservoir will be 1,570,000 acre-fect,
and the contributing drainage aren wilt be 1,545 square miles.”” The
reservoir basin will include the lower parts of Tobitubby and Hurri-
cane Valleys.

Even though the Sardis Reservoir will be operated primarily for
flood control, and deposition of sediment within it will thus be mini-
mized, only the very finest ol the erosional debris produced in the
drainsge basin above the reservolr will be carried to the delta by the
Little Tallahatchie River. In addition to the control of floodwaters,
the reservoir will thus protect drainage and flood-control works in the
delta from damage by this coarser debris. The sediment impounded
in the reservoir will reduce its capacity for withholding floodwaters,

17 Lotter fram the Chief, U, 5. Army Engioeers, datel February 24, 1538,
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however, and if sediment accumulation is excessive the continued
effectivencss of the reservoir may be seriously impaired.

Soil erosion in a large part of the uplands tributary to the reservoir,
including the Tobitubby and Hurricanc drainage hasios, has been
unusnally severe. The sediment output hns been correspondingly
high, and it will continuc to be so if present cultural and erosional
conditions remain unchanged. The fact that a targe part of the
erosional debris now collects in the upper parts of the vallevs is ad-
vantageous in the protection of the reservoir, for the amount of sedi-
ment annually transported to the reservoir basin is thercby materi-
ally reduced. It is important, therelore, that in any plans for
alleviation of sediment damage in the vallevs or of erosional damage
in their tributary uplands the eficcts on sediment contribution to the
Sardis Reservoir should he considered.

(1) It is significant that channel plugeing and baeckiilling are major
processes of valley sedimentation. Tt dees not nppear likely that the
present stream gradients have hecome so steep that plugging and
backfilling will diminish greatly in the near future. Hence, other .
factors being unchanged, the proportion of the total erosional debris
that lodges in the upper parts of the valleys will probably be as great
in the future as during the past century.

(2} Lateral stream-bank erosion is of little importance in these val-
leys. Therefore, under present conditions the sedimen tary deposits
in the upper valleys are not subject to excessively rapid erosion and
further downstream movement, although thev are, like all valley
deposits, potentially unstable. Consequently, it may be leasible to
reduce the rate of reservoir sedimentation by encouraging sediment
accumulation in the upper vallevs, provided eare is taken to avoid any
large increase in the crosive capacity of the stream. This may recuire
that the channel banks be protected by vegetation and that any drain-
age projects be sufficiently restricted to prevent large increases in
channel velocities,

(3) To the extent that upland erosion-control measures reduee the
contribution of sediment, they will reduce future damage to the val-
leys and to the reservoic. In many parts of the uplands where the
land has been so severely damaged by erosion that control measures
could not be justified solely on the expected benefits to the uplands,
the protection of the reservoir from sedimentation and the protection
of the valleys from excessive sanding, flooding, and swamping may
justify an extended soil and water conservation program. This is n
matter deserving of mare investigation than has heen possible in the
course of the studies here reported.

EROSBION AS MEASURED BY VALLEY SEDIMENTATION

The volume of sediment aceumulated in Tobitubby and Hurricane
Valleys since the inception of accelerated soil erosion mey be used as a
minimum measure of the extent of erosion in their dranage basins dur-
ing that period of approximately 100 years. In addition to the vol-
ume of sediment in the main valleys, as determined by boring surveys,
estimates have been made of the additional quantity of sediment
lodged in their various tributavies, as well as that which has been
carried out of tL~ - iin valleys. By including these estimates, the
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true average rate of net upland erosion in the Tobitubby and Hurri-
cane dranage basins may be approximated more elosely. Tor this
purpose it was assunied that both deposited sediment and the upland
soil from which it was clerived had the same weight per unit volume and
that 85 pounds of suspended load represented 1 cubic foot of upland
soil. The basic data and computed erosion rates are summarized in
table 7. In addition to average rates for the entire Tobitubby and
Hurricane drainage areas, separnte computations are included n the
table for the several headwater areas where, so far as enn be deter-
mined [rom the available data, erosion has been most severe.

TAnLE 7.~ Alinimum average rates of upland erosion in the Tobitubby and Flurricane
drainage busing, as delermined from sedimentalion rlata

Rate of nplaned

N ; . . wlj
Aren : Valume af smliment srasion

vulleys
PEupG 0ro-
vl surface
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Iottom nnd
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|
H clere=l Aere-y Aeres 5 lere-| sleore-
Aeres Acrexideres| fed i fecl feet | fect jInches] fuch |3 enry
Tohitublby. ... a6 141 4 R17:3 I P A ) S0 316 5.5 DLosal 182
Lurrienne. 130, 513) @, 160 1,820 Wi 177 7,852 41 L0531

Total. ceoeamnee.. MRGAS, OB AZE O LUDM L RITER S 5.4 LG5

Tobitubby phove ranue 10 10,602 1237, Y. 455 2,851 1,63y &oto 53 .05
Goose Creck above range 0. . 1 440 Rl i aou| 7ol .om
. - A1 i '

Woest Goose LAl
Enst Grose.. . . . . : 2,085
Hurricane aboave range 7 ! -k W0 T N 4 S . 4, (R

I Includes i estimaled 3,50 aeres of terree land.

As listed in table 7, the computations show an average depth of
erosion of 5.5 inches, or 1 inch in 18.2 years, for Tobitubby drainage
areqa; 5.1 inches, or 1 inch in 19.6 years, for Hurricane dralnonge area;
and 5.4 inches, or 1 inch in 18.5 years, for the two areas combined.
These figures are conservative, lor, aithough computed as accurately
ns possible with the data available, conservative or minimum values
have been used for factors that could be measured only within certain
limits of variation. In addition, these figures apply only to the
orosional debris that has reached the valleys from the uplands. The
total displacement of upland soil material hins been much greater, for
much materinl that has been moved by the crosional processes has
not yet reached the valleys.

HIGHEHR BROSION HATES IN HEADWATER AREAS

In computing avernge rates ol surface erosion lor various headwater
parts of the drainage areas, as given in table 7, no allownnee was made
for sediment carried beyond the headwater area under consideration.
This was done because of the tendency of sediment to be concentrated
in the upper parts of the valleys. IFor this reason these headwater
arens may not have contributed as much of the sediment found farther
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downslream us other avens of equal size that drain move directly into
the larger valleys. In spite of this limitation in the sediment measure-
ment, average erosion rates for these headwater sreas are notably
higher than those for the drainage basins as a whole. The highest 15
8.6 inches during the past 160 years, or | inch in 11.6 years, from 3,487
acres in the drainage basin of East (foose Creek. ~ Longer, steeper
slopes end more complete clearing and eultivation of land near the
town of Oxford are probably partly respensible for the higher rates
of erosion in these headwater areas.

EROSIGNAL DERERIS DEFOSITED WITHIN TOBITURBRY-HURRICANE DRAINAGE AREA

In making the computations, the volume of sediment in the main
Tobitubby and Hurdcane Valleys and the surveved tributaries was
determined [rom cross sections on which the thickness of modern sedi-
ment had been plotted at the minimum depth in oll doubtlul eases;
and therelore the total volume thus determined is itself a minimum
figure. This is the only part of the sediment that was directly moas-
ured in connestion with the present study, If onlv this volume of
sediment is considered, it accounts for about 65 percent of the com-
puted erosion (as shown in table 7) in both Tobitubby and Hurricane
drainage basins, and for an even higlier percentage of the computed
erosion in the surveyed tributaries that have higher indicnted rates
of erosion than the entire drainage basins. This is evidence that the
erosion rates in table 7, which include estimates based on less precise
data, are of reasonable magnitude.

In making estimates of the quantities of modern sediment lodged in
the principal tributaries that have not boen surveyed in detail, the
average thickness of modern sediment was assumed to decrease
regularly from the mouth of the tributary upstream to the head of its
alluvial valley.  The area of alluvial land in each tributary has been
determined from aerial photographs, and the volume in each tribu tary

lias been calculated by the formula Vz% h A, V being the volume of

fill, % the average depth of modern filling at the mouth, and A the
arca. of alluvial bottom land. Tis formula is developed from the
assumption that the body of sediment approximates in form a com-
bination of wedge and pyramid, and assumes, in eflect, an average
thickness of modern sediment equal to five-ninths of the average thick-
ness ab the mouth.  For three tributaries, Pine Grove Branch, Plants
Branch, and Summerville Branch, the results have been weighted to
allow for observed departures from the assumed average sediment
distribution. In view of the general tendeney of the sediment to be
concentruted m the upper part of the valleys, especinily above plugged
channels. which are common in both Tobitubby and Hurricene
Vilieys, the computed totals are probably somewhat below the true
figures. On the basis of these estimates, however, about 25 pereent
of the total sediment, as used in the erosion computations, is deposited
in the tributary valleys that were not studied in detail.

ERGSIONAL DEGRIS CARRIED OUT OF TORITUBEY-HURRICANE DHAINAGE AREA

From preliminary boring surveys, it is estimated that an average of
1 foot of modern sediment has been deposited on the 30 square miles
of flood plain of the Little Tallahatehic River below the mouth of
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Hurricane Creek and sbove the point where the Little Tallahatehie
enters the Yazoo Deltn. The dralnage aren tributary fo this part of
the Little Talinhatehie 1s about 1,700 square miles,  If the modern
sediment on this part of the Little Tallahatehie flood plain had been
derived equally from all parts of its tributary deainage area, a total of
1,000 aere-feet would have come from Tobitubby and Hurricane
drainage busins, This accounts for aboul 4 percent of the estimated
total erosionnl debris used in the computation of erosion rates.
Actually, however, the Tobitubby and Hurrieane areas, which are
nearby and have been more severely eroded than most of the tributary
drainage area, have probably contributed more than the average from
the entire drainage basin, Becnuse of this and becanse no allowanee
is made for similar deposition ou the flood plain farther downstream in
the Yazoo Delte where no investigation has yeb been made, this
estimate is also presented as a minimum figure.

The only basis for estimating the guantity of sediment earrvied
entirely out of the Little Tallahatehic Dasin is data obtained by
suspended-lond sampling of the Yazoo River at Greenwood, Miss.
(fie. 1), by the United States Army Engineers, during the pertods
from Scptember 23, 1930, to July 10, 1931, and January 25 to Aprit
29, 1932. Computations ¥ based on these data indicate that the
average suspended-oad discharge was about 133 pounds per second.
At this rate, the total suspended load would be ahout 2,100,000 tons
per year. This would be equivalent to .43 ton fromi cach acre of the
7,700 square miles of drainage arca above Greenwood. [f the soils
average 85 pounds per cubie [oot in weight, the average volume of
soil required to produce this amount of sediment wonld be 10.12 cubic
feet per acre per year. This is cquivalent o the average removal of
0.28 inch from the surface of the watershed in 100 years, ov about 6
percent of the total erosion as here computed.

Probably the sediment lond of the Yazoeo has been greater in the
pnst fow venrs than in the early part of the period of aecelerated ero-
sion, but this consideration is balanced, if not more than halanced, by
the facts that (1) no allowance is made {or bed Ioad: (2) a large part
of the drainage area above Greenwood is alluvialland that has not con-
tributed any important quantity of sediment; (3} the period of sam-
pling wns one of subnormal rainfall, as shiown hy United States Weather
Bureau reecords, and therefere was probably a period of subnormal
erosion; and (4) the Tobitubby and Hurrierne drainage hasins are in
the most severely eraded amd actively eroding part of the drainage
ares above Greenwood, and henee prabably contribute relatively more
sediment than the average for the entire Yaxoo Basin. It therefore
seems safe to assurne that the Tebitubby and Hwricane drainage

13 Phoge cu:un'ulul.ions ware made pg ollows: The sedliment disehnree B ponnds per secend wag plotted
graphicatiy against the it in days. “The area unler the diseharge ¢nrves was ioenstred sepmrately, hy
planinmeter, for the periods September 24, 11480, 10 Innwey 5, 1931 hwouary 23 (o Anril2g, 105 Aprll 29 to
Suly 10, 1931, atud Jnnuary 29 to Aprii 22, 1932, Wl average sertitiront dixctrarge for cteh of these peclods

wis delermived by dividing the area under e eurve by the lengil of the abscisse,  An dpproaimate
nverage, weighted, nnatal sedinent <lischarge for the eatire pericd was ealewated from the formula
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basins have contributed an average of 0.28 inch from their combined
surface area to the sediment load carried down the Yazoo during the
past 100 years. That amount is therelore included in the erosion
figures in table 7.

EXCLUSION OF CQOLLUVIAL DEPQSITS

In the caleulation of rates of crosion, no allowance has been made
for colluvial sedimentary deposits except where they occur along the
margin ol the main valleys and have been included in the cross-
sectional areas of deposits measured by boring surveys. In the aggre-
gate the volume of colluvial deposits is believed to be large, but
quantitative dats from which their volume can be estimated are not
available nor could such data be obtained during the study without
unduly costly surveys.

COMPARISON WITH EROSION MEASUHEMENTS

It is interesting to compare the erosion rates as computed from sedi-
ment volumes with the results of similar computations based on rates
of sheet erosion measured at Holly Springs, about 25 iiles north of
the Tobitubby-Hurricane area, by the Southern Forest Experiment
Station (68, p. 12).  The Holly Springs results should be applicable to
the Tebitubby-Hurricane area, for the climatic conditions, soil types,
slopes, and other factors are similar. The extrapolation of plot results
to much larger areas, however, presents several difficulties.

Actually the plot results prove only that a certain amount of ma-
terial has been removed Irom a sloping surface of the length of the plot.
It is known from observational evidence that a large part of the debris
eroded from a plot area would ordinarily be transportecd farther than
the lower end of the plot, Hence, application of data from plot tests
to a drainage basin, on the assumption that the only material carried
off the upland part of the drainage basin would be that derived from
an aren one plot length in width around the hase of zll slopes in the
hasin, would yield figures obvieusly too small.  This method of com-
putation, nevertheless, does provide a means of establishing the lower
limit of possible variation in the true figure.

It can also be assumed that a drainage basin is composed of a large
number of plots, and the plot results can bhe applied to the drainage
basin in proportion to the areas of various land use. The depths and
rates of erosion calculated in this way are not necessurily maximum
figures, however, for the effect of concentration and greater volume of
run-ofl on longer slopes might cause greater erosion per unit area
than would be indicated by the resulis from shorter plots. The results
of this method of computation, however, will approach a maximum
value and will represent values for the simaplest method of extrapola-
tion of plot results to large areas.

Studies of erosion {rom. plots of different lengths are in progress and
maey be expected to yield information that will permmit more accurate
determination of the nctunl erosion from longer slopes (58). As the
length of the plots is increased, however, 1t becomes more and more
difficult to obtain uniform slopes and soil conditions, and these and
other variable factors make comparison more difficult. It is therefore
desirable to apply other tests, The information on rates ol erosion
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as mensured by valley aggradation in the Tobitubby-Hurricane avea
provides such an opportunity, within the limits imposed by the extent
of the available dnta.

Basced on the plot investigations at Holly Springs. the sheet erosion
from the uplands of the Tobitubby-Ilurricane area is estimated, by
extrapalation ol the plot results to the entire upland, to have been 10.2
inebes in 100 years. In computing this upper figure, and the lower
limiting figure given below, the plot results were arbitrarily reduced
by one-fifth in an attempt to compensate for the 25 percent excess ol
rainfall during the period of expertment. Alse the pereentage ol land
in different land use classes, as estimated from serial photographs, was
modified to conipensate for the smaller areas of abandoned cultivated
lands during the early part of the 100-year period since settlemoent,

In estimating the lower probable limit of the amount of sheet
erosion, the lengths of slopes [rom the ridge tops Lo the c¢hanuels or
valley bottoms were mensured on aerial photographs ane found to
average ahout 300 feet. The length of the plots (12 foet) divided by
the average length of slope (300 feet) is equal to 0.04, which represents
the proportion of the average length of slope from which the Mot
studies show erosional debris to be vemoved. Thus, the avernge
remnoval from the entire slope under any particular land use would be
4 percent of the removal from the plot at the base ol the slope. Ap-
pheation of this figure to the Tobitubby and Hurrienue uplands in
proportion to the arens of various land use indicates & minimum
erosion of 0.4 inch.

These figures from the [Lolly Springs plot data ave Tor sheet crosion.
The averawe depth of erosion of 5.4 inches for the Tobitubby-EHurrieae
area ns computed from sediment data (table 7) includes both wuliy
and sheet erosion. These sets of fignres are therefore not divectly
comparable. 1t is known, however, that about 25 to 30 percent of
the sediment accumulated in the vallevs is sand, which must have Leen
derived largely by gnllying of the Holly Springs formation.  Before
erosion of the sind, however, the overlying loess must have been
removed, usuully in part by gullving, [t s therefore estimaied that
about 40 pereent of the sediment in the valleys has been derived from
eullving. I this proporiionate correction is made, the averaue
renioval by sheet erosion in the Tobitubby and Hurrieane drainage
arens has been ehout 3.2 tnches in 100 years.

11 the corrections lor the extent of gully erosion are reascnable,
this 8.2 inches will he o minimum measure of the sheet erosion, Aor
the debris necumulntedd in eolluvial depoesits above the alluvial
valleys has not been measured.  Thus in the Tobitubliy-Hurricane
arend an estimate based on sediment data mdieates that the rate
of sheet crosion lies about half way between the two extreme values
computed [rom plot data.

SOME GENERAL PRINCIPLES OF STREAM AND VALLEY SEDIMEN-
TATION

PURPOSE AND SCOPE OF THE SUGGESTED PRINCIPLES

The preceding part of this bulletin presents the resulls of detailed
studies of modern sedimentation in Tobitubby and Ilurricane Valleys.
The ultimate objective of such detailed studies, in these as well as in
other valleys is (1) to verily and elucidate the controlling physical
principles that govern excessive streant and valley sedimentation, wnd
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(2) to evaluate the major factors in the somplex interrelationship
between stream and valley sedimentation and soil crosion, so that
there may be a sound scientilic basis for planning aileviation and
protection ol valley resources from excessive stream and valley
sedimentation. The chief importanee of the resulfs of the detailed
studies thus lies in the general principles that may be disclosed or
verified.  In the pages that follow, an attempt is made to classily
and state in coneise form certain general principles that have been
ceveloped by analysis of the results obtained in the Tobitulby-
Hurricane area or suggested by less detailed studies in nther arcae of
modern stream and valley sedimentation.

Forty-five statements of faet have heen liated ns “Drineiples,”
with an explanatory discussion directly following each prineiple.
The prineiples nre not all of equal ovder of importanee, nor are they
all presented in equivalenf forn. They are grouped under eight
headings, as & convenient subjeet-matter elassifien tion, and the same
basie fact may underlic more than one principle in order to emphasize
different practical applieations or effects. [Henee these prineiples
are not intended to be limited to stutements of busic natural laws,
but ave practical considerations i the field of stream- and valley~
sedimentation problems.

The basic Iacts upon which these principles are founded are helieved
to be well established, but the particular Torm it which the prineiples
are here stated must be considlered as tentative. Not enough research
has vet heen done to determine how widely and how consistontly
the varicus apporent truths will hold (rue. [t is hoped that by
further work these prineiples may be more rigorously tested, progres-
sively revised, improved, and supplemented until a concise and fully
verified summary of the most important faets in this particular field
of knowledge is developed.

SIGNIFICANCE OF CRIFTERIA FOR RECOGNITION OF MODERN YALLEY SEDIMENTS

1. Buried dark soil horizons afford an acevrate and practieable bagis
for identifying the contact between modern and underlying older allveial
de posits,

Of first importanee in the study of aceclerated sedimentation is the
identification of the modern sediments and their differentintion
[rom similar deposits formed at earlier dates. Before 1935, when the
present investigntions were hegun, it had ocensionally heen suggestod,
or assumed, that where a relatively light-colored alluvial soil was
underlain at depths of a few inches to u few feet by u darker horizon,
the darler horizon was a former topsoil layer that had been buried
beneath later deposits resulting from necelorated crosion. This
sequence of light-colored scdiment overlying darker material had
been observed n flood-plain deposits at many places in the eastern
part of the United States.

Oue of the most important resnlts of the investigations in Tobitubby
and Hurrieane Valleys hias heen the substantiation of the validity of
this hypothesis. The cevidence has been presented in considerable
detail in an earlier section (pp. 18-22). However, the possibility
that deposition of the overlving, lighter-eolored sediment may have
been started in many places somewhat earlicr than culturally acceler-
ated soil crosion eannot be cutirely climinated. But the Tabitubhy-
Hurricane findings are supported by similar unpublished findings in
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various parts of the southeastern Piedmont and the upper Mississippi
Valley. It has been established that the dark horizons actually nre
old soil horizons by tracing them frem beneath the lighter-colored
overlving flood-plain sediments into lateral continuity with surface
colluvial or upland soils bordering the valleys. Burial of fence posts
and various avticles related o the present culture shows that a larze
part of the sediment overlying the dark soil horizon has heen deposited
during the modern period. The modern deposits below such buried
“fossil” obiects are stmilar to the deposits above, but are markedly
dissimilar to the premadern deposits underlying the dark soil Lorizon.

In these other aress, as in the Tobitubby and Hurricane Valleys,
the change from dark-colored, pomly stratificd, usually fine-textured
sediment to light-colored, generally well-stratified, cormoniy £oarser-
toxtured sediment must reflect n marked change in the regimen of the
streams. The widespread oceurrence of similar conditions points to a
common cause and origin. A marked acceleration in the rate of
upland erosion has occurred in these areas.  In some parts of all areas
in which investigations have been conducted, the source of the over-
Iving modern sediment is undoubtedly the nearby cultivated fields
fhat bhave been subjeet to accelerated soll erosion. There 18 no evi-
dence that there hove been climatic, dinstrophic, or other changes of
such widespread and drastic efiect and of such recent date as would be
required to account for these changes in stream and valley sedimenta-
tion., It is therefore justifiable to conclude that accelerated s0il
erosion is the common cause of the similar conditions throughout the
aren, where they occur, It appears, therefore, that dark horizons can
be used with assurance in the castern part of the United States to
identify the contact between modern and premodern sediments,

Strenni- and vallev-sedimentation studies by the authors in the
wostern part of the United States have been limuted to the middle Rio
Grande Valley in New Mexico.  These investigations consistod mainly
of instrumenta) resurveys of proviously established profile lines across
the valleys, and therefore the estent to whieh dark horizons may bhe
useful ns a criterion in the Western States is not yet known.  Because
of the more arid climate, however, dark soils may not have been as
widely dev.ioped as in more humid parts of the country. It is also
possible that dark horizons due to dingenetic processes occur in the
alluvium of arid regions, and that, in the Southwest at least, elimatie
cycles may have been a major factor in causing periodic aggradation
of valleys,

The establishment of the datk horizon as a valid eriterion of the
top of the premodern deposits has a twofold signifieance. It malkes
possible (1) the recognition of other chirncteristies thet will serve to
distinguish between the modern and older sediments where the
original surface soils were not dark or where the dark horizons were
developed but have subsequently been removed by erosion or modi-
fied by cultivation and (2) the differentiation of premodern and mod-
orn sediments in other valleys where the surface soil was dark and
where conditions are gencrally similar to those in Tobitubby and
Hurricane Valleys.

Tn many places where undoubted old blaclc soils were found by
boring in the Tobitubby and Hurricane Valleys, hard ferruginous
conctotions occur in or below the old soil herizon but not in the over-
lying modern deposits, except where they apparen tly have been re-
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deposited rather than developed in place. In many places very fight
bleached or pastel colors were presént helow but not above fhe dark
horizon. Thus two additional criterin were established thab esn be
used to Identify the premodern sediment and thereby establish the
maximum possible thickness of modern deposits where the dark
horizon is poorly developed or missing,

2. Distinctive bleached colors and hard ferruginous concretions are
common in the premodern valley sediments but haie not been Found in the
modern sediments.  Where present, they provide @ reliable and prue-
tieable means of identifying the older or premodern sediments, eren where
no buried dark soil horizon is present at the top of these older depusits.

At places in Tobitubby and Hurricane Vallevs where the contact
between the modern and premodern sediments conld be definitely
identified by dark soil horizons, study of the vertical seqricnee of the
flood-plain deposits showed that hard ferruginous conerotions and
bleached colors may occur in the premodern sediments but are not
present in the overlying modern deposits, Furtherinore, when these
two criteria were used to supplement the eriterion of dark horizons,
the thicknesses of modern fill so determined were consistent snd
reasonable (figs. 8, 9, and 10). Therefore, ferrnginous conerotions
and hleached colors were adopted as supplementary criteria for dis-
tinguishing between modern and premodern deposifs.

Subsequent study of flood-plain deposits in severnl other parts of
the United States has confirmed the validity of these criteria and
indleated that they are of general application as a relinble and prac-
ticable means of identifying the older or premodern sediments.  In
the Pledmont of North Carolina nnd Seuth Carolina hard coneretions
apparently are rare in the premodern vniley deposits, but hleached
colors are common, and when these eriteria are nsed they vield eon-
sistent and reasonable results.  In the fow places where hard conere-
tions were found in the Pledmont valleys, thev were alwavs in the
premodern sediments. In Wisconsin, ferruginons concretions de-
veloped along root channels have been found below but not above
dark horizons, The presence of concreions and biuish-gray colors
in alluvial soils has heen recorded in many Bureau of Chemistry and
Sotls reports covering countles in various parts of the eastern United
States. It appears, therefore. that the eriterin of coneretions and
bleached colors will be useful in many parts of the eastern United
States.

It must be clearly recognized that the contact between maodern snd
premodern sediments cannot he defined precisely by these criteria.
At places where dark horizons oceur, concretions may be present in the
darker zone or at various depths helow that zone.” In other valleys
where appurently little or no modern sediment aceumulation has oc-
curred and where no dark surface soil has developed, coneretions, if
present, may be at the surface or at various depths below the surlace.
Bleached colors may aiso underlie the dark horizons at various depths
or may occur at the surface where there has been no modern fleod-
plain aggradation. Thus, in a vertical flood-plain sequence, the sedi-
ment in which concretions or bleached colors are present is [*te-
maodern, but not all the overlying material is thereby proved to be

M inn fow plnees bard concretions were fotnd In toders sand, but their presence was appaeently dae Lo
redeposition mther than formotion in pines,
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modern. Therefore, these two criteria indicate the maximum possi-
ble depth but not the exact amount of modern sedument at the place
of observation, Furthermore, their presence below the flood-plain
surface does not necessarily indicate that madern flood-plain nggrada-
tion has occurred.  The value of these two criteria Hies chiefly (1) in
supplenenting the criterion of dark hotizons and (2) in marking the
maximum possible depth of modern sediment aceamulation that may
have oceurred at places where the exact depth eannot be determined.

3. A pronounced color change, commonly from brownisk to grayish,
has usually oceurred in the modern deposits wherc they arc below the
qround-watcr lecel, and i such places the contact between the brownish
and grayish sediment marks the approximate leve of the ground-waler
table, not the vontuel between the modern and premodern deposits.

Tvidence has been presented (pp. 39-401 that in the Tobitubby and
[Turricane Valleys a change from brownish to gravish color has taken
pluce in the modern sediments subsequent to their deposition and that
this change has taken place ot and below the ground-water level
Qimilar changes in ealor have taken place in Pledmont valleys.  For
example, in Ferguson Creck Valley at United States llighway 221,
near Spartanburg. 8. C.. the contact between gray and brown sedi-
ment oceurred at the ground-water level, 12 inches below the ground
surface. A buried old soil horizon, which at this place was a very dark
aray silt, indicated that the thickness of modern sediment was 32
inchies. In another boring about 2 miles ahove the junction of
Ferguson Creele and the South Tyger River, the contact between
brown and grav sediment was at 51 inches. the ground-water level
was at 53 inches, and a [aidy dark, slightly bluish, gray silt or silty
elay old seil underdain by light steel gray (bleached) sand was found
at 95 inches,  These and other horings indicate that in the Ferguson
Creek Vallev. as in Tobitubby and Hurricane Vallevs, some of the
secliment changed color after it was deposited and that the con-
tact hetween brownish and gravish sediment is at or close to the level
of the eround-waler table. In both the South Carvolina and Mis-
sissippi arens the ground-water level, and consequentiy the brown-gray
contaet, is not a horizontal plane across the valieys but varies in ele-
vation. partly because of variation in the texture of the deposits.

That there is such a velationship between soil drninage and soil
color has heen noted in many soil survey reports of the Burean of
Chemistry and Soils.  Spaeth and Diebold (77, p. 72), on the basis
of 14,000 measurements of the elevation of ground waber at 50 stations
in Schuyler County. N. Y.. have concluded that for upland soils
“the presence of n mottled layer is a reliable indieator that water
tables occur at that depth for a considerable part of the year.”

Investigntion ol this color change has thus developed two signifi-
eant points, namely. (1) that in places where such a change has taken
place the contact between the brownish and grayish sediment marks
the approximate level of the ground-water ..ble, not the contacl
between the modern and underlving older sediments, and (2) that
changes in color subsequent to deposition of alluvial sediments are
comparatively rapid.

When the criterion of dark horizons is used. the dark color of the
old soil must be distinguishod from the grayish eolor commen in the
modern deposits wherever they He below the ground-water table.
The grayish modern sediment may appear rather dark when compared
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with the overlying brownish sediment, and consequently, unless enre
is taken, the contuct hetween them may be erroncously interpreted
to be the contact between the modern and undertying older sedinients,
Such misinterpretation would bave caused an error of perhaps 40
percent in measurcment of the volume of modern lil] in the Tobitubby
and Hurrieane Valleys.

It has been recognized for many years that differences in color
between the several horizons of alluvial soil profiles have rosulted
from medification of the material subsequent to its deposition, hot
there has been little availnble evidence as to the fength of tinw ve-
quired for sueh changes to tuke place. The investigntions in Tobi-
tubby and Hurricane Vallevs have turnished evidence of the rapidity
with which sueh eolor changes take plice and have shown that changes

BASE OF Rty
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Figunre 19.---Cross seclion Beneath 1nois Centrad Railway bridge Na. 563 506
across ITurefenne Creek, showing extent of aggradution hetween 1911 and | 936.
Two retaining walls at 20 and 116 feet, which eause some of the discrepaney
between the profiles near the hridge endls, are piers of an carlier bridge but wore
not shown on the 1011 profile.

in color may be caused by rise of the ground-water level. Vertical
differences in color have been observed in the modern deposits in a
large proportion of the test borings made in both Tobitubby and
Hurricane Valleys. Inasmuch as the modern deposits have all ne-
cumulated within 100 years, the time required for sueh changes nmust
be less than that period. That the tinme required is probablv con-
siderably less is suggested by the fact that in some test borings more.
than Lalf of the modern sediment was gray.

At the railroad bridge over Hurricane Creek the change in color
has taken place in much less than 100 vears. Tha level of the ground
surlace beneath this bridge was determined by an Illinois Central
Railway survey in December 10'*.  In December 1936 the profile of
the ground surface beneath the bridee was measured again, the same
dlatum (base of rail) being used. These two profiles are shown in
figure 19. Test horings beneath the bridge showed that the contbact
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between brown and gray sediment occurs more than 1 foot above the
1911 ground surface. Thus at this place the color change must have
occurred within 25 years and may have taken place in & much shorter
time.

' TYPES, CHARACTER, AND DISTRIBUTION OF MODERN VALLEY SEDIMENTS

4. It is practicable to divide valley deposiis into six or more distinet
genetic types, and into four or move distinct associations of types.

One of the principal results so far achieved in the valley studies is
the establishment of a genetic system of classification of modern valley
sediments. On the basis of field observations nnd theorctical con-
sideration, six genetic types have been recognized as previously de-
scribed in this bulletin (pp. 22-25). These six types are:

Colluvial deposits.
Vertical accretion deposits.
Lateral accretion deposits.
Flood-plain splay deposits.
Channel-fill deposits.
Channel lag deposits.

These six genetic types of deposits have been found to oceur in four
distinch pssociations, which have also been previously described (pp.
26-31) as follows:

Mormal Hood-plain, or valley-flat, association.
Allavial-fan, or alluvial-cone, association.
Valley-plug association.

Delta association.

'This classification may prove to be incomplete, but its basis is
believed sound snd hence suitable for such expansion as may become
necessary with the development of further knowledge of valley sedi-
ments. No sttempt has been made to include the various types of
ephemeral stream-channel deposits, such as crossing bars, which usually
do not become part of the more permanent complex of comparatively
stable flood-plain sediments. Neither has any attempt been made to
subdivide the colluvial deposits as the fluvial deposits have been sub-
divided. Deposits resulting from mass movements, other than those
ineluded in the colluvium, have not been listed because they have not
been recognized as o distinet part of the sedimentary complex in any
of the val%eys that have been investigated.

The genetic clessification differs in two prineipal respects from other
methods of classification previculy used. (1) It is not based on
texture, although in any particular restricted ares the various genetic
types are commonly marked by rather persistent textural character-
istics, which are of great assistance in the identification and tracing of
the different genetic types. (2) The system here proposed is believed
to be more practicable for detailed feld classification of the modern
valley sediments than that of Twenhofel (77, pp. 806-811), who
identified the various types of deposiis according to the environ-
mental conditions at their places of accumulation. Thus, for example,
all the genetic types here recognized would be part of the valley-flat
environment of Twenhofel, but the flood-plain deposits of vertical
accretion might include both deposits of flood-plain lakes and flood-
plain swamps, as well as other flood-plain deposits of vertical accre-
tion not accumulated in either swamps or Inkes. In field practice,
however, the flood-plain cover of relatively fine sediment, the deposit
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of vertical accretion, is found to be widely developed in many places
as & distined unit in the floed-plain complex, although its separation
into lake, swamp, or other deposits does not usually appear to be
possible on & practical seale.

5. Recognition of genetic types makes possible interpretation of hori-
zontal and vertical variations in the distribution and texiure of valley
sediments.

It is widely accepted that the texturel aspect of valley sediments
is commonly one of irregular heterogeneity. It is possibfe, however,
to distinguish some regularity of sequence in the valley sediments
when they are interpreted in the light of the genetic system of classi-
fication. Relatively coarse sediment, representing lateral accretion
or channel filling, characteristically occurs beneath the relatively fine
flood-plain cover of vertical sceretion, and apparent inversions of
this vertical textural sequence sre commonly due to colluvial or
flood-plain splay deposits overlying deposits of vertical aceretion.

With the recognition of an orderly sequence of flood-plain sedi-
ments, the interpretation of the history of flood-plain growth and
development becomes possible. Thus it has been possible to distin-
guish the modern sediments accumulated during the period of cul-
turaily accelerated erosion and to interpret some of the conditions of
their accumulation as recorded in their textures and structures. By
this approach some progress has been made towsard both o relisble
evaluation of the effects of culturally accelerated soil erosion on valley
sedimentation and development of a sound basis for prediction of
future trends in the relation between soil erosion and valley sedimen-
tation.

Of significance is the increased prominence of flood-plain splays
among the modern, as contrasted with the premodern sediments.
Such splays, by covering finer-grained deposits of vertical acerelion,
cause a very large part of the serious damage to valley lands by sand-
ing. Modern channel-fill deposits have also been important in causing
much damage to valley lands. They have not only increased flood
heights and swamped valley lands by raising the ground-water table
or obstrueting drainage, but have also caused sand to be carried out
upon the adjacent flood plain more frequently and in greater quan-
tities. Both splay and channel-fill deposits are composed dominantly
of relatively coarse bed-load sediment, and the prominence of these
deposits In modern sediments indicates an increasiLg quantity snd
importance of bed-load sediment in the flood-plain accumulations. .

The accelerated rate of flood-plain aggradation by accumulation of
modern deposits of vertical sceretion may be due to one or more of
three possible causes: (1) More frequent or deeper overflows; (2)
heavier loads of suspended sediment in the overflow floodwaters; or
(3) decrease in the relative rate of lateral channel migration, by which
deposits of vertical accretion ordinarily are periodically swept away
and a balance maintained between sccumulation of the deposits of
vertical aceretion and removal by the lateral swinging of the stream.
Very probably all these factors have contributed, although the third
probably has been of only local importance except where streams have
been artificially prevented from cutting laterally. In many places,
especially where stream banks have been clearsd, 1&!}9.1'53 stream
erosion obviously has been greatly sccelerated during the period of
modern influence,
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It is of interest that no consistent marked difference in texture has
been foumd between modern and older sediments where these are
deposited in approximately the same location and are of the samne
genetic type. For example, modern deposits of vertical aceretion have
not been found to be consistently conrser than the older deposits of
vertical nceretion underlying them, although this might have been
expected to result from the enormous increase in the rates of upland
erosion. Where modern sediments are notably coarser than under-
lying older sediments, the modern deposit is usually of a different
genetic type, as for example, a flood-plain sand splay overlying older
silt deposits of vertical aceretion.

6. Modern sedimentation {ends to bwild wp or aggrade channels and
bordering natural levees, thereby obstruching surfuce and subsurfuee
drainage of the adjacent botiom lands.

In many arens of accelerated siream and valley sedimentation,
channel nggradation appears to have been more rapid than aggrada-
tion of the flood-plain surface. In most places this is due to an
excessive contribution of sand, gravel, or boulders, which are carried
largely as bed load and hence are not distributed upon the flood-plain
surface except where splays are formed. More and coarser sediment
has been carried from the channel ss suspended load and dropped
where the velocity is checked by shallowing of the water and by the
resistance offered by vegetation along the banks. A greater part of
the sediment bhas been deposited near the chiannels and thus the
natural levees have been built up more rapidly thap the ress of the
flood plain.

The damages due to sedimentation have been greatly mecreased
beeause of channel and natural-devee aggradation. Surface drainage
of the bottom lands has been obstructed or impsired where the rap-
idly growing natural levees prevent both overflow waters and local
run-off from getfing into the stream channel., The interference with
drainage is especiaﬁy serious where the stream swings so close to the
valley side that the natural levee is built up against the valley side
or the colluvial slope in front of i, or where the natural lavee con-
nects with an alluvial fan built into the main valley by a tvibutary
(fig. 8). Under such circumstances normal down-valley surfnce
drainage of the flood plain is prevented, and a swamp or pond forms.

The aggradation of channels not only reduces their capacity for
discharging floodwaters, thus increasing the frequency and severity of
overbank floods, but it also further aggravates the dralnage problem
by causing the ground-water table, which is adjusted to the level of
permsanent flow in the channel, to rise and thus reduce the available
eapacity for subsurface drainage of the valley lands,  In some places
the stream beds have been built up above the level of parts of the
adjacent flood-plain surface and permanent ponds have been formed
where the water table hos been brought fo the swrface. Much
larger arens of bottom lands have been damaged seriously by swamping
at places where the water table has been raised so mueh that adequate
drainage for agriculture is iinpossible or impractical. Such rise in
the ground-water level is especially serions in the middle Rio Grande
Vealley of central New Mexico, where it is complicated by the fact
that the water carries a high percentage of alkaline salts i solution.
These salts become concentrated in the soil by cvaporation of the
water, in some places to the extent that the land becomes valueless
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for crop production. To reclaim such land an artificial drainage
system must be installed and the alkali leached out by repeated
applications of irrigating water. In many locations, however, the
difficulty of draining the water into the aggraded river channel males
reclamasion impossible or impracticable.

7. Sediment tends to accumulate in alluvial fans af the confluence of
tributaries with the master valleys, being deposited at some places in
suflicient quantity to tmpede drarnage and thus increase deposition both
. the mawn valley and in the valley of the tributary.

Wherever there is a marked decrease in gradient of a stream,
sediment tends to be deposited, and commonly, especially where a
tributary enters the valley of its master stream, an alluvial fan, or
alluvial cone, is formed. “All the recognized genetic types of valley
sediments may be present in such fan deposits, but in characteristically
different association than that of the normal flood-plain association.
Splays and channel deposits are especially prominent. The channel
of the tributary shifts frequently, and consequently radiating ridges,
marking abandoned filled channels and their natural lavees, ave
common. These fan deposits correspond essentially to those of the
piedmont environment as defined by Twenhofal {77, ». 800).

The growth of alluvial fans has been one of the important phases
of harmful modern valley sedimentation. Fans built in valleys by
debris from tributaries and from minor gullies and washes trenching
the valley sides have caused considerable damage in many places.
In the Tobitubby-Hurricane area such damage has been due chiefly
to obstruction of the natural down-valley surface drainage of the
flood plain.  Thus formerly usable valley lands have become swampy
and useless, An example of such drainage obstruction is shown in
figure 5. The fan deposits are dominently sandy, and where they
have been spread upon cultivated bottom lands, the productivity of
the land has usually been reduced.

In other areas accelerated modern fan growth has been the cause
of mueh more severe damauge to valley lands, as well as to highways
and other improvements. On some highways in the Driftless Area
of the upper Mississippt Valley, for example, & major port of the costs
of maintenance is devoted to cleaning away sediment deposited on
highways and in roadside ditches at places where they cross alluvial
fans that are subject to excessive modern deposition.

Fang are areas of channel aggradation, and as they are built up
there is a tendency for backfilling up the channel of the fan-building
stream. Where such o stream 1s itself flowing through a valley of
sufficiens width to be valuable for agricultural use, damage may
result not only from excessive deposition, often of coarse materizl, on
the flood plain adjacent to the backfilled channel but also from the
rise In the ground-water table and the more frequent overflows
caused by the channel filling.

8. Sand or coarser sediment may accumulate locally . channels to
such an extent as to plug them, and thus cause more rapid sediment
deposition on the adjacent flood plain and, by backfilling of the channel,
cause the locus of deposition to move progressively upsiream. The plug
deposits are, however, subject to dissection and Jurther downsiream
fransportation.

Stream chamnels may become locally constricted by any of several
types of channel obstructions, and at such places rapid deposition




72 TECHNICAL BULLELIN 685, U. = DEPT, OF AGRICULTURE

commonly results. Buch channel plugs hve not yet been studied
while in the curly stages of growth, but the method ol lornmtion has
been inferred from study of plugs i more advanced stages. The
channel obstruction may be accidental, us by lodgment of [allen
trees or other debris, or muy be caused by delivery ol sediment by a
tributary faster than the master strenm is able to remove it.  Similar
effects may result [rom inadequate channel capacity below sections
of streams that have been artificially enlarged or straightened.  After
the channel becames completely plugged, all water is turned ont onto
the flood plain. Overbunk deposition is thus greatly accelerated,
both by increased vertical accretion [rom the deeper and more fre-
quent overflows and by lormation ol splays where part of the hed
load is carricd out of the main channel. The rest ol the hed load, as
well as part of the suspended load, is deposited as channel £Il. " As
channel filling proceeds, more of the water goes overbank farther up-
strenm and the velocity and carrying power of the stream is reduced.
This results in further channel filling. The channel is thus progres-
sively backfilled from the original plug, the final deposit at each point
usually being an accumulation of driftwood. The photograph (pl. 8,
B) of the head of the West Goose Creek plug shows the sand-filled
channel in the foreground and the driftwood cover in the background,
wliere there is no longer any channel capacity. The upstream migra-
tion of the head of the plug may be very rapid. During heavy ruins
of December 1936 and January 1937 the head of the East Gaose Creels
plug moved upstream about 1,600 {feet and the head of the West
Goose Creek plug moved 575 feet. Plate 9, A shows the point at
which the last water left the West Goose channel in February 1937,

Valley-plug associations are somewhat similar to alluvial fans, but
differ in three respects: (1) They often do not develop a fan form
because of the lateral constriction imposed by the valley configuration.
(2) Channel-fill and vertical aceretion deposits are more important
than in typical alluvial fans, and colluvial and laternl accretion de-
posits are less important.  (3) They may forin where there is no break
m :he stream gradient, whereas alluvial fans typieally form where
stream enters a low area of gentler siope.  The valley-plug association
alzo is somewhat similar to the upstream part of the delta assoeiation
but differs in the primary causes of origin and in being less stable aund
less permanent than mnost deltas.

Sanding and swamping of valley lands are common in plug areas,
and the resulting damages may be severe. As the stream is forced
from its aggrading channel, it tends to concentrate its flow through
the back-swamp sections of the flood plain, there to cut new channels.
Thus erosion of cleared and cultivable land is added to the damage by
sedimentation, for the back-swamp areas, wherever they can be ade-
quately drained, arec commonly desirable parts of the valley bottown for
agricultural use.

As the plugged channel is filled progressively upstrean, the locus of
most active overbunk deposition alse moves in that divection. In
this way the ares of damage may be extended for miles up a valley.
The plug deposils are, however, subject to dissection after the over-
flow waters have collected and cut a new chammel. Very commonly
this channel is cut back headward by upstream migration of an over-
fall or rapid at its head. Thus, the plug deposit canmo$ be considered
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as o stable element in the valley accumulation. At the same fime
that the aren of damage to valley lands is being extended progres-
sively upstream the lower part of the plug may be undergoing dis-
section and contributing sediment that is earried on downstream and
may cause {urther damage there. Such conditions Liave been ob-
served both on Tobitubby Creck and in the Piedmont of South Caro-
ina, on Kerguson Creek, Spartanburg County. MecGee (51, pp.
261-873) has described similar local aggradation in very small vallevs
of the Driftless Area of northeastern Iowa.

9. Sediment from tributaries may be delivered to the main stream
channels more rapidly than it ean be transported downsiream. In such
places deltas may be buslt, which tend to reduce the [ﬂoocf—fﬁsr'har{;ﬂ
capacity of the master channel and to promote increased erosion of the
opposite bank by causing the migration of the channel across the food
plain away from the dellg,.

Where a tributary brings more sediment to the channel of its master
stream than can be carried away promnptly, deposits are formed that
are in part deltaic. If the master stream 1s at high stage, the deposi-
tion of material is controlled by the water level of the master stream;
if the master stream is at low stage, the change in stream gradient at
the confluence may be the cause of deposition. Thus these deposits
are genetically related to both deltas and alluvial fans and are typi-
cally composed of both kinds of deposits. In many places their
differentiation as either deltas or nlluvial fans is arbitrory.

Where such valley deposits are mainly deltaie they may be differen-
tinted from alluvial fans, as o special type of the delta association, on
the basis of (1) place of occurrence, (2) relation to the stream gradient,
and (3) relative importance of the various types of deposits of which
they are composed. These deposits are built largely within the chan-
nel of the master strenm, whereas alluvial fans are built largely on 2
flood plain, terrace, or other surface outside the channel; hence typical
fans are dry surfnces most of the time. Fans characteristically form
at places where the velocity of the water is decreased by flattening of
the stream gradiens, whereas accunwilation of these delta deposits, by
conftrast, is controlled by the water level of the master stream. The
fluctuation of the water level in the main stream, however, allows
alternate periods of dissection and aggradation of the delta. As
contrasted with alluvial fans, the delta association typically shows a
greater proportion of channel-fill deposifs, an equal or smaller propor-
tion of deposits of vertical and lateral aceretion, and a smaller propor-
tion of splays and colluvium.

This type of the delta association appears to be of little importance
In the modern deposits in Tobitubby and Hurrieane Valleys, except
that such deltas or deltaic alluvial fans, formed as a result of con-
tribution of large quantities of sand from tributaries, appear to have
cansed the mitial piugging of stream channels at some places. Locally
such accumulations 1n the stream channels have decreased the dis-
charge capacity, and thus have increased the frequency of flooding.
In other parts of the country, as in the upper Mississippi Valley,
deltas or deltaic alluvial fans have been a factor both in decreasing the
discharge capacity of the master stream and increasing bank erosion by
directing tiie water against the opposite bank., Plate 9, B and ¢ shows
o delta built into the Upper Iowa River in Allamakee County, Towa.
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About 5 acres ol valuable bottom land has been destroyed by ateral
migrntion of the river away (rom this delta,  As n general rule, how-
ever, deltas are not important as causes of valley damage.

10. Mudern valley sediments tend to be concentrated largely in the
wpper or miner valleys, near the head of flood-plain devetopment.

In Tobitubby and Hurricane Valleys, and generally throughout
similar parts of northern Mississippt as found by hrief reconnaissance,
the modern valley sediments are concentrated in the minor, hend-
water parts of the draimage systems. This distribution appears to
be due chiefly to (1) the coarse sandy texture of part of the sediment
and (2} the short period during which the modetn erosional debris has
been in transportation.  The modern period of aceclerated erosion has
Leen relatively short, and consequently there has not been time [lor
many cyeles of the normal process of intermittent transportation,
depusition, and reentrainment of the sediments.  This is particularly
important beeause a lurge part of the modern erosional debris is sand
or coarser material and dees not ordinarily move far in suspension
during any one period of transportation.

Notable nccumulations of modern sediment are known, from recon-
naissance, to oceur in the headwater parts of many valleys in the
South Carelina Piedmont, in parts of the Texas Coagtal Plain, nnd
m parts of western Wisconsin. Whether they represent equally
large parts ol the total quantity of modemn erosional debris produce
m their respective watersheds is not definitely known.

In other arcus where stream gradients are stesper or the modern
erosional debris is finer-grained tle sediment may be deposited farther
downstream. In the vallevs tributary to the middle Rio Grande of
central New Mexico, for exnmple, the moedern erosional debris con-
tains much sand or coarser material, yet most of this has been carried
down arroyoes, which trench the tributary valleys, directly to the main
valley of the Rio Grande. High gradients and the flumelike arrovo
channels, themselves developed wuring the past century, have more
than counterbalanced any tendency of the sediment to concentrate
in the headwaters,

11. Modern valley sediments are as well sorted, within individual beds,
as older valley deposits, but as « whole the modern sediments show more
Jrequent and more drregular vertical and lateral changes in terture.

é]mnples from corresponding parts of the modern and premodern
valley deposits in the Tobitubby and Hurricane Valleys are about
equnlly well sorted texturally.  The upper 4-inch layer of the present
surfnce deposits are less well sorted than the premodern surface
deposits, but this difference appears to be due largely to difference in
genetic type and to more intimate interbedding of sand and silt in
the modern deposits. Thus the modern streams appear to he just
about as eflective as the premodern streams in sorting sediment into
various grain sizes. Analyses of samples from Ferguson Creelk Vall ey,
Spartanburg County, 8. C., show a similar relationship.

In the aggregate, however, the modern deposits show more inter-
bedding of sand and silt layers and greater lateral variations in texture
than the premodern deposits. The lack of steatification in the pre-
modern deposits may be dune in part to diagenetic changes dwring the
soil-forming period. At the present time, however, there is a marked
difference n the degree of stratification in the modern and premodern
deposits at many places (pl. 4, B). This may prove to be a criterion
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by which the two age classes of sediment can be differentiated. The
frequent formation of sand splays und the greatly accelerated growth
of alluvial fans bave contributed much (o the lateral and vertical
variability of the modern sediments. The mereased variability of
sedimentation rates and processes appears to rellect o marked dis-
turbance of the normal stream and sedimentation regimen.

12. In a large proportion of the areas affected by acceleraied sedimen-
lation, the modern valley deposits are of such tecture and composition oy
to be suitable for agricultural use when they arve, or can be, adequately
drained.

A significant result of the present studies is the conclusion that only
a smail part of the nrea affected by aeeclerated sedimentation appears
to be permanently destroved, or even excessively dumaged, lor
agricultural use. Some arvens of sanded flood plains are recelving
additional deposits of silé at such rates that in the near future they
will be eanverted aguin into lonms suitable for cultivation.  The rapid
natural recovery of apparently severely damnged hottom land has
been notad in many pluees.  The two photographs of a part of Fer-
guson Creek Valley, Spartanburg County, 8. C. (pl. 10), although
taken at diflerent seasons, mdieate how extensive the natural recovery
may be in as short a time as 15 manths,  But unless effertive control
and remeclinl mensures ave applied, future sedimentation may be
experted to become more harmiuf because the sediment will he derived
in greater amounts from infertile upinnd subsoils and parent geologiesl
materials,

Swnamping ecaused by obstructed drainage or rise in the grourul-
water table has caused o large part of the sediment damage. The
sediment deposited in these swamped areas appears to be simifar in all
respects to the sediment deposited in adjacent areas that are being
suceessTully eultivated, whirh indicates that the damnge is primarily
due to the swamping rather than to inherent inlertility of the sediment.
In many places the obstructed deninage will be a serious and diflieult
problem to solve, but at least the situation is much less serious than
it would be if the sediment were itself inherently unsuttable for crop
production.

Even in aress where relatively infertile sand malkes a large part of
the modern sediment, as in Tobitubby and Hurricane Valleys, it is
encouraging to find that this sand tends to be concentrated in certain
parts of the valleys. 1In other large areas in these valleys the modern
anceumulation is dominantly silt that, judging by growth of native
vegetation and some small cultivated plots, will male> a high-quality
alluvial seil. Not only does this indicate that a large part of the
valleys might be profitably reclaimed if the flood and drainage prob-
lems can be solved, but 1t also suggests that much good might be
accomplished by building up parts of the flood plain through arti-
ficially controlled deposition of this better type of sadiment.

EROSBIONAL PROCESSES AS FACTORS IN EXCESSIVE SEDIMENTATION

18. Gullying is more important than sheet erosion as o cause of harm-
Ful stream and valley sedimentation.

Although more spectacular and obvious, gullying is usually con-
sidered to be less serious than sheet erosion as judged by tetal resulting
damage to uplands, partly because gullying is less widespread, is more
commonly confined, to land of low agricultural value, and is susceptible
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te more concentrated and thersfore often simpler, cheaper, and more
convenient control mensures.  As a source of harmful sediment, how-
ever, gullving is more serious than sheest erosion.

There are several rensons for this difference. {1} A smaller part
of the crosional debris derived from the uplands by sheot erasion prob-
ably reaches the valleys, for much of this debris lodges on lower slopes.
In contrast, the concentrated run-off from gullies usually delivers its
sediment load directly to the valley bottoms, or directly o the siream
channels.  (2) Sheet crosion affects only the surficial material, which
in many places is markedly finer in texture than the underlving ma-
terials exposed by gullying.  Consequently, the efferts of gullying and
shieet erosion on downstream sedimentation are markediv diffevent.
In the Tobhitubby-Hurricane area, for example, the sediment derived
from the surficial loess is fine-grained and when delivered to the valteys
is harmful only insofar as it contributes to the growth of natural
levees and alluvial fans or to the filling of channels, requires replpce-
ment ol fences and elevation of road grades and bridges, and raises
flood heights above the terrnce levels, thus subjecting more land to
flooding,  The fine-grained sediment makes a fertile soil where it is
well drained, or can be drained.  Gullying, on the other hand, is the
main source of the sand thal causes most of the damage in the vallevs.

This_principle may have wide application in the United States,
especially where fine debris is produced by sheet erosion and conrse
debris by gullving. Tt may be particularly applicable in the rezion of
loessiul soils in the central United States, in those large parts of the
Coastal Plain underlain by unconsolidnted sandy deposits. and in
those parts of the southeastern Pledmont underlain by deeply weath-
ered granitic rocks. It also applies where old sandy rlluvial deposits
now form high valley terraces that are subjeet to gully erosion, as is
common in the glacinted and neighboring regions in the northern
United States.

In drainage basins or regions where any of these conditions prevail,
the particular nature and extent of stream and valley damages should
be considered in planning an erosion-contrel program, lor mensures
best adapted to reducing erosional damages on the uplands are not
always the most effective in reducing the sediment damage n the
valleys. The humus-rich, dominantly silty topsoils, which it is most
desirable te protect {rom erosion on the uplands, may not be the
major source of harmful stream and valley sediment. But after the
topsoils are removed and sheet erosion begins to deliver mainly sub-
soll materials which may be coarser or less fertile, a larger share of the
sediment damage may be caused by shest erosion. Adequate pro-
tection of valley resources may also call for specinl attention to gullied
areas of such low agricultural value that control messures would not
be Justified solely for prevention of erosional damage to the uplands,

14. Stream-bank erosion 1s an important factor in stream and valley
sedimentation, for the allurial land that is eroded usually is replaced by
less productive deposits and the debris produced by the erosion May eaise
damage where i 18 deposited farther downstream.

Although stream-bank erosion is not now a serious form of damage.
in Tobitubby and Hurricane Valleys, it does occur on a sufficient
senle to illustrate o principle of wide application. Iateral eutting is
always most active on the outside of a stream bend, and thus couses
the channel to migrate away and downstream from the inside bank
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A. Bank crosion in a small valley tributary to the Whitewater River, Winons
County, Minn., has remnoved e large part of the premodern alluvial deposits,
The new land built on the inside of the hends is sandy and boulder-strewn and
is more frequently flovded than the land being removed. B, Trenching of sandy
Pleistocene valley fill in east hranch of Dumfries Valley, Wabasha County,

Minn,
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of the bend. As this eceurs, & bar is built out from the inside hank.
The process involves progressive destruction of the flood plain on one
sicdle of the stream and building of n new seegment of flood plain on the
other. At first the constructional or building process is chiefly by
lateral accretion, the bar deposits of lateral aceretion being composed
dominantly of coarse debris derived [rom the bed Joad. After the bar
is built up sufficiently to check the veloeity of overllow water by
shallowing, or by the retarding effect of vegetation established when
the bar is exposed, finer deposits, derived largely [rom suspended load,
accumulate by vertical accretion.

In time, if the stream continues to flow at the same level nnd other
conditions remain essentinlly unchanged, the new lleod-plain surfnee
may be built up to the level of the older surface that was destroyed.
If this happens, the area of land destroyed may be equaled by the nrea
of new alluvial land built on the oppostte side of the streamn, nnd no net
loss of land oceurs. Individual landowners may sufler much incon-
vemience and cxtensive losses, however, and highways, railroacds, and
other improved propertics may be severely damaged as the stream
migrates arross its flood plain.  Commonly, however, there is a time
lag hetween the crosion of the old flood plain and the development of
the new one, and, as a result, the area of land available for cultivation
1s reduceed.

Under modern conclitions, and especially in areas of severc soil
crosion and rapid sedimentation, the new land built in connection with
the bank-crosion process is commonly infarior in texture and fertility
to the older alluvial land being destroved. In eddition to change in
character of the nlluvium, the new fleod plain may be built at o lower
level, and hence may be subject to more {requent and more violent
overflows than the older, higher Aood plain that is undergoing destruc-
tion. This type of damage has been observed widely in the upper
Mississippi Valiey, where 1n some headwater tributarics half of the
former alluvial land has been removed for distances of & mile or more.
This land has been replaced by a valueless, bouldery, or sandy torrent
plain, or lower flood plain, which is overflowed after almost every
storm. Such a low, sandy torrent plain on a tributary of the White-
water River in Winona County, Minn., is shown in plate 11, A.

Of major significance is the fact that removal of the natural vegeta-
tion from the stream banks greatly facilitates bank crosion. This is
not by any means s new observation, for an established practice in
drainage ditching has been to dig ditches narrower than desired and
rely on bank erosion, and perhaps channel deepening, to attain the
necessary size and discharge capacity (61, p. 1). To promote the
desired widening, clearing of the banks is common practice.

The same principle has also been applied in the clearing or brushing-
ont of natural strenm banks for fleod control, the decrease in frictional
resistance to flow produced by clearing the banks commonly resulting
in channel enlargement by lateral bank cutting (66, p. 224). In this
regard, however, 1t should be noted that many progressive landowners
male o practice of cutting large trees that have begun to be undercut
by lateral bank erosion in order to minimize the rate and amount of
damage. Cutting the trees removes the factor of tree weight, which
tends to cause the undercut bank to cave, slump, or slide into the
stream, and reduces the ares of surface and volume of material that
would be removed from the banl if the tree toppled into the stream
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and tore out its roots and # large mass of earth.  After the tree is cut,
the root systemn contimices to provide bank protection for several
years, and a new growth ean be established before the old roots have
rotted away. Such sclective bank clearing may prove to be an offee-
tive mensure for combating bank erosion.

In the northern part of the United States the action of ice is an
important {actor in bank ecrosion. DBoth the abrasive and hnttering
clfect of ice carvied by spring freshets and the toaring out of vegetation
and earth when the lce is Hfted and floated away hy the rising stream
in the spring are involved in such bank erosion.

The texture of the flood-plain alluvium is also an tmportant factor
in stream-bank erosion. Where the strenms are flowing between
baunks composed dominantiy of silt or elay, lateral cutting is minimized
by the resistance of such materinl to abrasion and shumping.  Where
the flood plain is dominantly sandy or where a sandy layor of con-
siderable thickness is exposed to the action of the water, bank cutling
s greatly Tacilitated, for sandy matorials are less resistant to such
erosion.  In sandy alluviam, especially, chiannels ave apt to increase
in width, as the result of erosion of the outer bank of n bend at n more
rapid rate than the inner hunk iz built forward, and produce what
Melton (54, ». 599) has aptly termed “meanders of advance ent.”

13, Valley trenching s an important factor in accelerated stream and
valley sedimentation, both as ¢ source af sediment and because the resulting
Joumelihe channels expedite the delivery of sediment to the major streams
and lower valleys.

The trenching of headwater valleys has occurred widely througheut
the southwestern, southern, and midwestern parts of the United States,
and perhaps elsewhere, during the period of culturally accelerated
crosion. In the Southwest this phienomenon has been recognized as
the “arvoyo cycle” and, in at least some places, the present trenches
have developed within the last 60 years (73). In the Southern
and Midwestern States valley trenching has not been generully recog-
nized as a distinet physiographic process or condition, being com-
monly included as part of the gully problem.

Valley trenching, of cowse, produces sediment shat contributes
to sedimentation farther downstream. In many, and probabiy most,
places this offect is more important than would be indicated solely
by the pereentage of the crostonal debris devived from trenching,
beenuse a large part of the older valley fill, which is removed in the
process of trenching, may be sand or gravel. This is especially true
in parts of the Northern States where the material of the older valley
Gl dates from the widespread aggradation of valleys during and fol-
lowing the Pleistocene glaciation. Many of the smaller valleys in
these arcas were graded to the level of what are now high terraces
along the master valleys. Mauy such tributary vallevs are now
being deeply trenched as the modern stream, in the process of re-
adjusting itself to the present lower level of the master stream, cuts
into the unstable sandy alluvium. Plate 11, B is from a photograph of
& minor valley tributary to the Zumbro River in southeastern Minne-
sota, which Is now being trenched to a depth of about 25 feet. The
sand derived from this trenching is causing considerable damage where
it is deposited on a fan built upon the flood plain of the river.

The effoct of valley trenching on excessive sedimentation is not con-
fineqd to the production of harmiul types of sediment. In Tobitubby
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and Hurricnne Valleys, and commonly elsewhere as indieated by many
observations, an important result of the valley trenching has been the
development ol flumelike chamnels throvgh which sand or gruvel,
devived from upland gullies as well us from headward extension and
lateral widening of the trenches, is caried down to the wider and
nmore valuable parts of the valleys and to the larger streams. The
trenches also facilitate the downstrsam transportation of fine-grained
sediment and thus may increase damage to valley resources, such as
reservoirs, where the bullk rather than the character of the sediment
determines the extent of damage.

In their netion as flumes the valley trenches serve to upset one of the
natural physiographic bulonces that play such o large role in fashion-
ing the surfuce of the earth into forms suitable lor agriculture. The
headwater parts of most vallevs, where the streams are intermittent
or ephemeral and lack extensive replenishment between periods of
surface run-oft, are areas of wlternate erosion and sedimentation.
The longitudinal profiles of sueh headwater valleys are relatively
steep, vet much erosional debris collscts becauvse of the intermittent
character of transportation and because of colluvial deposition caused
by lessening of the slope at the base of the valley sides. 7These small
headwater nlluvial ureas are less subject fo prolonged flood overflows
than ‘he valley bottoms [arther downstream, where gradients are
lower and whare subdrainage is commmonly slower because the texture
of the alluvium is finer. The headwater vallevs are therefore almosi
always desivable agricultural lands and are extensively used for crop
production or for pasture if too aarrow or too frequently overflowed
for sale cultivation.

When the hendwater valleys are trenched, however, the locus of
sedimentation shifts down valley, and coarse sediment may be deliv-
ered from the mouths of the valley trenches to stream chanmels that
have a lower gradient and are not able to transport large quantities
of such coarse debris; hence the sediment tends to accumulate in the
channel. As the channel is purtly or wholly choked, the main streain
is forced overbank und distributes on the adjacent flood plain the coarse
sediment that is normally moved chiefly as bed load and would other-
wise not be so widely distributed on the flood-plain surface. The
resulting damages may be much greater than those directly and ob-
vicusly due to the erosion of the valley trench itself.

One of the most serious known instances of such valley trenching,
whichi serves to Hlustrate the dual nature of the rvesulting damages,
is that of the Rio Puerce, a tributary of the Rio Grande in central
New Mexico. Bryan " has reported conviucing evidence that the
present Rio Puerco has trenched its valley for a distance of approxi-
mately 140 miles since about 1883. He has estimated that 40 percent:
of the henvy annual sediment loads delivered to the Elephant Butte
Reservoir are being derived from the extension and widening of this
arroyvo system. In addition, the trench now serves as o great flume
to carry sediment divectly to the main valley. At and below the
mouth of the Rio Puerco trench, the Rio Grande itself is aggrading
at an alarmingly rapid rate, undoubtedly, in large part, becuuse of the
sediment from the Rio Puerco.

1 Brvax, Kmg, and Posr, (TeoiGE M. ENOSION AND CONTRAGLOF 81LT ON THE RID PURKCD, NEW MEXICO,
Report to the chief engineer, Middle Rio (rande Cunservancy Distriet. CGcetober 1027, Unpubllsied,]
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VALLEY SEDIMENTATION AS A MEASURE OF UFLAND EROSTON

16. Part of the debris produced by soil erosion aceumulates in valley
deposils, and thus the volume of these modern valley sediments provides o
mintmam measure of groswon in the drainage basen during the contem-
porary period.

The importance of gully and sheet erosion in damaging the soils on
sloping lands is well established and has become a matter of increas-
ingly wide concern during the past few vears. That all the soil ma-
terial washed from upland slopes by these processes must be deposited
at some lower elevation is equally certain, although less commonly
appreciated. Some of the debris may move only a short distunce
down the slope before if is redeposited; some may accumulate near
the base of the slopes ns colluvial deposits or, if there has been some
concentration of the run-off, us alluvial {fans; the rest will be carried
into the stream systems. Onece it is in the stremms, the material
derived dirvectly from upland slopes, augmented by debris from valley
trenches and eroding stream hanks, may be deposited In one of the
several types of valley deposits, may come to rest in the quiet waters
of n reservoir or lake, or may. either at once or after o number of
eveles of transportation, deposition, erosion, and further transporta-
tion, be carried to the sea. Except {or the trapping of sediment in
man-made reservolrs, this disposal of eroded material is similsr to
that which has faken place throughout geologic time.

Since some debris is deposited on slopes, some in lakes or reservoirs,
and some is carried to the sea, the valley deposits contain only a part
of the debris that has been eroded from the uplands. The volume of
the modern deposits therefore is o minimum measure of the eombined
normal and accelerated erosion that has taken place in the tributary
drainage area during the contemporary period. A grester part of the
erosional debris will be deposited in some valleys than in others, and
hence the disparity between actual and measured erosional output
will vary in different drainage aress.

17. Rates of valley deposibion, together with the measurements of sus-
pended load of streams, indicate rates of erosion of the same order of
magnitude as those computed from erosion surveys, erosion-plot measure-
ments, and reservoir-sedimeniation surveys.

Erosional debris is in part deposited above the alluvial valley and
in part carvied on downstream; therefore, the volume of valley sedi-
ments represents only a minimum measure of the amount of erosion
in the tributary drainage basins, It is possible, however, to supple-
ment measurement of the volume of modern valley sediments by
suspended-load sampling of the water discharged from the area of
survey and thus to secure a more accurate, although still minimum,
measure of the average rate of erosion in the drainage basin.

In areas in which the sediment is predominantly fine-grained this
method may be fairly accurate, but in areas where o large proportion of
the erosional debris 1s coarse-textured and is carried mainly as bed load
the resulting estimates may be much too low, because satisfactory
methods of determining the amnount of material carried from the areas
as bed load have not yet been developed. The measurement of the
amount of debris deposited above the alluvial valley is also difficult
and costly. Not only are the colluvial deposits usually distributed
widely throughout the upland portior, of a drainage area, the cumula-
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tive linear extent being many miles, but they may be difficult to dis-
tinguish from the premodern deposits. This difficulty is especinlly
troublesome where the colluvium lies on slopes from which the topsoll
had been removed by accelerated erosion before the colluvial ueeumu-
lation, and where the colluvium is similar in physical character to the
underlying naterial.

From measured and estinated volumes of valley deposits, plus
measurements of suspended lond transported past Greenwood, Miss.,
average depths of upland surface erosion of 5.5, 5.1, and 5.4 inches,
and average rates of erosion of 1 inch in 18.2, 19.6, and 18.5 years in
the Tobitubby, Hurricane, and the comhined drainage areas, respec-
tively, have been computed (table 7). Comparison of these avetage
depths and rates of erosion with the results of similar computations
based on (1) erosion surveys, (2) erosion-plot measurements, and
(3) rates of sedimentation in reservoirs, shows that all four methoeds
yicid results of the same order of magnitude.

(1} The amount of erosion during the period of agricultural oceu-
pation of the land has been mapped In some localities as a part of the
corservation-survey program of the Soil Conservation Service. Map-
ping 1s the only direct method of complete measurement of upland
surface erosion, but in many places other methods of obtaining
reasonably accurate estimates at less expense and more quickly may
be adequate for many purposes. Sedimentation data are ofter used
as a measurement of eresion, for suel data are already available for
some drainage basire fn which it is unlikely that adequate erosion
surveys will be m~de for many years.

The average cepth of erosion in drainage areas for which conserva.
tion survey datn are available may be calculated by multiplying (1)
the number of acres from which designated percentages (less than 235
percent, 25 to 75 percent, etc.) of the topseil have been removed by
 (2) the average Jdepth of soil represented by such removal, and (3)
dividing this product by the number of acres in the watershed. The
averpge tate of erosion, in terms of years to erode 1 inch, may be
calculated by dividing (4) the period of land use by (5) the average
depth of soil eroded. The results, although based on preliminary and
incomplete data, are thought to be of the correct order of magnitude,
and probably conservative.

Such data are available for the Scantic drainage basin in Connecti-
cut, the Reedy Fork drainage basin in North Carolina, the Lake
Crook drainage basin in Texas, aud the West Tarkio drainage basin
in Town. Table 8 presents the preliminary basic datn and the caleu-
lated average depths and rates of erosion. The average rate of erosion
in the Tobitubby-Hurricane area, exclusive of first bottoms, is 1 inch
in 18.5 years; if the bottom land is included, the average rate is 1 inch
in 21 years. The latter rate is comparable with the rates derived for
entire drainage sreas from erosion surveys. It is about 50 percent
lower thap in the Jowa area, nearly twice as high as in the North Chro-
lina area, 50 percent higher than In the Texas aren, and cight times os
high as in the Connecticut aren. Because of the differsnce in the
length of the period of agricultural use, bowever, the average depth of
crosion in the North Carolina aren is about the same as that in the
Tobitubby-Hurricane aren; in Texas and Cennecticut, respectively,
it is roughly 60 und 40 percent as much, and in Tows it is about

146519° —d0——6
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one-third higher. Considering that the depths and rates of erosion
computed for the Tobitubby and Hurricane areas are minimum
figures, whereas the depths and rates measured by erosion surveys
should approximate the true values, the results of the two types of
surveys serve to support each other, and thus to indicate that the
figures for rates of erosion ns determined by erosion surveys are of
the right order of magnitude, although they are much bigher than
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most earlier estimates based on geological concepts and data.

TABLE &.— Erosion rates compuled from resulls of conservation surveys |
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1 Data from k= fAles of Physical Survess Division, Seil Conservatinn Service.

* Figures indients tvpe and depree of erosion os follows: 1. No apparcat acevierated erosion, 2, Less than
95 percent of topsoil removed by sheot erosion. 3. 2 to 78 poreent of lopseil remaved by sheet crosion;
when subdivided 3 indicates 25- to 50-pergent repapval, 33 indicates 50- to 75-pereent removal, 4. Over 75

oreent or Bl of & horizon, or the npper parl of B horizon, removed by shect crosinn, &, Sheet erosion af
ower B and O horizon. 6. Tawdslides or slips. 7. Qecasional gailies. & Fregquend gullies. 0. Very (re-
nuent or distinetively laree gulliss. 4. Recent sfluvial and colluvind deposition.  Cowmbinelions of sheet
erasion and gullyine or slips are indlented by ecambininz the respeetive symbols; thus the symbol 38indieates
2F co 75 percent of tapandl removed by sheet crosion plus frerpuent gullies.

(2) Erosion-plot studies have been carried on at more than 15
loeakities in the United States, on a variety of soil types under vartous
conditions of climate, slope, plant cover, and land use. The plots
used in these studies are commonly about one-hundredth of an acre
in area: are rectangular in shape, with the long dimeusion paralieling



http:1--ll:!ii~875.31

ACCEBLERATED STREAM AND VALLEY SEDIMENTATION 83

the direction of maximum slope; and are enclased on three sides by
metal strips, which exclude run-off from adjscent areas. Soil and
water losses are measured by means of collection tanks at the lower
end of the plots.

At most of the sites the period of operation has been too short to
eliminate entirely the effects of short-term variations in weather.,
Studies have been continued for a period of 14 years at Columbia,
Mo., however, and practically the same annual losses were recorded
for the first 6 years as for the entire duration of the investigation
(&5, p. 17).

At 10 soil and water conservation experiment stations operated by
the Soil Conservation Service, the rates of erosion for tallow and clean
cultivated plots ranged from 1ineh in 1% vears to 1 inch in 12 veurs
(48, 59} and averaged 1 inch in wbout § vewrs. By contrast, the
most rapid rate of erosion from grass or forest plots was | inch in 83
vears and the average [rom grass and lorest plots, where run-off had
occurred, 1 inch in about 16,000 years. At the Southern Forest
Experiment Station, at Holly Springs, Miss., erosion on plots of
smaller size (12 feet Jong) varied from 1 inch in about 2 years to ! inch
0 4% vears from clean-cultivated and harren abandoned land, and
erosion from forest and pasture land ranged from 1 inch in 320 years
to 1 inch in 6,700 years (58). By application of the Holly Springs
data 1t has been estimated that the average sheet erosion from the
Tobitubby-Hurricane aren during the period of culturally accelerated
soil erosion las been between 0.4 and 10.2 inches (p. 62). It
has been estimated that an average of 3.2 inches must have been
removed from the uplands by sheet erosion in order to account for
the volume of sediment that has aceumulated in the valleys (p. 62).
The fact that the average surface erosion as calculated from sedi-
mentation data falls within the range indicated by application of
plot-study data to the entire drainage basins tends to support the
validity of both methods.

(3) The rates of sedimentation in reservoirs also may be used as a
meansure of the average rate of erosion in the tributary drainage
basins. The rates so derived are bused only on the fraction of the
total erosional debris deposited in the reservoir basins, and conse-
quently are minimum figures. In this respect, reservoir and valley
sedimentation results ave similar. Where the volume of both reser-
volr and valley deposits can be meusured, a closer appronch to the
actual erosion rates maxy be secured.

Of 96 reservoirs of various sizes in the United States on which sedi-
mentalion surveys have been made by the Sedimentation Division
of the Soil Conservation Serviee, by the Reclamation Service, or by
other Government and private agencies, 21 show rates of erosion in
their tributary drainage areas of 1 inch in less than 50 years; 13, 1 inch
in 30 to 100 years; 21, Linch in 100 to 200 vears; 8, 1 inch in 200 to 300
vears; and 33, 1 inch in more than 300 years. These rates were cal-
culated by using an average porosity of 63.6 percent (weight about 60
pounds per cubic foot} for the reservoir sediment and 48.5 percent
(about 85 pounds per cubic foot) for the eroded seils. Table 9 shows
the location, drainage ares, age, and rate of sedimentation in those
reservoirs whose tributary drainage nress are being eroded at a rate
of 1 inch in less than 50 years. Only in the small drainage basins of
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Rogers Municipal, Greenbelt, and Live Oak Reservoirs has the rate of
erosion been greater than in the Tobitubby-Hurricane area, even
though most of the reservoir drainage areas are smaller than that of
Hurnicane Creek and might for this reason be expected tc show
higher erosion rates.

TABLE 9.—Reservoir drainage basins in which sedimeniation date indicale erosion

rales of more than ! inch per 50 years

Time
Agcumu- | regUired
! hitlon far
Truin- per year | crosion
Rueservoir River or croek Locality ape Age | peroere | of | ineh
area b al af sail
drainnge from
Arcn drainage
aren
Syrare Chhic
#iifes | Ieura feet Years
Greenbelt Lake.. Unnsmed ereek. Greenbelt, Md.. | D.68] LG T4 B
Lake Convord - Coldwater Cre Hunnupolis, N. C. 36| M1y LRV EW:] a6
Qeoee No. 1 Oenee River., Parksville, Tenn. . /00 15. 75 345,10 41
Lake Brocken_ Galesgbureg, . _.......| 86 | 127 1137, 5 v
West Frankfort Wost Frankfort, II____| 3.5 | 10 2182 5 28
Pine Lake_ Eldora, Iowa_ b gl | B 1102.0 a0
Lake Benneg Conway, Ark. 11 .37 L] 29
Mission Lake Horfon, Kans 1.1 | M *135.9 530
Lake Olathe. .. Cerdar Creok. . Glathe, Eans. I 61 4.9 21250 &40
Ardmore Qlub Unnamed eroek. Ardmore, Okla, Joae | 184 ITLF an
Boomer Creek _ Stillwuler, Okla 4OW0 1025 130,10 am
Cottenwogod Cre Guthrie, Okla 12,8 | 45 TIBL T il
Tine Creek. Paris, Tex . 1.0 | 36 1117, 2 £l
Rogers Munic Littls Hive Rogers, Tox V81|12 *413.8 i2
White Rock Lake. White Rock. Dallas, Tex. 12 25 2108, 8 47
Baker_.____. Sandstone Creele .| Baker, Mon 5 21 *118. 6 41
Lake Chahot. San Leandro Craek | Oskland, Cn 42 48 31118.2 43
Live Onk.. Liwe Qok Creck_____ L%‘ ‘i'g rngul-:.-; C ¥, 233 22 23816 i
alil.
Morena._.. Cottonwood Creelr | San Diege County, | 1094 | 2667 | 21739 0
if.
Bants Anita. ... .... ]3i(g3 Banta Anita Locs&&@;:geles County, | 10,8 | 10.2 1222.3 23
reok. if,
Usp D Ie r Orystal | Laguna Cresk --| San Fra 3, Calll._| 7.8 | §7.93 147.8 3
prings.

! E‘L;;en of reservoir basin excluded exsept for Ocoee Wo. 1, Pine Lake, and Lake Chabot,
(88,
1 (68, p. 210.)
4 !Einr.s'rorl, . A
[Unpublished,] .
4 I?ased on deferminations of vojumg-welght of reservoir sedfment and uplend soils.  See the following:
JoNCS, Vicror H. ADVANCE REPORT ON THE SEIIMENTATION SULVEY OF MISSION LAKE, HORTON, KANS.
APRTL 15 TO MAY 6, 1837. U, B, 3oil Conserv. Serv. 88-22, 15 pp., illus. 1838, [Mimeographed.]
! Based on determinations of valums-welght of reservoir sediment and upland soils. See the follow[ng:
JoNES, VICTOR FI. ADVANGE REPORT OW THE SEDIMERTATION SURYVEY OF LARKE OLATHE, OLATHE, KaNS.,
MAY 26 TO JUNE 4, 1087. U. 5. Soil Conserv. Serv. 55-24, 14 pp., illus. 1938, [Mimeographed,]

SEDIMENTATION IN 80UTHERY I10WA RESERYDIRS. Thesis, Unlversity of Iowa. 1033,

18. Suspended-load sampling alone, especially on magor streams,
fails not only to measure the total erosion in a drainage basin but also
o afford a reliable basis for the comparison of the relative severity of
erosion in two drasnage basins that are widely different geologically.

It has been emphasized, in the discussion of the two preceding
principles and in other parts of this bulletin, that part of the debris
produced by erosion is deposited as colluvium, alluvium, or lacustrine
or reservoir sediment. Obviously, none of the material accumulated
in such semipermanent deposits above a suspended-load messuring
station will be measured by sampling the river water. According to
the computations reported in this bulletin (pp. 60-61), for example,
only € percent of the erosional debris from the uplands of the Tobi-
tubby-Hurricane area has been carried past Greenwood, Miss., the
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only place below this area at which suspended load bhas been system-
atically measured. Therefore, estimates of the total erosion in the
drainage areas tributery to messuring stations, based on suspended-
load measurements alone, will be below the true values in direet ratio
to the proportion of erosional debris deposited upstream or earried
past the measuring point as bed load.

The present studies indicate that in some valleys the deposits tend
to be concentrated toward the headwaters of the streams. In general,
it is also true that the rate of sedimentation per unit of drainage area
1s higher in reservoirs near the headwaters than in those farther down-
streami. Thus, as the distance of the sampling stations from the
headwaters increases, the suspended-load sampling may be expected
to measure & smaller proportion of the total erosional debris being
produced in the drainage basin.

The character of the erosional debris is of major importance in
determining the effectiveness of suspended-load sampling in measur-
m% the total or gross erosion in a drainage aren. If the material is
relatively coarse in texture, a larger part of the total debris ordinarily
will be deposited upstream than I it is fine-grained and can easily be
carried in suspension. If the sediment carried by a stream is coarse
the proportion of material carried past the measuring station as bed
load will also be greater. Thus in two drainage areas that are under
lain by different types of bedrock but have the same (total) erosion
rates, suspended-load messurements may give an entively erroneous
impression of the relative severity of erosion,

The shortcomings of suspended-load sampling as o means of com-
paring the relative severity of erosion in two drainage areas that are
widely different geologically do not invalidate in any way the use of
the method, with proper caution, for such purposes as estimating the
probable rate of sedimentation in reservoirs to be located nesr the
sampling station or for comparing rates of sediment output from
drainage basins producing similar kinds of erosional debris,

DAMAGES RESULTING FROM CULTURALLY ACCELERATED YALLEY SEDITMENTATION

18. Agcelerated stream and valley sedimentation has already caused
serious damage in various parts of the United States by impairment or
destruction of the agricultural productivity of valuable valley lands.

The agricultural value of & large part of the bottom lands in Tobi-
tubby and Hurricane Valleys has been seriously impaired by sanding
and swamping caused by excessive sedimentation during the modern
period of accelerated soil erosion. A large part of these bottom
lands was formerly valuable for agriculture, and more might be
reclaimed for agricultural use if it were not for the conditions now
prevailing as a result of the excessive sediment accumulation. The
value of these bottom lands increases as the adjacent uplands con-
tinue to be eroded and thus become less adequate to muintain a Pros-
perous sagriculture. As erosion continues and mereased use of the
valleys is prevented by sediment damage, there is a constant pressure
toward greater cultivation of sloping lands that sre subject to exces-
sive erosion and therefore, in the interests of agricultural conserva-
tion, should not be plowed.

Similar valley demage is known, from Teconnaissance, to ocour
generally throughout the Central Hills section of the Coastal Plain
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of northern Mississippi nud is reported to he common nlso in western
Tennessee, In the South Carclina Piedmont much of the bottom
land that was once cultivated has already been abandoned, owing to
a combination of sediment and food damage. In the rugged Drift-
less Aren of the upper Mississippl Valley thousands of acres of bottom-
land pastures and cultivated fields hiave been severely damaged by
sand and boulders deposited during the period of cultivation. Sand-
ing (pl. 12, AY was locally severe ns & result of the Ohlo River floods
of 1937. Sedimentation in the middle Ric Grande Valley of New
Mexico is alse known to have caused or aggravated swamping and
flood damages to such an extent that hundreds of acres of formerly
Irrigated valler lands have been abandoned. T.ess fully verified
reports testify to similar dumage in other widely seaitered parts of
the country.

In meost, if not »ll, of these areas of sediment damage to valley
agricultural Jands, the Innds ave valuable not only because of thetr
own productive capacity and sale value to the owners, but also hecause
thiey ofler the only available area for possible expansion of cullivation
of level, relatively nonerodible areas as an allernative to econtinued
or expanded use of steeper sloping lands that are subjecl to serious
soil erosion. In the Southwest, where irrigation is necessarv for
crop production, the valley lands are commonly the only areas avail-
able for cultivation, and consequenily there is ne possibility of replae-
ing those lands that canmot be economically utilized beeause of
sediment damage.

The agricultural nse of bottom lands not only has the advantage
of requiring less use of artificinl plant-food fertilizers, but aiso offers
the most practicable method of obtaining some return from the large
volnmes of plant-food material armually washed from upland fickls
and started on its way to the sea. With respect to a permanent
national well-being, the vallex lands thus assume an importance far
in excess of what would he indicated solely by the ratie of such
valley lands to the total land area of the United States, Their
greater utilization constitutes, in effect, an important means of con-
serving the plant-foed constituents that are removed by erosion from
upland soils.

20. Sund or coarser sediment causes most of the sediment damage fo
valley agricultural land.

A measurable thickness of modern sediment is already known to
have accumulated on o large percentage of the vallex flood plains
of the Southern and Midwestern States and also in some wvallevs in
other parts of the United States. A large number of the areas of
this modemn flood-plain aggradation, perhaps the largest number,
show sediment dominantly of silt size at the surface. In such silt-
covered areas little sediment damage is known to occur except where
flood domage or drainage obstruction results from stream-channel
filling or flood-plain aggradation. But where the flood-plain deposit
is dominantly sand or coarser sediment, the damage is almost always
severe. The chamnel deposition that contributes fo flooding or
swamping of areas of silt deposition on the flood plains is also chiefly
the result of accumulation of sand or coarser material, Thus most of
the sediment damage can he ehinrged to acecumulation of sand or gravel
or, in extreme cases, even houlders, although the individual boulder
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A, Several feet of sand depositerd on a flood-plain field iy Thayiess County, Ky,
Ly the Ohio Valley flood of 1937, £3, Boulders accumulaced o ehannel of small
stroam 3 miles souilienst of Elha, Winona County, Minn,  Black soil horizon
representing premodern flood-plain surfaee averages about 1 fost below present
chanuvel bed. Notahle channel aegeadation is indicated.
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accumulations are seldom of Jarge areal extent. Plate 12, B shows
such a loeal boulder aceumulation in southeastern Minnesota.

As accelerated erosion progresses on upland soils, removing more
and more topscil and exposing subsoils to erosion, greater quantities
of subsoil material will be contributed to the valley deposits. It is
reasonable to expect that this will reduce the productivity of valley
fields, beeause of the relative infertility of a covering of sediment de-
rived largely {rom upland subseils.  Such observations as have heen
made, howaver, suggest that the present damages may be due chiefly
to the effects of overflow waters or obstructed drainage rather than to
a change in the inherent fertility of the sediment. More detailed
studies, including laboratory end experimental field tests, will be re-
quired to evaluate the factor of inherent fertility of the modern de-
posits, and such investigntions moy support the assignient of greater
mnportance to this lactor. At present, however, ne conclusive evi-
dence is at hand which indicates that modeen Aood-plain silt depostts,
where adequaiely drained and reasonably protected from excessive
flooding, are as a rule less productive than the older flood-plain silts.

Since the damages resulting from accelerated sedimentation are
caused chiefly by sand or coarser sediment, those erosional processes
responsible for the production of the larger parts of such conrse sadi-
ment are especially importani as causes of valley damage. In the
Tobitubby-Hurricane area, gullving of the uplands is the prineipal
source of sand, the coarsest sediment produced in the srea, Some
sand is also produced by the Incision of headwatler valley trenches
and by siream-bank erosion, but, compared with the amount derived
from gullyving, thie sand contributed by these processes appears to be
small and therefore probably has ecaused only a2 small part of the sedi-
ment damage. Conditions appear to be generally similar in the South
Carolina Pledmont. In other areas, however, other processes may be
much more Important. In the area tributary to the middle Rio
Grande In New Maexico, for example, valley trenching by arroyo in-
cision and arrovo widening by hank erosion are dominant factors in
production of sediment that is eausing damage to the valley lands.
In parts of the Driftless Area of the upper Mississippi Valley, stream-
bank erosion and gullying of sandy terraces are probably the most
importunt sources of coarse debris.

The coarseness of the sediment depostted In any particular part of a
streain or valley does not depend solely on the texture of the erosional
debris being produced in the contributing drainage area; it depends
also on the competeney of the surface run-off and the stream flow to
transport. coarse sediment to or bevond the particular depositional
aren. Thus, insofar as the extent of damage depends on the texture
of the denostts, the problem of sediment damage 1s affected to n large
degree by the earrving capacity of the stream bringing the sediment to
n given arca, It seems probable that in some places the transporting
capacity of a stream may be a limiting factor in determining the areal
extent of sediment damage and in others a factor in causing especially
harmfu! localized concentrations of sediment. In some localities,
possibly ineluding Tobitubby and Hurricane Vallevs, damage to
valley lands by excessive sand accumulation may be localized m the
headwater areas becnuse stream gradients are too low and channel
capneities tou limited to permif transportalion of the sand down the




88 CECICNICAL BULLETIN G5, UL #) DEPFE, UF AGHICCLITURE

streams as rapidly as it is brought to them. In this way mueh sedi-
ment may be prevented, temporarily at least, from being transported
to the valley lands farther down the drainage system.

A very important question that has not yet received adequate at-
tention is: Are the incompetent cliannels below arcas of excessive
sedimentation the result of & progressive channel filiing that represents
an early stage in geomorpbic readjustment to the modern aceeleratad
run-off and erosion regimen, or was the incompetence, together with
the low gradient, inherited from an earlier premodern stream regimen
in which the channels, now too snnll, were adequate to transport the
available sediment load? Channel filling is definitely known to have
taken plrce during the modern period within the areas of present ac-
celerated sedimentation, but whether the same process is under way
farther downstream, where no such accelerated sediment damage has
been recognized, is s3] inknown,

A large part of the sand and nearly all the eravel and boulders
tronsported by streams in alluvial vallews are carried as bed load
rather than in suspension. In the consideration of processes of trans-
portetion and deposition and possible corrective measures it is there-
fore of prime impaortance to take cognizance of the greater damage
caused by the bed-load material.  Observation of stream action, as
well as consideration of the magnitude of the deposits composed
largely of sediments hrought into place as bhed lead, is sufficient to
show that bed-load transpertation is very active not only in the
Tobitubby and Hurricane Valleys hut generally throughout most of
the other known areas of severe sedimentation. Present knowiedge
of bed-load transportation of sediment is so extremely limited that
this may be considered one of the notably unexplored fields of the
natural and hydraulic sciences.”™  Hence. no adequate basis exists for
more precise evaluation of this factor in the processes of stream and
valley sedimentation damage. Thorough studies, including hydraulie
expertment beyoud the scope of the present investigation, are urgently
needed in this field.

21, Much of the valley land that has been directly damaged by deposi-
tion. of infertile modern sediment has alse been affected by increased flood-
ing and drainage obstruchiown caused by the deposition of sediment in
stream channels, on allurigl fiens, and on notural levees.

A very large part of the valley arens now covered with comparatively
infertile sandy modern sediment is swampy, because surface water
has been ponded behind natural levees and alluvial fans composed of
modern sediment, and is subject te frequent fooding beenuse the
stream channels have been completely or partly filled with sand, so
that even minor floods are diverled over the flood-plain surface.
These areas are not known to have been well drained or immune to
floods under premodern conditions, but they would be much less
affected by flooding and swamping if modern sediments had not
accurmnulated i the chamels and on the fans and levees. Conse-
quently, in these areas the accurnte assinment of the degree of
present damage caused by sanding as contrasted with that caused by
swamping and flooding is impossible. Much of the sandy land would

T An investzntion of the lodamenial prineijles of bed-lond transpertation is being conducted at deld
stalions venr Greenville, 5. C., Diadoville, 4)a., and Statesville, N, O, a3 part of the research program of the
Sedimendintion Division. These field studies will bo supplamenied by investicalions at the cooperative

g}’(lmtgi(]r Iaburatory of the Soil Conservation Serviee snd the Califernia Insiitnte of Technology, at Poasu-
cnn. Calif,
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now be valueless for agriculture beeause of swamping and flooding
even 1f the surface materinl were not infertile. On the other hand,
much of this swamped and flooded land is now too sandy to justify
the expense of reclamation by drainage and flood-protection works,
which might otherwise be feasible.

A considerable part of the modern valley sediment accumulation
has occurred in areas that were naturally swampy and frequently
overflowed under primeval conditions. In such places no damage has
resulted except where deposition in low areas hus reduced the capacity
for storage of floodwater in the upper valleys or for the discharge of
floodwaters in trunk valleys, thereby tending to increase the fre-
quency and leight of flooding of higher valley fands more suitahle for
agriculture.

In some areas of swamping and excessive flooding, sand accumula-
tion may prove beneficial if the land surface is built up until it can be
more easily drained and protected from floods. This beneficial effect
is reported by local residents to have occurred in an area of several
hundred acres on the alluvial fan built on the flood plain of the
Mississippi by the Buflulo River, a tributary in western Wisconsin.
Similar beneficial results of sedimentation on fans in Mississippi have
been reported by Lowe (49, p. 10). Such benefits can be expected, of
cowrse, only if chaunel filling does not exceed flood-plain aggradation.

22. Sechimentation 1s an important factor in the cause or perpetuation
of the swamp conditions that contribute to the problem of malaria control
and erudicalion.

Malaria is recognized as a major hazard to the public health and
prosperity of large sections of the United States, Wherever feasible,
eradieation of breeding places of the malarin-carrying mosquitoes is
now recegnized as the most satisfactory method of controlling or
eradicating the disease. In the eastern United States malaria is
transmitted by Anopheles guadrimaculaius, whiclh breeds in stagnant
water and only where there is some proteetion from direct sunlight.
In the western United States malaria is transmitted by A. maculi-
pennis, which breeds in quiet water but requires a slow replenishment,
such as commonly oceurs in pools fed by seepage, rather than stag-
nant conditions.

The ponding of drainage and swamping of bottom lands, which
characteristically occur in areas of excessive stream and valley sedi-
mentation, produce in each of the above-mentioned sections of the
country the conditions most conducive to free breeding of the malaria
carriers in that seetion. In the KEast, ponding of surface water
behind natural levees and nlluvial fans and swamping of the lower
parfs of flood plains by rising ground-water levele controllied by
aggrading stream beds are common in aress of accelernted sedimenta-
tion. Filling of drainage ditehies and frequent channel shifts resulting
from development of sand plugs are particularly important factors in
producing pools in which mosquitoes may breed. Much of the sur-
face ponnding occurs in wooded areas, or where o growth of vegetation
sufficient to protect the Anopheles gquadrimaculatus larvae soon
develops. The frequent appearance of new ponds also favors rapid
breeding of the mosquitoes; [or new ponds, during the first 3 to 5 years
of their existence and before the natural enemies of the mosquito
larvae become sufficiently numerous to exert a natural control, are
especially prolific sources of mosquitoes.
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In the middle Rio Grande Valley of New Mexico, which is one of
the malarious areas in the Anopheles maculipennis zone, modern
sedimentation has caused a rapid risc in the clevation of the bed of
parts of the Rio Grande. Numercus areas of ponded water, occupy-
ing closed flood-plain depressions below the level of the river, oceur in
these sections of the valleys (pl. 13, 4). These ponds are maintained
by seepage from the river or by ground water and consequently do not
disappear by evaporation or infiltration. Probably not all these ponded
seepage areas are (ue to modern sedimentation, but their abundonce
and persistence certainly is fuvored by rapid channel aggradation.

Although no specific data are at hand, and no special study has
been made of the relation between malaria incidence and the cffects
of exeessive modern sedimentation in streams und valleys, accelerated
sedimentation must be considered to be one of the potential causes of
the persistence of malaria in various parts of the country. As one of
the border-line subjects of scientific knowledge, this problem necds
careful investigation from more than one line of approach.

23. AMuch of the damage io bottom lands by modern sedimeniation
15, or may be, temporary.

One of the most encouraging points brought cut by the study of
modern stream and valley sedimentation is the considerable extent
to which the sediment damage may prove to be only temporary or
at lenst susceptible to natural or comparatively easy artificial amelio-
ration. Areas where the modern surface deposits are too coarse or
too sterile to be vestored to crop production by practical farming
methods are comparatively small. If adequate erosion-control or
ofher protective measures are cstablished, drainage ditches may pro-
vide satisfactory relief for a large percentage of the area that has been
affected by the swanmping and excessive flooding resulting from sedi-
ment accumulation in stream chammels and on natoral levees and
alluvial fans.  Of course, such reclamation measures will be costly,
and they will not restore the past economic losses. But af leasi they
do offer a means of redueing the amount of future, recurrent annual
losses that otherwise will result i present conditions due to modern
sedimentation are not corrected.

Arcas damaged by valley swamping and flooding also may tend to
be improved by natural processes. Many swamped areas have al-
ready become areas of particularly rapid sediment accumulation, and
in consequence tend to he huilt up above the water level. More
frequent overflows incrense the rate of sediment accumulation and
thus facilitate both the filling of swamps and the aggradation of the
flood plain in general.  If the stream chanmel is not filled with equal
or greater rapidity, the general aggradation of the flood plain will
reduce the frequency and depth of overbank flooding except where
terrace lands may become subject to more frequent and deeper flood-
ing as a result of decreased discharge capacity below the terrace level.

Swamping and flood damage in loealized areas of channel plugging
may also be nnturally relieved by the development of a new channel
through the plug deposits. After the main channel in these plug
areas has been largely or completely abandoned, the stream flow
drains down valley for some distance through the back-swamp area
of the flood plain and becomes concentrated in a now channel.  These
new channels grow headward up valley by migration of an overfall at
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their heads, and thus trench and drain seetions of flood plain that were
swamped by filling of the former main channel.

Areas of Hood-plain sunding are ordinarily also subject to natural
reclamation. Flood-plain splays, which are most numerous along the
natural levees and i plug and {an arcas, usually cause most of the
flood-plain sanding.  Such deposits are of local extent, however, and
characteristically are later covered by the finer-grained deposits of
vertieal aceretion, which improve the texture of the sandy sediment.
Hencee the presence of roarse, infertile sand on the flood-plain surface
at any particular place does not mean that the surlace will abways
remain sandy or that the extont of surface sanding is necessarily pro-
gressively inereasing. 1t is true that 2 progressive increase in the total
areas of valley sanding is taking place in some parts of the country,
hut tiis is due in huge part to the development of u greater number
of sand splays rather than Lo progressive growth of existing splays,
The indications are that the aggregate areas of sand damage will
continue to increase for many years, but probably many of e indi-
vidual sanded arcas will remain unproductive for only a limited time.

Over a considerable part of the total allected aven flood-plain
sandling is assoectated with stream-bank crosion.  As » stream mieratoes
fateraliy, cutting on one bank and filling on the other, the slip-off
or depositional surface built behind it is first composed largely of the
deposits of luteral necretion.  These are usually sand or gravel, being
composed largely of material sorted out of the bed load of the stream.

In somne sections of the country amd especially in the upper Mis-
sissippi Valley, stream-bank erosion has been very rapid during the
modern period, and, lollowing vemoval of & former flood-plain or
terrace, large aggregate areas of flood plain have been formed at lower
levels.  These arcas of new flood plain are eharscteristically sandy or
bouldery and are overflowed frequently, but they also receive deposits
of vertical aceretion exeept where they are subject fo such vielent
overflows that little deposition of fine muterial can take place. The
progressive addition of vertical uceretion deposits, however, tends to
build up these low aress and cover them with fine sediment that is
more suttable for agricultural use.  Tn this way much of the land now
too sandy and too frequently flooded for agricultural use may in a
few years become valuable for cultivation or pasture.  1f this oceurs,
the damnge due to the eombined bank eroston and modern sand de-
position is temporary, for the land destroyed hy bank cutting will
eventually be replaced by an eyuivalent area of new flood plain on
the opposite side of the stream.  This, of course, dves not eliminate
the damages resulting from loss of crops, bridges, roads, fences, or
buildings, or the loss to individual farm owners where land destroved
on one farm iz . reed by new land built on anothier farm on the
opposite side of the stream.  Neither does it eliminate the reduction
in values that resulls il the new flood plsin is snrfaced with less pro-
ductive soil material or if it is not built up to the same level as the
old flood plain and hence is subject to greater flood damage. These
various types of partinl but essentinlly permanent damages are very
commeon. It must also be borne in mind that all land removed by
bank erosion may not be replaced by new flood plain. for channels
meay be widened.
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INDICATIONS OF FUTURE TRENDS IN STREAM AND YALLEY SEDIMENTATION

24. The present lendency of sediment to accumulate most rapidly in
upper valleys will continue if present run-off and erosion rates continue
essentiolly unchanged.

The detailed studies in Tobitubby and Hurricane Valleys and
nimerous observations in scattered areas in other parts of the United
States show that a considersble part of the sediment produced by
accelerated erosion is being deposited in upper valleys. This sediment
accumulation involves sgzradation of the channels and flood plains
and the resultant steepening of the longitudinel gradient for some
distance downstream. Such stespened gradients are essentially
unstable; for the normal tendency of all stream sction is to flatten
the longitudinal gradient, although locally sediment accumulation
may counterbalance this tendency for some period of time. These
modern sediment accumulations in the upper valleys must therefore
be considered unstable.

At the present time there is no apparent general tendency for
these deposits to be destroyed by erosion, unstable though they must
be. They are usually covered with a fairly dense stand of vegetation,
which protects the surface from flood scour ard retards lateral stream-
bank erosion. In some places knickpoints or overfalls have worked
back from straightened or improved channels into or throush the
arens of upper valley sccumulation, and m these places lateral
stream-banik cutting may also be accelerated. Such erosional activity
has, however, been local. On the whole, sedimentation is still most
rapid in the areas where the thickest deposits have accumulated
during the modemn peried, which indicates that ageradation has not
reached the maximum that can be attained without upsetting the
existing physiographic balence.

Since the present stream and velley gradients spparently are
not too steep o be terporarily steble in areas of sediment aceumula-
tion in the upper valleys, the factors that will control the immediate
future history of these deposits probably are erosion rstes and
run-off regimens. These two factors are directly affected by erosion-
control operations, and their modification as a result of these opera-
tions is ciscussed under principle 45.

25. Valley deposits will shift down valley, but the locus of most getive
deposition may move aliernately wp valley and down vailey.

%‘rom the time of iis imtial entrsinment, a sediment particle
is in process of down-valley transportation. This process is commonly
Intermittent, the times of active transportation being separnted by
long periods during which the sediment particle forms part of the
valley accumulations. After each period of transportation, however,
the particle is farther from its source. The valley deposits as a
whole, being composed of sediment particles that have found tem-
porary lodgment, are also in process of moving down the valleys.

By contrast, the locus of most active sediment deposition may,
for short periods, progress either up valley or down valley. Thus
m the Tobitubby and Hurricane Vslleys baclfilling in channels above
valley plugs and alluvial fans has caused headward migration of the
locus of most active sediment deposition on the adjacent flood plains.
Similar conditions have also been observed sbove both plugs and
alluvial fans in the southesastern Piedmont and shove alluvial fans in
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the upper Mississippl Valley. If such a phenomenon is common
above alluvial fans, it may be expected to occur widely and perhaps
in the aggregate aflect a large area in the United States.

Such valley-plug and fan deposits are unstable, perhaps more
so than other types of alluvial deposits, because their deposition
commonly involves o more radical and localized modification of the
stream gradients. After deposition ol a large part of its sediment
lond, the water that leaves the channel above the filled section flows
down_through the back swamps until it is concentrated again below
the plug or fan. The point at which this comparatively clear water
returns to the stream chiannel becomes a erttical point, from which the
dissection of the unstable deposits may start by headward mierntion
ol an overlall. In easily eroded sediment that is unprotected by
vegetation this dissection may be rapid; in compacted, fine sediments
that are well protected by vegetation it may be slow. In either, the
sediment so eroded is carried [arther downstream to a new place of
deposition.

The development of a channel around a plug either by headward
migration of an overfall or by other means may move the locus of
mos{ active sediment accwmnulation downstream. Figure 5 shows
that such a change has taken place in the East Goose Creel Valley.
Here the drainage diteh below the old Batesville Road wus completely
plugged with sand, and the sediment is now carried past the plug
througlh a reoccupied natural channel te a new place of deposition
{arther downsteeam,

Trenched sections of the upper Tobitubby and Hurricane Valleys
and of many other valleys m the southern and midwestern part of
the United States, also comumonly show evidence of a down-valley
shift in the locus of deposition. In these places a modern deposit
several feet in thickness commonly overlies & dark-colored old soil,
indicating that active modern deposition on the flood plains has oc-
carred.  Now, however, the valleys ure trenched to depths that elimi-
nate the possibility of overbank deposition. Sediment that would
otherwise be deposited, as well as sediment previously deposited but
now being eroded as the trenches form and widen, is being carried
farther downstream.

26. Sund accumudation in channels leads to increased percolation and
underground flow, thereby tending to cause downstream migration of the
head of permanent surface flow and further channel deposition because of
{oss of surface water for sediment transportation.

The present swrface flow in most of the streamm channels in the
upper parts of the Tobitubby and Hurricane Vallevs is intermittent,
taking place only after fnirly heavy rains. It is not known definitely
whether these streams were intermittent before accelerated sedimenta-
tion began in the ehannels, although it seems probable that the perma-
nent streams extended farther up the valleys. Certainly the present
conditions in these upper valleys suggest that channel aggradation
has caused the position of the head of permanent surface flow to shift
downstream.

As sand is deposited in a stream channel a progressively grenter
part of the normal stream flow moves downstream as seepage through
the porous sand deposit. If aggradation continues at any one place,
o time may come when all the flow at ordinary stages passes through
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the sand. Consequently the position of the head of permanent strean
flow must then be farther dowastream. At least two edditional [ae-
tors may affect this migration. Aggradation of the stream channels
tends to raise the ground-water level, and this tends to counteraes the
effect of channel aggradation. On the other hand, clearing and culti-
vation of the uplands increase the immediate surface run-off after
storms and thereby decrease the amount of water available for ground-
water maintenance of the permanent stream flow. This would tend
to supplement channel filling in eausing downstream migration of the
head of permanent stream fiow.

In the upper parts of valleys where the streams are intermittent,
the sandy channel fill above the seep-water level acts as a reservoir
into which some of the early run-off after storms will percolate. The
loss of surface flow in this manner results in a decressed capacity for
sediment transportation, and a seli-perpetuating process is instituted
by which channel aggradation tends to cause additional channel sedi-
mentation, which in turn further decreases the capacity for sediment
transportation. During many light rains or during rains that follow
o long period of dry weather, the entire run-off may percolate into the
channel fill and the entire sediment load be deposited in the channel.
Such deposits are unstable and subject to further downstream trans-
portation by later freshets, but they fumish an additional sediment
load for the later run-off and consequently tend to accelernte the
channel aggradation.

27. Channel filling may precede and cause increased overbank deposi-
tion.

Aggradation of stream chaumnels, unless aceompanied by equal or
higher rates of flood-plain aggradation or by lateral widening sulficient
to incresse the cross-sectional area, reduces the discharge eapacity
and thereby causes more frequent and more prolonged overbanlk
flooding. This in turn commonly causes inereased overbank deposi-
tion. Not only may the total amount and rate of overbank deposi-
tion be increased, but there may also be a marked inercase in the pro-
portion of coarser debris, usually transported as bed load in the chan-
nel, that is carried out upon the fiood plain.  Becruse of this creater
proportion of coarse sediment, the resulting injury may be muel
greater than the inereased rate of sedimentation alone would indicate,
A close relationship between channel filling and the tnost severe flood-
plain damage has been found in the Tobitubby and Hurricane Valleys
and is believed to be common elsewhere.

Erosional debris sufficiently coarse to coliect in chaunels is being
delivered to many streams in the United States. If the delivery of
such coarse debris to the streams continues uncheeked, eliannel agera-
dation will continue and the amount und severity of overbanlk deposi-
tion may be expected to increase. FEven if further produetion of conrse
erosional debris is prevented, the debris nlready in process of trans-
portation is very likely to be carried on downstream and to accutulate
in the channels where the gradients arve lower and cause damage there.
As the channel filling becomes more pronounced and extends favther
downstream, overbank deposition will probabiy also become more
rapid and more injurious progressively downstream.

28. The sediment already accumalated in the wpper valleys is @ poten-
tial threat to valley vmprovements and soils dvwnstream.
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Where modern erosiong] debris contains a large percentage of sand
or coarser material, there is apparently o strong tende‘m,v for the sedi-
ment Lo accumulate in the upper vallevs, These nceumulations also
include much silt and elay, which, because of the tnereased overbank
flooding caused by channel fillmgr or plugging, ave deposited in larger
qu‘mutles than wouI(l otherwise be the ease.  This concentration of
sediment in the upper volleys has medified the longitudinal gradient
of the streams, Hattening it above the point of maximum depnsmon
and steepening it dawnstream. The deposition 1n the upper vallevs
also decreases the sediment load of the streams farther down and in
this way may fucilitnte erosion by the clearer water. In the areas
that Lave been investigated little downstrenm movement of the modern
deposits has occurred except in the headwater valleys that have been
trenchied.  Nevertheless, these deposits are potentinlly unstable and
are subject to dissection and further downstream transportation. As
sediment accumulation continues in the upper valley= and the modifi-

cation of the longitudinal gradient of the stream becomes more pro-
nounced, the 11151:1])1111\' of the deposits will becone a more active
threat to downstream resources.

Sediment now stored temporarily in the upper vallevs, if earried
downstreasm, will do as much damnage Lo downstream resources as
sediment detived n equal amounts from the uplands.  T'he sand or
courser dehris will be Just s effective in filling ditches or stream
channels or in lowering the productivity of the alluvizl soils, and the
fine material will be just as effeetive in reducing the ('apnut\' of reser-
voirs. Consequently the upper vulley accwmulations must be con-
sidered ns an mnportant potential source of injurious sediment, and
particular attention should be devoled to their stabilization in order
tn protect downstream resources. A complele soil conservation pro-
gram should include specitie attention to the valley deposits, for upland
erosion-control messures will not necessarily stubilize the valley
deposits and may even tend to hasten their dissection and downstream
transportation.

29. ff upland erosion continwes ab the present accelerated rate the
resufting vofley sediments will be composed of a progressively greater
propurtton of debrix from upland subsotle and wnderlying geological
mialrinls. The vesult will be increased damages to the agricultural pro-
duetivity of vallvy lands,

Unider normal gealogicul conditions the rate of soil formation in
general was more rapul than the rate of surfaee erosion. Conse-
quently, in most places a distinel soll profile developed. AL the
present rates ol sccelerated erosion, however, the ratio of farmation
to removal hias been modified and surlace soils are being eroded [nster
{han they are formed. Thus progressively lower horizons of the soil
profile are being exposed at the surface. Where gullies develop,
the subsoil and umlmlvmrr geological muterials may be exposed in a
very short time. Wlere tho donunant Process is sheet erosion the
p(\nod required for exposure of the subseil and wulerlying geological
materin] maxy be mueh longer.  As this process continues, the erosional
debris delivered to the valleys will hecome progressively poorer for
agricultural use, and the damage to valley lands will be correspond-
ingly greater.
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30. Severe sediment damage has affected only a small part of the valley
land potentially subject to such damage, and tf may be exrpected that a
progressively larger area will be afferted in the future.

The productivity of muech valley land in different parts of the
TUnited States has been impaired or destroyed as o result of accelerated
strenm and valley sedimentation, but these seriously damaged areas
constitute only a small percentage of the valley land potentially subject
to such sediment damage.

The areas that have already been seriously damaged are largely in
the upper fpa,rts of the valley systems. Inasmuch as the sediment 1s in
process of intermittent, progressive, down-valley movement, in the
future it will reach areas farther downstream in progressively greater
asmounts. The area of severe sediment damage will not necessarily
incresse only by downstream growth from headwater tributaries, for
the locus of excessive acecumulation will also meve up valley as a result
of backfilling from the heads of alluvial fans, chanuel plugs, and
reservoir deltas. Hence sedimentation damages have not by any
means reached a maximum but may continue and progressively
increase In areal extent and importance lor many years to come.

In many places in the United Stotes the subsoil and unaerlying
geological material have already been exposed by erosion, although in
most places erosion has not yvet reached this stage. Counsequently, the
debris now being delivered to the streams in most areas is derived
mainly from the topsoil and, when deposited en the valley bottams,
may provide a fertile soil material. If erosion continues at its present
accelerated rate, however, progressively larger upland oreas will be
completely denuded of topsoil and progressively larger amounts and
proportions of subsoil and underlyving geological material will be fed
into the stream systems and deposited in the valleys.

The debris from these lower horizons may not in all places cause
more damage than equal quantities of topsoil. For example, if
such debris is calcareous and is deposited on acidic alluvial soils,
definite improvement, may result. If the material is poorer than
the topsoil in plant-food elements or in texture, however, increased
damage o valley resources may result. In Tobitubby and Hurricane
Valleys, for example, the productivity of the land has been seriousty
mmpared wherever sand, derived from the Holly Springs formation
which underlies the surficial loess cover, has been deposited in large
amounts on the hottom lands or has filled stream channels and other-
wise ohstructed vallev drainage. In areas having elay subsoils,
excessive neecumulation of this fine subsoil debris may also reduce the
productivity of the bottom-land soils. Thus, even i the rates of
accumulation remain constant and even if the subsoil debris in some
places is no more injurious than that derived from the topsoil, the
damage to valley vesources resulting from increased erosion of subsoils
anxd 11mder]ying ceological materials may be expected to increase as a
whole.

RELATION OF STREAM AND VALLEY SEDIMENTATION TO FLOOD-CONTROL FROBLEMS

31. Reduction of downstream sedimenfation rates may prove lo be
one of the most valuable ways in which wpstream engineering and wp-
land-conservation measures can contribule to flood control,

In the vast and complex problem of flood control, two major methods
of approach have been widely advocated. In one, which may be




ACCELERATED STREAM AND VALLEY SEDIMENTATION 97

called the downstream-engineering approach, detention reservoirs,
levees, floodways, and strughtened channels are used to control the
flow in the stream so as (o minimize or prevent dumage by overbanlk
flooding. In the other, which may be called the upstream-engineering
approach, increased or improved vegetal cover, improved tilloge
practices, and small-scale detention structures are used to reduce the
surface run-off and thereby reduce the frequency and extent of over-
bank flows in the main streams. There is much variznce of opinion
ns to the relative effectiveness of these two methods. There seems,
however, to be a growing acceptance of the general principle that the
two types of measures should be used to supplement each other rather
than that either should be regarded as solely and universally adequate.

From the standpoint of the soil conservationist, upstream engineer-
ing is of extreme importance, because the methods of upstream
enginecring are, to a large extent, idenfieal with the best-known
methods of soil conservation. Hence any upstream engineering for
flood control will almost certainly also effect some degree of soil-
erosion control, and vice versa. By contrast, downstream enginecr-
g for {lood control seldom if ever has any important beazing
on upland-soil conservation, becanse it is primarily concerned with
controlling water after it has run off the soil.

These are, of course, well-known facts.  Another important factor
also desetves mention. Upland surface run-off nearly always causes
some surface erosion, and consequently floodwaters ulimost invariably
carry some sediment load, and often a lheavy one. 'This sediment
load is an tmportant factor in flood problems and i flood damages,
ulthough it has never yet been satisfactorily evaluated. In regard to
sediment. however, the upstream- and (ownstream-engineering
approaches are diametrically different. Upstream engineering re-
duces the sediment lond by reducing the rate of sediment production
at its source. Increasingly abundant data from controlled experi-
ments in vorious parts of the country consistently show that the usual
practices of upstream engineering are more effective in reducing ero-
sion (which is sediment production) thun in reducing surface run-off.

It is true, of course, that sedimentation is a problem of direct
concern in upstream engineering and upland-conservation practices.
Sedimentation in detention basins behind small control structures
may be very rapid, and may quickly reduce the capacity of such
structures for storing water. Sedimentation in terrace channels
and cutlets may reduce their discharge capacity to the extent that
overflow and trenching across the terrnces will oceur and will tem-
porarily destroy their value and neecessitate repairs. Accumulation
of fine sediment may choke the pore space of the soil in water-spread-
ing areas and thus reduce the rates of infiltration. The value of
secliment accumulation behind check dams in gully-control worl is
only a partial compensation for these various types of sedimentation
damage. As contrasted with downstream sedimentation, however,
the upsiream and upland deposits are comparatively innocuous, for
the structures impaired may be comparatively easily and cheaply
replaced, and the sediment 1s seldom sorted to the extent that it is
either too coarse or too infertile for agricultural use.

In the practice of downstream cngineering, on the other hand,
sediment is a factor, and in some places an important one, in the

14361 — 40—
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maintenance of reservoirs, improved channels, and floodways, and the
disposition of sediment is an important part of the problem that must
be solved. Thus one of the most important effects of upstream
engineering may be in the reduction of sedimentation rates in down-
stream reservoirs, channels, and confined floodways. In downstream-
engineering pmctwe, such sedimentation is on added problem, which
may requirve added expense and trouble and which, if not given ade-
guate attention, may thresten the continued effectiveness of the con-
trol measures. In upstream engineering for flood control, sediment
production is reduced without “additional cost or trouble. Hence,
wherever sedimentntion is an important factor in the maintenance
or effectiveness of downstream flond-control works, there is a twofold
reason for considering upstream engineering as a supplementary
control measure.

32, Sediment damage to flovdways and improved channels may be
due ehiefly to accwmulation of bed load rother than suspended load, bul
in reservair sedimentation suspended load s o serious factor and perhaps
wsnafly the mujor factor,

In fleodways and channels improved for {lood control the effect
ol the control structures or iinprovements is to confine the Aoodwaters,
and hence to increase the discharge velocity.,  Under sueh eircum-
stances sedimentation is generally slow, except where unusually larze
quantities of coarse sediment are being contributed. Such conrse
sediment is commonly moved largely as bed load, and hence bed
lead rather than suspended load is the main souree of harmful sedi-
mentation in fleodways and improved channels. Exceptions to this
rule may occur, lor example, where the channel gradient of a tributary
(lnttens muwlkedly near the junetion of the tributary and its master
stream, but, In general, excesshve sedimentution in floodways or
improved channels may be charged to the aceumulation ol bed-load
sediment.  Hence sedimentation will be a serious threat to such im-
provements chiefly in areas of rapid production of sediment of sand,
gravel, or boulder size, and will be of comparatively little importance
if the erostonal debris from the contributing drainage basin is mostly
of {ine size, silt and clay, which ean he transported 1o suspension.

In the problem of reservoir sedimentation, on the ather hand,
suspended-lond sediment must be reckoned a major factor of potential
domage, for in the stilled water of the reservoir basin much or most of
the suspended load may be deposited.  In consequence, reservolr
sedimentation mnv be expected to bhe considerably more rapid, other
conditions heing equal, than channel or floodway sedimentation.
Hence in areas where production of bed-load sediment is low and a
flood-vomtrol program involving improved channels and foodways
would thercfore have only o slwht seciment problem, the cffectiveness
of a fleod-control program bused on detention reservoirs nught he
seriously endangered by deposition of suspended loud. It is true that
some allowance for excess stor age capacity can wsually be made in
the design of detention reservoirs to oflset storage loss due to silting
hut the significant point is that quuutity and texture of qe{luuent
deserve (‘Ollbl{lt‘l‘l tion In the selection of the best Hlood-contro!l pro-
gram for a given dmmnve hasin.

The Sardis Reservoir on the Little Tallahatchic River, which will
inelude the lower parts of Tobitubby wnd Hurticane \-1.lleys within
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its basin, serves to illustrate the relation of sediment size o the type
ol sediment domage. 1n the past, sediment damage in the sren has
been almost entirely due to a‘md accumulation in the chanmels and ou
the flood plains. Bo far as is known, the large quantities of finer
sedimnent carried by the streams as suspended load have cuused com-
paratively little damnge. When water is impounded m the reservoir,
however, a large part of the suspended load probably will be depostited,
for mueh of this suspended load 1s coarse silt derived from the loess on
the uplands.  The rate of filling of the reservoir moy be slow because
the impounding basin is very lar ue relative to the catchment area and
because the erosional debris will to a great extent continue to be
trapped 1 the hendwater vallevs above the reservoir. But even a
small loss of total eapneity may affect the adequaney of the reservoir Lo
provide the degree of flood protection for which it 15 intended, and
hence may be of importance m the suecess or lailure of the ilood-con-
trol program for the Yazoo Buasin, of which this reservoir is a part.
Thus the sedimentation problem may be vustly changed, and the
major concern shifted to the need {or reservelr protection by reductiion
of suspended load in the contributing streams.  Although there are
insuflicient duata to justily definite coneclusions Ietrudln(r the Sardis
Reservoir problem, the abvious possibilities are evidence of the -
portance of the prmeiple involved.

33. Sedimentation may be more rapid tn headwater reservoirs than in
reservoirs of equul capucity-inflow ratio further downstream and more
rapid than would be indicated solely by suspeunded-load measirements on
the mutin slreams,

The tendency of sediment to be concentrated in the upper ports of
the valleys, as shown by the results of the Tobitubby and Hurricane
myestigations, points to another prineiple worthy of consideration in
food-control planning.  In designing reservoirs primarily for flood
control it is often desirable to locate fhem us near as possible to the
head of the streamn system in order to provide protection lor the
Lurgest possible part of the valley areas.  But in drainage basins, like
Tobitubby and Hurricane, where o large part of the erosional debris
is deposited In the upper valleys, sedimentation will be more serious
in headwater reservoirs than in reservoirs of similur eapaeity-mflow
ratio Tnrther downstream.  Also in suel drainage basins the sediment
lond of the main streams cannot be considered an adequate Indication
of the sedunent lond that may be delivered to beadwater reservoirs,
for the sediment load indicated by these main-strenm measurements
will not nelude the amount of materinl that is deposited above the
measuring station.

34. Local vecumulations of sedimenl are importunt fuctors in aggra-
weting flood damage.

In addition to the widespread effects of excessive sedimentation
throughout u stream systern, such as channel aggradation and fHood-
plain sanding, an important factor in flood damage in somwe arveas is the
loeal, and I some places temporary, aceumrulation of sediment,
These local accumulations may take the form of (1) deltas built at
the confluence of tributary and master-strenm ehannels, (2) alluvial
fans at the mouths of tributaries debouching upen 2 flood plain,
(3) channel plugs, or (4) temporary accunulations of seditnent and
trash lodged belund brudge piers or other obstructions during a {lood.
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The importance of such local concentrations of sediment and the
extent and significance of their influence on stream activity is seldom
appreciated.

Deltas built in main stream channels by tributaries may cause
several types of domage. The deposits reduce the cross-seetional area
of the main channel and in this way tend to reduce its discharge
capacity. By directing the current against the opposite bank of the
stream, bank erosion is increased and migration of the stream channel
across the valley is accelerated. If the contribution of sediment is
sufficient, the main channel may be entirely blocked and all water
forced onte the flood plain. Obstruction of chanmnels of Tobitubhby
and Huwrricane Creeks by such delta aceumulations may have been
the primary couse of several of the plugs in these streams. The
genesis and effect of channel deltas have been deseribed in more detail
under principle 9 (pp. 73~74), and their effect in eausing lateral migra-
tion oi the channel is illustrated by a photograph (pl. 9, ) of o deltn
built into the Upper Iowa River by a small tributary in Allamakee
County, Jows.

The growth of alluvial fans not only eauses direct damage by burial
of productive soil beneath unproductive sand and gravel, but also
increases the flood damage. As o result of channel filling in arens
of active fan growth, there is a loss of capacity for discharging foad-
water without overflow. Consequently a larger percentage of the
floodwater may become overbank flow. This increased overhank
flow is not necessarily confined to the surface of the fan but may
extend a considerable distance up the fan-building stream as a result
of backfilling of its channel. The growth of alluvial fans may also
increase the height of floods In the trunk wvalley, for the sediment
deposited on the fan below flood level reduces the overbani-discharge
capacity on the flood plain.  This is a factor of particular importance
m those floodways where a single levee is used to confine the water
against one side of the valley. In such places the tributary streams
may butld their fans directly into ihe floodway.

Channel plugs are more effective than either deltas or alluvial fans
in cavsing local modifications of stream activity. When the channel
is completely plugged all the water in the ehannel is forced overbank
and must work its way down valley through the back swamps. In
addition, the low sandy ridges that result from the abandonment of
plugged channels eflectively divide the flood plain into two or more
parts insofar as surface Aow is concerned.  Separation of the water
into two parts and the increased frictional reststance to flow in the
poorly defined channels retard delivery of floodwater to the valley
below the plugs. The effect on the downstream-flood problem of this
retarded, and perhaps decressed, delivery is not known, but the
effect is detrimental in aud above the plug areas, where flooding
becomes hoth more frequent and prolonged.

Temporary accumulations of sediment and trash deposited behind
bridge piers or other obstructions during a flood may also maodify the
stream aetivity. If the channel is partly obstructed, the water may
be directed against the bank and cause damage by eroding valley land
or undermining the obstruction. If the water is ponded, both sedi-
ment and floodwater damage to the adjacent food plain and lower
terrace lands may be increased, and road fills may be breached by

overflows. If the ponded water is released suddenly by development
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of a new channel or fuilure of the temporary accumulation, the result-
ing concentrated flow down the valley may cause much more damage
than if the water had becen diseharged more uniformiy.,

85. Clearing of stream banks to expedite flood discharge tends to
wncrease bank erosion, and the consequent channel enlargement or lateral
miagration may destroy valley lands and increase the sediment load of the
streams.

It is a common and widespread practice to clear vegetation from
stream banks in order to reduce the frictional resistance to flow and
thus ncrease the capacity of the chaune! to discharce focodwaters
without serious overflow of the banks. The cfficacy of the practice
is well established, and unquestionably it is a valuable auxiliary mens-
ure for use in flood-control engineering. In areas of potentiall ¥ severe
bank erosion, however, and especially where aeccelerated sediment
production is known $o be un important factor in the ageravation of
flood damages farther downstream, such banlk clearing or brushing-out
measures should not be instituted without consideration of possible
harmful effects resulting from an increased rate of bank erosion.
Discrimination in the removal of different tvpes and sizes of living
vegetation, and possibly the use of supplemental measures for
stabilizing the cleared banks, may be profitnble.

Bank erosion is not generally serious in the Tobitubbyv-Hurricane
area, as has been noted on page 53, but the striking instance of acceler-
ated diteh widening caused by bank clearing in West Goose Vallev,
shown graphically in figure 17, fllustrates this principle. It seems
probable that the principle will prove to be most applicable to areas
i which the stream banks are dominantly sandy and therefore par-
ticularly susceptible fo lateral erosion or where the flood plain is
underinin by gravel and boulders at such shallow depth that lateral
cutting adds large quantities of coarse and comparatively injurious
sediment to the stream load. Where the quantity of sediment is a
major factor in the damage caused by foods, bank erosion may be
especially serious if it aflects high terraces that are largely composed
of sundy material and are therefore eroded rapidiy when subject to
lateral stream cutting. In such places the guantity of debris deliv-
ered to areas of deposition farther downstream may be greatly in-
creased even if a new flood plain is built on the opposite side of the
stream, for the new flood plain is built at a lower level and does not
represent acciinulation of as much sediment as is produced by bank
erosion of the older, higher terrace. This is llustrated by plate 11, 4.

86. The ratio of channel deposition to overbank flood-plain deposition.
s & major factor in determining the effect of stream and valley sedimen-
tation on flood problems.

If sedimentation results in a decrease in the cross-sectional area of
a stream channel, it will increase the flood hazard and flood damages
by increasing the frequency, height, and duration of overbank floods.
Such reduction in channel capacity by sedimentation will ocenr
whenever and wherever the ratio between the rates of channel and
overbank deposition is such that the channel bed is built up more
rapidly than the surface of the adjacent flood plein and widening by
bank erosion does not compensate for the capacity lost by aggrada-
tion. If the rate of vertical accretion of the flood plain exceeds the
rate of channel aggradation, however, the net effect may be to increase
the available depth of channel (by increasing the height of the banks)
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and thus to intrease the eapacily lor dischorging storm waters with-
out overbank flooding.  For any given stream gradient and discharge
regimen, texture aid quantity of sediment appear tu be the controlling
factors i determining which of these effects will be dominant.

1t does not follow, however, that wherever {lood-plain pggradation
exceads chonmel asgeradation stream and valley sedimentation will
necessarily reduce Hood danger and food damage.  Oune important
complicating factor is the effect of flood-plain aggradation in raising
flood Jevels until terrace fands previonsly above the flood level are
inunmdated. Under sueh eircumstanees, lood damages may become
more severe rewardiess of whether or not flood discharges become
uroater or more [requent. This has happened i Tobitubby Valley
and probably in Hurrleane Valley,  (See po. 48-50.

Reeent preliminary investigations in Coon Creek Valley, Vernon
County, Wis,, have brought to attention an even move striking exan-
ple.  The premodern alluvial soils in Coon Creek Valley have a thiek
black surfuce herizon wmd consequently may be traced laterally with
great detatl, whicly permits restoration of the surface as if existed
before the ineeption of aeeelerated sedimentation.  From sueh evi-
denee, supported by the testimony of old residents, it is known that in
certain places there wasg a flood plain several hundred feet wide, with
bordering terraces ranging generally from 5 to 10 fect higher.  During
the pertod of modern sedimentation, the flood plain has heen built up
an average of 5 feet or more, and in many places a {ew inches or a
few feet of 1modern sediment has been deposited on what formerly was
a low torrace above flood level.  In at least one place the present flood-
ploin surfuce extends laterally, without break in clevation. across a
former terrace that the landowner regarded as safe from flood over-
fiow. Although the ratio of channel to flood-plain aggradation has
not vet heen mvestigated thoroughliy, it nppears that the rate of
Hood-plain aggradation may have exceeded channel ageradation.
Lven though the eapucity of the channel to discharge storm waters
withont overbank flooding may have been inereased and though the
depth of ordimary flood-pliin overflows has probably been decreased
beeanse of the inereased width of the first bottom. the area of valley
agricultural land subject to overflow and flood damage has been greatly
increased by the aggradation of the {lood plain up to the terrace level,
1t is helieved that such extension of flood levels across terrace lands,
due to aggradafion of the first bottoms, may be a factor of major
importance in the flood problems of many valleys.

RELATION OF SEDIMENTATION CONTRO. TO SOIL CONSERYVATION

87. Frosion-control practices ave gencrally preferable to other methods
of reducing sedimend damage because they remove the basie cause of the
damage and benefil both the areas of erosion and the areas of sedimen-
tation.

Four types of measures have been used with some success to control
harmful stream and valley sedimentation or ameliorate the resulting
damage.

(3} Water and its sediment load may be passed around the area to be
improved or through a restricted part of i, by ditching, protective
levees and jetties, or channel straightening.

(2) The sediment-laden water may he directed onto the area to bhe
improved in order to build it up by sedimentation. ILand building
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(colmatage or warping in European terminology), for example, raiscs
the surface above ground-water level or above the hieight of frequent
flooding or msy improve the land by covering relutively infertile
material with deposits of more favorable texture or more fertile com-
posttion.

(3} The sediment-laden water may be prevented from reaching the
arven. of improvement by diverting it onto less valuable lands or
restricted areas farther upstream, as in desilting basins and water-
spreading structures.

(4) Sediment production may be reduced by upland or up-valley
erosion-control measures, such as terracing, contour cultivation, strip
cropping, retirement of eroding lands te pasture and forest, iniprove-
ment of grazing lands and forest cover, clieck dums and other gully-
control devices, and stremun-hank protection. In general, these cor-
respond to the erosion-control and soil conservation practices devel-
oped by the Department of Agriculture and other agencies and in-
dividuals ¢oncerned with the problem of soil erosion in the United
States.

The first three types of control measures listed shove differ fun-
damentally from the fourth in that they are designed only to hawdle
excessive uantities of sediment after they have renched the valloys.
The {ourth type, by contrast, is designed to prevent the hnvimtul effects
by eliminating the cause. For this reason, erosion control is the only
method that, as a general rule, offers promise of future reduction in the
cost and extent of necessary sediment-control works.  TFurthermore,
the snme types of eroslon-control measures needed for sediment redue-
tion are expected to be heneficial in reducing surface rum-off, in estab-
lishing a more uniform regimern of stream flow, and in preserving aiul
improving the value of uplands that are subject to excessive erosion,
In many places these incidental benefits will exceed the direet benelits
of relief from sediment damage. Thus, where they are applicable
and not unduly costly, erosion-control measures are to be preferred
to other methods of controlling seditnent damage,

In many special cases supplementary measures will be needed in the
valleys to control or prevent sedimentation at critical places or on
especially valuable lands.  Bven if a camplete erosion-zontrol program
is adopted, supplementary measures may be needed for o number of
years in order to prevent excessive dumage hy the sediment now
temporarily lodged in headwater areas but subject to further down-
valley transportation.

88. The value of valley resonrees subject to sediment damage Justifies
grealer expenditures for eroston-control measwres than are justified solely
by the value of the land subject to erosion.

In the uplands of Tobitubby and Hurricane drsinage basins both
gullying and sheet erosion have heen widespread and serious. If the
productive capacity of the upland ficlds s to be maintained or im-
proved, most of the upland agricultural lands in the two drainage
aress must soon be placed under an adequate erosion-conbrol program.
Inastnuch as the arca is almost entirely agricultural, the preservation
of the soil and mnaintenance of its productivity are essential to the
social well-being and economie stability of the community.

The sediment derived from the eroding upland fields has rendered
about 28 percent of the bottom Iands unfit for ngricultural use (table 6)
by decreasing their fertility or obstructing drainage. By reducing
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the amount of sediment delivered to the vealleys, erosion-control
measures on the uplands will tend to prevent further inerease in the
area of sediment demage and, in some places, will alleviate the
present conditions. Consequently, anticipated benefits to the valleys
should properly be included in any determinatios of the amount of
erosion-control work that can be economically justified on the uplands.

Where the land has been so intricately and deeply dissected by
gullies that erosion control will be unduly expensive, consideration of
valley benefits will be particularly important. Where such eroded
areas are essentially destroyed for agricultural purposes, erosion-
control measures may not be justified by the benefits to the lands to be
treated. But the sand from these gullied areas causes much of the
valley damage, and, consequently, In & program of erosion control
planned primarily for protection of the bottom lands from sediment
damage, the gullled areas would deserve particular attention. Thus,
for o complete soil conservation progrum, including attention to all
parts of the drainage basins and planned for the greatest ultimate
public benefit, consideration should be given to the extent to which
otherwise unjustified gully-control work may be justified by valley
benefits. Similar consideration should be given to roadside erosion,
which may contribute large quantities of harmful sediment to the
valleys.

Th)ere will naturelly be greater justification of upland erosion con-
trol for valley bencfits in those drainage basins where the valleys are
more_highly improved for agricultural or industrial uvse, are used ss
the sites of cities, are traversed by railways and improved highways,
or are used for watfer storage. In such places, the damage due to
excessive sedimentation may be proportionately much greater than in
Tobitubby and Hurricane Valleys, where the land is now of low sale
value. For example, the United States Army Engineers (78, p. 139)
report that in four drainage districts in the Yozoo delta, the Yocona
No. 2, Big Sand, Pelucin, nnd Abisca, representing n total original
investment of shout $550,000, the ditches have silted up in periods of
5 to 10 years to such an extent that their purpose has been entirely
defeated. Minnesota State Highway No. 74, which fraverses the
Whitewater Valley in the southeastern part of the State, may be
cited as an example of an Improved highway which is frequently
damaged by flooding and sedimentation. Plate 13, B shows one of
many places where sediment frequently must be cleaned off this
kighway after freshets.

In the great Ohio River flood of 1937 sediment damage to buildings
and the cost of sediment removal from buildings, streets, sewers, and
culverts were among the major items of damage in the Aooded cities
and towns. In Cincinnati, Ohio, and Louisville, Ky., respectively,
612,500 tons and 563,000 tons of sediment were deposited. For all
urbanB arcas it has been estimated that the sediment totaled 3,835,200
tons.!

During the Ohio River flood of 1933 most of the damage, according
to Horton and Jackson (35, pp. 86-87), was caused by the yellow,
slimy, fine, pencirating mud that was deposited in the cities and
towns as well as on the {arms.

= Brown, . B., nnd Browx, M, [, BEDIMENTATION SUHVEY FOLLOWING THE OHI0 RIVER FLOOD OF
FANUARY 1027, Umpoblished repott.  U. B, Boil Conserv. Serv, Washingion, In. C.
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A, Ponded water in a low aren i the Hio Coeande Vallex, near isietn, N, Mex.  This
i< one of many formerty cultivated areas an which water has heen pouded s o
resull of river aggradation and asseciated drainage obstruetion. 82, Ten inches
of sediiment deposited o Minoe=ota State Highway No. 74 abont J miles west
of Weaver, Winopa County, Minn.  Seiliiment froguentty must bhe removed
from this highway after fresheis and floeds, mainly Levause of growth of allusvial
funs.
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A, Workmen removing silt from street along Potomae River, Washington, D. C,,
after the fiood of March 19, 1986. B, Typical trenched valiey in the South-
west. Note verbiesl banks and greater width on bends. Puerco River, & ;
tributery of the Little Colorado River, sbout 3 miles east of Arizona-New
Mexico boundary.
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Sedimentation was likewise s major factor in the damage caused by
the 1938 floods in the Los Angeles district of California, and removal
of sediment from city streets is commonly & factor in urban flood
damage in many parts of the country (pl. 14, A).

The economic aspects of reservoir sedimentation have been dis-
cussed briefly by Ealin (22, pp. 3—4), who pointed out that the damage
involved is by no means confined to the original cost of the reservoir.
Reservoirs are constructed at the most economical and physically
favorably sites, and consequently the development of additional stor-
age to replace that lost by sedimentation is usually more costly thau
the original storage and, in some instances, may not be feasible beeause
of unfavorable topography. Other developments dependent on the
reservoir will also be affected as the usefulness of the reservoir is
impaired. More recently, Brown (22, pp. 124—125) has estimated, on
the basis of 98 sedimentation surveys by the Soil Oonservation Service
and other agencies, that of all the reservoirs in the United States, 39
percent will have a useful life of only 1 to 50 vears; 25 percent, 50 to
100 years; 21 percent, 100 to 200 years; and only 15 percent, more
than 200 yewrs. There are at least 8,400 reservoirs in the United
States, representing au original capital investment of at least $2.000,-
000,000, and the annual loss of investment due to sedimentation is
encrmous. Not all reservoir sedimentation could be prevented b
any practicnl methods of erosion retardation or sedimentation control,
but a large part of it is due to accelerated soil erosion and can be
greatly reduced by methods already proved by wide use to be econom-
lcally feasible. As present known methods of removing sediment
from reservoirs are usually ineffective and costly, an extension of
erosion-control measures offers one of the most promising methods for
reducing the sedimentation losses in reservoirs.  As part of a complete
conservation program, in many places, such erosion-control measures
might profitably be supplemented by the construetion of sediment-
detention basins and by other methoeds of directing and controlling
valley sedimentation above the reservoirs.

89. The wmprovement of valley lands for agriculture, including alle-
viation of sediment damage, offers a possible method of replacing those
erodible sloping lands that, as o econservation mecsure, should not be
cultipated.

Much of the land now under cultivation in the United States is
subject to serious soil crosion, Part of this erodible cultivated land
can, under proper handling, be protected and kept rveasonably pro-
ductive by economically feasible erosion-control practices. Other
parts of it, however, are so steeply sloping, already so badly eroded,
or otherwise so difficult to protect by economically justifinble erosion-
control measures that contitued cultivation can result ouly in the
ruin of the land for agriculture within a comparatively short time.
While this land is being cultivafed, and after it has been abandoned,
the large amounts of erosional debris derived from it will further
complicate the flood and sedimentation problems in the streams and
valleys. Such land should be retired {rom cultivation and protected
from erosion by a grass or tree eover,

On some farms this retirement of certain fields to grass or trees
might necessitate only s slight modification in farm practices, and the
benefits might quickly exceed any temporary financial loss to the




106 TECHNICAL BULLETIN 605, U. 5 DEIMD OF ASRICULTURE

owner or farm operator.  But on many other farms the vetirement of
even small areas from cullivation might he economically impracticable.
For such farms some means will be needed to repluee the acreage to
be rotired from cultivation, The improvemwent of valley lands now
unused, or used only for poor pasture, offers one means by which
additional cultivable land might be developed.

The productive capacity of bottom lands, when adequately drained
and protected from execessive fiood damage, is fully sttested by the
high esteem in whieh they are held throughout most parts of the
country. Commeonly they are more productive than most of the
upland soils.  This may be troe even where the premodern bottom-
tand soil hias been buried under & foot or more of fine-grained modern
sediment,  For exawmple, in Crawford County, Wis,, the old Wabash
and the modern Ray silt Joums, where well drained, are cach given
productivity ratings of 2, Some uplind soils in Crawford County
also have rafings of 2, but most are less productive (84, pp. 87-38).

IT mprovement of hottom lands is undertaken in order to replace
erodible uplands that should be retired from cultivation, considera-
tion should be given to protection from sediment dumage as well as
to the establishment of adequate drainage and protection from lood
daniage.  Attention should be directed both to the area to he im-
proved and to the ureas where protective works wiil he necessary, i
order that the improvement mav be permanent.  1f upland erosion-
control measures nre used lor protection from excessive sedimenta-
tion, the specifie ureas contributing harmlful debris must be treated
and sufficient tune allowed for the control measures to beenme eflec-
tive. In manyv places special attention to coutrol of valley trenching
and stream-bank erosion will be essentinl to an adequate program of
permanent valley improvement.  Even so, some hottom lunds will be
more suiteble for improvement than others, and probably in mwny
places valley fnprovement by control of sedimentntion will net he
economically feasible,

40, Control of valley trenching, which forms flumelike channels that
carry sediment and flood run-off lo the meain valleys and af the same
trine produces addilional erosionel debris, offers o valucble supple-
mentary method by which wueh sediment might be stabilized tn the upper
valleys,

Modern valley trenches occur widely in the United States, being
known from various parts of the Middle West, Southwest, lar West,
and South. In the Tobitubby und Hurricane Vullevs they have had
a twofold influence an valley sedimentation, i that (1) their forma-
tion and growth furnishes sediment for deposition farther down valley
and {2) thex act as flumes to carry sediment and flood run-oft from
uplands to the main vallevs,  The trenches have appurently furnished
enly a small proportion of the total debris accumulated in Tobitubby
and Hurrieane Vallevs, but in other places valley trenches may be of
mujor Importance as sources of sediment. This Is true of the Rio
Puereo, a numjor tributary of the Rio Grande, In New Mexico, His-
torical evidence collected by Bryan (78) indicates that previous to
1885 the Rio Puerco had a fairly shallow, discontinucus channel
Shortly after 1885 trenching began. IFrom swvevs of the valley
trenches or arroyoes, Bryan aod Post ™ ealculated that between 1885
and 1927 about 395,000 acre-feet of sediment, an average of 9,400

B Rryan, Kitk, pnd Post, GEonGge M, See fontnote L5
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acre-fect per vear, was produced by the trencehing of the Rio Pucreo
and its tributerics. This is estineted to he about one-third of the
totul sediment delivered to this part of the Rio Grande Valley during
the 42-vear period. Otber streams (pl. 14,8) in the same sencral
area have also developed lwge trenchies from which vast quantitios
of debris have been eroded.

In places where & large quantity of erosional debris is derived from
valley trenching, stabilization of the banks of the trenches may pre-
vent further downstreant transportation of a large part of the sedi-
moent that forms the valley Ail in the trenched section.  Stabilization
of existing deposits would be benefictal nof only to nwst headwater
vallexs, where the deposits wre now lodged, but also to the lower
valleys, which would thus he protected from damage by redeposition
of the sediment.

In some places large quantities of debris nrve passed Uhrough the
trenches Lo the main valievs downstream. I, in these places, meas-
ures are used that cause the trenches to (i, the trenchies will cease
to acl as flumes Lo camy water and its sediment load on down to
trunk vallevs.  Deposition of sediment in the headwater vallevs both
in the trenches and on the adjacent vollev bottoms will be inereased.
Thus the lewer valleys will be protected, but in the headwater vallevs,
where the sediment is deposited, dumage may be increased,  This will
be especinlly true if the sediment is coarse and infertile ansd is deposited
as an overwash upon the vallex bottom,  In such places the benefits
to be derived from trench stabilization and partial proiection of the
lower vollevs must be welrhed against the damage that will be caused
in headwater valleys.  The control of (renching would, of course, be
an important part of a complete erosion-vontrol program, for trenches
are important [actors in promeling serious soil erosion, both by their
own headward and lateral growth and by initinting overfalls that
migrate headward up side drainageways and (hus aggravate upland
gullving.

41. Low valley lands that have poor drainage may be buill up and
improved by directed sedimentation. This might alse prerent futyre
damage by wncontrolled deposition of sediment thai is rn progress of
indermittent down-ralley transportation, bui is still {argely concentrated
i headwuter valleys and channels.

In many drainage basins large quantities of sediment, particularly
sand or coarser dehris, are already In process of down-valley trans-
portation bul are still largely concentrated in headwater valieys and
channels. This sediment is a potential threat to drainage systems
or leveed fAoodways, to settling basins or reservoirs, and to the pro-
ductivity of agricultural lands farther downstrenm, and will continue
to be so even if tle rate of production of sediment from uplands and
valley trenches is reduced by an erosion-control program. Conlrol
of debris temporarily stored in valley deposits may thus be an im-
portant factor in the prevention of future sediment damage.

In those parts of valleys where sediment damage has occurred,
reclamation of the damaged bottom lands mayx require that reduction
in secdimentation rates by erosion-confrol methods be supplemented
by other meusures. The establishment of adequate drainage will also
be necessary where modern sedimentation has so modified the valley
surface (hat the change in stream regimen resulting from an erosion-
cantrol program will not by itself remove the obstructions to drainxge.
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In Tobitubby Valley, for example, drainage ditches have been com-
pletely filled with sand and now form low, elongate ridges that divide the
valley into several segments with independent surface drainage. This
obstruction to surface drainage has been accompanied by a rise of the
ground-water table and impairment of subsurfsce droinage. In other
places in the snne valley the bed of the natural ehannel has been buiit
up above the surface of the adjacent flood plain and has produced the
same effect. Accelernted sedimentation on natural levees, alluvial
funs, and valley plugs has also obstructed drainage in many places
and locally Las coused surface ponding. Similar modifications of
valley forins have been observed in the soutlienstern Piedmont. In
the middle Rio Grande Valley in New Mexico the hed of the river
has in sorne places been aggraded above the adjncent flood-plain level.
Such conditions sericusly aggravate the flood and drainage problems.

In improving subsurface drainage, either the ground-water level
may be lowered relative to the ground surface, ns by ditehing, or the
ground surface may be raised relative to the ground-water level by
directed deposition from sediment-laden water. Where sediment n
progress of intermittent downstream transportation is concentrated
in channels and headwater valleys, and where there are poorly drained
lands farther downstream, directed deposition might provide n feasible
means of reclaiming the lowlands and at the same time protecting
other valley resources [rom future sediment damage.

Directed sedimentation, a practice whose origin is Jost in antiquity,
has been used in Iialy for at least seven cenfuries and is used in
England, wheve it is known as warping, and in France where it is
called colmatage. Directed sedimentation has also been used in India
and Malaysia, and in several localities in North America. In
England, tudal areas previously protected by dikes have been success-
fuliy reclaimed by diverting the river watler backed up by the lLigh
tides into the diked basins, allowing the water to clear by settling,
and then draining off the clear water at low tide. The rate of sccumu-
lation depends, of course, on the sediment content of the water and
the depth and frequency of flooding.

In the Federated Malay States, according to Robinson (83, pp. 76—
813, unusually heavy sedimentation in the Bentong and other rivers,
eaused by mining activities in tributary areas, hud converted the valley
hottoms nto waste aveas and threstened the existence of towns, roads,
and ratlreads.  In the period 1927 to 1936 experimental directed sedi-
mentation was successful in forcing deposition of about 420 scre-feet
of sediment on the sand flais and in confining the Bentong River to a
definite channel with banks more than 6 {feet high. Vepetation became
established on the valley deposits and thereby tended to stabilize
them and also to induce further sedimentation. ~ Plate 15 shows three
stages In the reclumation of this river bottom. Leete and Cheyne
(42) have described somewhat similar reclamation measures that are
used in the headwaters of the Rangoon River, Burma, where exces-
sive aggradation of the chanvels has interfered with the floating of
teak logs o Rangoon.

Prars 16.—Progressive reelmination of valley by dirccted sedimentation: A, Beforn
reciamation was started, 1930; B, training fences buili, sand-flat lovels raised,
and defined river bank formed, 1931; C, sand-flat levels raised further, river
(in foreground) flows 6 feet helow floed plain, and vegetation established, 1986.
Bentong River, Federated Malay States (Courtesy A. G. Robinson).
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A, Two tofour feet of sand recently deposited in first-bottoin pasture, South Tyger
River, Greenville County, 8. . B, An overfall migrating up u minor tributary
of the artificially straightened and deepened Boyer River. This is typical of
many such overfalls associnted with trenching of minor valleys in the Missouri
Valley loess belt. Crawford County, [owa.
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In North America the former abundance of cheap land available
for asgricultural use has been an bmportant factor in discouraging
attempts to inprove bottom lands by directed sediment deposition.
Warren (81, pp. 95-96), however, records an instance of systematic
reclamation by drainage snd sedimentation of 7,000 acres in the
Missequash Valley of Nova Scotia and New Brunswick between 1897
and 1911 at a total cost of $14 per acre. Lindenberger (45) has de-
scribed an attempt st land building in canyons in San Bernardino
County, Cnlif. King (37, pp. 264-265) has suggested that large sreas
of bottom lands in the esstern United States are suitable for reclama-
tion by this method. Wilson (82, p. 399) has described the use of
directed sedimentation in the rugged plateau country of southern
Kentucky.

In addition fo raising the land surface, definite improvements in
the soil are possible in some places. Because of chemicnl deficiencies
or unfavorable texture, some bottom-land soils are of low produc-
tivity even when well drained. For these bottom-land soils, con-
trolled deposition of sediment that is in progress of downstream
transportation or that is derived directly from normel erosion of
upland topsoils offers a pessible alternative to drainage and appli-
cation of fertilizers.

The present investigation has been directed primarily townrd
securing & better understanding of the principles of accelerated sedi-
mentation and has afforded no opportunity for experimental testing
of the possibilities ¢of land building by directed sedimentation. As s
possible alternative or auxiliary method of sediment control, land
building seems worthy of some sinall-scale experimentation to further
test its fensibility, the situations to which it is adapted, the best
engineering methods to be used, and the approximate cost of reclama-
tion, Directed sedimentation would have the threefold justifieation
of improving the land upon which the sediment was deposited, recov-
ering some value from plant-food mnferials that otherwise would be
iost to the sen, and preventing the sediment from injuring bottom-
land resources by uncontrolled deposition in other places.

Land building is, however, open to the same ecriticisms as all other
methods by which an attempt is made to control sedimentation with-
out reducing the rate of sediment production at its source. Erosion
will continue, perhaps at an accelerating rate, and the complexity of
the problem and the cost of controlling the resulting sediment will
therefore continue or increase. Land building by directed sedimen-
tation should therefore be considered as & means of supplementing an
upland erosion-control program rather than as a permanent alterna-
tive method for reduction of damage to valley resources hy culturally
accelerated sedimentation,

42. Stream-bank stabilization in headwater valleys offers a promising
method for checking both erosion of valley lands and the production of
harmful sediment,

In the Tobitubby and Hurricane Valleys stream-bank erosion has
not been important except in the trenched sections of the valleys
and locally where vegetation has been removed from ditch banks to
facilitate more rapid discharge. In western Wisconsin, in many
valleys in the southern Appalachisns, and in many other parts of the
United States, however, bank erosion has been muck more serious,
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both as a process of erosional destruction of valley lands and ns u
process of harmful sediment production.  As mentioned in the dis-
cussion of principle 14 (pp. 76-78), stream-bank erosion may pro-
gressively widen the channel and thus completely destroy the flood-
plain land.  This is common in the headwater parts of many valleys,
especially where valley trencliing is taking place. In other places
the channel may migrate luterally and an equrvalent area of new, hut
usually inferior, flood plain may be built behind it to replace the older
floed plain that is destroyed. ~ The latter is the more common type
of bank erosion. and is probably somewhat less serious than chasinel
widening ns 8 source of harmiul sediment. Batl types, however,
produce large quantities of conrse debris, mainly from the old chan-
nel deposits that characteristically underlie the flood plains. This
coarse seditment, sand, or gravel and boulders mav be an important
eanse of sediment damage where it is redeposited farther downst ream.

In many places stream banks that bave been stripped of their
natural plant cover by removal of trees and brush or by overgrazing
are much more susceptible to bank erosion than stream banks that
have a protective cover. Rapidly eroding banks usually have little
or no pratective cover where the active cutting takes place. Expe-
rience in artificial ditehing and channel improvement verifics the
conclusion that baunks stripped of plant cover are usually subject to
inereased erosion.  In fact, it is commen practice to take advantage
of this relation hetween cover snd erosion rate by digging channels
smaller than desired and elearing vegetation from their banks, de-
pending on bank erosion to widen the channel and therehy increase
its discharge capacity (67, p. 7). The fact that the desired widening
does not always take place. for one reason or another, does not in-
validate the observation upon which the Lope is based. Thus the
cultural practice of clearing natural vegetation from stream baunks
appears to be one of the important factors in accelerating bank ero-
ston during the modern period. Locally, other cultural modifications
such as channel straightening and building of bridge piers and other
structures that deflect the current are nlso factors that have inereased
stream-bank erosion.

Accelerated bank erosion commonly follows incision of headwater
chaunels where valley trenching oceurs. It alsn may occur where
culturally accelernted wpland erosion has caused filling of stream
channels with sediment so that the stream channels tend to develop
a shallower and wider cross seetion. It is widely believed that stream-
bank erosion has also been aecelerated by more frequent and more
severe flash floods resulting from the cultural changes that have nlso
caused accelernted upland soil erosion. The enormous differences in
surface run-off rates that numerous plot studies have shown between
forested or grass-covered plots on the one hand and various cultivated,
overgrazed, or denuded plots on the other indicate that the surface
run-off has probably increased in volume and become more flashy.
The relation between upland cultural changes and stream-hank erosion
is difficult to demonstrate by elear and undisputable examples, how-
ever, because of the many complex and interacting factors that affect
the relationship.

The natural tendency of a stream is to erode on the outside of
bends and to build up sediment deposits in the form of bars on the
inside. In many streams, and perhaps in most, the resulting migra-
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tion of the channel within the valley has been a major process in
thie formation of the food plain.  In such vallevs, at least, the com-
plete elimination of stream-bank erosion is not only impracticul but
impossible. In many places where the present rate of bank erosion
ias been accelernted by cultural influences, however, this rate appar-
ently could be reduced by the application of approprinzte measures to
modify them.  As clearing of vegetation from the stream banks ap-
pears to have been one of the principal cultural influences and as accel-
erated upland erosion and surface run-oil have also been important,
2 rational program for control of stream-bank erosion should include
attention to these fuctors,

Just what efleet an upland erosion-control program might have on
erosion of stream banks in the valleys below is not fully known, for
nowhere in the United States have erosion-control measures yet been
apphied to previously uncontrolled uplands to a suflicient extent and
for ¢ suilicient time w demonstrate the downstream effects on bank
eresion.  Bank crosion, however, probably will still bhe n problem
even though the amount of sediment and surface run-off delivered to
the stremins is decreased. 1 this 1s true, upland erosion-control
measures will have to be supplemented by some method or methods
of stream-bank stabilization in order te cheek destruetion of valley
lands and incidental production of harmful sediment. From the
observed relations between eroding banks and vegetation. estahlish-
ment of vegetativn on the banks appears to offer a promising method
of checking bank crosion without excessive cost, especially in minor
valleys where the volume of run-off and the size of the channels are
small.  On many banks that wre undercut and essentially vertical,
auxiliney methods, such as the construction of jetties, may be neces-
sary to check active erosion until vegetation becomes established,

18, The areas of mest severe erosional damage may aot be the arens
of most serious production of harnful sediment.

The seliment derived from some areas that are heing severely
damaged by erosion mny cause little or no harmful sedimentation,
whereas that derived [rom areas where crosion is less extensive or less
serious muy cause very serious damage. Three important factors
involved are {1} the amount of erosional debris, (2) its eharacter, and
(3) the value of the areas affected by its deposition.

(1) The quantity or bulk of erosional debris rather than its charac-
ter is of prime importance in several types of damage by sedimentation.
Filling of reservoirs, raising Hood levels by flood-plain aggradation,
damages to urban areas and highways, and the filling of ditches or
irrigation canals are such types of damage. Even in these types of
damage the character of the sediment and especially its texture may
be of great importance. If the volume of sediment were the only
factor, however, the areas contributing the greatest quantities of
erosional debris would be responsible for the greatest sediment damage.
The areas from which the greatest quantities of debris are eroded are
not necessarily areas of most severe erosional damage. Equal erosion
of naturally unproductive and naturally fertile land, for example,
would ordinarily result in greater erostonal damage to the latter.
Imsofar as volutne of sediment is concerned, therefore, the areas of
grentest damage by erosion may not be responsible for the greatest
sediment damage.
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(2) The character, especially the texture, of erosional debris largely
determines how far the sediment will be transported, under what
conditions 1t will accumulate, and the nature ind extent of the damnge
that will result from its deposition. This is well illustrated by the
contrast between sund and silt ns causes of sediment damage in Tobi-
tubby and Hurricane Vulleys. Sand, which is derived almost entirely
from gullying of the Iolly Springs formation, comprises only about
25 percent of the modern valley deposits but eauses most of the sedi-
ment damage. In the Piedmont and in the upper Mississippi Valley
similar associntion of the major sediment damage with the coarse
part of the erosional debris has been ohserved. Course sand, for
example, has been a major cause of damage to the South Tyger Valley
in Greenville County, 8. C. {pl. 16, A). In the Ric Grande Valley
of New Aexico, sand is o major factor in causing aggradation of the
river bed above the hend of the Elephant Butte Reservoir, whereas
sediment of silt and clay size is largely responsible for the depletion of
the reservoir capacity.

Fine sediment appears to be most injurious when deposited in
reservoirs or other places where the bulk rather than the character of
the sediment is important. Deposition on the flood plains of unpro-
ductive fine-grained material derived from upland subsoils las
damaged bottom lands in some localities, but sa far as is known such
deposition of fine sediment does not appear to have caused much
impairment of productive capacity, although the erosion of this
material may have cansed severe injury to the uplands. In contrast,
the production of coarse sediment, usually from gullying, valley
trenching, or stream-bank erosion, in smaller rmounts or from smaller
aregs may cause less erosional damage but mueh greater sediment
damage. Therefore, in planning a conservation program that
ineludes consideration of possible vallev benefits the sources of the
injurious sediment should receive special attention.

(3) That the damage caused by accelerated sedimentation will
depend largely upon the value of the valley lands or improvements
affected is, of course, obvious. Even deposition of coarse sediment
may cause no damage if the coarse debris accumulates in low swamp
areas or other places that cannot be improved for agriculture or for
other use. The erosional damage mvolved in the sediment produc-
tion may be severe, but ns a cause of sediment damuge, the area
might rank far behind some other less severely eroding upland area
from which sediment was being earried onto improved agricultural
land or n main highway, or directly into s reservoir, drainage diteh,
navigable channel, or urhan srea.

Sediment damage may also be particularly severe as a result of
erosion in_an arca directly tributary to the lower part of a major
stream. This is espeeislly true if much coarse sediment is delivered
directly to the major stream or valley and as a result partly blocks the
streamn channel or, by building a fan into the main valley, obstructs
surface drainage. The effects of such obstructions may extend
upstream, causing increased flood damage, drainage impairments, and
harmful sedimentation. The sediment causing the damage may be
derived from a very small aren and, even though the erosional damage
muy be less severe than in many other parts of the drainage basin,
such areas should receive particular attention in any plan or program
for reducing sediment damage by erosion-control methods.
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44. Diteling or other channel improvements for valley drainege and
flood control may cause increased valley and wpland erosion by headward
channel incision, and the dilches or channels ihemselzes may be damaged
by accumulation of the resulting sedvment,

Many valleys cannot be used effectively for agriculture or for other
purposes unless ditehes are dug or stream channels improved, so that
better drainage and more adequate channel capacity for discharge of
floodwaters are provided. Ditches and improved channels are
potentially subject to damage by sediment accumulation, however,
and meny attempted drainage or {lood-control improvements have
been impsiired by sedimentation. In some places these improvements
may contribute to their own later impairment by causing increased
erosion in the valleys and uplands farther upstream. Very com-
monly the ditching or channel improvement deepens the channels,
either directly biy artificial excavation or by scouring that results from
incrensed velocity of flow in the ditehed or improved sections. Where
this occurs the gradient immediately upstream is increased. Conse-
quently, chaimel incision will begin and progress headward as an
overfall or a zone of rapids that migrates up the main stream and the
tributaries. Plate 16, B shows the head of a large gully initiated by
ditching of a tributary of Boyver River, Crawford County, Lowa.

The headward migration of the zone of incision may be rapid, espe-
cially if the bed material is sandy, or very slow if it is clay or con-
solidated rock, Where migration 1s rapid the production of sediment,
and particularly coarse sediment, which usually forms a major part of
the old channel deposits underlying the food plain, may be so great
that sediment aceumulalion may seriously impair the effectiveness of
the diteh or improved channel. In either case, the zone of incision
may work back up the minor tributaries into the uplands, there
inunugurate a new epicycle of accelernted upland gullying, and thus
still further increase the rate of sediment delivery to the ditch or
improved channel,

In view of these mutual interrelationships, plans for reclamation or
protection of valley lands by ditching or channel improvement should
include the consideration not only of sedimentation to be expected as a
result of the existing rate and type of debris production in the tribu-
tary drainage basin but also of the possible effects of the headward
netsion that may be initiated by channel deepening. Foresight and
prompt remedial measures may prevent damage both by sediment
accumulation in the channel and by gully rejuvenstion in the tributary
uplands.

4§, Upland erosion-control measures thal retard erosion more than
run-off, unless supplemented by walley-conservation measures. may
cause increused erosion and downstream. transporiation of deposits now
lodged in headwater valleys.

HExperimental and observational data indicate that upland soil
conservation measures will reduce the amount of sediment and surface
run-off delivered to the stream systems (59). The same data, how-
ever, indicate that such control measures are ordinarily more effective
In reducing the amount of soil eroston than the amount of immediate
surface run-off. There is a question, therefore, as to what effect this
duferential change of sediment and water contribution will have on the
regimen of the streams. Theoretically, three possibilities exist inso-
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far as the stream channels are concerned, namelv, (1} that the de-
creased volume of cleaver water will be unable to transport the
decreased volume of sediment and, therefore, that sediment will
accumulate in the stream channels, (2) that the decreased volume of
clearer water will just be able to transport the decrewsed volhime of
sediment and, thersfore, that the level of the stream beds will not
change, or (3) that the decreased volume of clearer water will trans-
port not only the decreased amount of sediment but also some sedi-
ment from the bed and sides of its channel. In the last case the
stream channels will be deepened or widened, or both,  As a result, the
valleys will gradually be degraded, and part of the sediment now
lodged in headwater channels and valleys will be moved on down-
stream and perhaps cause increased damage there.

Upland erosion-control measures have net vet been applied o any
previously unprotected areas for a long enough time and over suffi-
ciently large aress to show which of these three possibilities will be
most probable throughout the United States. The effect of controlled
flow of desilted water below reservoirs indicates, however, that the
third possibility certainly muist be considered. In the Rio Grande
below the Elephant Butte Reservoir (70, pp. 291-295), in the Colorado
River below Lake Nead {I, pp. 389-540), and below several other
reservoirs in the Unifed States and Kurope (68), the desilted water
from reservoirs has produced measurable scouring of the channels for
miles downstream.

For slleviation of damage in valleys in which injurious sedimentation
has taken place, some incresase in the capacity of stream channels by
scour woukd appear to be advantageous. After nn ndequate channel
has been secured, however, additional scour or latersl bank erosion
may cause serious damage. In addition to the modern deposits, all
or a large part of the premodern sediments might be removed and
transported downstream. Inasmuch as the premodern deposits in
the upper parts of the many valleys constitnte a much larger per-
centage of the total velley fill than the modern deposits, the sediment
load so derived might conceivably exceed that now being delivered to
the frunk streams from upland erosion. Thus the combined erosional
and depositional damage to valleys might become even greater than
under present conditions. Therefore in some vallevs the protection
of the valley resources may necessitate supplementing upland erosion-
control measures with vallev-conservation mensures to Prevent
excessive stream erosion. Particular attention should be given to
valleys below aress where upland erosion contro! is practiced in order
that the downstream effects of erosion-control measures may soon be

evaluated.
SUMMARY

In the preceding pages the nature and scope of the problem of
culturally accclernted strenm and valley sedimentation has been
briefly outlined, the results of detailed studies in two representative
valleys of northern Mississippi have been reported, and 45 principles
have been formulated and presented with explanatory discussions of
enxch. These principles are based chiefly on the results of the detailed
studies in Tobitubby and Hurricane Valleys, but they are also sup-
ported by less comprehensive studies in several other areas where
sedimentation is serious. Each principle has been presented as a



http:efl'p.ct

ACCELERATED STREAM AND VALLREY SEDIMENTATION 115

statement of fact, and the objeet, is {o eall nitention to general truths
concerning the problem of harmiul sedimentation resulting from
culturally secelerated soil erosion. Because of the present imperfect
state of knowledge, the principles as now presented will require revision
and extension as {urthey information becomes available.

The detailed studies of Tobitubby and Hurrieane Valleys reveal
that during the 100 years or so of settlement, cultivation, and sccel-
erated soil erosion about 14,258 sere-feet, or an average thinkness of
3.3 feet, of sediment has accumulated in the valleys in which boring
surveys were made. An additional 5,623 acrefeet of sediment is
estimated to have been deposited on the flood plains of unsurveyed
tributaries. The volume of sediment sccumulated in the valleys
and the amount carried past Greenwood, Miss,, indicate that an
average depth of at lenst 5.4 inches has been eroded from the uplands
of the Tohitubby-Hurricane aren. The distribution of the sediment in
the valleys, together with some scanty data on quantities of sediment
earried out of them, Indicates that most of the erosionnl debris deliv-
ered from the uplands during the past 100 years siill remains within
the Tobitubby and Hurricane drainage basins as vulley deposits.

As a result of the accelerated sedimentation, 1,930 acres (27.7 per-
cent) of the valley Iand has been damaged by sand overwash or by
swamping, or both, and an additional 2,240 acres (32.1 percent)
i1s of little value becnuse of frequent flooding, Such fisoding is also
due in port to the effects of excessive sedimentation. Many stream
channels, both natural and artificial, have been partly or completely
filled with sediment. Deposition of sand, derived almost entirely
from gullies cut through the loessial upland cover into the underlying
unconsolidated Holly Springs sand, has enused most of the sediment
damage,

The combined resvits of these detailed investigations and other
mote widespread recomnaissance studies point to several broad
generalizations of major significance. Accelerated stream and valley
sedimentation Is much more widespread and progressive accumulafion
is taking pilace much more rapidiy than has been commonly realized
either by the general public or by specialists in allied fields of scientific
inquiry. The past and prospective future damage resulting from
such sedimentation is of sufficient importance to be of national con-
cern. Damage hes been of many diverse kinds, but so far a¢ is now
known the most important have been (1) impairment of the productive
capacity of agricultural valley lands by changes in soil texture,
composition, or drainage, (2) ageravation of flood danger snd flood
damage by filling of channels and aggradation of flood plains with
consequent increases in height and frequency of overbank floods, and
(3) impairment of the effectiveness or usefulness of nrtificial structures
and improvements. The amount of damage varies greatly according
to the area and value of the land and the size and value of structures or
improvements within the areas of excessive sediment accumulation,
as well as according to the rates of sedimentation.

Texture of sediment is 2 major factor in determining the nature of
sedimentation and the extent of the damage. Largely on this account
gullying, valley trenching, and stream-bank erosion are judged to be
relatively more important, in comparison with sheet erosion, as sources
of harmful sediment than as causes of erosional dumage slone. It
also appears that the erosional aress responsible for the most serious
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sediment damage may not be the areas that have been most seriously
damaged by erosion.

In many places it has been found practicable to identily and
measure with reasonable accuracy the valley sediments that have been
deposited within the modern period of accelerated erosion and sedi-
mentation. Comparison of the results of sediment measurements
with the available data on volumes of ercsional debris produced
from uplands during the same period and with data on the suspended
load carried by major streams leads to the conclusion that in some
sections of the country the greatest part of the erosional debris has
been, and is, accumulating In minor headwater valleys, within 10
miles or so of the place of origin. This means that the full effects
of eccelerated soil erosion and attendant sedimentation have not yet
been felt in main trunk streams and valleys. Hence the problem of
nccelerated stream and valley sedimenfation will hecome much more
serious in the future uniess present trends are reversed by comserva-
tion measures or by other influences not now foreseen.
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APPENDIX

As part of the Tobitubby-Hurricane investigutions mechanical analvses were
made of 353 selected samples of the fluvial deposits,  The resnlts of this analytical
work have been used in many ways throughout the text of the bulletin. = The
analytical results afford & check on field determination of texture and pernit more
accurate caleulation of the avernge texture of the modern and premodern deposits
in various parts of the valleys and in the entire modern valiey 8. Statistical
values derived from the analytieal resulis have heen used in comparing the sorting
of the modern and premodern deposits, Tables 3 and 11, and figures 10, 13, and
15 arc based on these results,

Tn order to avoid excossive tabulatioa in the body of the bulletin, the analytical
resulls are presented as $elle 10, These data, which possibly comprise the largest
published serics of mechanieal aualyses of Hlood-plain duposits, are presented for
the information of specialists interested in stream- and valley-sedimentation
protienis.

Analbytical work ® was done st the sedimentation laboratory of the department
of geology, University of Chicage, through the courtesy of that institution. Two
methods of analysis were used.  The composition of the sands was determined
by steving for L0 Lo 15 minutes theough stendard Trler sieves in o Rotap shaker,
The fine-grained sediments were avalyzed by the pipette method (38) as nodified
by Rittenhouse (6.2).  Enmples containing both sand and silt were analvzed by a
combingtion of the lwo methods, the samples being wet-sicved through a 250-
mosh {He-mm) sieve to geparate the sand and siit, Dispersion of the srnples
was eesentigily that recommended by Krumbein (40).  Intteries of 48 sainples
were anelyzed simudianconsly, A detailed deseription of the anulyticul technigue
has been prepared for publieation.®

The analvtical results were plotied as cumulalive curves and the first quartiie,
medinn, and Lhird quardile read directly from the curve.  The arithmetic sorting,
the geometric sorting (Trask’s sorting coeflicient), nud the skewness were computed
from the quartile and median valnes as recommended by Krumbein (47).  These
values have been presented in lable 10 to facilitate use of the analytical data by
other fechnical workers.

The averape echanical composiiion of the modern valley sediments at each
horing range is presented in table 11, These values were computed from feld
determinalions of texture at each boring hole and from the mechanical analyses of
selected samples, as foflows:

Tt was agsumed that euch boring on a range was representative of the modern
)i haif wuy fo the adjscent borings. The eross-sectionsal area of fill so repre-
sented was determined by planimeter from the plotted eross scctions of each bor-
ing range {figs. 8, 8, and 10}, This area was multiplied by the percent of ench
textural class {silt, finc sundy silt, cte.) in the boring hole as deterinined by feld
examination, 1o give the area represepted by caeh texturael class.  All mechanieal
analyses of each lextural class were averaged to give the percent of sedimoent in
each grade size f1e-13, V=14, -1 mm. etel) in cach textursl elass.  The percent
of sediment of each grade size in ench toxtural class was multiplied by the area
represented by (he lextaral olass.  The sreas represented by eacl grade sive of
the several textural elasues at each boring wore added.  The result was the cross-
geetional aren of cach grade size represented by the boring.  The cross-scetional
arca of cach size for the entire ramge was sccured by adding the areas of each
grade siwe from the several borings on the rauge, mud pereentages were ealculated
tiv dividing this figure by the {olal cross-sectional area of )l Statistical values
were derived in the same manner as for individual analyses,

i~ Clandon Ritlealtouse, turlysts W. B, Recthadf, Jr., B, 8 Hiboel, andg J. C. {imee, agsistants,

HRITTENHOUSE, (GORDON, TUE PIFETTE METHOW MOINFIED FOI MASS PRODECTION, In report of tho
Comaaitiee on Sedimentotion, 1935-1030.  Natl Res. Covurd), PpS8-102. 1030, | Mimeosgraphed.]
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TABLE 10.—Resulits of mechanical analyses of fluvial deposils from Tobitubby and Hurricane Valleys
RURRICANE OREEK—RANGE 4

Amount in indieated grade size Derived results
X i Arith-
Sample No, { Hole No, Depth Coyel - b _ 4 G- metic Trask rnes:
>5e e | b i: o (T }}1:?2 }};’624 i?;s };‘:22;:; }}'%61".- < g Md Qs sor?intig sorting Skez:t(;;:s
mm. I M g AU i, | inm, | mim, | mm, | omm, | (Q-Q) | V@ IE
2
Inches | £t} Pel, | Pet, | Pet, | Pet. | Pel. | Pot Pel. | Pet. | Pet. | Pet.o | Mm, | AMm. AMm,
0- 4 1.4 2.2, 3.7 821155 18.6 253 16,0 8.6 3.7 1 1421 0.0400 { 0.0200 0.0079 0.0161 2.25 0. 86
72 L0 %1 9.5 3,228 841 202} 2.5 8.8 3.6 9.7 1 0450 © 0184 . 0087 L0182 2,27 1.08
0= 4 11 L2 494132 0.0 17,6 17. 6 14.8 T.6 | 2221 ..0250 | .0000 . 00265 L0112 3.07 .85
4-- 8 N 3.5 4.2 ! 2.0 10.3 .4 210 18,2 1 5.4 2.7 L0207 L0131 . 0035 L0L1g 2.76 .74
8- 12 8 2.8 26 Lol 4.9 19. 4 0.7 4.2 18.0 . 0276 L0148 . 0050 L0113 2.35 .7
12716 A1 360 25 20 9,1 13,5 A 18.8 9.3 .71 16.2 ¢ 0204 | L0180 0062 0116 2,18 81
18- 20 8.8 03003 41 216386 41 4.0 7.9 4.2 1.7 85 310 1499 . 0180 1460 .15 38
224 2,3 Ko 83 231245 57 244 20,4 0.6 3.1 141 L0376 0160 N 0153 2,33 1.0
24— 2§ o * 831 6.7 ] 21 101 5071 2271 248 10.5 4.9 15.1 (1272 0141 . 0057 L0108 2.18 88
25 32 6 204 4.2 281 10,5 4 3.2 217 8.0 3.7 148 0270 0162 L0072 0000 1.04 86
E - . 82 10,1 hopeu 22,0 fi. 5 3.0 131 0207 0175 . D08y 0089 1.73
33 20,2 28.7 2.3 5.2 1.8 11,2 1370 0208 L0104 0133 1.88 04
4.7 18:4 3.8 2.7 6.5 2.3 1.9 0303 0182 L0095 L0104 1.7 93
8.5 5.9 2.0 28,0 1.6 a4 16.2 0172 . (080 L0016 |+ L0063 1.93 99
27 14,2 30.1 25,9 95 4.1 4.5 . (255 0147 . 0087 . 0084 1.05 89
481 1.8 9.7 24,2 2.8 1.8 L0 13,9 0271 0139 L0062 0105 2,09 093
8.8 6,5 2.0 2.5 11,8 5.2 21,1 (1225 o114 03 0096 2,57 07
8.3 14,6 o 25,3 12.6 5.3 19.0 0207 0119 L0041 0083 2,25 T
291125 81 2.4 231 1.2 4.1 15. 9 0202 0140 L 057 0103 2. 14 ST
8.8 3.4 13.2 L0 6. 2 1.1 27,1 0100 | . 066 . 00167 0072 3.10 ny
5.5 L0971 202 L 3 136 7.7 17.8 1 .0106 ;0108 L0038 079 2.27 .80
7.9 3.3 221 2.2 14,8 8.8 20,37 .03 0008 . 30 082 2.53 Ay
15,2 4, 4 15.3 2.2 15. 5 9.7 8.7 L0220 L 0u7 L 033 L Q004 2,62 .86
2.2, 5.6 8.7 22,8 274 13.0 4.9 156 L0212 L0117 NiilY o2 2,12 .85
4,11 47,2 18.9 13.2 9.4 4.0 1.2 5.4 310 052 L0195 L 453 3.09 149
7.21 66,1 6.6 0.5 7.7 3.6 L5 390 .30 173 L3235 . 1583 3.80 W62
350 Th4 5.5 i 5,9 2.7 1.3 5.7 1 408 L 250 LO88 . 1825 3.206 .48
L1103 10.6 L6 18. 4 10. 2 4.8 1.3 L0280 L0165 . 0063 L0109 2,11 .80
4.0 18,8 9.4 27,4 20,1 7.2 3.6 13.4 1 .0370 ;7 .0178 L0080 L0145 215 e
5,21 06.7 6.0 10.8 87 L8 1A 6.9 .28 . 180 028 1350 3.20 49
4.0 63.0 .7 L8 1174 P PRSI R . 280 172 L0240 . 1280 3.42 .48
6.4 1 76,3 3.0 7.4 3.8 1.3 7 6.5 32 .12 074 L1250 2,09 .73
7.7 623 9.6 12,3 5.8 1.& Lt 7.0 .28 07 L0275 L1208 312 .58
7.3 1330 146 2.2 1.6 3.6 R 10.2 130 L0205 L0140 L0476 2.495 1. 44
L1251+ 2081 34.7 159 4.0 Lol 10.21 .0370 & 0220 012 L0123 .73 .94
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TaBLE 10.—Resulls of mechanical analyses of fluvial deposits from Tobitubby and Hurricane Valleys—Continued
HURRICANE CREEK—RANGE 7
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TABLE 10.~Results of mechanical analyses of fluvial deposits from Tobitubby and Hurricane Valleys—Continued
TOBITUBBY CREEK—RANGE 1

Ainount in indieated grade size Dérived results
? ‘t ! Arith-
Sample No. | Hole No. Depth ! ' ‘- 5 in ) . oae ! s : m Trask s
P AR i?o 2o }}]{:]2 }s"f.zq ; i?;a s;.“:u R el o | & soretliifg sorting Skog:e,f
mm. , mm. ]' Mmoo, | oo, [ mm, i mim. (Qi-@) | T -J by
S :
i
Inches | Pet, | Pel, 4 Pel, | Pel. | Pel. § Pet, { Pel, + Pet. t Pet. § Pel, | Pel. | Mm. | Mm, Mm

85.. ib - 5561426 25.0] 8.6 79.7 5.0 7.1 2.6 0.9 0.4 3.5 1 0.351 Q. 0.110 0. 1205 i.78 0.83
86G. . ib R 4~ 11 5214432557 5.6180.0 [N S TR PR PR L3933 244 et + 145 1. 64 .83
87 1h 11- 15 401309183 | 4.7 1578 NP FRUR R PO - - 208 .15 L0180 L1397 3.91 .51
88 1. .. 15- 10 . . .61 261 361 1.7 4.7 L7141 17,27 0335 1 0225 . 0090 L0123 1.92 W7
84 1b 19-- 23 2852821209} 501560 S E— I - o B . 280 . 142 L0305 1248 3. 06 .63
89D b 19- 24 224204 1106 4.6 558 10.0 13.9 6. 5 20 [31L8 ... . L1382 . 0202 . 1209 3,72 .87
. th 23- 28 L3T 78 474 407178 168 2701 125 4.3 2.8 17.9 0420 1 .0220 Q078 L0171 2,382 .82
91 ih 28- 33 FUUN P i 8.4 102} 3127 223 9.2 5.3 13.4 | 0263 1 .0155 0064 . 0100 2,03 .84
02 .. th 33 38 7112011094 3,21 26,8 1.0} 248 154 6.2 3.6 L0 .0000§ .023) . 0096 L0402 3,06 L2
3. . 1 . 39« 44 1L.21 283 26.9 50 1620 .. B U . . “ 267 . 161 . 026 L1206 3,20 .62
1) b 38- 44 91285257 530604 8571 M.3 6.6 2,41 37.01... . 2067 158 20239 L1216 3,34 .51
94 1b 4448 8123003008 7.8 626 . . . P - 244 47 .028 1080 2,95 .50

95 1 48~ 55 L8112.4 09,31 6.3° 888 10.8§ 2107 122 4.5 2,71 10,0 168 L0310 L0120 0770 3.63 1.5
94 ih 86~ 57 L5, 7.3{ 057 20 2.2 0.81 20.0 1 7.3 6,3 3.21 125] .041 L0201 0095 L0158 2,08 .98
97 th &7 63 L6, 801 671 2.1 16.4 0.0 371 182 6.3 2,4 5.5 1 0334 0 0188 . 0084 0125 1.99 .80
|1 T 1h 63~ 67 . NN - P08 1.3 38.4 13.0 6.3 .0f 1851 ,0275 | 0078 L0106 . 0085, 1,64 .98
99, 1h 67 72 4. i e 8.8 8. L7 {216 6.8 400 18471 ,0250 0155 L0055 0008 213 70
160 ib 7283 L7y 7.7 7.9 2.3 0.4 7.4 22,4 18.5 7.7 4.6 19.3 0365 0155 . 0045 0160 2,85 83
101 ih 88~ 9234] 13,14 18.0 4 21.4 5.2 477 6.8 15,9 (S ] 4.3 2,6 1.4 225 044 L0128 . 1061 414 1.22
138 4h 0- 7 771259 20,2 5215800 L0 161 0. 1 L5 36.8 206 152 L0257 . 1352 3:05 .87

39 4b A0ba- 45 Lo - .- - 119 0.6 30,51 222 8.2 471 13.0 0275 0161 L0075 . 0102 1,03 .

141 6h O~ & 27115712001 7914737 1,7} 2.0 0.2 241 1886 204 0104 .(18a 0027 3, 31 125
140 6h.. 38- 42 . , . 10.0 T3 8421 2.2 8.2 200 10,2 L0237 1 L0160 . 0087 L0075 1,65 90
142 i 0- 5 3.3 124312581 4.8/ 582 331 16.1 6.9 2.0 38.3 257 . 150 L0220 . H75 3,42 .80
143 m 46+ 53 P 5.4 10.7¢ 40,27 221 6.7 2.8 1L9 [ 02523 0175 L3003 0080 | 3 87
41 8a 0~ 7 2210150 16,91 4.0.1 39,0 15.5¢ 19.0) 11,8 2.9 2.1 0.7 183 L0368 L0144 0841 3,57 139
42 S 7 14 LS8 L7 ¢ 4013381 18 .71 141 3.4 2.6 .81 170 . 0340 L0137 L0782 3.2 1.42
43 8a i1- 19 Lo 571 4.6 LS, 131 150§ 32.3 18,5 4.7 3.6 12.1 0360 0190 L0101 L0130 1.89 1.00
44 Sn 9- . - 2,1 10.8 1 30,01 28,4 8.8 59 14.1 0220 0137 L 0064 L0078 1.85 87
45 8a 2 21 8.9: 3L34 2531 0.5 581 10.1 [ 0204 | .28 L0041 . 0082 2.2 72
46 fa 261 170} 385 10. ¢ 5.2 3.5 123 0250 0181 . 0008 0001 1. 69 91
47 8a L0 12.7 42,4 23.2 5.0 2.0 12,1 L0240 0170 (0% 0072 1, 67 90
48. . Sa 321 M5 361 2.5 7.9 301 13,41 .07 L0152 L0077 085 1.7 .91
40 _. [ 8a 3.6 7.4 1 3L6 3L 9.1 4.3 1227 | L0208 1 ,0140 L0074 JOO6T 1. 68 .89
50 S8 4.2 720 204 314 10.2 591 1L4 ] ,0200 - L0134 .67 0067 1.73 .86
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TABLE 10.—Results of mechanical analyses of fluvial deposits Jrom Tobitubby and Hurricane Valleys—Continued
TOBITUBBY CREEK—RANGE 11-—Continued

Amount in indicated grade size Derived results
Sample No, { "Hole No Depth Arith- Trask
. . - - - 64— 28~ | bose— metic TAg| Skewness
ng g;ﬁ‘ g’;};ﬁ i‘? s | >Ue }}1;2 }}{’624 ii ;s }}{é:a }}612 ?u}rénl 2 Q Md O sorting | -sorting Q-0
: . *jmm. mm. | mm. | mm. | mm. | mm. ! mm, . @-Q) | vora M3
2
Pct, | Pet, | Pet, | Pet. | Pet. | Pet Mm. | Mm Mm,

4.3] 21.6 | 27.8] 15.6 8.4 2.2 0164 | .0091 . 0028 . 0068 2.38 0.76

3.4 18.8 | 28.4 19.4| 10.5| 19.6 0146 | .00R0 ..0030 0058 2.21
3.7 18.4 26.3 | 18.3 1.3 18.8 0157 | .0082 . 0028 0064 2.33 .83
17.9] 259 28.9( 4.0 8.21 154 0182 { .0109 . 0045 0074 2.07 .85
541 26.0| 27.6 | 14.7 6.5 17.5 0194 1 . 0104 . 0043 L0076 2.12 .88
77| 2.6 2.0 13.2 50| 16.9 0101 | .0118 . 0047 L0072 2.02 .82
59 B.5| 277 125 6.2 17.8| .0199 [ ".0113 0043 . 0078 2.15 .81
175 23.6| 280 14.1 6.8} 20.1 0180 [ .0103 . 0035 0073 2.27 77
5.5 250 26.4 135 7.0 20.1' 0183 .0105 . 0033 0075 2.355 .74
4.4 32,2 18.90| 14.8 7.8 19.& 9205 + - 0108 . 0033 . 0086 2,49 .76
277 25| 26.81 13.8 6.9 20.» - 0182 0102 . 0031 6 2.42 .73
S P 5 T FUURE JUURE P 2.8 4.5] 225 27.38 1.6 9.2 22.0; .0178 (096 . 00247 0076 2.67 .68
- 15-19 (Ll 4.9 | 14.6 | 3L1 16.6 6.2 3.3 | 13.4 0360 0203 (089 . 0136 2,01 .88
P I 1 G 1 PO (RPN PR 2.4 8.0 240 251 14.8 9.1 16.6 | .. 0196 0105 0038 0079 227 .82
S o 1 T ORI UCIFR I 4.3 3.0 | 15.0] -26.7| 17.4 7.3 26.4 | .0145 0076 00160 0065 3.01 .63
-4 321637 - ..., 3.4 2541 390.2( 14.8 2.8 11| 13.2| .0335 0223 .0129 . 0103 1.61 .93
- 0- 4 4.6 2.1 18.1 26.9 | 14.4 7.7 26.5 0155 0082 . 00150 0070 3.22 .58
N 21-28 3.0 150 188 | 1.2 4.7 2.6 16.5 087 0280 .COB8 .0391 3.14 .99
- 0-5 4.7 2671 13.74 260} 17.0 7.8 | 28.3 0132 | .0067 . 00130 . 6060 3.19 .61
26-30 6.8 88| 20.5| 24.2| 1L.¢ 5.9 ) 12.8 | .0243 | ,0141 . 0059 . 0092 2.03 .85
0- 4 6.0 56| 19.6) 252 13.9 611 8.7 0187 0094 . 0925 . 0081 2.74 .73
37-41 2567 20.6 | 24.2| 11.0 3.7 2.0 ] 12.8 0620 0285 L0125 . 0248 2,23 .98
0- 4 4.0 3.71 176 ) 252 159 6.8¢ 26.8 0157 80 00155 G071 3.18 .68
28-33 L& 13,8 40.1f 22.2 6.4 2,7 13.5( .0258 0174 0091 (0084 1.68 .81
0- 4 2,0 9.9 24.7| 286 121 6.8 17.9 0 .0118 . 0039 . 0081 2. 265 .75
10- 4 3.9 3.4 18.91 27.8| 15.2 6.6 24.3 0162 0087 . 00210 L0071 2,78 .87
4 8 2.3 8.4 284 28.1 1.9 8.0 14.7 0199 0124 . 0052 . 0074 1.96 .82
8-12 2.6 7.3 25.0 289 | 13.5 6.8 157 0190 0112 L0046 L0072 2.03 .83
12-15 3.5 9.2} 26,1 26.2| 13.7 6.8 14.6 0220 0114 0051 . 0085 2.075 .93
15-19 28 10.1| 27.8| 28.8{ 13.3 50| 13.5| .0215 0131 . 0061 L0077 1.88 .87
19-23 4.6 10.5 1 3.1} 28.3| 11,3 48] 1.1 0234 0145 L0070 0082 1.825 .88
23-2614 3.2] 124 6.0 2L81 1L.7| 24.0 10.8 8.8 6.8 7.0 0500 | 0187 0086 0207 2.41 1,15
123-27 . 3.6 13.7| 6.8 241} 11,0 21.4] 186 9.1 50| 10.6 055 0188 . 0077 0237 2.68 109
26)4-34 1 5.1(25.4113.243.8] 112 155 10.5 6.2 4,0 9.0 143 .041 L0120 0855 3.45 1,01
34-39 ... 4.7125.1113.4(43.2] 12,1} 14.3 9.1 5.3 3.41 1241 .140 5 . 0103 0649 3.16 .84
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TapLe 10.—Resulls of mechanical analyses of fluvial deposits from Tobitubby and Hurricane Vi alleys—Continued
WEST GOOSE CREEK—RANGE 4

Amount in indiested grade size Derived results

Arith-
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Tanir 11.~-Mechanical composition as compuled for each range in Tobitubby and Hurricane Valleys
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Figurk 5.—Topograpbic map of & part of Kast Goose Valley, showing {ypical surface fentures in an area of excessive modern velley sedimentst
stream symbol) has reverted to A sinuous natural channel. Several conspieuous sand splays are shown diverging from the filled diteh, w
filled ditch and the gouthwest side of the valley. The stream formerly returncd to the Wells ditch west of the center of the meap aren, belo

146639°~——40  (Farce p. 23}
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The old Oxford-Balesville highway ecrosses the valley at the upper end of the arce {righl-hsnd side of the map).
e center of the valley from right to left, as shown by the contours. One o} ti
because of backfilling abeve another plug near the west edge of the aren most c

¢ modern valley seditnentation.
ing from the filled diteh, which now forms n low ridge extending down th
center of the map area, below the completely filled section of the ditch, but
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the map).
One of these splays, together with an alluvial fan built out from the vslley side,

Immediately helow the highway bridge the Wells drainage ditch has boen plugged with sand and the creek {shown by the intermittent-

has obstructed the surface drainage und cnused & swamp between {he

en most of the water now follows the sinuous chaunel into what was originally a subsidiary ditch near the south side of the valley.
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Fraone 10.—Crass seetions of Hureicane Valley, showing thickness of mode
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alley, showing thickness of modern
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"PLUGBEL” CHANMEL == COMPLETELY FILLED

ABANDOMED DRAIHAGE CAHWLS

VALLEY RANGES s ey i 2l BIUNDAAT GF aLLUVIAL FLOOD PLAIN

HOUNOARY OF TOBITUBBET AHG SEnTTERS AREX OF YALLEY [N WHICH 50 PIRCENMT OR
HUARICANC ORAIHAGE ARERS = - MGAE OF FLOGD-PLAIN SURFAGE IS SANDED

of channel plugs ana aress of sanding in Hurricane and Tobitubby Vulleys.

Ficure 13.-—Lucation
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"ALBGGED” CHANNEL — COMFLETELY FILLED

ABANDONED GRAIHAGE CANALS
T 1 e T BOUNDARY GF ALLUYIAL FLOOD PLAIN

AREA OF YALLEY IN WHiLH 30 PLRCENT OR

YALLEY RAMGES
WORE OF FLOOD-PLAIN SURFACE 15 S5ANDED

BIUNCARY (OF TOJITUBSY aHO
HURRICARE CRIINAGE ARCAS
and arexs of sanding in Hurricane and Tobitubby Valleys.
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Fisoue 15.—Lucation of channel plugs
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Fieore 17,4, Plans and cross seetions of 2 part of West Goose Creele drainage ditely, illustrating widening by erosion of cleared hanks and
decrense in channel capacity above a completely filled channel. ‘The channel banks have been cleared above eross seetion J, but not
below that place. Cross section ZZ is at the head of the campletely filled chanuel, and the channel hend near cross section % is also shown
ab the left of the center of Plate 8, A.  Plate 8, B is a photograph near cross section 22, and Plate 8, 4, is ab cross section Y. There is a gap
of 1,950 feet between the new Batesville Road at the lower end of seginent A-P and the ok! Butesville Road at the upstream end of seguent
Q-Z7. B, Loungitudinal profile of West Goose Creek stean bed.

145679 —40  (Frer p. 53)







