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The uppermost section (No.1) has only a poorly 
defined channel. Past deposition has smoothed the 
valley floor until now flood waters cover a width of 
about 240 feet (fig. 20A). A short distance below 
section 1 is a headcut below which the valley floor is 
trenched. The head cut is not shown on figure 19, for 
its height is much less than the contour interval of the 
topographic maps on which figure 19 is based. 

Bank cnving has widened' the newly incised channel 
between sections 2 and 3 (figs. 19, 20B), but the co
hesiveness of the bank material prevents rapid dis
integration of the slump blocks. Some of the larger 
frngments on which vegetation still grows nre nuclei 
for deposition in the channel (fig. 200) . 

At section 3 this process has become more pronounced, 
and locally what seem to be incipient point bars are 
forming about slump blocks. The channel widens and 
deepens rnpidly downstream as tributaries join the main 
channel. At section 4 an inner channel has fanned; 
that is, deposition has built terraces along both banks 
(fig. 20D). The characteristic mode of deposition in 
this area seems to be a plastering of sediment along the 
sides of the channel. The recently deposited, fine
grained highly cohesive sediment aids plant growth, 
and all recent sediment deposits are covered with grass 
and weeds, which in turn further increase deposition. 

Midway between photograph station 1 and section 
5 there is a noticeable decrease in stream gradient (fig. 
19), suggesting that deposition probably increases be
low section 5. Dowustream the inner terraces encroach 
on the channel proper and mount higher on the original 
banks of the channel until at section 6 only about 3 feet 
of these banks are exposed, and a short distance down
stream only 1 foot (fig. 20E), and finally at section 7 
(fig. 20F), the banks are completely covered. Owing 
to this deposition along the sides of the channel, bank 
caving has stopped. Overbank deposition is important 
at section 7, and the vegetation on the surface adjacent 
to the channel is partly buried. Downstream from 
section 7 the channel becomes shallower and narrower, 
approaching complete filling by building from the sides 
as well as from the bottom of the original channel. 
Thus in about 5 miles the channel of Sage Creek has 
been transformed from a raw trench to one almost com
pletely aggraded. The complete filling of the channel, 
however, is interrupted by renewed trenching below 
section 8. At section 8 the channel is deeper and wider 
than at section 7; however, at section 8 much recently 
deposited alluvium is found in the channel, suggesting 
that aggradation may be occurring or has occurred 
after channel erosion. 

Figure 21A shows a reach of intense erosion accom
panied by channel widening below section 8. At sec-

tion 9 the channel is at maximum depth but about 1 
mile downstream at photograph station 4 (fig. 21B) 
deposition has begun again, especially along the sides 
of the channel and on slump blocks in the bottom. A 
short distance below this point a reInnant of the old 
channel floor is preserved on the west wan of the new 
trench. It lies 6 feet below the prairie surface, sug
gesting that complete filling had not occurred before 
the renewed trenching. This may explain the absence 
of a headcut above section 8. Between photograph 
station 4 and section 10 (fig. 210), more than 1 mile 
downstream, channel deposition becomes increasingly 
important, until at section 10 the cross section most 
nearly resembles that of section '7 (fig. 19). 

Deposition at section 10 (fig. 210) was heavy during 
the floods before the survey, and at this section the 
manner of deposition is most clearly illustrated. Just 
above section 10 the stream bends sharply to the north. 
With rapid deposition, the point bar deposit on the 
inside of the bend is expected, but of greater interest. is 
the deposition on the outside of the bend where bank 
cutting should logically occur. Figure 21D is a view 
of the deposit on the outside bank. The fieldbook is at 
the contact between whut may be deposition by floods in 
the spring of 1957 and earlier floods. The sediment is 
laid in against the bank, effectively narrowing the 
chunnel at this section with little or no decrease in 
channel depth. 

A trench dug across the deposit reveals that stratifi
cation is not horizontnl; rather it curves downward 
from the bunk toward the channel. Therefore, these 
lateral deposits are built. upward as well as outward 
from t.he bank. The deposit shown on figure 21D has 
been scoured by reeent floods, but on the inside of the 
bend (figs. 210, E) the building of the deposit outward 
into the channel has not· been hindered by erosion. 
Complete filling of the channel by a union of the lateml 
deposits and deposition on the .channel floor will result. 
in a channel-fill deposit containing concave-up strati
fieation (Schumm, 1960a). This type of lateral deposi
tion could only occur in areas of fine-grained cohesive 
sediments containing It high percentage of silt-cluy. 
Figure 21E shows the growth of weeds on the recent. 
deposits. The cohesiveness, ability to hold water, and 
the feltility of the fine sediment aids rupid and luxuri
ous vegetative gl'owth. 

Proceeding downstream from section 10, the water 
tnble apparently approaches the surface, for willow 
and cottonwood saplings appear which further pro
mote deposition. At section 12 the growth of willows 
is dense and at section 13 (fig. 21F) the channel is 
almost completely filled. A dam built in the full of 
1956 may be the cause of ponded water in the channel 
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FIGURE 20.-Sage Creek, S. Dak., above section 8. 
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at section 13, but the heavy deposition alone might 
have caused it. The 8 months since construction of the 
dam probably has been insufficient for that structure 
to cause accumulation of any measurnble alluvial 
deposit at section 13. At section 14 just below the new 
dam, overbank deposition ranges in depth from 1 to Ilh 
feet. A second dam was constructed at the mouth of 
Sage Creek in the fall of 1956. 

Probably little mnoff enters the White River from 
the mouth of Sage Creek. The uppe,· dam di verts 
much of the flow across the flood plain and into the 
river upstream. The remaining runoff is held by the 
lower dam. As a result high flows in tJ,e ·White River 
enter the lower end of Sage Creek and deposit sedi
ment in that channel, thus plugging the mout.h of the 
creek. This type of deposit has been termed a "reverse 
delta" by Leighly (1934). 

QUANTITATIVE CHANNEL VARIATIONS 

As shown in the general discussion of variations, 
there are marked changes in channel character along 
Sage Creek. A comparison now will be made of the 
channel Rnd sediment chllracteristics at each cross sec
tion. The parameters of most importance to this dis
cussion are channel gradient, the shape of the cImnnel 
expressed as a width-depth ratio, median-grain size, 
sorting index of sediment, and the percent silt-clay in 
each channel sample. As noted above, the percent 
silt-clay is taken as that part of the sample smaller 
than the 200-mesh sieve or 0.074 mm. 

To iIIustrate graphically the changes, the value for 
each of the above indices is plotted against section num
ber on figu re 22. 

On figure 22 the width-depth ratio is much lower 
at section 2 than at section 1. This change occurs 
abruptly as one passes t.he headcut between sections 1 
and 2 because channel degradation commonly causes a 
narrow and deep channel. Where the trench at sections 
3 and 4 has been widened by bank caving, the widtJ,
depth ratio is higher. Gradient is less at sections 3 

and 4 than at sections 1 and 2, and it shows a large 
decrease between sections 4 and 5. Percent silt-clay 
also decreases to a minimum for the sections at section 
5; however, the largest median grain size was found at 
section 5 (3 mm). To keep within the limits of the 
diagram, median g,"tlin size for section 5 is not plotted 
on figure 22. 

A question arises at this point as to the reason for 
increased median gmin si7A! at section 5. Perhaps the 
low gmident at section 5 (fig. 19) causes deposition of 
the coarser fraction of the sediment in the channel; 
whereas, the finer fraction continues downstream nnd is 
deposited where the channel becomes smaller because 
of aggradation (section 7). Deposition becomes im
portant below section 5, and this is accompanied by a 
decrease in width-depth ratio and sediment size and an 
increase in percent silt-clay and gradient. 

To understand the above changes in channel and sedi
ment character as measured at the cross sections, the 
manner of channel filling by aggradation should be 
smnmarized. In general, the beginning of aggradation 
decreases channel gradient and relatively "!larse sedi
ment is deposited in this reach of the channel. The 
finer sediments continue to move down the channel 
across the reach of reduced gradient. At some point 
down stream, however, aggradation has almost com
pletely filled the chunnel, and it is here t.hat overbank 
flooding and deposition become important. With each 
flow of water much fine sediment is deposited in the 
remaining vestiges of the channel and on the flood 
plain. Continued deposition on the flood plain causes 
steepening of the gradient of the valley. The finer 
fraction of the alluvium is therefore found on the 
steeper reaches of the channel and valley floor. The 
above is discussed in more detail later in the report. 

To return to a discussion of the cross sections on Sage 
Creek, the renewed degradation beginning below section 
8 and cont.inuing below section 9 causes a decrease in 
the width-depth ratio at section 9. Percent silt-clay 
decreases and median grain size increases at section 10, 

EXPLANATION OF FIGURE 20 

A, Cross section 1, view upstream. Channel has been filled by aggradation nnd is now grass covered. Badlands are visible in 
background. 

B, Cross section 2, view upstream. Remnnnts of blocks of alluvium in channel are the result of bank cRving, and inillcate active 
widening of channel. 

C. Ret"ent deposition around blocks of bank material which have caved into the channel near cross section 3. The block has not 
rotated, and flood-plain vegetation is nourishing on the surface of the block several feet below its original position. 

D, Statton I, view upstream. The inner terra(.'e fonned by lateral deposition along both banks is best displayed in this reach, be
tween sections 4 and 5. 

E, View upstream from station 2 a short distant.'e downstream from section 6. Lateral deposition of tine sediment bas almost 
covered banks of gully. 

F, Cro"s sectton 7, view downstrenm. Banks nre completely covered by re<..'ent deposits. The small raw channel at the bottom of 
the gully may be the result of renewed degradation. 
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""OVRE 21.- Sage Creek, S. Dak., below sectiou 8 . 
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At section 9 there is a channel at the south side of 
the valley. Cross section 9 (fig. 24) reveals that the 
edge of this chamlel is higher than the rest of tile valley 
floor. Field investigation shows that this channel 
carries only minor amounts of water. It has not been 
aggraded completely because t he flood waters are 
diverted to the low nortJ, side of the valley, where 
renewed trenching has occurred at section 10. The 
headcut and longitudinal profile of the floor of the 
recent trench are shown on figure 24. Thus, although 
the locus of points of maximum deposition is migrating 
up cllannel, following it is a trench, which unless con
trolled will probably unite with the upper channel to 
form a continuous channel throughout Sand Creek 
valley. Figure 25F shows the new challllel dissecting 
the valley fill. Much bank caving is in progress, widen
ing tJ,e challllel. Downstream at the confluence of Sand 
and Little Cottonwood Creeks the channel has filled 
again and overbank deposition is important. 

QUANTITATIv,E CHANNEL VARXATIONS 

It has been suggested under the general discussion 
that marked changes occur in chalmel and sediment 
characteristics as the aggrading area is approached and 
crossed and that these changes differ somewhat from 
the changes in the Sage Creek area. The values for 
sediment and chalmel characteristics are plotted for 
each cross section on figure 27. 

Above section 6 width-depth ratio is a maximum at 
section 3 but shows a general increase from section 1 to 
section 6. Gradient decreases at downstream sections 
in the manner to be expected. Percent silt-clay remains 
nearly constant. Median grain size varies but not in 
relation to any known control. Thus above section 6 
the parameters vary in a downstream direction, prob
ably much as they wonld in any chalmel. Between sec
tions 6 and 7 deposition becomes noticeable, and at 
section 7 a pronounced change in channel and sediment 
character occurs. Width-depth ratio increases, suggest
ing a widening and shallowing of the channel or a 
greater decrease in depth f han in width. This increase 
continues to section 8 beyond which the chmmel is com
pletely filled. Accompanying the increase in width
depth ratio is a slight decrease in gradient, a great in
crease in percent silt-clay, and a decrease in mediall 
grain size. 

Continuing downstream toward the headcut, at sec
t.ion 10, IittJe change occurs except for an increase in 
gradient and a sharp decrease in width-dept.h ratio. 
Stream gradient is initially decreased by deposition 
and then steepened as deposition becomes excessive. 
With renewed trenching gradient decreases, but it still 
is steeper thall above the aggrading reach. Percent silt-
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FIGURE 25.- Sand Creek, Nebr. 
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clay decreases and median grain size increases. Down
stream from section 11 recent cutting probably has not 
occurred, and the channel and sediment characteristics 
vary accordingly. 

Between sections 8 and 13 the samples of overbank 
material show a slight increase in the percent of silt
clay (table 3). The sorting index does not change 
greatly between sections 1 and 12. 

HISTORIC CHANGES 

Conversations with local ranchers reveal that the 
zone of maximum deposi tion, now located above and 
below section 9 (fig. 24), was about a mile downstream, 
near the COllilty road, in 1917,40 years ago. The filling 
of the valley has been a type of backfilling, that is, a 
migration upstream of the zone of maximum deposition 
rather than a general raising of the lower part of the 
valley. 

A fence at section 9 has been replaced 5 times in 40 
years as each inst.allation was partly buried by alluvium. 
Total deposition at section 9 was estimated by the owner 
to be abont 15 feet. 

The headcut, now near section 10, started about 1950 
between \6 to 1 mile below the county road. It has then 
advanced at least 1 mile in 7 years. This information 
suggests that incision did not begin at the confluence 
of Sand and Little Cottonwood Creeks but on the sec
tion of steepest gradient below the road. This indicates 
further that the s}lItIlowing of the channel below the 
road may not be due predominantly to deposition but 
may result from lack of recent trenching in lower 
reaches of the vaHey. Segments of the old shallow 
channel are preserved near the new trench below tl,e 
road. The old channel was about 5 feet deep and 13 feet 
wide; whereas, the new c1mnnel is now 13 feet deep and 
20 feet wide. 

The two aerial photographs in figure 26 show the 
cllan!,'Ils that have occurred at and near the reach of 
maximum deposition between 1939 and 1954, a period 
of 15 years. Upon comparing the photographs, the 
channel between sections 7 and 8 seems to have filled. 
Above section 7 tile photographs suggest no more than 

minor channel changes. Overbank deposi tion is pres
ent farther to the west (upstream) in 1954 as indicated 
by the upstream and lateral expansion of the light
colored areas of recent deposition, and the cutoff chan
nel has been filled. The lake between sections 8 and 
9 was formed by 1954, and the darker patches of flood 
plain to the north of the lake are gray probably dne 
to flooding and recent deposition on these surfaces. 
Also, the aggradation in the center of the valley has 
forced the channel to the south side of the valley in 
1954. Another noticeable difference between the two 
photographs is the growth of vegetation on the light
colored surfaces of recent deposition, shown on the 
1939 photograph near the county road, giving them a 
darker appearance on the 1954 photograph. 

In addition, It trenched chamlel exists below the 
connty road in the 1954 photograph in contrast to the 
smaller 1939 channe!. Perhaps the darker color of the 
valley below the road in the 1954 photograph is the 
result of this trenching, for the channel now carries 
all the flood water, preventing overbank deposition. 
Marked changes have occurred, suggesting progressive 
aggradation in the upper area and trenching down
stream. The upper limit of both deposition and new 
vegetation seem to have moved up chapne!. 

SUMMARY OF SAND CREEK AREA 

In a drainage channel in which the sediment is com
posed of silt-clay and sand in the proportion 2 to 3, 
deposition occurs on the channel floor. Plastering of 
fine sediments on the channel banks occurs only in those 
aggrading reaches in which sand has become a minor 
part of the sediment. The width-depth ratio therefore 
increases along the aggrading reach nntil the chamlel 
has been completely filled. 

Vegetation is of little importance except in the reaches 
of channel where fine sediments cover the banks and 
channel floor. Sediment from bank caving is moved 
downstream almost immediately and rarely aids in the 
begilll1ing of channel deposition. A noticeable con
trast wi th Sage Creek is the short distance in which 
deposition appears and channel-filling is completed, be
tween sections 6 and 9 (6,000 feet). 

EXPLANATION OF FIGURE 26 

A, Badlands in headwaters ot Sand Creek. Removal ot the protective sod cover allows development ot badlands in soft rocks of 
the White River group. 

n, Cross section 3, view downstream. Relatively wide sandy channel typical of Sand Creek above aggrading reaches. 
C. Cross section O. Note recent SIUlllP block at base of bank. FenCe to lett shows signs of recent partial burIal. 
D, Cross section 7, "lew downstream. Note development of berms along sides of channel. Vegetative growth is promoted by depo

sition of fine sediments. 
E, Cross sectlon 8, view downstream. Channel Is almost completely filled. by recent deposition. Vegetation Is encroaching on 

tbe parts of tbe channel that are bare. 
F. Recently formed gully at county road between cross sections 10 and 11. 



48 EFFECT OF SEDIMENT CHARACTERISTICS 

B 
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flood as the sandy sediment is set in motion. The 
growth of weeds in a sandy channel downstream from 
a stock-water resel'voi}' demonstrates that the chunnel 
sediments will support vegetabon if undisturbed. The 
reservoir has retnined all flow, and the seeds and plants 
were not washed out of the sediment by floods. 

Blocks of bank·caved material were not, common in 
the channel, probably because the low cohesion of the 
bank material allows crumbling and removal of fallen 
material by the next flood. 

QUANTITATIVE CHANNEL VARIATIONS 

To simplify this discussion the data obtained at the 
cross sections on Arroyo de los Frijoles have been 
plotted ns if they were sections measnred upstream from 
section 1 on Arroyo Calabasas (sections A-D, fig 31). 

Moving downstream fl'Om section A (fig. 31), three 
areas of deposition nrc crossed at sections B; 3, 4, 5; and 
8, 9. These sections are characterized by a high width
depth ratio. Deposition causes filling of the channels 
from bottom to top without changing the width, thereby 
greatly increasing this ratio. Even in the trenched 
areas, this ratio is nearly 20, which greatly exceeds that 
in the areas of finer grained sediment. 

Gradient is steep between sections B and 0 owing to 
recent incision. It is steep also at section 5 and where 
measured below section 9 near the Santa Fe River (X 
on fig. 29). These last two increases in gradient are 
due to the steepening of the valley floor by deposition, 
Each of the steeper reaches of deposition is associated 
with sediments of smaller grain size, although percent 
silt·clay is high only at sections 5 and 9. Perhaps this 
is because aggradation at section B is not so far ad
vanced as at sections 5 and 9. This relation seems 
anomolous-finer sediment on the steepest parts of the 
longitudinal profile- but it.is simply the result of chan
nel and flood-plain deposition as discussed previously. 

The samples at sections 3, 4, and 8 are not SO fine as 
those at sections 5 and 9 even though in areas of heavy 
aggradation, because they were taken in the last ves
tiges of the channels, which were generally little more 
than sand-filled swales. However, the valley floor as 
a whole is characterized by finer sediments. For ex
ample, sediments adjacent to these inadequate channels 
contained up to 80 percent silt-clay (table 4). As men
tioned above, D •• and percent silt-clay show the greatest 
changes on the aggraded reaches. If the samples taken 
at sections 5 and 9 were not plotted on figure 31, per
cent silt-clay would show hardly any change; whereas, 
D,. would decrease, but only slightly in a downstream 
direction. 

The sorting inuex is highest at section 5 in the ag
gmded Arroyo Calabasas valley above t.he junction 
with Arroyo de los Frijoles. 

SUMMARY OF ARROYO CALABASAS AREA 

In a drainage area in which silt-clay OCCUrs in small 
amounts the channels are filled from bottom to top. 
No plastering of fine sediments on the banks occurs, 
and vegetation is not an important cause of deposition, 
Vegetation, however, becomes important in stabilizing 
the deposit when flooding occurs over the entire valley 
floor. 

Headcutting occurs only where channel-filling has 
been completed, and the coarser sediments are capped 
by a layer of fine material which supports a heavy grass 
cover. The suggestion here is that a channel in coarse 
sediment, when filled, may acquire the characteristics 
of an area of finer sediment. 

The gradient of the valley increases on the reaches of 
deposition due to piling up of sediment on the valley 
floor. These steep gradient sections are covered with 
the finest sediments. 

BAYOU GULCH, COLORADO 

DESCRIPTION 

Location.-Bayou Gulch (figs. 17,32) drains an area 
of about 23 square miles in northeastern DOllglas and 
northwestern Elbert Counties, Colo. It is a triblltary 
of Cherry Creek, entering t.hat stream at It point about 
3 miles north of Franktown and about 5.5 miles south 
of Parker. State Highway 83 crosses Bayou Gulch 
about 0.4 mile above the mouth. The drainage basin 
is shown on the Castle Rock and Elizabeth quadrangles. 

Annual precipitation,-Based on a 23-year record of 
precipitation at Parker (9E) (table 1) the mean annual 
preci pitation is 13.42 inches. Of the total, 11.81 mches 
feU during the months of April through October. Ac
cording to Thornthwaite's climate classification (1941) 
the area is semiarid. 

Vegetation and land use.-Vegetational cover is 
heavy. Pine trees grow on the divides and cottonwood 
trees are plentiful along the upper reaches of the creek. 
Alfalfa is raised on a terrace above the present flood 
plain. The rest of the drainage basin is used for graz
ing except for a few fields of wheat and corn on the 
divide. 

Physiography and geology.-This drainage basin, ex
cept for the heavier vegetational cover and a general 
appeamnce of COarser sediment, resembles that of the 
Santa Fe area. A dendritic drainage pattern has in
cised tl,e poorly consolidated sediments into a network 
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FIGURIl 3O.-Arroyo Cnlabasas, N. Mex. 
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FlOURIll 33.-Longitudinal profile and cross AeCtlODS surveyed along Bayou Gulch, Colo. 

of silt-clay in the samples is a maximum at section 5 
where deposition is most noticeable. 

l\fedian grain size decreases do\vnstream but increases 
slightly at section 6 due perhaps to channel incision. 
Sorting index varies slightly but increases at section 5, 
suggesting that sorting is poorer on reaches of deposi
tion. 

SUMMARY OF BAYOU GULCH AREA 

The conclusions reached are little different from those 
of the Santa Fe area. The sediment is deposited on 
the channel floor, resulting in an increase in width-depth 
ratio. Vegetation apparently does not aid initial 
deposition. 

In spite of the similarity of the Santa Fe and Bayou 
Gulch areas the width-depth ratio is much greater in 
Bayou Gulch. This is probably due to the decreased 
silt-clay content of bank material (see tables 4, 5), 

MEDANO CREEK, COLORADO 

DESCRIPTION 

To complete the series of silt-clay to sand sediment 
types, Medano Creek was selected because both channel 
and bank material are composed almost entirely of sand. 

Location.-Medano Creek (figs. 17 and 36) drains 
an area of about 29 square miles along the west flank 
of the Sangre de Cristo Mountains in the southenstern 
part of Saguache County and the northeast corner of 
Alamosa County. The part of the stream investigated 
lies within the boundary of the Great Sand Dunes 

National Monument in San Luis Valley. The drainage 
basin is shown on the Huerfano Park and Great Sand 
Dunes National Monument quadrangles. 

Annual precipitation.-Precipitation records at the 
Great Sand Dunes National Monument headquarters 
are of short duration, but an H-year record at Blanca, 
about 20 miles to the south, shows the mean annual 
precipitation to be 9.20 inches (table 1). However, 
rainfall in the mountains is much higher than in the 
San Luis Valley. A 3D-year record at La Veta Pass 
about 16 miles to the east shows mean annual p recipita
tion to be 20.98 inches. Thus the climate ranges from 
subhumid to arid from divide to the lower parts of 
the valley. 

Vegetation and land use.-Vegetation ranges from 
typical alpine types in the high mountains to none on 
the sand dunes adjacent to the part of the creek studied. 
The basin is not used for agriculture. 

Physiography and geology.- The mountains are com
posed of Permian sedimentary rocks and Precambrian 
metamorphic and igneous rocks. Sediments derived 
from erosion in the mountains are not found in large 
amounts in the channel sediment It short distance below 
the mountain front, for as the stream flows between 
the mountains and the main sand dune mass to the west 
(fig. 34D), windblown sand becomes the predominant 
sediment found in the channel. What might be a per
ennial flow from the mountains is, within It few miles, 
completely absorbed by the sund. In 1957 the channel 
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FIGua.:: 34.- Bayou Gulcb and Meduno Creek, Colo. 


























