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Abstract

Rivers flow across aeolian dunes and develop braided stream channels. Both aeolian
and fluvial sediment supplies regulate sediment transport and deposition in such a
cross-dune braided river. Here we show a significant selective deposition in response
to both aeolian and fluvial sediment supplies in the Ulan Buh desert braided chan-
nel. This selective deposition developed by the interaction between the flows and the
Aeolian-fluvial sediment supplies, making the coarser sediments (> 0.08 mm) from ae-
olian sand supply and bank erosion to accumulate in the channel center and the finer
fluvial sediments (< 0.08 mm) to be deposited on the bar and floodplain surfaces and
forming a coarser-grained thalweg bed bounded by finer-grained floodplain surfaces.
This lateral selective deposition reduces the downstream sediment transport and is a
primary reason for the formation of “above-ground river” in the braided reach of the
Upper Yellow River in response to aeolian and fluvial sediment supplies.

1 Introduction

In nature, some rivers flow across active dune fields and become shifting and braiding
and develop many channel bars and large-area floodplains (Smith and Smith, 1984; Ta
et al., 2008). Smith and Smith (1984) indicated that abrupt addition of aeolian sands to
rivers can lead to a 40-fold increase in bed load, a 5-fold increase in width and a 10-fold
increase in width /depth ratio in a small desert William River, and is a primary mecha-
nism for the development of such a braided stream channel. Actually, large cross-dune
rivers are also fed by high rates of upstream suspended sediment supplies (Ta et al.,
2008, 2011). However, it is still less clear about how these two aeolian and fluvial sedi-
ment supplies can be regulated to influence sediment transport and deposition in such
a cross-dune desert river.

In gravel-bed rivers, the channel bed is composed of two components: sand (< 2 mm)
and gravel (>2mm). Wilcock (1998) indicated that the sand supply (< 2mm) has
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a great impact on gravel transport and size change of bed sediment in gravel-bed
rivers. If the sand supply is decreased or increased from upstream, the channel bed of
gravel-bed rivers will become coarsening or fining, respectively (Dietrich et al., 1989;
Ferguson et al., 1989, 1996; Parker and Sutherland, 1990; Hoey and Ferguson, 1994;
Pizzuto, 1995; Wilcock, 1998; Gasparini et al., 1999; Lisle et al., 2000; Wilcock and
Kenworthy, 2002; Singer, 2008). Since cross-dune rivers with a low gradient are sand-
bed rivers, their bed sediment sizes are actually less than 2mm and are in a state
of fully mobilized transport, which makes differences in threshold of motion between
coarser and finer grains relatively unimportant and give all-sized sediments equal mo-
bility (Frings, 2008). Church (2006) indicated that bedloads are relatively coarser and
make up the beds and lower banks of the river channel, but suspended loads are finer
and may be an important constituent of the upper banks. Ta et al. (2011) also showed
that mid-channel bars are distinguished with a finer surface layer (< 0.08 mm) develop-
ing on a subsurface layer (> 0.08 mm) in the sand-bed braided and meandering rivers
in the upper Yellow River. These results suggest that although the sand-bed channel
shows an equal threshold of motion between coarser and finer grains, it can actually
transport and deposit sediments selectively rather than uniformly (Frings, 2008; Wright
and Parker, 2005; Ta et al., 2011). Because aeolian sands generally are coarser than
river suspended sediments in grain size (Ta et al., 2011), we propose that aeolian and
fluvial sediment supplies may be transported as bedloads and suspended loads, re-
spectively, leading to selective deposition in different zones to form size segregation in
braided channels. However, until now, there have been no field and flume data to sup-
port this hypothesize. Nonetheless, understanding the size segregation mechanism
is important for predicting sediment transport and deposition and channel change in
braided channels.

Here we present a field evidence of selective deposition in the Ulan Buh desert
braided channel of the Yellow River, China, which respond to finer (< 0.08 mm) sus-
pended sediment supply from the upstream and coarser (> 0.08 mm) aeolian sand
supply from the Ulan Buh desert (Ta et al., 2011). Our main objective is to clarify the
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lateral selective deposition mechanism in response to aeolian and fluvial sediment sup-
plies in a large, low-gradient, and sand-bed braided river, and to shed some light on
what the effect of this selective deposition is on the channel morphologies in braided
rivers.

2 Study area

To clarify the size segregation mechanism in response to the aeolian and fluvial sed-
iment supply, we chose the 60 km long section of the Ulan Buh desert channel of the
Yellow River, China (Fig. 1). This desert channel is a braided channel with an average
gradient of 0.00028 and has no tributaries confluence. According to long-term obser-
vations (Data is from 1955 to 2007) by the Yellow River Conservation Commission
(YRCC), the finer sediment supply (< 0.08 mm) from the upstream (monitored in the
Shizuishan gauge, see in Fig. 1a) is about 1.23 x 108 tyr™" but about 1.21 x 108 tyr™"
of the suspended sediment is transported out of the desert channel (monitored in
the Bayangaole gauge, see in Fig. 1a) (Fig. 2). Ta et al. (2008) estimated that the
coarser sediment (> 0.08 mm) input from the local Ulan Buh desert region is about
0.2 x 10° tyr’1 on long-term average. This desert channel shows aggrading and a sig-
nificant decrease in bakfull discharge during recent 30 years (Wu and Li, 2011) and is
characterized by lateral shift, leading to a wide distribution of river bars and floodplains
(Ta et al., 2008). Therefore, this desert channel provides an unusual opportunity to
study size segregation in response to the aeolian and fluvial sediment supply and the
development of large-area floodplains in large braided rivers.

3 Methods

In the Ulan Buh desert reach, the Yellow River Engineering and Management Bureau

of the Inner Mongolia Autonomous Region (YREMB) have stalled 23 cross-sections

and surveyed them at April and October per year for about 45 years (1966—at present).
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Along these cross sections, sediment samples on the main channel beds and bars
or floodplain surfaces have also been collected and analyzed their size distributions.
These works provide long-term data on changing in the channel lateral shift and the
grain size of bed sediments. However, there have been no reports on the lateral size
segregation in response to the aeolian and fluvial sediment supplies and the related
lateral channel shifts. Here we choose 12 wider cross sections (C8, C10, C12, C14—
C22) in the desert channel (Fig. 1b), which is fed by aeolian and fluvial sediment supply
and shows high rates of lateral channel shifts. We complied 45 year (1966—2011) mon-
itoring data of these 12 cross profiles and their related grain size distributions of bed
sediments (C15, C17, C19, and C21 were not included because their bed sediments
were not collected) from the YREMB to study the lateral size segregation of the chan-
nel bed sediments and the lateral channel shift in the Ulan Buh desert braided reach.
We chose 16 channel bars (N1-N16) in the desert channel and took 3 m-deep core
sediment samples from them (Fig. 1b). These sediment cores were cut and separated
to obtain 4 cm column samples and dried and sieved to analyze the vertical size dis-
tributions. We collected suspended sediment samples at three vertical profiles in the
main channel with a 30 cm height interval at the 1.5 m-thick near-bed layer and a 50 cm
height interval at the upper layer along the cross section in the Sanhuhekou gauge sta-
tion (Fig. 1a) to analyze the vertical size distribution of suspended sediments. These
data were used to analyze the selective transport of all-sized transported sediments
during the passage of a flood. We also choose 11 high-flow floods (> 3500 m> s‘1)
from 1955 to 2012 (monitored in Shizuishan and Bayangaole gauges), which provide
strong evidences to clarify that the suspended sediment loads in the desert braided
channel should be attributed to upstream sediment supplies rather than bed coarser
sediments from aeolian supplies or bank erosions.
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4 Results

The long-term monitoring data of 12 wider cross-sections in the Ulan Buh desert
reach of the Yellow River indicated that the main channel beds show coarser-grained
(> 0.08 mm) but the bar or floodplain surfaces finer-grained (< 0.08 mm) (Fig. 3), sug-
gesting a lateral size selective deposition in response to coarser aeolian (> 0.08 mm)
and finer fluvial (< 0.08 mm) sediment supplies. This lateral sediment deposition is also
found to be companied with a vertical size selective deposition, leading to a finer sur-
face layers (< 0.08 mm) developing over a coarser subsurface layers (> 0.08 mm) in the
16 channel bars in the desert braided channel (Fig. 4). These finer surface layers show
thinner (50—120 cm) in thickness and lacking sometimes. For example, there is no finer
surface layer in the 5 channel bars (N3, N8, N9, N13, and N14) in the braided channel.
Our observations also indicated that this selective deposition is primarily accommo-
dated through a selective transport, during which the < 0.08 mm size fraction is found to
be transported as suspended loads, but the > 0.08 mm size fraction is transported pri-
marily as the bedloads (Fig. 5) at flow discharge conditions (1000—-3000 m? 3'1) (Fig. 6).
These results support our hypothesize and indicate that the aeolian and fluvial sedi-
ment supplies cannot be mixed effectively in the braided channel and therefore tend
to be primarily transported separately as bedloads and suspended loads, respectively,
leading to selective deposition in different zones and forming a coarse-grained main
channel bed bounded by fine-grained bar or floodplain surfaces.

This lateral size segregation develops through the lateral channel shift in the braided
channel. When the channel migrates towards the ACB, the aeolian dunes are eroded
and point bars develop in the opposite banks; but if the channel moves leaving from the
ACB, the point bars form between the main channel and the ACB, which in turn block
the wind-blown sands entering the stream channel (Fig. 7). This lateral channel shift
makes the coarse aeolian sands to accumulate around the channel center and drives
the suspended sediments to be deposited on the surfaces of the point bars. During this

1274

Jaded uoissnosiq | Jadedq uoissnosiq | Jaded uoissnosiq | Jaded uoissnosiq

NHESSD
3, 1269-1290, 2015

Selective deposition
response to
aeolian-fluvial
sediment supply

H. Wang and X. Jia

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.nat-hazards-earth-syst-sci-discuss.net
http://www.nat-hazards-earth-syst-sci-discuss.net/3/1269/2015/nhessd-3-1269-2015-print.pdf
http://www.nat-hazards-earth-syst-sci-discuss.net/3/1269/2015/nhessd-3-1269-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

lateral shift, the main thalweg bed had risen about 1.33 m on average with the range of
0.169 to 2.295 m during the forty-five years (Fig. 8).

Although the channel shows high-rates of lateral shifts in response to high-rate flow
discharges, the suspended sediment concentrations in the desert reach primarily vary
in response to sediment supplies from the upstream but showed surprisingly low (6.48—
6.88) in response to the flow discharge peaks near 5000 m3s™ (Figs. 9 and 10). Linear
fitting using a least squares method indicates that when the flow discharge ranges from
3500 to 5210 m°® s"1, the suspended sediment load in the desert braided channel can
actually be regulated by the upstream supplies rather than the flow discharges (Fig. 11).
This result indicates that the > 0.08 mm bed sediments may be hard to be suspended
from the bed as suspended sediment loads in such a low gradient (0.00025) and sand-
bed river during the passage of a flood.

5 Discussions and conclusions

Our results suggest that the significant lateral size segregation can be produced in re-
sponse to aeolian and fluvial sediment supplies in our studied braided channel. Aeolian
sand supply and bank erosion provides enough available bedloads which contribute
to the primary bed sediments and control the development of the braided channel.
Although fluvial sediment supplies from the upstream are larger in quantity than the
aeolian sand supplies, they actually are wash loads, which shows a well-known phe-
nomenon of “the more it come, the more it goes” (Wu et al., 2008), and therefore cannot
be deposited in the main channel bed but can be deposited in slack water on bar tops
and overbank during floods (Church, 2006). Since the braided channel is unstable and
shifts in lateral, the bar or floodplain tends to be eroded and its surface finer sediments
can be transported downstream as suspended loads, but the coarser subsurface sed-
iments shows local erosion-and-deposition processes and thereby should be of the
major importance in determining the braided channel morphology (Church, 2006).
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Some studies have shown that the helical secondary flow (HSF) develops by skew-
ing of cross-stream vorticity into a long-stream direction, carrying fast surface water
towards the outer bank and slower bed water towards the inner bank in a braided or
meandering channel (Dietrich and Smith, 1983; Thorne et al., 1985). The HSF erodes
the outer bank and fills the inner bank, leading to an asymmetrical cross-section and
a lateral channel shift. Because the cross profile of the stream channel is roughly
a parabola and because the downslope gravity component of sand grains is a body
force and the fluid drag component a surface force, increased grain size of sediments
causes increasing in the downslope gravity component of grains greater than that in
the fluid drag and accelerates coarse sediments accumulating in the channel centre
(Wilson, 1973).

Although the HSF was not examined in our studies, it plays an essential role in the
development of the lateral size segregation in response to aeolian and fluvial sedi-
ment supplies. As wind-blown sands move downwind and meet the stream channel,
the wind cannot carry sands continuously in the water, and therefore tend to deposit
aeolian sands on channel sides to form aeolian dunes in the stream banks. At this
condition, if the HSF drives the channel to migrate towards the aeolian-sand-covered
bank, the aeolian dunes are eroded and the aeolian sands can creep along the outer
bed slope towards the channel center under the influence of the fluid drag and the grav-
ity component; but on the inner bed slope in the opposite bank, the fluid drag and the
gravity component show different direction and their balance will determine and sepa-
rate the coarser and finer sediment deposition zones, making the coarser sediments to
accumulate the channel bottom and the finer suspended sediments to deposit on the
bar platform surfaces. However, if the HSF drives the main channel leaving from the
aeolian-sand-covered bank, the suspended sediments in turn tend to be transported
towards the aeolian-sand-covered bank and to be deposited to form new bars or to ex-
pand old floodplains. This expanded floodplain thereby separates the main channel and
the aeolian-sand-covered bank and blocks wind-blown sands entering the main chan-
nel. This channel shifts continuously back and forth, making coarser aeolian sands to
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accumulate in the channel center and causing finer sediments to deposit on the bar or
floodplain surfaces on the channel sides, and is a primary mechanism for the long-term
size segregation and channel change in the braided channel.

Our results suggest that the braided channel shows stronger in the lateral size seg-
regation than in the longitudinal size segregation, which is supported by evidences
that the cross-profile adjusting much more rapidly than the long profile to changing
conditions, as suggested by Wilson (1973). Because aeolian sand supply originates
from river banks, which differs from fluvial sediment supply through stream channels,
the traditional downstream fining of bed sediments shows no significant in the aeo-
lian sand-fed braided channel. Frings (2008) argued that the size segregation primarily
resulted from the presence of suspended load transport in combination with the ef-
fects of dune and bend sorting in large sand-bedded rivers, making selective transport
and deposition of different size sediments and producing downstream fining of bed
sediments. Although he mainly focused the longitudinal size segregation in large sand-
bedded rivers, he also realizes the importance of sediment addition and extraction, and
overbank sedimentation on the bed size changes in large sand-bedded rivers.

We propose that, in rivers which flow through aeolian dunes, increased bedload
supply as a result of increased aeolian processes or accelerated bank erosions may
cause the channel fill by coarser sediments and consequently a shallow and shift-
ing braided channel. If accelerated erosion leads to increased finer sediment supply
from upstream, the HSF will respond to transport the suspended sediment towards the
stream sides and to accelerate the deposition of the finer sediments on the point bar
or floodplain surfaces. Since the HSF causes the lateral selective deposition and con-
sequently reduces the downstream sediment transport, the braided channel will show
aggrading in response to both aeolian and fluvial sediment supplies. This mechanism
may explain the formation of the “above-ground river” in the braided reach of the Upper
Yellow River (Ta et al., 2011). Because the HSF may regulate the lateral size segre-
gation in braided and meandering rivers, HSF-size segregation interaction should be
a topic deserving further consideration and study.
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Figure 2. Changes in annual flow and sediment discharges monitored in the Shizuishan gauge
and the Bayangaole gauge (data comes from the YRCC) from 1955 to 2007 in the Yellow River.
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Figure 4. Vertical distributions of portions of the two-fraction sediments (> 0.08 mm and
< 0.08 mm) and the related median sizes in 16 sediment cores (N1-N16, see in Fig. 1b) in
the channel bars in the Ulan Buh desert braided channel. Olive lines are curves of the por-
tions of the > 0.08 mm sediments, dark cyan lines are curves of the portions of the < 0.08 mm
sediments, blue line-circles are curves of the median sizes of sediments.
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Figure 5. Vertical profiles of proportions of the two-fraction sediments (> 0.08 mm and <
0.08 mm) in the cross-section of the Sanhuhekou gauge during the passage of a flood with
a flow discharge from 1000 to 3200 m®s™"in 2012. (a) 540 m distance from the starting point of
the cross section in the left bank, (b) 620 m distance from the starting point of the cross section
in the left bank, (¢) 700 m distance from the starting point of the cross section in the left bank.
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Figure 7. Changes of the cross-section of C8 from 1966 to 2011. ACB is the aeolian-sand-
covered bank; STA is the channel shift towards the ACB, SLA is the channel shift leaving from
the ACB. (a, ¢, e, g, and h) indicate that when the channel shifts toward the ACB, the sand
dunes are eroded and the aeolian sands are transported towards the channel centre and the
point bars are then formed in the opposite bank; (b, d, f, and i) show that as the channel moves
leaving from the ACB, the point bars are formed between the main channel and the ACB, which
in turn block wind-blown sand entering into the channel.
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Figure 8. Lateral channel shifts (b) and the rising thalweg beds (a) monitored from 1965 to

2012.
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Figure 9. Daily suspended sediment loads and flow discharges of three flow peaks (>
4000m°® s'1) flowing through the Ulan Buh desert braided channel. (a) 5050 m®s™' flow dis-
charge peak at 31 July 1964; (b) 4990 m®s™" flow discharge peak at 16 September 1967; (c)
5210m°s™" flow discharge peak at 21 September 1981. Light gray and gray lines are curves
of flow discharges monitored in Shizuishan and Bayangaole gauges, respectively; olive and
blue lines are curves of suspended sediment loads monitored in Shizuishan and Bayangaole
gauges, respectively.
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Figure 10. Daily suspended sediment loads and flow discharges of eight flow peaks (3500—
4000m®s™") flowing through the Ulan Buh desert braided channel. (a) 3990 m®s™" flow dis-
charge peak at 20 July 1955; (b) 3550 m®s™" flow discharge peak at 4 October 1963; (c)
3780m>s™" flow discharge peak at 23 September 1968; (d) 3790 m®s ™" flow discharge peak at
13 September 1976; (e) 3660 m3s™" flow discharge peak at 19 September 1978; (f) 3630 m3s™
flow discharge peak at 24 August 1983; (g) 3790 m3s™" flow discharge peak at 5 August 1984.
Light gray and gray lines are curves of flow discharges monitored in Shizuishan and Bayangaole
gauges, respectively; olive and blue lines are curves of suspended sediment loads monitored
in Shizuishan and Bayangaole gauges, respectively.
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