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A review of sedimentary research on Mars
Kazuhisa Got&*, Goro Komatsg, Takafumi Matsul
LChiba Institute of TechnologyUniversita’ d’Annunzio

A large volume of data is now available for sedimentary research on Mars. The data include topographic data from the Mar:
Orbiter Laser Altimeter (MOLA) and several kinds of satellite imageries. The spatial resolution of the images obtained from the
High Resolution Imaging Science Experiment (HIRISE) reaches up to approximately 25 cm/pixel. This resolution is high enough
to analyze large boulders-5 cm) on the Martian surface, which might have been deposited through several processes such as
meteorite impacts, slope failures, and hydrological activities. Sedimentary rocks, formed through various processes includin
aeolian, impact cratering, fluvial/lacustrine, have already been reported from many places on Mars, and such rocks are select
as possible landing sites for future rover missions by NASA and ESA. In this study, we will review the current understanding of
sedimentary rocks on Mars, and will discuss how field geologists can contribute to the sedimentary research on Mars. In additior
we will briefly introduce how to use the available topographic and satellite datasets through the use of GIS software.
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Seasonal changes in glacier velocity detected in West-Kunlun, Tibet: Glacier erosion an
subsequent mountain building?

Masato Furuy&, Takatoshi Yasuda
Hokkaido University

West Kunlun mountains are the highest areas in the planet when averaged over 100 km scale. Although Tibetan plateau
often termed as "a roof of the world” because of the very high average altitude, we should note that the West Kunlun-shan is
peculiar in terms of both its location at the northern-most edge of the Tibet and an absence of significant thrust faults/earthquake
in the nearby region. Why are the West Kunlun mountains so high?

We recently discovered by chance that there exists a significant seasonal variability in the glacier surface motion in one o
the numerous mountain glaciers at West Kunlun mountains. Based on this finding, we discuss a possibility of the glacial erosiol
effects on the tectonic evolution of the mountains at West Kunlun. Numerous mountain glaciers at West Kunlun mountains hav
higher elevations greater than "4000 m, and are regarded as "polar (or sub-polar)” glaciers despite the mid-latitudes ("35N), inr
plying that no seasonal changes in glacier velocity have been expected so far.

While numerous theoretical studies have suggested an intimate link between climate and tectonic evolution of mountain range
compelling observational evidence of an impact of climate on mountain building has been lacking (Whipple, 2009). The effects
of erosion on friction-dominated critical-tapered orogens have been examined extensively, but those impacts could be even mo
stronger in thicker and hotter orogens. However, such examples have been fewer. We will discuss that the West Kunlun mountair
could be an example for the active tectonic response in such a region to the glacial erosion.

Keywords: glacial erosion, mountain building, Kunlun mountains
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Dynamic aspect on unconformity in the trench landward areas
Yujiro Ogawa*
1 Tokyo Electric Power Services Co., Ltd.

Trench landward slope area has been repeatedly changing from stable to unstable. Development of accretionary prisms h
been explained by many researchers, but the theory is simply based on earth pressure theory. Among the bulldozer models, t
critical stage is between the passive and active earth pressure conditions when the unstable zone remains to to sink for a ¢
positional basin above unconformity. Eroded materials from the slope fill the depressed area, showing the change of stable |
unstable of the slope. Thus to interpret this change by means of the study of unconformity makes the discussion very dynamit
Most of the examples from the submarine Nankai trough to onland Miocene-Pliocene Miura-Boso area are the best for suc
explanation, which include systematic and repeated change of development of trench slope. Jump of trench to oceanward is o
of the causes but seamount (or ridge) subduction is an occasional principle as shown in the Tenryu Canyon by Kawamura (GSA
2009; Springer in press). Another important example comes from the Cretaceous to Miocene forearc areas from Hokkaido t
off Kashima of the Japan trench realm. Many unconformable stages in Paleogene to Miocene off Fukushima Prefecture and st
rounding area are explained by much larger tectonic change, probably related to the Japan Sea side tectonism including openi
and spreading of the Japan Sea during these stages.

Keywords: trench landward area, forearc basin, accretionary prism, unconformity, tectonics
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Compositions and provenance of the sands in the southern Kumano Basin and the unde
lying accretionary prism, IODP Exp315

Hideki Masagd*, Takaomi D. Yokoyam® Takafumi Hiratd
LJAMSTEC,2Kyoto University

Compositions of the submarine turbidite sands cored in the Integrated Ocean Drilling Program (IODP) Expedition 315 were
examined in terms of bulk and heavy mineral modal proportions, mineral chemistries, and zircon U?Pb age spectrum to identify
their provenance. Coring was conducted in the seaward flank of the Kumano forearc basin (Site C0002) and the seaward slo
apron of the outer-arc high (Site C0001) at the Kumano-nada, Nankai Trough, Japan. Four lithostratigraphic units were recog
nised based upon core and log data in the Site C0002. The upper three units (Unit I-1ll from top to bottom) are the Kumano
Basin sediments and the lowest Unit IV is the accretionary prism basement [1]. The Units | (0-136 mbsf) and Il (136-830 mbsf)
are composed mainly from alternation of non- to semi-consolidated sand and mud, and Unit Ill (830-922 mbsf) consists of mud
Unit IV (922-1053 m) consists of highly deformed sandstone and mudstone. Total 12 samples were collected from Units I, Il anc
IV. At Site C0001, the upper 207 m (Unit 1) is slope basin sediments composed mostly of non- to semi-consolidated mud with
intercalation of volcanic ash layers. Sands are localised at the bottom of the unit where three samples were taken. The underlyi
Unit Il (207-458 mbsf) is accretionary prism sediments composed of mudstone.

At Site C0002, sand compositions are quite different between Unit | and the deeper units. On the contrary, sands in Units
Il and IV are almost identical despite their different geologic settings. Heavy minerals in Units Il and IV are dominated by
high-pressure/temperature (highT) type metamorphic component, which is most obviously demonstrated by the presence of
sodic-amphiboles. Their compositions cover a wide range in term of/Bératio and Na (M4) content from glaucophane to
riebeckite, and to winchite. Garnet compositions are characterised by higher content of grossular component and wider variatic
of spessartine component than those of Unit I. Zircon U-Pb age spectrum has a cluster around 60-100 Ma. Based on the comp:
ison with sand samples collected from several representative rivers in the Pacific side of the Central Japan, petrologic features
Units Il and IV sands favour the Tenryu district as the most probable candidate for the source region. Heavy mineral composi
tions in Unit | have both igneous and metamorphic components (but no indication oPfgimetamorphic rocks), and zircon
U-Pb age spectrum has a major cluster around 10-20 Ma as well as subordinate cluster around 60-100 Ma. The igneous miner:
and young zircons are considered to be derived from the 15 Ma Kumano acidic rocks distributed widely in the south-eastern Ki
Peninsula. Hence, the petrological features of Unit | are interpreted as a mixture of two components from the Kumano and th
Tenryu districts. Change in sand compositions between Units | and Il indicates a drastic change of seafloor channel at around
Ma. Sediments of the Tenryu River origin in the deeper part of the Kumano Basin and the underlying accretionary prism sugges
that the Tenryu Canyon was the main sediment conduit to the Kumano Basin before 1 Ma, which was blocked around 1 Me
due to change of seafloor topography and the Kumano River became a main contributor of the sediments to the Kumano Bas
instead.

Samples of Site C0001 are all rich in ferro-magnesian minerals, particularly orthopyroxene, which is totally different from
Site C0002. Their petrologic characters are closer to those of the toe region [2], which are probably derived from the Izu-Honsht
collision zone.

References:
[1] Expedition 315 Scientists (2009), Expedition 315 Site C0U02Kinoshita, M. et al. (eds.), Proc. IODP, 314/315/316.

[2] Expedition 316 Scientists (2009), Expedition 316 Site CO067Kinoshita, M. et al.(eds.), Proc. IODP, 314/315/316.

Keywords: sand provenance, forearc basin, Nankai Trough, sodic amphibole, garnet, zircon U-Pb chronology
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Study of the erosion based on paleontological approach
Toshihiko Ichihard*

LFUKKEN CO LTD

It is difficult to study of erosion based on information obtained from the deposit.

Especially, it introduces the method of studying the erosive effect by using paleontological information.
Estimation of erosion for trace fossils:

Trace fossils shape based on the observation, the erosion can be determinded.

The dead shell assemblage of lag deposits:
Examining the lag deposits becomes an important clue that understands the process of piling up and the invasion. It is possib
to examine whether to cause the invasion of which extent because the shell that moved along with the erosion is extracted bas

on the dead shell assemblage crowd analysis in the lag deposits, and those chronological values are examined.

Keywords: erosion, trace fossils, lag deposit



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
SCG064-06 Room:202 Time:May 24 15:30-15:45

Estimation of sand’s source and transport system in the Taklimakan desert by quart’s ES
intensity and crystallinity

akinori karasudk, Ryuji Tadd, Hongbo Zheng, Yuko Isozakl, Shin Toyoda, Tomohiro Yoshida
IDEPS Univ. Tokyo2Nanjing Univ.,30Okayama Science Univ.

Taklimakan desert in the Tarim basin in Western china is the second largest sand desert, which is surrounded by Tinsha
Mountains, Karakorum Mountains and Kunlun Mountains. Because of this specific location and climate, this desert is one of the
most eolian dust source areas in the Northern Hemisphere now (Zheng et al.,2003). Thus, it is important to know eolian dust’
generation and transport system in the Tarim basin in order to appreciate the impact of Northern Hemisphere in the past, prese
and future. So we characterize the sand and estimate sand’s provenance and transport system by using quart’'s Electron S
Resonance (ESR) signal intensity and Crystallinity.

Quart's ESR intensity indicates the amount of oxygen vacancies in quart’s mineral (Toyoda and lkeya, 1991), and shows :
clear positive correlation with the age of the host rock (Toyoda and Hattori, 2000). Crystallinity of quartz reflects the condition of
its formation such as temperature and speed of crystallization, so crystallinity of quartz varies from its original rock’s type (Mu-
rata and Norman, 1976). These barometers reflect quartz’'s chemistry and they are independent of each other. Now, we collect
river and desert sand samples across the Taklimakan desert, and measured ESR signal intensity and crystallinity after dividir
samples to fine fractionq0.016mm) and course fractian(.064mm). Why we divide two fractions is to watch the difference of
wind transport and river transport.

From measurement of river samples, we could detect quartz’s origins like Tinshan Mountains, Karakorum Mountains and
Kunlun Mountains and also realized that these data can be used for estimation of quartz’s provenance. Moreover, fine fractio
guartz near Kunlun mountains are mixed with them derived from Tinshan mountains by wind transport. In this presentation, we
add the data of desert sand, and show the distribution from all sand’s provenances in the whole Taklimakan Desert. We als
consider sand transport system for two fractions by focusing on transport ability of wind and river.

Keywords: desert, deposition, erosion, material transfer, ESR, Crystallinity
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Comparison of Kolmogorov model and experimental data
Noritaka Endd*, Andrew Pettet, Chris Paola
IKanazawa University, University of Minnesota

Kolmogorov (1951) proved that it is possible to calculate the distribution of layer thickness after infinite repetition of erosion
and deposition, from PDF about occurrence of layer thickness for each event. Endo (2010) proved that it is possible to solve th
inverse problem under some assumption. Both models for forward and inverse problems assume the continuity of PDF (prob:e
bility density function) of the magnitude of deposition or erosion where erosion is defined as negative deposition. However it is
not obvious that the assumption is always correct in any sedimentary processes or environments. Here we test the model usi
flume-experimental data conducted at SAFL in University of Minnesota that obtained topographic data during the experimenta
run and the sedimentary structure of the resultant deposit. By analyzing the topographic data it is found that the PDF of incre
ments and decrements of the surface elevation can be regarded as continuous. After solving the inverse problem from the b
thickness distribution of the deposit, we can calculate the PDF of increments during arbitrary numbers of events. By comparisol
between calculation and the topographic data from the experiment, it is found that (1) the PDF of increments and decrements «
the surface elevation within 8 hours well agrees with the model, but (2) the PDF for 16 hours does not agree with the model an
instead the probability of occurrence of increment with the calculated average value (expectation) was quite larger than expecte
by the model. The result implies the dependence between an event and past ones (history-dependence) for a relatively long
term. To develop the model in the future, the history-dependence should be considered.

Keywords: Probabilistic model, Sedimentation model, Bed thickness distribution
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Flume experiments on the change of transport mode on the bottomset in delta system: tt
response to flow discharge

Taro Suzuki*, Noritaka Endd
IKanazawa University

In delta system, the muddy sediment on the bottomset are interpreted as what was transported by (A) low density suspensic
load (Nishida et al., 2010) or (B) high concentrated flow such as hyperpycnal flows caused by a river of flood (Normark and
Piper, 1991; Sasaki, 2010) and fluid mud (Nishida et al., 2010). To understand the formative mechanics of delta topographies,
is useful to conduct flume experiments dealing with each individual elements of processes. In this study, we performed experi
ments of micro-delta system to investigate the change of sediment transport mode on the bottomset and its dependence on
.increase rate of discharge.

The experimental flume was 1 m long, 15 cm deep and 2.5 cm wide, and was designed to assume a 2-D system betwet
river ? still water area. Used sediment was silt (mean density 2.2{§crmedian diameter 37.8 micrometer, mode diameter
48.8 micrometer). We limited runs into the cases that the sediment transport modes on the topset were bedload sheet (Rees
and Bridge, 2007, 2010). In each run, the water depth on the topset changes according to flow discharge spontaneously. T
observation area was set to be 50 cm downstream from the supply point of mixture of water and silt to take account of erosiol
of topset when the water discharge increases. The initial flow discharge was set 200 ml/min at which the sediment supplied fror
topset deposited only on foreset by turbidity currents.

In this study, both modes of sedimentation process corresponding to the above were observed from (A) low density susper
sion and (B) high concentrated flow. Sedimentation from low density suspension was previously reported in experimental run:
at high constant flow discharge (600 ml/min) (Suzuki and Endo, 2010). Here we observed that similar processes occurred undt
waxing flows at low increase rate when the flow became high discharge. At this time, the shape of foreset became steep slope a
'angular contact (Jopling, 1965)." It was found that only at high increase rate of flow discharge, high concentrated flow occurred
due to topset erosion and the sediment deposited onto the foreset and bottomset. At this time, the shape of foreset became ge
slope and 'tangential contact (Jopling, 1965).’
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Experiments on channel head bifurcation
Atinkut Mezgebu Wubnet, Juniya NagahataNorihiro Izumit
LGrad. Sch. Eng., Hokkaido University

Channelization is an important aspect of geomorphological processes which attributes to the configuration of a landscap
mainly in fluvial dominated areas. Besides, Channelization comprises of different phases: starting from the inception phas
transforming to extension then finally to deletion. Therefore, profound understanding of these processes is fundamental to th
study of the channel drainage networks evolution. Specifically, identifying the controlling factors and their threshold conditions
for the onset of channel head bifurcation is very important in the field of landscape evolution study, particularly on channel
networks. Hence, in this study we focused on the process of channel head bifurcation, which is the dissection of channel hee
into two or more channel branches.

We premeditated our experimental setup in a way that able to evaluate the validation of the theoretical finding that has bee
done by Mizushima, et al 2007, and to study the details of channel head bifurcation processes and their controlling factors. Th
theoretical study hypothesized that if the flow concentration is maximized at the top of the channel head, the channel migrate
upstream without bifurcating. On contrary, if the flow depth at top edge of the channel head disperses, the channel head splits in
two or more channels. They studied this problem using linear stability analysis and finally able to conclude that the channel hea
becomes unstable when the Froude critical depth divided by the bottom friction coefficient becomes sufficiently small comparec
with the width of the channel head.

Accordingly, we considered the findings of the theoretical study as our reference input for the experimental setup. A wide flat
plain bed ending with a sudden fall at the downstream end was used to simulate a flat plain receiving shallow overland flow fror
a catchment. A small channel is introduced at the center of the downstream end, always made before the commencement of eve
experiment. we monitored the development of the channel as the experiment runs. When the experiment starts, the overland flc
from upstream end flows as a very shallow water and heading towards downstream end, mainly to the channel head, because
keeping the flat plain horizontal we realized the flow on the flat plain as subcritical flow in the Froude sense so the upstream flov
is influenced by the channel. The development of the channel was continuously monitored by recording successive photos frol
upstream top part of the flat plain, observation by our naked eye was made as well.

In this study we presented the relationships between the controlling factors such as flow depth and surface roughness wil
respect to the channel head width, for threshold conditions for the commencement of channel head bifurcation. In addition, wi
observed that channel head bifurcates when the channel head is enlarged in width into the level where the flow depth is suff
ciently reduced to the level the flow is reorganized into two or more flow concentrations, and the bifurcation is realized when
each small reorganized flows still persists eroding capacity to make the channel migrating upstream. Finally, we noticed that th
experimental results are consistence with the basic considerations and results of the theoretical study.

Keywords: channelization, bifurcation, channel head, channel networks
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Geographycal evolution analysis using particle method based on shallow-water equatiol
Takashi Matsushinia, Jun Kaiami, Yasuo Yamada

LUniversity of Tsukuba

This study deals with a simple geographycal evolution analysis using a particle method based on the shallow-water equatior
Since itis a Lagrangian particle method, mass conservation naturally holds. Particle interaction is simply modeled by a two-bod)
potential that is derived from the water head difference. The bottom shear stress is estimated by the Manning equation. Bed loz
transportation is modeled by Meyer-Peter-Muller relation with a retardation time. Slope failure due to erosion is also considerec
in the simulation. The figure shows an example of the simulation. The material is a poorly-graded sand whose diameter is abol
0.2(mm). The length, width and the angle of the slope is 1.3(m), 0.8(m) and 5 degrees, respectively. Small surface unevenness
introduced at the initial slope. Water discharge from the inlet at the upstream is set to 4.0(ml/s) in this example. The simulatior
result shows the frequent jump of the flow channel at the initial stage of the simulation (up to 14 minutes), while the channel is
fixed at the later stage (after 50 minutes). The final erosion depth at 90 minutes is about 5 to 20 (mm), which is in good agreemer
with the experiment.

Keywords: Sediment dynamics, Particle method, Geographical evolution
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Three-Dimensional Dune Morphodynamics Using Dune Skeleton Model
Hirofumi Niiya'*, Akinori Awazu', Hiraku Nishimort
'Hiroshima University

Sand dunes, which are the largest granular objects on the Earth, form the large scale of dune networks and the distinct patter
such as barchan, transverse, linear, star-shaped, dome-shaped, and parabolic dunes also formed. These patterns are detern
by two dominant factors; the steadiness of wind direction and the amount of available sand in each dune field. For example
unidirectional steady wind generates barchans or transverse dunes. The former are crescentic shaped dunes, and are forme
dune fields with small amounts of available sand, whereas transverse dunes which extend perpendicular to the wind direction, a
formed in dune fields with the larger amounts of available sand than the barchan-rich field. As a characteristic property, barchar
move keeping their shape with two horns directing leeward at their lateral edges, additionally, their velocity is kept constant
roughly inverse proportional to the height.

One of remarkable aspects of recent dune studies is that quantitative analysis of dune morphodynamics has largely pra
gressed. In particular, rescaled water tank experiments and computer models have successfully reproduced qualitative propi
ties of large scale of desert barchans[1][2]. However, the theoretical methodology explaining the mechanism for the comple
morphodynamics of dunes beyond the numerical reproduction of their formation process is yet to be developed. We propos
a Dune skeleton modetonsists of coupled ordinary differential equations each of which represents the dynamics of two-
dimensional cross sections (hereafter, 2D-CSs). Using the model, we study the morphodynamics of dunes; i) the stability o
the shape of transverse dunes, ii) the deformation form transverse dunes to barchan, iii) the condition for the formation of stead
barchans and the scaling law with respect to their shape.

First, laterally arraying wind directional 2D-CSs of a 3D transverse dune or a barchan are set as an elements of the prese
dune skeleton modeHence, we consider the migration process of each 2D-CS and the interaction between laterally neighboring
them. The dune migration occurs by the sand flow along the surface is divided two types; (a) intra 2D-CS flow and (b) inter 2D-
CS flow. This model simply describes the essential dynamics of 3D dunes as a system of coupled ordinary differential equation:

Dune skeleton modakproduced 3 typical shapes of dunes; straight transverse dune, wavy dune, and barchan, depending o
the amount of available sand and wind strength. Also, the present model shows that the increase in the amount of available sa
and the inter 2D-CS flow enhances the stability of the shape of transverse dune, whereas the decrease in the amount of availa
sand and the increase in the intra 2D-CS flow destabilizes its shape to enforce the deformation to a barchan. Additionally, th
linear stability analysis of two 2D-CSs system obtained the stability condition of the straight and wavy transverse dune[3].

Moreover, we simulate the stability condition of barchan under 2 different types of sand influx condition from the upwind
boundary; i) spatially uniform supply and ii) local supply. It was found that; i) under the uniform supply, steadily maintained
barchans are formed within a narrow range of the amount of supply and their size is almost uniquely determined independent c
the amount of supply. ii) under the local supply around the central axis of a barchan, steadily maintained barchan is formed an
its size varies according to the amount of supply. Moreover, the scaling relations with respect to their shape and dynamics at
found that correspond to the observation and the experimental fact.

[1] N. Endo, T. Sunamura and H. Takimoto: Earth. Surf. Process. Landf80r(®005) 1675

[2] A. Katsuki, M. Kikuchi, H. Nishimori, N. Endo and K. Taniguchi: Earth Surf. Process. Landforms (2010) n/a. doi:
10.1002/eps.2049

[3] H. Niiya, A. Awazu and H. Nishimori: J. Phys. Soc. Jpt®.(2010) 063002.

Keywords: sand dunes, barchan, transverse dune, mathematical model, numerical simulation, linear stability analysis
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Linear stability analysis of fluvial bars with aggradatio or degradation
Tomoaki Takahatd, Norihiro 1IZUMI?
'Hokkaido University?Hokkaido University

Riverbed degradation causes many engineering and environmental problems. For example, it destabilizes basements of ri\
structures, and sometimes damages habitats of aquatic organisms because of severe local scours. In the Ishikari River in Asahik;
the bedrock is exposed due to riverbed degradation. It is suspected that the bed degradation is caused by a decrease in sedin
supply from the upstream region by flood control facilities such as dams, or an increase in bed shear stress due to the reducti
of the width of low-water channels in river improvement works.

Though it is generally said that bed aggradation destabilizes the flat bed while bed degradation does the opposite, no studi
have been done on the behavior of bars under non-equilibrium conditions to the authors’ knowledge. Most of previous studie
focus on bars only under equilibrium conditions. The existing linear stability analysis assumes that the river bed is in equilibrium,
and that bed slope and flow in the base state are in normal flow conditions.

In this paper, linear stability analysis of bars under weakly non-equilibium conditions is performed by the use of the WKBJ
method. Bed aggradation or degradation is assumed to be sufficiently slow compared with bed evolution due to bed instabil
ity, and its non-dimensional speed is used as a small parameter. We introduce two spatial variables with two different lengtt
scales: the length scale of aggradation or degradation, and that of bar wavelength. The former is assumed to be much larg
than the latter. By solving the base state problem, it is found that one-dimensional base flow is a function of the slowly varying
spatial variable. For instance, the flow velocity is accelerated in the streamwise direction, and riverbed has an upward-conve
shape under degradation. In the perturbed problem, we expand all the variables with two small parameters: the non-dimension
aggradation/degradaion speed, and the amplitude of perturbations. Substituting the asymptotic expansions into the governil
equations, and comparing each order of the two small parameters, we obtain base state equations and perturbed equations v
the weakly non-equilibrium effects. Solving all the equations with appropriate boundary conditions, we obtain the growth rate of
perturbations including the non-equilibrium effects, and instability diagrams for several values of hon-dimensional aggradatior
or degradation speeds.

The analysis shows that, under degradation, the unstable region in the instability diagram is reduced, implying that there is
tendency of the flat bed being stable. In the unstable region, the dominant bar wavelength increases. Meanwhile, under aggr
dation, the unstable region in the instability diagram is expanded, which means that there is a tendency of the flat bed bein
unstable. In the unstable region, the dominant wavelength is reduced, implying that bars with short wavelengths are formed. |
addition, alternate bars are more affected by bed aggradation/degradation than multiple bars are done.

Keywords: linear stability analysis, alternate bars, aggradation, degradation, sediment supply, WKBJ method
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THE FORMATION OF BOUNDARY WAVES IN CLOSED CONDUITS WITHOUT
FREE WATER SURFACE

Tomofumi Hiratsuk&*, Izumi Norihiro*
'Hokkaido University

Wavelike configurations are self-formed at the boundary between water and sediment under open channel flow, and are calle
dunes or antidunes depending on the flow regime. There have been a large number of studies on boundary waves in rivers. It h
been found that the boundary waves are strongly related to the Froude number. The formation of dunes and antidunes is caus
by a phase lag and lead, respectively, between the bed and water surface profiles; so that it is suspected that the presence of
water surfaces is important for the formation of dunes and antidunes.

Meanwhile, there are only few studies on the bed configurations in closed conduits without free water surfaces. Could any
similar boundary waves be formed without free water surfaces? If so, what are the boundary waves like? These are questiol
that have not been completely solved yet. The stability of the boundary between water and sediment in closed conduits is nc
completely understood. In order to predict the flow resistance of closed conduits such as sediment bypass and ice-covered rive
it is important to obtain detailed information on boundary waves formed in closed conduits.

Seki and Izumi [2008] proposed a linear stability analysis for the formation of small scale boundary waves in closed con-
duits and compare with their experimental results. According to analytical results, the Shields number and the Euler number ar
the dominant parameters that determine the formation of boundary waves in closed conduits. In addition, they reproduced th
boundary waves without free water surface in small scale experimental conduits. However, there is room for improvement of the
correspondence between analysis and experimental data.

One of purposes of this study is to improve a linear stability analysis for the formation of boundary waves in closed conduits.
The previous analysis by Seki and Izumi assumed that the roughness on the sand layers is same as the roughness on upper w
of conduits. Therefore we introduce the rate of friction velocities as a new parameter, and express the difference of the roughne:
in the linear stability analysis. As a result, this improves the correspondence and proves the importance of the new parameter.

In addition, we proposed weakly nonlinear stability analysis in order to obtain more detailed information near the critical
condition for the wave formations.

Keywords: dune, closed conduit, linear stability analysis, weakly nonlinear stability analysis
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Antidunes and cyclic steps: relating their features to a suspension index and a velocit
coefficient

Miwa Yokokawa*, Yuki TakahasHi, Hiroto Yamamurd, Yasushi Kishimé&, Gary Parket, Norihiro Izum#?
!Osaka Institute of Technolog3Hokkaido University?University of Illinois

There are very few comparative studies of the differences in hydraulic conditions and morphologic features of bed- and water
surface-waves associated with cyclic steps and antidunes. In this study, the features of both the bed and the water surface,
well as hydraulic conditions are examined over the spectrum from antidune to cyclic steps. Experiments were performed usin
a flume at the Osaka Institute of Technology. The resultant features of the bedforms are as follows. In the case of antidunes, b
waves and water surface waves are in phase except when they collapse. Antidunes show several kinds of behavior; migrati
downstream, standing, or migrating upstream. Upstream-migrating antidunes are divided into three types such as with-breakin
waves, with-hydraulic-jumps and stable. Breaking antidunes appear alternatively with the plane bed state. Cyclic steps migrat
upstream regularly associated with trains of hydraulic jumps, which divide each step. There is a significant change in water dept
at the hydraulic jump, so that the phasing between the bed waves and water surface waves break at the each hydraulic jump. Th
is a kind of compromise between cyclic steps and antidunes, which we designate as intermediate steps. They move upstream &
are associated with regular trains of hydraulic jumps. The jumps, however, occasionally collapse toward upstream. When thi
happens, bed waves move rapidly upstream; low-amplitude water surface waves and bed waves become in phase all over the |
shortly after the collapse. Then after some time, water surface waves become sufficiently prominent to yield regular hydraulic
jumps. This cycle is then repeated.

The hydraulic conditions for these bedfoms were examined using three non-dimensional parameters, i.e. the Froude Numbe
the Suspension Index, and the Velocity Coefficient. The suspension index is the ratio of the shear velocity divided by the settling
velocity of the sediment. The velocity coefficient is the ratio of mean flow velocity on the plane bed divided by the shear velocity
on the plane bed. Data from previous experimental studies are examined together with the present data in studying the charact
istic regimes of bedform formation.

In a diagram of Froude Number v.s. Suspension Index, antidunes, intermediate steps and cyclic steps can be divided alor
the axis of the Suspension Index. In the lowest range of the suspension index, downstream-migrating antidunes and upstreal
migrating stable antidunes are found. The intermediate steps discussed above and antidunes with hydraulic jumps are locat
in the middle range. The highest range corresponds to cyclic steps and antidunes with breaking waves. As described above, t
Suspension Index can serve as a scale to quantify the spectrum between antidunes and cyclic steps. The use of the parameter
helps verify that suspension plays an important role in the formation and maintenance of cyclic steps.

On the other hand, antidunes with breaking waves are located in the highest range of the velocity coefficient whereas cycli
steps located in the middle range. It is related to the stability of upstream-migrating antidunes, which is suggested by the weakl
nonlinear stability analysis.

Keywords: Antidunes, Cyclic steps, Flume experiment, Stability analysis, Suspension index, Velocity coefficient
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Transportational cyclic step formation in subaqueous environment
Duleeka Dahampriya Dias, Norihiro [zumit
LGrad. Sch. of Eng.,Hokkaido University

Supercritical flow in the Richardson sense over a steep fragile bed may generate ephemeral short wave bed forms like a
tidunes, most commonly observed to migrate upstream. In some cases, however, antidunes give way to a much more stat
cousin bounded by internal hydraulic jumps in the flow above them, which stabilize the flow morphodynamics while leaving
depositional records unlike the antidunes. This long wave manifestation of the instability is christened as cyclic steps, by re:
searchers and categorized under two main folds;erosional steps and transportational steps.

In subaqueous environments positive feed back between turbidity currents and the erodible bed gives rise to sediment wav
and circumstantial evidences by numerical simulations and field observations have proven these sediment waves are non ott
than the cyclic steps. Studies related with the subaqueous cyclic step formation are not abundant and idealized models emplc
ing the mathematical elucidation of this formation phenomenon yet to be tested in this research arena. This is an endeavor
mathematically elaborate the formation of transportational cyclic step in subaqueous environment powered by the density drive
turbidity current.

An idealized model has been developed preserving the essential physics of the system, employing one dimensional (1L
shallow water equations along with the dispersion equation of suspended sediment and Exner equation of sediment continuit
Assuming the interaction of sea water with the turbid underflow is considerably small in most of the region of our concern
entrainment coefficient related terms are dropped in the continuity equation of the turbidity current. Being on the logic that the
response of flow is sufficiently quick compared with the response of bed, quasi steady assumptions are employed during the s
lution phase for further simplification of the governing equations. Conservation of the suspended sediment through the hydrauli
jump, zero bed evolution at the either ends of the selected step, specified threshold velocity for the incision of the bed erosion :
the upstream end of the step and the Richardson critical conditions at the origin of the stream wise coordinate are employed :
boundary conditions during the rigorous calculation procedure.

Considering a single step which migrates upstream preserving its shape, model is solved starting from the vicinity of the

Richardson critical point where flow transits from sub critical to supercritical, to obtain the shape of the step along with the
behavior of the characteristic parameters govern this formation process at the so called base state.

Keywords: cyclic steps, turbidity currents, subaqueous environment, 1D shallow water equations



Japan Geoscience Union Meeting 2011 d "
(May 22-27 2011 at Makuhari, Chiba, Japan) J _

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
].‘2‘.?.%9".
SCG064-16 Room:202 Time:May 24 18:15-18:30

Cyclic steps formed by bedrock incision

Norihiro Izumi*
'Fac. Eng., Hokkaido Univ.

Step-like morphology is formed on slopes composed of cohesive soil where erosion dominantly takes place (erosional cycli
steps), and slopes composed fine sediment where both erosion and deposition take place (transportational cyclic steps). T
step-like morphology is called cyclic steps, and studied by many researchers by means of experiments, theory, and numel
cal simulation. The studies have elucidated the formation processes, the formative conditions, and the scales of cyclic steps
terms of several non-dimensional parameters. It has been known that similar step-like morphology is observed in bedrock river:
Though it is suspected that these are a kind of erosional cyclic steps, the erosion processes of bedrocks are expected to be diff
ent from that of cohesive soil. In this study, the erosion processes of bedrocks are simply formulated, and the formation of cyclic
steps due to bedrock incision is studied theoretically.

Keywords: cyclic step, bedrock, erosion, hydraulic jump
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