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Grain abrasion of gravel-sand in fluvial-beach systems: the case study
of Tenryu River to Enshu Coast, central Japan

*Takako UTSUGAWA', Masaaki Shirai'
1. Department of Geography, Tokyo Metropolitan University

Clastic sediment grains are “abraded (rounded)” as a result of alternating succession of angulation and
rounding during transport process from river to beach. It is general that as the fluvial gravel is finer, the
roundness which represents the smoothness of particle outline becomes lower (more angular) (Sneed and
Folk 1958). Utsugawa (2017MS) confirmed the tendency with an analysis of the roundness of gravel-sand
(0.5-128 mm in diameter) obtained from the Japanese river (the watershed of Watarase River). Difficulty
of rounding accompanying with the grain size reduction may have been caused mainly by (i) the finer
grain tends to be irrefrangible; i.e., high durability (Kodama1994) and/or inactive collision among grains,
and by (ii) the input of pristine and angular grains produced from coarser grains as a result of breaking
and abrasion (Utsugawa and Shirai 2016). We examined the changes in roundness of sand grains, which
had not shown distinct rounding in fluvial environment, around river to beach.

“Fragile” shale and “hard” chert which are composed by very fine grains and rarely include

“recycled grains” were selected, and the changes in roundness of grains (0.5-2 mm in diameter)
obtained from 6 sites in ca. 62 km from the downstream reaches of Tenryu River to the Enshu Coast were
investigated in this study. Approximately 110-130 grains of each rock type and size fraction were
randomly extracted using a VHX-1000 digital microscope (KEYENCE Co., Ltd.). Using the image analyzing
software PIA-Pro installed in FF-30micro (Jasco International Co., Ltd.), a roundness parameter “O.
Bluntness” (Pirard1993MS) was obtained. O.Bluntness was converted to “Krumbein roundness” based
on roundness chart of Krumbein (1941).
At the furthest site along the Enshu Coast, the most irrefrangible coarse-grained chert sand achieved its
highest roundness. It is generally accepted that quartz sand grain is significantly rounded in coastal
environment than in fluvial environment due to rolling on the beach by swash. As a whole, fragile shale
and hard chert grains showed similar tendency of quartz grains. Note that, shale grains between river
mouth to proximal beach sites on both grain size fraction did not become rounded even though the grains
were transported on beach. Gravels (mainly 2-64 mm in diameter) supplied from Tenryu River are broadly
distributed on beach surface near the river mouth, and are usually saltated and rolled by swash. Since
gravels frequently collide each other due mainly to the swash, the gravels would be broken and/or
abraded, and active production of pristine angular sand grains would cause decrease in roundness
around river mouth.
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Age and depositional process of beach sediments around Sesoko
Island (Okinawa, Japan), based on abrasion grades and radiocarbon
ages of Baculogypsina (Foraminifera)
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Topographic changes of coral-reef beaches are predicted to occur due to sea-level rise associated with
global warming. Beach sediments are mainly composed of skeletal fragments and shells produced by
calcifying organisms, which are sensitive to environment changes. However, the production age, transport
time and depositional age of beach sediments have not yet been fully understood. Here we show the age
and depositional process of beach sediments around Sesoko Island (Okinawa, Japan), based on the
abrasion grades and radiocarbon (**C) ages of Baculogypsina (star sand; Foraminifera). Results of
abrasion-grade analysis showed that well-preserved tests of Baculogypsina (a pristine test with most
spines remained) became fewer from the reef flat toward the beach, where abraded tests with no spines
were found abundantly. Results of '*C dating showed that all Baculogypsina ages were after ca. 1300 cal
AD, while most of coral fragment ages were younger (ca. 1700 cal AD-Modern) than Baculogypsina ages.
Baculogypsina ages generally became older from the reef flat toward the beach. Baculogypsina ages in
beach sediments were younger in the north side than the south side. These results suggest that the
production of Baculogypsina tests increased after 1300 cal AD. This is likely caused by the formation of a
reef flat (i.e. the increase of foraminiferal habitats) related to a relative sea-level fall at late Holocene. After
transported from a reef flat, Baculogypsina tests were deposited into a beach mainly from the north to the
south by nearshore currents. The presence of modern coral fragments brought by tidal waves and
typhoons suggest that beach formation continues until present.
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Probabilistic Evaluation of Coastal Aggradation Models of Kamakura
and Zushi areas, Japan
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In coastal lowlands of Kamakura and Zushi areas, a pebbly tidal flat deposit is widely recognized near the
present sea level. The 14C datings of the pebbly tidal flat deposit form 3 cohorts. Since each cohort forms
near the ages in which major historical earthquakes appears in historical documents, these pebbly tidal
flat could be generated by tectonic uplifts of these earthquakes. However, it is hard to deny other
aggradation process such as gradual or not tectonic but intermittent. Here | attempted statistical
approach to evaluate models that assume intermittent and gradual and obtain optimum solution to
explain observed dating dataset. In these models, parameters such as life span of the pebbly tidal flat or
uplift ages are varied to obtain optimum solution.

First, 14C age distributions of samples in the pebbly tidal flat are calculated for the gradual (Model 1) and
intermittent (Model 2) aggradation models. For each basin models, dating samples are randomly picked
up to form a virtual dataset and its age distribution is compared with the dataset obtained in the field. We
define similarity of the virtual dataset to the observed one based on Kormogolov-Smirnov Test and
probability to obtain “similar” dataset from the virtual basin is calculated. The probability denoted by p*
is compared among the models and scenarios from various life span of the basins or timings of uplifts.
The optimum solution for Model 1 assumes life span of the tidal flat from AD500 to 1800 (p* = 0.0600).
The optimum solution for Model 2 assumes aggradation events in AD1680, 1180 and 780 (p* = 0.2150).
The scenario that assumes the aggradation event were coeval to the historical major earthquakes
(AD1703, 1257 and 878) marks p* = 0.0942. Comparison between observed dataset and age distribution
in the virtual basin implies that the 1703 and 1257 or 1293 earthquakes were responsible for the
aggradations; however, the AD 878 major earthquake seems to have less responsibility for the
aggradation event.

In summary, the tidal flat deposit found in the lowlands of Kamakura and Zushi areas 1) seem to be
formed by intermittent aggradation rather than gradual aggradation, and 2) the intermittent aggradations
could be coeval to the historical major earthquakes. However, 3) other possibilities such as human activity
should be considered before we conclude the historical major earthquakes are responsible for the
aggradations.
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Investigation of preservation potential of sedimentary structures by
ruled-lattice model for bioturbation
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Bioturbation is a mixing process of sediment and soils by activities of benthic animals, such as their nest
building or foraging. In many places, bioturbation causes the time-averaging effect on fossil records, and it
disturbs preservation of primary sedimentary structures. Therefore, in order to reconstruct
paleo-ecosystem or paleo-environmental information from geologic records, it is necessary to quantify the
degree of loss of the initial information by bioturbation . Here, we examined preservation potential of
sedimentary structures by using a lattice model of bioturbation based on simple rules. The model implied
that (1) a threshold of the sediment mobility parameter to make sedimentary structures massive exists and
that (2) bioturbation may work as a band-pass filter against preservation of sedimentary structures, by
which lamination showing the high-frequency oscillation in grain-size distribution becomes obscured
whereas the low-frequency fluctuation is preserved.

In order to conduct numerical experiments of sediment-diffusion processes by activities of benthic
animals, we developed the lattice model based on the simple rules. The probabilistic lattice model of
bioturbation has advantages that it can easily incorporate the observations of both the behavior of
benthic animals and the morphology of ichnofossils as the model parameters. In this model, sedimentary
successions are discretized vertically to the lattice cells containing multiple sediment particles. Sediment
particles in each lattice cell are assumed to move upward or downward following the prescribed
probabilistic model at each time step. Lengths of particle migration are decided by the normal probability
distribution. Thus, governing parameters of this lattice model are: the active-range of bioturbation, the
probability of occurrence of particle migration, the average length of particle migration, and the
probability of downward (upward) migration of particles. In addition to these rules employed in the lattice
model of Schiffers et al. (2011), we added the effects of bed aggradation to the model, which are
represented by the sedimentation rate and the primary sedimentary structures. Schiffers et al. (2011)
suggested that the bioturbated structures observed in their experiments were well approximated by this
lattice model.

Using our lattice model, we conducted the numerical experiments of bioturbation of parallel-laminated
sediment, in which the initial concentration of tracer particles varies vertically following (1) single- or (2)
multi-spectral curves. The degree of conservation of the primary sedimentary structures was quantified by
the Fourier-analysis of the resultant concentrations of tracer particles preserved in the intervals deeper
than the active-range of bioturbation.
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Relationship between bedrock strength and change in shape of
bedrock channel due to base level lowing: Laboratory experiments

*Sota Iijima1, Noritaka Endo’

1. Kanazawa university, Graduation school of natural science and technology

Developments of bedrock rivers are controlled by climate, uplift and bedrock strength, etc. Among these,
it is suggested that bedrock strength may be an important parameter influencing the local aspect of river
topography development, because some field studies reported that there often are knickzones in areas
with high bedrock strength. However, the exact relationship is little understood, because topographic
change takes a long time and many other parameters are widely different in fields. In this study, we
conduct model experiments under simple setting where we simulate bedrock using homogenous mixtures
of sand and kaolinite. We explore the dependence of developmental processes of channel shape on the
bedrock strength.

Each run starts with an initial topography where a single straight channel is set in the center of the flume.
The mixture consists of well-sorted sand (f=0.2mm) and kaolinite. By changing the ratio between sand
and kaolinite, different rock strength can be realized. Water was flowed from the upstream end constantly
using a discharge controller. The weir, a pile of blocks (1 cm in height), is installed at the downstream end.
Base level drop is actualized by removing the block(s). At intervals of 20 minutes, one block is removed
(i.e., 1T cm base level drop), which is repeated about 7 times during each run. The topography is measured
three-dimensionally by photogrammetry. The experiment was finished when the channel profile remains
almost unchanged for about 30 minutes or more after the last block was removed. We regarded the
profile at the end of experiments as a final stable state.

Comparing the channel profiles at the end of experiment between runs, it was confirmed that final stable
channel profiles is almost the same even if we change rock strength. This means that bedrock strength is
not a factor that determines the final channel profile and has influence only while the river changes from
the initial shape to the final shape.

During each run, the gradient of channel increases to the maximum value, and then declined to some
constant value (stable state). The maximum value is higher with increase in rock strength, although final
states are similar between different rock strengths. Sinuousity of channel tended to increase when the
river has higher gradient than that in the stable state, although sinuousity at the final state also showed no
difference between different bedrock strengths. This facts suggests the possibility that the strong
meandering seen in the area of hard bedrock in nature is only a transitional phenomenon in the
geographic timescale. Because it is considered that not only rock strength itself but also spatial variation
in strength can affect the sinuousity, more experiment and discussion is necessary.
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Temporal change of incision rate in relation to river terraces: model
experiment
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It is a common method to estimate incision rate using river terrace to know uplift rate, under assumption
of long-term steady-state in equilibrium between uplift and incision (e.g., Burbank et al. 1996; Pazzaglia
& Brandon 2001). It seems that river terraces provide a straightforward way to quantify the incision rate,
by calculating the height of a terrace (from the nearby modern river bed) divided by the age of the terrace.
However, previous studies show that the incision rate calculated from a younger terrace results in a larger
value, which is called "Sadler effect" and holds over the order of 10’ years (Finnegan et al., 2014). Sadler
effect suggests that incision rate estimated from a terrace is apparent speed. In this research, we aim to
explore the factors that induce the Sadler effect by conducting model experiments that allow observation
of temporal change of landforms.

A sand mixed with s kaolinite (volume ratio is 10.5 to 1) was employed as a model material for bedrocks.
We settled the material in the experimental flume to form a 1 degree-dip flat slope as an initial landform.
Rainfall was simulated by fine mist supplied from sprinklers. In this study, we realized uplift by tilting the
flume. Landform was measured at interval of 20 minutes, by photogrammetry. After the preliminary stage
for landform development, we set the uplift rate at 0.5 degree/ h.

We analyzed eight terraces (T1 -T8) along the identical channel. Identifying the time of formation of each
terrace and measuring the temporal change of the terrace height from the nearby river beds, we calculate
the incision rate in the same manner used in field researches. The incision rate calculated as such was
higher if the terrace was younger, so the Sadler effect appeared also in the experiment. It was also
confirmed that the Sadler effect of the identical terrace decreases as the elapsed time after terrace
formation increases.

We also measured the "actual vertical erosion rate" from the difference of the altitudes of river beds at
different time. The results showed fluctuation of river bed elevation, suggesting that Sadler effect can be
attributed to temporal deviation from the long-term average, as mentioned by Gallen et al. (2015). If we
can know the property of the deviation, it may be possible to estimate long-term-average incision rate
only from young terraces.

Keywords: terrace, incision rate

©2017. Japan Geoscience Union. All Right Reserved. - HCG30-06 -



HCG30-06 JpGU-AGU Joint Meeting 2017

Temporal change of averaged incision rate estimated from identical terraces
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Paleoweathering environments recorded in the Pliocene-Pleistocene
Kobiwako Group, southwest Japan

*Kohki Yoshida', Nozomi Hatano?, Eiji Sasao®
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The Kobiwako Group, which is distributed around southern part of Lake Biwa and northern part of Mie
prefecture, provides important paleoweathering records during Pliocene and Pleistocene periods.

This research aims to clarify the relationship between paleoweathering and source rocks in the Kobiwako
Group, using sedimentary facies analysis, major and trace elemental geochemistry. The Iga and Kitamata
formations, in the lower part of the Kobiwako Group, are examined in this research.

The Iga formation, in northern part of Mie prefecture mainly consists of mudstone and claystone with thin
sand layers, suggests the deposition in the floodplain and short-lived lake environments with meander
river system. The Kitamata Formation is composed from sand and boulder bearing conglomerate beds,
indicating the deposition in coarse grained braided river environment.

The chemical analysis of the mudstones in the Iga and Kitamata formations represents variated
weathering intensity. The discrimination using REE composition, the sediments in the Iga Formation were
supplied from wide variety of igneous rock types between differentiated to not-differentiated. The
sediments derived from differentiated rock type display high weathering index showing the intense
chemical weathering environments in hinterland. Meanwhile, the sediments supplied from
not-differentiated rock type, prevailing in the Kitamata Formation and the upper part of the Iga Formation,
indicate the derivation under weak chemical weathering environments.

The paleoweathering degree estimated with provenance analysis represents the reality of
paleoweathering environments even in the sediments derived from mixed source rocks.

This study could be utilized as a basis for understanding of past change of geological environment,
because weathering zone is located at the top of the environment.

This study was carried out under a contract with METI (Ministry of Economy, Trade and Industry) as part of
its R&D supporting program for developing geological disposal technology.

Keywords: paleoweathering, hinterland, provenance
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Development of vertisol in the Middle Miocene Porcelain Clay
Formation in the Setouchi Geologic Province; its paleoclimatic and
paleoweathering significances
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The description of paleosols, chemical and mineralogical analysis and sedimentary facies analysis were
carried out for the Middle Miocene Seto Porcelain Clay Formation distributed in the Toyota City, Aichi
Prefecture. The main paleosol characterized by hummock-and-swale structure showing gilgai microrelief
and mukkara subsurface horizon is equivalent to Vertisol (Soil Survey Staff, 1999). This result indicates
that climatic conditions in this period were subhumid to semiarid climates with a pronounced dry season.

The Seto Porcelain Clay Formation, the lower member of the Seto Group, distributed in the Aichi
Prefecture, is considered to be deposited in the middle Miocene period (6-9 Ma) dated by the
paleomagnetic data (Nakayama and Yoshikawa, 1990; Nakayama et al., 1995).

The Sedimentary facies analysis suggests that deposition occurred mainly in a lacustrine, backswamp and
floodplain with meandering river channel.

Three paleosol horizons were developed in the stagnant water sediments and have been described and
compared to modern soils; versitol-like (swelling clay soils), histosol-like (peaty soils) and inceptisol-like
(young soils). Histosol-like paleosol and inceptisol-like paleosol were developed on lowland topography.
Histosol-like paleosol, characterized by thick peaty horizon and reddish mottling showing
subsurface-water gleization, ascribes to poor-drainage condition on the lower topography and high
vegetation cover. Inceptisol-like paleosol, characterized by thin soil horizon and poor illuviated clay,
ascribes to lower topography and rapid sedimentation with short exposure duration. These paleosols,
therefore, reflect on the local topographic and/or sedimentary features, for example drainage condition,
vegetation cover and sedimentation rate. On the other hand, the vertisol-like paleosol was developed on
the flat terrace with gentle slope. The paleosol is characterized by illuviated clay-rich B horizon (Bt
horizon, argillic horizon), hummock-and-swale structure showing gilgai microrelief and mukkara
subsurface horizon (Paton, 1974). The strongly differentiated soil horizons of versisol-like paleosol reflect
on the X-ray bulk and clay-fraction mineralogy and bulk chemistry of soil profiles. The paleosol shows
vertical fluctuating of chemical weathering ratio (Al,O, wt. % /Na,O wt. % and CIA value; Nesbitt and
Young, 1982), mineral weathering ratio (kaolinite/feldspar ratio by intensity of XRD) and proportion of
clay fraction in the soil horizons. Higher chemical and mineral weathering ratio and finer grain size in the
Bt horizons than those in the Bw and C horizons suggest pronounced leaching of cation from surface soil
horizons (O and A horizons) and their accumulation in sub-surface soil horizons (B and C horizons).
Besides, the effects of parent material and grain size have been checked by using REE composition
(especially by Eu anomaly) and clay minerals/quartz ratio by intensity of XRD and Al,O, wt. % /SiO, wt. %.
Above described vertisol-like paleosol, accordingly, indicates the typical soil type that represents the
climatic division (zonal soil) in the period. The results are suggestion that the climatic conditions in this
period were subhumid to semiarid climates with a pronounced dry season.
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Seismic reflection profiling of lacustrine deposits and discovery of an
extremely large sublacustrine landslide in Lake Inawashiro, Fukushima,
Japan
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Large landslides (larger than several hundred square meters) have been occurred in coastal and shallow
water (shallower than about 100 meters) environments by historical big earthquakes. Possible
mechanisms for landslides are related with liquefaction and destruction of water saturated materials
induced by earthquakes. Although liquefactions have been frequently and widely observed as sand boils
and ground failure by modern earthquakes in Japan, landslides in coastal and shallow water environments
have been less recognized. Thus generation of large landslides should be related to a specific condition
other than the sensitivity for liquefaction. In Lake Inawashiro in Fukushima, Japan, there are a number of
topographic remnants of landslide along coastal areas. This suggests that the lake has been under the
specific condition to generate landslides. To clarify the condition, the authors investigated the lake area
geologically and geotechnically.

In 2015 and 2016, the authors carried out seismic reflection profiling by using 3.5 kHz Sub-bottom
Profiler, scanned about 120 km in total distance of transects covering the entire Lake Inawashiro area.
Comparison of seismic profile data with the sedimentary core (INW2012) sampled by Fukushima
University in 2012 at the center of lake revealed the following results regarding to landslides and slope
stabilities.

1) Seismic profiles shows the entire lacustrine sequences deposited after the lake formation in the
southern half of the lake. Most of the profiles suggest simple layered structures. Some of the strong
reflection layers within the structures correspond to known wide-spread tephra horizons observed in
INW2012 core. A strong reflection layer of the bottom of the lacustrine deposit corresponds to the
horizon of sand and gravels. Thus lacustrine deposit consistently has been deposited in the southern half
of the lake. Whereas, sedimentary structures in profiles are not well recognized in the northern half of the
lake. This is because that coarser (deltaic) sediment supply from Bandai volcano via the Nagase River
probably affected the bottom of northern part of the lake and resulted in the acoustic waves reflected
strongly and attenuated rapidly at the surface. The large landslides inferred from the present topography
could be recognized underneath the coarse sediments.

2) Acoustically transparent facies, that indicates structureless sediments, is often observed across the
lake. It suggests that soft sediment deformation by fluid or gas ejections have occurred in the lacustrine
deposits, and also the lacustrine deposit has been affected by earthquakes repeatedly. In particular, the
density of the facies is high in > 13 m below the lake bottom at the center of the lake. This horizon is
about 1T m below the As-K tephra horizon (18,100 yrs. BP from Asama Volcano; Hirose et al, 2014). The
age can be estimated as 20,000 years ago and infers an occurrence of a probable large earthquake
affected this area at the time.

3) An extremely large subaqueous landslide structure was discovered. The length is 2.8 km and the
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maximum thickness is about 25 m. The landslide structure is present beneath the horizon of about
20,000 years ago, and shows a massive body slid on a slope of 0.8 degrees. The distal end of the
landslide consists of a number of thrusts and folds by compression. This study of landslide structure is
important that clarified a whole process of sliding and a rupture surface. Further direct sampling from the
rupture surface is necessary to understand the factors and condition of generation of landslides in coastal
and shallow water environments.

<Reference>
Hirose, K., Nagahashi, Y., Nakazawa, N., 2014. Lithostratigraphy and dating of lacustrine sediment core

(INW2012) from Lake Inawashiro-ko, Fukushima Prefecture, Japan. The Quat. Res., 53(3), 157-173.

Keywords: submarine landslide, subaquatic landslide, seismic profiling, Lake Inawashiro, earthquake,
tsunami
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A study of relationship between stratigraphic patterns and
paleo-climatic changes in Rathnapura basin, Sri Lanka
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Quaternary sediments of Sri Lanka is distributed in river valleys as valley-fill deposits and floodplain
deposits. Sri Lanka, as a tropical country is prominent of depositing sediments because of high rate of
erosion, transportation and deposition in river flows. There is an evidence of stratigraphical patterns and
paleo-climatic changes from the Quaternary period. The dominant mode of sediment transport and
deposition as well as the composition and stratigraphy reflect the prevailing environmental conditions.
Stratification of many sediment types in the Kalu Ganga river basin in Rathnapura is conspicuous in terms
of depth of sediments and number of sediment layers. This research aims to study the sediment types and
stratigraphy in Rathnapura basin. Sediment samples were taken from the gem mines representing the
middle and lower catchment of the Kalu Ganga river basin. Gem mines provide a valuable opportunity to
examine the stratigraphy and other physical characteristics of the fluvial sediments in this area. Sediment
types identified mainly by sieve analysis and pipette analysis. There is a spatial variation in the number
and the depth of gem bearing sediment layers. Evidence of a lake has come from the lower catchment
area of the river. Stratigraphy of the area has rich of evidences to study of paleo-climate of the region.

Keywords: stratigraphy, sediments, Kalu Ganga, deposition, paleo-climate
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