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Assessment of weathering grades for different chemical and geomechanical properties; .
Sri Lankan case study

UDAGEDARA, Dashan T* ; OGUCHI, Chiaki T? ; GUNATILAKE, Jagath K3
lUva Welassa University, Saitama Universi@aitama University?University of Peradeniya

Having a better understanding of the weathering grade of rock materials is highly beneficial in the perspective of civil engi-
neering and geology. The classification of weathering grades can be performed based on the chemical, physical, mineralogic:
textural and strength properties of rocks. Among those, the use of chemical components to classify weathering grades is not ve
promising for all types of rocks. Based on the mobility of elements various chemical indices for weathering grades have beer
formulated. Most of those indices are based on experiments of weathered acidic igneous rocks under humid and well draine
environments. There are only a few indices formulated for sedimentary and metamorphic rocks, so the use of chemical weatt
ering indices for the classification of weathered metamorphic rocks would not be convincing. However, the use of physical anc
strength properties for the assessment of weathering grades is comparatively convenient. A better variation of those properti
with respect to weathering grades is resultant irrespective to rock type. Therefore, this study focuses on assessing weatheri
indices using physical, strength and chemical properties of a selected metamorphic rock and evaluating the correlation amor
the indices derived from those properties.

Fresh and weathered rocks of garnet-sillimanite gneiss were selected from the Samanalawewa Hydropower Project. Weathe
ing grades were visually assessed initially, then confirmed with physical and strength properties using tests on dry density, wate
content, ignition loss, point load strength and slake durability. Whole rock geochemical data were used to calculate weatherini
indices.

Physical and strength properties show a marked difference with weathering grades. However, chemical indices are not vel
convincing. Silica-Titania, Product index and Ruxton ratio show a gradual variation with weathering grades. Mobiles index also
shows an acceptable variation. However, the modified weathering potential index, which was formulated for metamorphic rocks
Parker index, which was formulated for all types of rocks, do not show a gradual variation with weathering grades. Chemical
index of alteration and weathering (CIA and CIW) do not show a recognizable variation with weathering grades. Physical and
strength properties show good correlation with most of chemical indices. In addition, most chemical weathering indices show
good correlation with each other. The Lixiviation index is the one shows weak correlation with most of other chemical weathering
indices. The failure of some indices in showing a good correlation can be accounted for the heterogeneity of garnet-sillimanite
gneiss.
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Spheroidal weathering process of granite porphyry with columnar joints to form core-
stones covered with rindlets

HIRATA, Yasuto'* ; CHIGIRA, Masahird ; CHEN, Youqing

IGraduate School of Science, Kyoto Universitisaster Prevention Research Institute, Kyoto Univerd®raduate School of
Energy Science, Kyoto University

In the southeast mountainous region of the Kii peninsula, Japan, granite porphyry shows typical spheroidal weathering, ir
which 0.4-1.5 m diameter of corestones are made with scale-like rindlets. The rindlets are made by the exfoliation of surface
parts of a corestone by mineral-chemical alteration and crack propagation, of which processes were poorly known. We made fiel
investigation and made analyses and measurements for mineralogy, chemistry and physical properties of rock samples and fou
that the oxidation of colored minerals and iron precipitation creates micro-cracks, which separates rindlets from a corestone.

Fresh granite porphyry has almost vertical columnar joints with 2-6 m intervals and is intersected near the ground surface b
the sheeting joints. At the beginning of the spheroidal weathering, an oxidation front is made along joint surfaces to form a
brown band. Brown bands were 2.5-5 cm thick and individual rindlets were 3.5-5 cm thick regardless of radius of corestones
which suggests that the rindlet separation occurs when a brown band thickness reaches about 5 cm. Thin-section observation ¢
XRD analyses indicated that pyrite is depleted, chlorite is transformed into vermiculite, antll Jrog¢iroxides precipitate in
the brown band. Microscopic observation of cut surfaces of rock samples impregnated with fluorescent resin showed that pore
are filled with the precipitate and micro-cracks form subparallel to the oxidation front in the brown band. Cracks in the brown
band or rindlets seem to converge at aggregates oflltphfydroxides and vermiculite, and cracks form a network subparallel
to the oxidation front with 0.5-2 cm interval at a maximum. In the brown band, P-wave velocities increased up to 10%, but
tensile strengths with fracture surface parallel to the oxidation front decreased in the brown band than those of fresh rock. Thes
physical property changes are due to pore filling and crack development in the brown band. The mass balance calculation usir
densities and Ti concentrations of rock samples did not detect rock volume changes in the brown band and the inner rindlet:
but suggested that rock volumes increased by 20% in the outer rindlets and by 80% in the saprolite from the fresh rock. Mas
balance calculation also suggested that chemical components are leached out in the brown band, the rindlets, and the saprolite
a consistent way. A corestone is thus getting smaller with the exfoliation of rindlets from brown bands, which gradually migrates
inside the corestone by the oxygen diffusion, then rindlets are finally disintegrated into saprolite.

Keywords: spheroidal weathering, weathering rind, granite porphyry, crack, oxidation, P-wave velocity
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Regarding to the arguing issue; Bioweathering vs Bioprotection in stone historical build-
ings

SONG, Wonsuh' ; WARAGAI, Tetsuy& ; OGUCHI, Chiakt

LGraduate School of Science and Engineering, Saitama UniveiBigpart of Geography, College of Humanities and Sciences,
Nihon University

The Angkor complex is the one of the greatest cultural heritages in the world. It is constructed in the early 12th century, desig-
nated as a world cultural heritage by UNESCO in 1992. The temples at the Angkor complex are mainly made of sandstone an
laterite. However, due to the tropical climate, plants, lichens and various microorganisms are growing well on the rock surface
Black crusts are also easily found on the stone surface. Biological factors are considered as a damage factors for the heritag
The studies suggested that how it can be removed without destroying the substrate efficiently.

We sampled Angkor sandstone covered by black crust at the Angkor Wat and Bayon temples, Angkor complex, and observe
the section and the surface of the rock sample by using SEM. Surfaces of the samples are not polished in order to observe t
original condition. The depth of the black crust is up to 1 mm. Many filamentous materials were found on the black crust. Aver-
age energy-dispersive X-ray spectroscopy data of the black crusts shows that over 70 % of the surface materials are compoun
of carbon. And 15% of the mass are made of Si@ seems that these materials are hyphae. The shape of the hypha is like
a thread and its size is femm in diameter and up to several centimeters in length. Black crusts are consisted of elements and
compounds of carbon, Na, Mg, Al, Si, Cl, K, Ca, and Fe.

The answer of the controversy question “Do lichens on the historical building protect it or not?” is not fixed. It protects
while weathers. It depends on the time scale and the surroundings. We have to focus on the timing of the lichen fall off. Undel
the lichen coverage, rocks may be protected. When the lichen fall off, it may have lower surface than lichen-free rock surface
Weathering is in progress and is a result of previous process under various facts, not only biological factors but wet-dry cycle
various salt and so on. This is the reason why it is hard to judge whether lichens should be removed or not. We have to check &
the environmental data such as temperature, humidity, direction, insolation, rainfall frequency, human effect, weathering degre
etc. and decide to remove or not. Therefore, field survey and evaluation standard are needed. Further research has to be contin
to find out the better and proper way of conservation for the historical sites as Angkor monument.

Keywords: Angkor Wat, stone cultural heritage, conservation, lichen, biological weathering
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Accumulation of radioactivity inside Yoshimi archeological heritage
RAJIB, Mohammad* ; KODAMA, Shogo' ; SONG, Wonsuh; OGUCHI, Chiaki T?

IGraduate School of Science and Engineering, Saitama Univet§igpartment of Civil and Environmental Engineering,
Saitama University

The Hundred Caves of Yoshimi is a cluster of ancient grave caves dug on the cliff made of tuffaceous sandstone located il
Yoshimi town, Saitama. It was designated as a national historic site on March 7, 1923. Built between late 6th century and late
7th century, the caves were initially made for only the blood royal and other big powerful families but later used for large scale
of underground munition factory. At present, the area is used for tourist attraction. Continuous survey has revealed that the cave
are heavily affected by salt weathering, mostly by gypsum. However, seasonal changes have also been observed in salt formatic
As part of that survey, accumulation of natural radioactivity, significantly anomalous than background level, has been observe
inside some of the caves of Yoshimi. The survey has been carried out to all accessible caves and radioactivity was measured
Horiba Radi PA-1000 radiation monitor within 2-5 cm of the wall. Radioactivity was found to be as high as 0.119 micro sievert
per hour in some of the walls which is more than twice of the natural radioactivity found at the entrance of the area. This amoun
is marginally higher than the radiation dose limits for general public. Having similar rock type in all the caves, the reason of
such accumulation of radioactivity is lichen formation in the inside walls which is a known bio-accumulator of radioactivity.
Though studied walls are still out of reach of tourists visiting Yoshimi caves, spreading of lichen to other walls might increase
the radioactivity risk. Such accumulation of radioactivity also needs to be considered if other caves are opened for tourists ir
future. Specific source of radioactivity also needs to be investigated through detail survey.

Keywords: Natural Radioactivity, Yoshimi caves, Weathering, Lichen, Bio-accumulator, Radiation dose
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Formation processes of block stream in Mt. Maneo, South Korea
SETO, MasayukKi* ; KIM, Song-hyurf ; TANAKA, Yukiya?
LFukushima University’Kyung Hee University

This study revealed that formation processes of slope deposits include block stream near Mt. Maneo, South Korea. Using
satellite image reading from Naver site (http://www.naver.com/) and a field survey, we studied the positional relationship betweer
the Mt. Maneo block stream and its surrounding terrain, as well as the general shape of the block stream. The satellite imag
scale was about 1:5000, which had a resolution sufficient to identify the block stream. Next, we superimposed the interpretel
satellite image on a 1:25000 topographic map, and read the contour lines over the location of the block stream. The plan vie\
of the block stream on Mt. Maneo has a belt-like shape. The top end of the slope is the steepest, having an incline of around 2
degrees. On examining the contour lines crossing the block stream, the contour lines in the top section are found to be more
less straight and represent an even slope with no obvious ridges or valleys. In the central part of the block stream, the contol
lines are convex in the upslope direction, indicating a wide valley. In the lower section of the block stream, the contour lines are
convex in the downslope direction, indicating the presence of a ridge.

A cross-section of the block stream is visible in the central part of the out crop and can be split into two parts: a matrix of
fine-grained materials on the northwestern side, and a matrix-free deposit on the other side. For the purpose of this study wit
respect to sedimentary facies, we counted the sections having matrix as part of the block stream. In the matrix-free depos
section, blocks with a larger diameter tend to be concentrated in the lower portion. The overall cross section has an upwar
convex shape.

We observed ground water flow and soil saturation by five tensiometers. All observation points were located at the top of block
stream. Depth of the tensiometers were about 30cm. Tensiometers were inserted fine slope deposits at the upper part of the blc
stream. Observation period was Jul. 9, 2014 to Jul.14, 2014.We observed that slope deposits were rapidly saturated associat
with rainfall event. Rain fall event was occurred in Jul. 13, 2014. Rainfall amount was 30mm/day. All tensiometers responded
this rain fall event. Suction was decreased very rapidly at this rainfall event. This means that saturation of soil layer occurrec
at the head of block stream associating with rainfall event. Water was concentrated in the valley created by this landslide. W
can recognize from observation of suction that the unsolidified weathered fine-grained material forming the landslide block was
washed out by this water flow, leaving only the core stones behind.

We believe that the area of the Mt. Maneo block stream is an old landslide site. This could have been a deep seated landslic
that reached the deep weathering layer of the upper section of Mt. Maneo, and it is thought that a large section of the landslid
block consisted of core stones and weathered fine-grained material.

Keywords: Block stream, Form processes, Landslide, Hydrological survey, South Korea, Mt. Maneo
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Roles of alluvial cones in sediment budget in the wide valley floor of the Kamikochi
valley, central Japan

SHIMAZU, Hiroshi'*
IRissho University

The upper reaches of the River Azusa, flowing down in the Kamikochi valley in the Northern Japan Alps, central Japan, is
surrounded by very steep mountain slopes and high mountains which elevation is higher than 2500m. There are many landslid
on the steep mountain slopes, from which debris is supplied to the valleys of the tributaries of the upper River Azusa.

Alluvial cones are the most important features on the valley floor of the upper River Azusa. These are formed at each outle
of the tributaries. To clarify the roles of the alluvial cones in the sediment budgets of the upper Azusa basin, landforms of the
alluvial cones were investigated and the sediment linkages between the tributaries and the main river were discussed.

Many debris flow lobes are distributed on the surfaces of the alluvial cones. This shows that the alluvial cones are formec
by debris flow accumulation. Most of the alluvial cones have several levels of terraced surfaces. The cone of a tributary.
Furuikezawa, has four levels of surfaces. Each surface is bordered by terrace cliffs of several meters high. While the mos
part of the lowest surface is covered with newly deposited gravels with pioneer trees younger than 70 years, the other surface
are covered with mature forest, the age of some trees are hundreds of years, and dense forest floor vegetation. The channel
Furuikezawa directly connects with the lowest surface and the surface borders on the main river floodplain with dense riparial
forest. The surface is not contact with the channel of the main river. The lower borders of the terraced surfaces are margined k
terrace cliffs which stretch parallel with the direction of the valley of the River Azusa. Other alluvial cones in the Kamikochi
Valley have such similar geomorphological characteristics.

These characteristics of the alluvial cone show the alternation of accumulation of debris flows on the cone surface and later:
erosion of the toe of the cones by the channel shift of the main river. The debris supplied from a tributary basin is stored as its
alluvial cone deposits. When the channel of the River Azusa will be shifted to the alluvial cone, lateral erosion will occur at
the lower end of it. As lowering of the base level the channel of the tributary begin downcutting and the alluvial cone surface
becomes a terrace. Debris produced by the lateral erosion is transported downstream of the main stream.

During the time lag between debris supply to the cone and eroded away from the cone and transport downstream debris becat
easily breakable into fine materials.

Alluvial cones on a wide floodplain play important role on sediment transport link between mountain slope and valley floor.
Produced debris from the mountain slopes is not transported directly downstream by the main river. That is an important facto
in basin sediment budgets.

Keywords: debris transport process, alluvial cone, wide floodplain, sediment budget, Kamikochi, central Japan
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Geomorphological evolution of Hashirikotan barrier spits resulting from seismotectonics
along the southern Kuril Trench

NANAYAMA, Futoshi'* ; SHIGENO, Kiyoyuk? ; WATANABE, Kazuaki' ; YOSHIKAWA, Hideki! ;
HASEGAWA, Takeshi ; IKEDA, Yasud' ; ISHIWATA, Kazuto® ; UCHIDA, Yasuhitd

LGeological Survey of Japan, AISTMeiji Consultant Co. Ltd.lbaraki University,*“Hokkaido University of Education,
5Betsukai Museurnf Geological Survey of Hokkaido, HRO

An active barrier system is developed in the Nemuro Bay area along the Okhotsk Sea in eastern Hokkaido, Japan. Thi
presently rare feature consists of a lagoon (the Furen-ko lagoon), a flood tidal delta, a barrier, and a tidal inlet that opens int
the outer sea of Nemuro Bay and the Sea of Okhotsk. The Hashirikotan barrier spits are active in the northeastern part of th
Furen-ko lagoon, and five spit branches (BS1"BS5) can be observed clearly. Using geomorphological, sedimentological, an
ground-penetrating radar methods, we analyzed Holocene sediments near the Furen-ko lowland. We dated them using radioc
bon and tephrochronological methods. The Furen-ko barrier system has been established since 5.5 ka. BS1, the youngest ¢
was formed after the 17th century, and BS2 was caused by the last seismic uplift in the 17th century. BS3 was uplifted in the
12713th century, and BS4 was caused by seismic uplift in the 9th century. These great earthquakes (Mw8.579.1) have occurre
at an approximate 500-year interval along the southern Kuril subduction zone. Coastal areas were raised by 172 m during c
just after the earthquakes due to postseismic displacement. Conversely, land subsidence has been ongoing at a rate of ak
1.0 mm/year since the 17th century. We conclude that the geomorphological evolution of the Furen-ko barrier system has bee
controlled by the seismotectonics along the Kuril subduction zone.

Keywords: geomorphological evolution, Hashirikotan barrier spit, seismotectonics, southern Kuril trench, eastern Hokkaido,
northern Japan
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Measurement of changes in wall surface morphology in Yoshimi-Hyakuana cave by ter-
restrial laser scanning
HAYAKAWA, Yuichi S. '* ; OGUCHI, Chiaki T2 ; ARIGA, Natsuk# ; AOKI, Hisashi
LUniv. Tokyo,2Saitama Univ.3Tokyo Gakugei Univ.

Detection and quantitative evaluation of changes in surface morphology of rocks are crucial issue for the understanding o
processes of weathering. Using terrestrial laser scanning (TLS) approach, detailed topographic measurements of wall surfa
morphology were performed repeatedly at a test site of Yoshimi-Hyakuana cave in Saitama Prefecture, central Japan. Time seri
of point clouds and digital elevation models (DEMs) were compared to each other, revealing the locations of centimeter-scals

changes in the wall surface, likely induced by salt weathering. The spatial distribution of such surficial changes will be further
assessed by continuous measurements, with appropriate accuracy assessments.

Keywords: TLS, weathering, point cloud, digital elevation model
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Arsenic contained in the pore water of the natural sediments in the northern part of the
Nakagawa Lowland, Japan

HACHINOHE, Shoicht* ; HOSSAIN, Sushmitd; ISHIYAMA, Takashit ; HAMAMOTO, Hideki! ;
OGUCHI, Chiaki T?

LCenter for Environmental Science in SaitaiBangladesh Atomic Energy CommissioiGraduate School of Science and
Engineering, Saitama University

The Kanto Plain is the largest lowland in Japan. Marine sediments are found over a wide area here, even more than 50 ki
inland from the present shoreline, because of the global cyclic changes in sea levels. The dependence on groundwater to me
the water needs in this area is relatively high. In particular, groundwater is the source of approximately 40 % of the municipal
water supplies. Arsenic levels, greater than those permitted by the environmental standards of Japan, have been detected
the groundwater of this area. Therefore, measurements were conducted to evaluate the occurrence of arsenic and other rela
elements in the pore water contained in the natural sediment layers. We measured the levels of various inorganic chemici
substances, such as arsenic (As), iron (Fe), and sulfur (S), and major dissolved ions, such as syffaje ¢8€ium (C&1),
and sodium (N&). The pore water was collected from sediment samples, obtained by drilling from the river bottom down to
a depth of 44 m. The pore water samples were obtained immediately after the extraction of the sediments. The sedimental
facies shown in the vertical profile are continental, transitional, and marine, including two aquifers. The upper agqu#ér (15
m) contains fine to coarse sand, whereas the lower aquifer48n) contains fine to coarse sand and gravel. The concentration
of arsenic and other inorganic elements was measured by an inductively coupled plasma mass spectrometer (ICP/MS) and
inductively coupled plasma atomic emission spectrometer (ICP/AES). The concentration of major dissolved ions was measure
by an ion chromatograph analyzer. The total chemical element content was measured by X-ray fluorescence analysis, using so
sediment samples. We obtained the following results. The arsenic concentrations in the pore water of the marine silt and cla
sediments (approximately 40 mg/L) were about five times higher than those in the continental sediments (approximately 8 mg/L)
The highest concentration of arsenic (74 mg/L) was detected at a depth of 13 m, which is immediately above the upper aquife
Visual observations confirmed oxidizing conditions for this level. Therefore, it points to arsenic being adsorbed to iron hydroxide
in the sediments. In contrast, in the top part of the section, from the river bottom to a depth of approximately 3 m, the arsenic
concentrations in the pore water were clearly high, and decreased gradually and continuously with depth. This is ascribed to th
anthropogenic impact on the river.

Keywords: Heavy metal, Arsenic, Water-rock interaction, Pore water, Leaching, Pollution
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A recursion model for calculating the original widths of narrow terraces and their lateral
erosion rates on rock coasts.

UESAWA, Shimpei*
IShimpei UesawaAyumu Miyakawa

This presentation presents a new and simple recursion model for calculating the erosion rates of flights of narrow terrace
under conditions of regular uplift. The general equations developeddate= Ax’'n + Axn-1 - Azn-1/ta, anden = Axn/tn
- tn+1, where n is the number of narrow terracAsn is the original width of narrow terrace &A\x'n is the observed width of
narrow terrace nAxn-1 is the original width of narrow terrace n-1 (one step below terracé&n)is the height of the narrow
terrace is the gradient of the slope,is the lateral erosion rate, and t is the time uplifted. The model can be used to calculate
the lateral erosion rate if the widths of the present shore platform and of the emerged narrow terraces can be obtained, and whe
chronological control is available. Lateral erosion rates on the Ashizuri, Boso, and Kii peninsulas in Japan, as well as the Huor
Peninsula in Papua New Guinea, were calculated using the model to be approximately 0.001, 0.2-1.0, 0.009, and 0.002-0.0:
m/yr, respectively. These calculated values are in agreement with the rates of lateral erosion determined in previous studies.

Keywords: rock coast, recursion model, lateral erosion rate
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Adjustment processes of river longitudinal profile: laboratory experiment
GENNO, Reikd* ; ENDO, Noritaka
IDepartment of Natural Science and Technology, Kanazawa University

It is generally recognized that longitudinal profiles of graded rivers take exponential curve shapes. Even in an uplift area,
a river attains a stable state, i.e., dynamic equilibrium between uplift and fluvial erosion. The change or adjustment of a river
profile, however, is not still understood well, especially for a bedrock river. We have conducted physical model experiments in
which an initial slope of the mixture of sand and silt was set up and rivers developed by incision of the slope. A weir with a slit
at the center was placed at the downstream end to prevent the base-level change due to uncontrolled sedimentation inside of
observed area. Constant rainfall was realized by very fine mist supplied from ten nozzles installed above the flume. The rate ¢
tilting, the axis of which was sited at the shoreline (landward uplift), can be controlled. The parameters of the present study ar
the gradient of an initial flat slope and the uplift rate. Two types of experiment were conducted, Ex. (i): experiments to test the
dependence on initial slope gradient with no uplift; Ex. (ii) to examine the effect of tilting uplift. Results are as follows: Ex.
(i) showed that the trunk stream eroded the river bed through two stages. The first stage ended when the valley head erosi
ceased. The second deepening started because of the development of tributaries and resultant increase of stream discharge. A
same time, knickpoints generated, which were caused by strong erosion near a junction owing to the difference of bed gradien
between a trunk stream and its tributary. Ex. (ii) showed that rivers were more influenced by tilting than erosion at first, but
erosion gradually increased to balance with uplift (dynamic equilibrium). The experiment in which the tilting rete was changed
during the run also showed dynamic equilibrium topographies for each tilting rate, but a profile with a part of convex shape
occurred during the transition. The present study suggests that knickpoints occurs during the process to toward a graded sta
equilibrium state for both static and dynamic equilibrium states.

Keywords: river longitudinal profile, laboratory experiment, tilting uplift, graded river
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Magnitude-frequency distribution of hummocks and its geomorphological significance
YOSHIDA, Hidetsugd*
Meiji Univ.

Hummocks are conically-shaped mounds formed on debris avalanche deposits after catastrophic sector collapse of mounte
(often volcanic) body. The present study investigates the cumulative frequency distribution of hummocks, and discusses it
geomorphological significance. Total of 17 debris avalanches are examined in this study. And the result shows a clear relationshi
between magnitude and cumulative frequency distribution given by (Yoshida, 2015),

logioN(X)=a-bx (1)

whereN(x) is cumulative number of hummocks larger than and equa, te is the magnitude expressed by {gg, A is
the area of a hummock, araland b are constants. The constantis peculiar to each avalanche, with a range of 1-2. When
a volcanic mass collapses, it breaks up into humerous rock blocks during movement as a debris avalanche. Hummocks a
basically composed from such rock masses, and generally become smaller with distance from the source. Previous studies he
proposed simple models involving such progressive breaking up of hummocks (volcanic masses or debris avalanche blocks) di
to avalanche spreading. From the above, therefore, the cortstagtomes a significant value geomorphologically, reflecting
the debris avalanche processes directly, because the valuesngily the rate of increases in frequency of hummocks (or
debris avalanche blocks as core(s) of hummocks) with the decrease of magnitude, due to the succession of debris avalanc
processes. The difference in the valuebofnay be controlled by the mobility of the debris avalanches. This is because when
the debris avalanche is more mobile, the collapsed/sliding masses and the debris avalanches are more shattered and breake
during movement till emplacement, resulting in more frequent fragments of debris avalanche blocks (i.e. hummocks). A strong
correlation between values 6f/L (equivalent coefficient of friction as a representative of mobility of debris avalanche¢) and
supports the above speculation, which the highér (less mobile) of avalanches yields the lovievalue.

(Refereneces) Yoshida, H. (2015) AJG Meeting; Yoshida et al. (2GE&)ynorphology136, 76-87.
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