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I. Introduction

When selective logging was performed in natural coniferous forests in Hokkaido, an unpaved
road and connected network of line sites were usually constructed on forest hillslope. During the
construction, debris cut by a bulldozer was deposited on the hillslope, in particular in zero-order
valleys. Thus, the deposited debris acts as a major source of suspended sediment of a river during
a rainfall event (Kurashige and Fusejima, 1997).

During the construction, the debris were pushed out to the downward hillslope from the
shoulder of the road or line site for several times at a site. The debris farther fell on the hillslope
by gravity until it was stopped by friction. However, the sedimentary structure of the debris
deposit was unclear. Thus, in this study, the sedimentary structure of the debris deposited during
selective logging was examined in detail in the Hiyamizusawa Brook basin, Hokkaido, Japan.

I1. Study area and method

The Hiyamizusawa Brook basin, with an area of 0.93 km? is located in a mountainous region
southwest of Sapporo City, Hokkaido, Japan (Fig. 1). The geology of the basin is predominantly
andesitic agglomerate and quartz porphyry. The slope is under a fir, birch and maple forest.
Bamboo grass and osmund are the dominant undergrowth in the forest. Snow lies on the basin
from December to April to a depth of several meters. The basin has two major flood seasons in
a year, i.e., the snowmelt season from early April to mid-May, and the summer rainy season from
mid- August to mid-October. The total annual precipitation is ca. 1400 mm.

An unpaved road was constructed in 1989. Further, selective logging was carried out in the
southern part of the basin during the period from May to June 1992 when a bulldozer cut part of
the slope in order to construct a line site to remove the logs. During this operation, the debris cut
from the slope was deposited on the down-slope surface, in particular in zero-order valleys in the
basin (Fig. 1), and this debris is here called the deposited sediment. The surfaces of the line site and
the deposited sediment were bare in the summer of 1992, whereas about 50% of those surfaces had
been covered with vegetation, mainly butterbur, by the summer of 1995.

The sedimentary structure was examined at the deposited sediment in a zero-order valley
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Fig. 1 Map of the Hiyamizusawa Brook basin. Contour interval is 20 m.

(valley V in Fig. 1). Figure 2 shows the geomorphological map of the valley V. The deposited
sediment is distributed in an area of about 20 m long and 15 m wide. The relative height from the
lower end of the deposited sediment to the upper end was ca. 28 m. Total volume of the deposited
sediment was ca. 300 m®. A gully had been formed on the deposited sediment along the valley
bottom during a severe rain on 12 August 1994 (precipitation 113 mm in its duration for 40 min).
No perennial current can be found in the gully ; only an ephemeral one during heavy rainfall event.

A trench was excavated by hand with a scoop and a pickax in the deposited sediment from the
line site to the gully to sketch the sedimentary structure of the deposited sediment. Here, the base
point of the trench was set at the junction with the gully, and all sites along the trench are expressed
by the horizontal distance from the base point. At the section upper than 8 m site, the trench was
excavated until the buried humus (i.e., the soil surface before the deposition) was exposed. In
contrast, at the section below 8 m site, the trench was not be able to be excavated until the buried
humus because of the continual collapse of gravel from the side wall. In such cases, however, the
depth of the buried humus surface was only measured by eyes.

To sketch the sedimentary structure, meshes of 50 cm long and 50 cm wide were at first set on
the side wall of the trench. Further, the position and grain size of each grain were measured by
a ruler and the shape of the grain was carefully observed to make a sketch with a scale of 1:10 on
a 1 mm section paper during the field survey. Only at the section between 4.5 m site and 6 m site,
the sketch was drawn based on a photograph of the side wall.

II1. Results
The entire sketch of the side wall of the trench is shown in Appendix. Figure 3 shows the
schematics of the entire sketch. The representative close-up of the sketch is shown in Figure 4.
At the section from 0 m site to 5 m site (i.e., lower part in Fig. 3), the deposited sediment was
composed only of matrix-free coarse materials (10 to 30 cm in diameter). In contrast, at the
section from 16 m site to 18 m site (i.e., upper part), the sediment was composed of sand with small
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Fig. 2 Geomorphological map of valley V where the sedimentary structure
of the deposited sediment was tested. Contour interval is 1 m, and
expressed by the relative height from the main channel of Hiyam-
izusawa brook.

amount of gravel.

On the other hand, clear stratification was able to be seen at the section between 5 m site and
16 m site (i.e., middle part). Each stratum in this section had clear inverse grading structure which
is characterized by pebbles and cobbles in the upper horizon of the stratum and sand grains at the
bottom (see Appendix and Fig. 3). Each stratum had a characteristic structure also in the slope
direction. Coarse materials accumulated at some sites in a stratum, and fine materials exist at
upslope of the coarse material.

The representative inverse-grading strata could be seen at the reach around 7 m site (Fig. 4b).
Here, three clear inverse-grading strata were formed : from the surface to 0.9 m deep (stratum A
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Fig. 3 Schematic figure of the sedimentary structure sketched at the trench wall.

in Fig. 4b), from 0.9 m to 1.4 m deep (stratum B) and from 1.8 to 2.3 m deep (stratum C). In addition,
a fairly developed inverse-graded stratum was able to be seen at around 1.5 m deep.

Stratum A has matrix-free angular pebbles and cobbles of 5 to 10 cm in diameter at the upper
horizon, and the sand materials at the lower horizon. The boundary between the upper and lower
horizons is clear. This structure is generally the same from 7 m to 8 m site. Stratum B has
matrix-free pebbles of about 5 cm in diameter at the upper horizon at 7 m site, and it gradually
changes to the lower horizon with the pebbles of 2 to 3 cm in diameter with sand materials in
matrix. At the 8 m site, stratum B has sand materials at the lower horizon with about 30 cm thick,
and it was covered with matrix-free pebbles of the upper horizon. The thickness of sandy lower
horizon rapidly decreases as approaches to 7 m site, whereas the thickness of the upper horizon
increases. Stratum C has a cobble of ca. 20 cm in diameter at the uppermost horizon, and matrix
~free pebbles with 3 to 5 cm in diameter are buried under the cobble at 7 m site. The lower horizon
of stratum C at this site has 5 to 10 cm pebbles and cobbles at 2 to 2.3 m deep, and pebbles smaller
than 5 cm under the pebbles and cobbles. The matrix of the lower horizon was filled with sand.
In contrast, at 8 m site, the upper horizon has matrix-free gravel of smaller than 5 cm, but its
thickness was only about 10 cm. The thickness of lower horizon at 8 m site is about 50 cm, and
is mainly composed of sand materials. The thickness of sandy lower horizon decreases as
approaches to 7 m site, whereas the thickness of gravelly upper horizon increases.

These characteristic features were able to be seen in every stratum of the middle part. Many
matrix-free pebbles and cobbles accumulate at some sites in the upper horizon of a stratum, and
they adjoin to the sand materials at the downslope direction. Under the matrix-free pebbles and
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Fig. 4 Representative sedimentary structure at the lower part (left), the middle part (center) and the
upper part (right).

cobbles in the upper horizon exists pebbly lower horizon whose matrix is filled with sand. The
sandy lower horizon is not clear at around here, but it becomes clear at the sites about 0.3 to 0.5
m upslope from here. At the upslope sites of the stratum, the sandy lower horizon thickens,
whereas the upper matrix-free horizon becomes thinner. Finally, the thick sandy horizon adjoins
to the pebbles and cobbles at the upslope direction (see Appendix and Fig. 3). Thus, here in this
study, a series in a stratum from the pebbles and cobbles at downslope direction to the thick sand
material at upslope direction is called the inverse-grading unit.

In the matrix-free cobbles in the lower part, non-decomposed fir leaves and woody debris were
found at the lower layer at the section between 1 m and 2 m sites (Fig. 4a). The fir leaves are
contained in the horizon deeper than 1 m at around 1 m site, and a large woody debris at 1.5 m deep.

In the upper part, the stratification is unclear (Fig. 4c). At some sections, sand materials tend
to accumulate as the lower layer, but its tendency was not so clear as the sand materials in the
middle part. The total thickness in this part is about 10 cm.
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IV. Discussion
1. Inverse-grading unit in the middle part

The characteristic feature of each inverse-grading in the middle part is very similar to the size
separation by free surface segregation of mixed grain-size materials. Drahun and Bridgwater
(1981 and 1983) carried out the experiment on the movement of mixed-grain materials on slope, and
revealed the characteristic movement of grains while they move down the slope. When the mixed
-size grains are supplied from the upper end of plane slope and freely moves downward, the fine
materials migrate into the pores among coarse materials until they reach the bottom horizon.
Accordingly, after the materials have stopped, the upper horizon is composed of only coarse
materials and its matrix is free with fine materials, whereas the matrix of grains in the lower
horizon is filled with fine materials. In addition, the coarse materials at the surface tend to move
quickly to the front of moving mass of grains as they flow down the slope, so the coarse grains
accumulate at the front of the deposits when the grains have stopped on the slope. Consequently,
fine materials tend to move downwards relatively slower than coarse materials, and fine materials
tend to accumulate at the tail of the deposited materials. These processes of separation of grain
-size is termed as free surface segregation. o

The deposited sediment was supplied into the zero-order valley by a bulldozer in May and June
1992. In this season, the basin was relatively dry (Kurashige, 1993), so the debris supplied by the
bulldozer was most likely to be under dry condition. In addition, the bulldozer cut not only regolith
on the slope but also bedrock while the line site was constructed. This shows that the supplied
debris had a wide range of grain-size distribution (i.e., from fine sand to cobble). Moreover, the
debris supplied from the line site freely flowed down the slope of the zero-order valley. In such
cases, the segregation should occur for a mass of debris which was supplied at a time, because it
is a universal phenomenon for a mass of dry mixed grain-size materials which flow down a slope
(Bridgwater, 1993). Accordingly, after they stopped, the characteristic inverse-grading unit can be
found in the deposited sediment.

On the other hand, the bulldozer has supplied the debris into the valley for several times.
Consequently, the characteristic inverse-grading unit should appear when each mass of the sedi-
ment has stopped on the slope. A number of the inverse-graded units in the middle part were thus
judged to be affected by the number of debris supply from the line site.

The similar inverse-grading stratification is reported in debris slopes or debris talus (Ishii, 1988;
Ishii et al., 1992). On the middle of these slopes, matrix-free coarse materials can be found at the
surface horizon, whereas sand materials or matrix-filled materials exist at lower horizon. Ishii
(1988) tested the stratification of debris talus whose sediment was supplied by dry regolith flow, and
revealed that fine grains migrate among coarse materials into deeper horizon as a mass of debris
is transported. Consequently, an inverse-grading occurs in the talus deposits, and one stratum of
inverse-grading structure can be formed by one sequence of dry debris flow. This process is
essentially the same as the segregation process.

2. Matrix-free cobbles in the lower part and non-graded sand in the upper part

In the lower part of the deposited sediment, only matrix-free cobbles are accumulated, but no
sand materials or matrix-filled materials were able to be found at the bottom layer. Such matrix
-free cobbles are also found at around the foot of debris talus (Ishii, 1988 ; Ishii et al., 1992). Ishii



(1988) revealed that the cobbles at the foot of talus were supplied by rock fall. In particular, when
debris are transported as dry debris flow, some cobbles at the front of dry debris flow start to move
individually, and move farther even if the mass of dry debris flow has stopped. Consequently, only
cobbles tend to accumulate at the foot of debris talus. Therefore, the matrix-free cobbles in the
lower part of the deposited sediment were judged to be supplied by rock fall, in particular by
individual rock fall originated from the front of the mass of sediment flowed down the slope.

In contrast, poory graded thin sand material is deposited in the upper part. Since this layer
continues to the sand material at the lower layer in the middle part (see Appendix), we judged that
the sediment of the upper part is a tail of an inverse-graded unit in the middle part. This shows
that the coarse materials already have transported to the downslope direction and not stopped in
this part. Consequently, the inverse grading was not clear in the upper part.

V. Conclusion

The sedimentary structure of the deposited sediment is characterized by a number of strata
each of which can be divided into several inverse-grading units. This structure was formed by
many sequences of segregation process as mixed grain-size materials were supplied and flowed
down the slope under dry condition.
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