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PROPERTIES OF TRANSPORTED SOIL MATERIAL
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Abstract: Three alternating types of periods may be recobmzed in
the development of landscape; 1) period of landscape stability; 2) period
of landscape instability in which transported deposits are formed; and 3)
period in which both case can be seen. Therefore transported material can
provide valuable information on the conditions and developments of the
unstable periods. [t is possible to get valuable information not only on the
origin but also on the mode of formation of the transported material by
field  (macromorphology) and  laboratory  (analytical  and
micromorphological) investigations. .

Tasmims Toprak Materyallerinin Ozellikleri

Ozet: Yeryiiziindeki topografyanin gelismesinde birbirini takip eden
¢ ayri periyod gozlemlenebilir; 1) duragan period; 2) taginmis materyalin
oustugu duragan olmayan period; ve 3) her iki periyodun gorialdugi
durum. Bu nedenle tasinmig materyaller olugmus olduklart periyod
hakkinda de@erli bilgiler saglarlar. Arazi (makromorfolojik) ve
laboratuvar (analitik ve mikromorfolojik) ¢alismalar: tle yalnizca tasinan
materyallerin  kaynagit hakkinda degil, aynt zamanda onlarin nasil
olustuklarini da igeren bilgiler elde etmek mumkandir.

Introduction

Three alternating types of periods may be recognized in the
development of a landscape: 1)periods of landscape stability during which
the process of soil formation takes place; 2) and periods of landscape
instability when slope deposits and sediments are formed; and 3) periods
in which both soil formation and the deposition of slope deposits and

sediments occur (1).

Transported materials are principally formed during the periods of
landscape instability. Hence they can provide valuable information about
the unstable periods of landscape development in which they are formed
and further, by means of soil relicts that they contain, indicate the
conditions prevallmb durmg the proceeding stable phase of landscape

development (2).

The nature of the sediment is influenced by the same main factors as
control erosion. First the nature of the source material, from which the
colluvium was derived, the processes by which the material have been
transported and deposited from upper slopes to lower. Then the climate,
and topography which governs movement of water in the catchment and
finally the vegetation and especially human activities on the land are
‘highly important other factors.
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Processes responsible for detachment, transportation and deposition
have selectivity for particle sizes, and this selectivity takes place either on
the interrill areas or during deposition on the landscape (3). Detached
primary clay particles can be easily transported by interrill flow, -and as a
result sediment transported by interrill flow (erosion) have higher clay
content than original soils (4). The clay enrichment of eroded aggregates
have been usually attributed to an increase in the selectivity of the erosion
process for the finer fractions of the soil., :

Aggregates and cohesiveness of the soil matrix influences the types
of eroded particles. Meyer et al., (5) noted that much of the sediment
from cohesive soils was in the form of aggregates, and some of them were
much larger than the primary particles of which soils were composed.
Finer soils usually produced coarser sediment due to the greater
aggregation. The size distribution of the primary particles that made up
partially aggregated sediment were similar to the size distribution of the
primary particles of the surface soil from which sediment eroded.

In general, soil with high sand-size particles content are not well
aggregated, thus these kinds of soils tend to erode as mostly primary
particles, with sediment particle size distribution similar to the matrix soil,
whereas clay soils originally well aggregated are eroded primarily as sand-
size aggregates, or aggregates larger than 50 ym in diameter.

Determinative Properties
1. Macromorphological properties (in the field)

Transported materials are mainly unstratified, unsorted or poorly
sorted, depending upon the type of transportation. On the valley slopes it
shows no stratification at all, while in the valley bottoms it sometimes
appears to be weakly laminated under the microscope. However, the
strong suspicion is that the non-sorted character of colluvium is usually a
result of cultivation and mixing of original sorted sediment (6). In
contrast alluvial deposits, except the B horizon, are characterized by a
clear stratification, various hydromorphic properties, a specific porosity
pattern and clay coatings which are closcly related to the sedimentary
laminae and fine stratification in some part.

In the ficld, transported material can be identified by its position, by
a sharp boundary with the underlying truncated soil profile and by its
more or less homogeneous appearance, which can be different from the
structure of the undisturbed profiles of flat land. Soils developed on the
recent colluvium may show absence of soil profile creation or weakly
differentiated horizons; if present, a Bw horizon is differentiated
primarily by structure, shows little or no evidence of weathering in situ
and normally fails to qualify as cambic (7). : :

Transported material normally thickens downslope and rests
unconformably on an older deposit which commonly has pre-existing soil
horizons, lag gravel or a stone line. When debris left behind a coarse-
textured material that has experienced selective removal of fine
constituents through the action of water and/or wind, aided by small scale
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mass wasting phenomena or selective dissolution, as in cherty limestone
terrains, the results are stonelines. Thus, stonelines- may reflect wind or

water erosion.

Sedimentary structures within flood-plain deposits are characterized
by thinly bedded units, which, depénding upon the magnitude and
duration of a flooding event, vary in thickness from millimeters to a few
centimeters. Ripple marks are quite common, as are deformational
structures, the latter being related to the soft , water saturated nature of
sediment. This saturation is also responsible for the occurrence of
- mottling and 1ron staining, commonly observed in flood-plain sediments.

2. Analytical properties

- Organic-carbon content of colluvium and alluvium decreases
gradually or irregularly with increasing depth. CaCO: content of a
calcareous deposit, originated on limestones, decreases or remains nearly
constant with increasing depth, and at the base of the deposit may be seen
to change to non calcareous sotl (7). :

The abundance of coarse mica flakes and their angular orientation in
parent material indicates alluvial sedimentation. The presence of both very
fine sand and coarse mica flakes suggest transport in suspension in non-
turbulent waters. The abundance of weakly altered minerals such as biotite
and feldspar indicates that sediment ongmated in the region (8).

Particle size distribution, and mmeralngy can provide important
evidence for the provenance and mode of deposition. Sediment eroded
from soil surface is composed of both primary and aggregated particles.
The size distribution will vary depending on soil texture and the degree of

so1l aggregation,

Valentine and Dalrymple (9} used particle size distribution and the
heavy minerals of the sand fraction to differentiate sedimentary strata

from soil.
3. Micromorphological properties

Sometimes displacement is not observed in the [field, in fact
frequently micromorphological investigations show movement to have
taken place. With the exception of macrostructure, many of the
phenomena characteristic of soil development, the reorientation of
material as a result of transport, and sedimentary structure, can only be
observed under the microscope. When used conjunction with other
pedological, sedimentological, and geomorphological data,
micromorphological analysis can be a particularly effective tool for
distinguishing and separating soil horizons and sedimentary layers. :

In the absence of features in the field, micromorphological features,
such as microstructure and voids, micro lamination, skeleton grains,
lithorelict or rock fragments, aggregates, pedotubules, nodules, papules
mud crusts, biorelicts, fecal pellets and presence of charcoal and
anthropogemc debris can be used to detect transported material. However,
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it is necessary to notice that some disturbance of the profile is caused by
biological activity and that it is not the solitary occurrence of one of the
phenomena listed above that point to the transportation of soil material,
but rather the combination of these phenomena in the soil profile.

Depth functions of particular microfeatures may supply valuable
informations as to weather a unit is an in situ soil, providing similar depth
functions have been established for soil forming at the present landsurface
(9). Micromorphological evidence can be used not simply to establish
whether or not displacement has taken place, but also to provide
information on the nature of the geomorphic process involved.

' a) Micro laminations -

While transported material shows no stratification in the field it can
show lamination under the microscope. However, laminae can be
destroyed by biological activity (even at microscopic level) and by the
effect of tillage (most probably at macroscopic levels). In transported
deposits, faunal excrements and a new random distribution pattern can be
observed when the lamination is destroyed by biclogical activity.

In colluvium derived from loess, Miicher and De Ploey (11) showed
that the deposits produced from flow without rainsplash exhibit good
layering and very good sorting while the effect of washing by rain resulted
in poorly layered deposits and poor sorting within individual laminae.
Therefore lamination not only shows transportation but also it can
indicate the type of transportation.

. In younger alluvial soils, a succession of flood deposits may remain
visible even when soil forming processes have been active for some time.
Also older soils can retain evidence of the deposition environment of a
sedimentary parent material even when no visible .trace of lamination

remains (12).
b) Microstructure and voids

These are entities, which are interconneécted with each other either
- through voids of dissimilar size and shape, through narrow necks, or
through intersection with voids of similar size and shape (13). The pattern
of voids forming pore structures and the arrangement of mineral particles
and voids, which determines the soil fabric, are important features
distinguishing soils from sediments. ' :

The conducting pores are often preserved by formation of (neo)
cutans of sesquioxide and carbonates. The original horizontal planar voids
between platy peds are sometimes preserved by pedogenic clay illuviation.
Specific porosity pattern such as vesicular microstructure is clearly linked
to the heterogeneity of the original sediment. The specific vesicular
microstructure is linked to the sedimentary environment and its associated

moisture regime.

Colluvium may have been emplaced by rainwash and subsequently
modified by structure form agencies, or by scil ¢reep in which the original
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structure was to some extent preserved. Brewer (14) stated that some
plasmic fabric of transported material may be inherited from original soil.

¢) Skeleton grains

Skeleton grains of a soil material are individual grains which are
relatively stable and not readily transported, concentrated or reorganized
by soil-forming processes. They include mineral grains and resistant
siliceous and organic bodies larger than colloidal size (15). The size
distribution and shape of skeleton grains have often been used to
determine condition of sedimentation.

Goudie and Bull (16) carried out research on colluvium with the
scanning electron microscope, and showed that the quartz grains exhibit
marked edge abrasion, which can be effected in a distance of only a few
hundred meters, in the uppermost beds of exposures whereas this is
lacking tn the lower beds, these results indicate that slope processes may
change during coiluvium de'position. Also edge abrasion was most evident
at the top of each section and absent at the bottom of the profile.

Green (12) suggests that the size-shape relationship both of
transported and non transported parent materials can survive pedogenesis
sufficiently well to enable them to be distinguished (though there may be
some limitation) by size-shape analysis.

_ Valentine and Dalrymple (17) used the measurement of the long axis
(preferred) orientation of sand grains in thin section as a quantitative
expression of the presence of sedimentary structure in buried soil.

d) Lithorelicts or rock fragments

These are features derived from the parent rock, usually recognizable
by their rock structure and fabric (13). Lithorelicts can provide
information about the original rock from which the sediment has been
derived. The presence of lithorelicts, for instance chert fragments, in loess
deposits, suggests that the loess was reworked after aeolian deposition. In
a deposit 1he presence of rock fragments not naturally occurring in the
arca may be evidence of anthropogenic origin. Pedo- and lithorelicts also
can provide information about the origin of the slope deposit.

¢) Aggregates

» These are discrete groupings of particles formed naturally or

artificially and includes such units as crumbs, granules, clods, faecal
pellets and their fragments, and concretions (18). Aggregates are rounded
during transport and consist of material which also partly reflect past soil
formation apart from the transport process. Laboratory experiments by
Mucher and de Ploey (11) and Micher and Vreeken, W. J. (19) showed
that water-stable loess aggregates smaller than 0.5 mm formed during flow
without splash and larger ones during rainwash.

Aggregates which are rounded and show a different fabric from the
soil matrix reflect the transport process and apart from this also partly
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reflect past soil formation. Bullock and Murphy (20) used rounded fossil
aggregates in Plateau Drift as evidence of some degree of transportation.

- Soil creep has a partially remolding influence on the sediment. If the
distance of transport is not very long some pre-existing aggregates may
remain intact, but most of them are destroyed although not completely
dispersed. Mudflow is a type of mass movement that is relatively fast and
the result of rapid saturation of fine grained material. This kind of
material, in the field and under the microscope, is massive, non-bedded,
poorly sorted and composed of stony material in a fine grained matrix.

f) Peddtubules

These are pedological features consisting of soil material, skeleton
grains or skeleton grains plus plasma, as distinct from concentration of
fractions of the plasma, and having a tubular internal form, either single
tubes or branching systems of tubes, its external boundaries are relatively
sharp (13). An abrupt change in the frequency of pedotubules with depth
can be attributed to a discontinuity in the profile. Paraisotubules may
contain unaggregated soil originating from another horizon, not existing
in the studied profile. In this case the pedotubules are evidence of on
erosional break in the profile. !

A

g) Nodules

These are glaebules with an undifferentiated internal fabric. A
glaebule is a three dimensional unit within the s-matrix of the soil
material, and usually approximately prolate to elongate in shape. Its
morphology is incompatible within its present occurrence being within a
single void in the present soil material, It is recognized as a unit either
because of a greater concentration of some constituent and/or difference
in fabric compared with the enclosing soil material, or because it has a
distinct boundary with the enclosing soil material (13).

Ferric and manganiferous nodules formed in situ, have diffuse
boundaries. If they are transported or disturbed by mechanical forces they
are sharply bounded. The occurrence of sharply bounded nodules in
layers, and with inclusion of grains or features that differ from the
surrounding s-matrix (groundmass), indicates that they have a sedimentary
origin. Nodules often contain impregnated clay coatings show identical
internal fabric which is similar to fabric in the B horizon of soil upslope.

h) Papules and mud crusts

Papules are glaebules composed dominantly of clay minerals without
skeleton grains. They have characteristic extinction patterns, with crossed
nicols under the petrological microscope, and sharp external boundaries
(13). These are mostly associated with remnants of older soil formation. . -

Although papules are mostly remnants of older soils they may be

derived from these in various ways;
(a) Disruption through mixing by the roots and fauna 1)
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(b) Disruption by solifluction and cryoturbation of a former argillic
horizon during periglacial climatic phases (19).

(c) Cutan destruction by shrink and swell movements as a result of
wetting and drying stresses (21). :

(d) By mass-wasting processes (22).

(e) Papules can also be inherited rock fragments, and formed during

sedimentation(23), 5
(f) Also they can be formed as clay flakes during deposition of a sediment

(14).

[t is apparent that any pedological feature that is suffictently resistant
to survive the process of erosion and sedimentation can be inherited in
younger soil profiles {from their parent material. This applies not only to
relatively hard discrete features such as sesquioxide nodules, but also to
fragments of other features that may be fractured during the process of
erosion and sedimentation, for example, void argillans in older soils may
be the source of inherited papules in a younger soil. :

Absence of cutans in the sediment while soils with argillic horizons
are present in the area shows both transport and destruction of argillic
horizon. Fragments of previously developed mud crusts or clay curls that
have been incorporated in to the groundmass shows the occurrence of
transport. Mud crust may represent old soil surfaces and reflect a period
of stability when slope deposits were not being formed. :

1)Lithorelicts

These are inherited biological features, such as diatoms, charcoal,
molluscs, phytoliths, sponge specules and pollen etc., in the mineral soil
which are stable under the present soil conditions.

All these biological features can be found mixed within deposits,
such as phytoliths in subsurface horizons. This can indicate transportation
process and also provide evidence for the conditions under which the
deposit was formed. Presence of plant and root fragments parallel to the
soil surface may show transport and redeposition process.

1) Faecal Pellets

These are rounded and subrounded aggregates of faecal material
produced by the soil fauna (18) Their occurrence results from biological
activity mainly in the original surface horizons. The repeated occurrence
of excrements from the same species in successive layers indicates a stable
- accumulation site in the past landscape. If the original distribution pattern

of the pellets has disappeared and the pellets occur in laminae, this
indicates that they have been transported after formation. Sometimes
matrix faecal pellets are difficuit to distinguish from transported and
rounded soil aggregates. The latter can often be recognized by their larger
variations in size and roundness than the faecal pellets.
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k) Presence of anthropogenic debris

Presence of debris, such as coal, pottery fragments, slags and plasters

indicate the occurrence of transport and human endeavours that may have
played a role in the accumulation of such deposits, including burning,
deforestation or other clearing activities.

10.
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