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Abstract. Two different methods of counting grain-size indices (according to Johnson’s

deviation and formulas of Folk & Ward) were used to explain sedimentation environment

in the Valgejogi Valley, North Estonia. Both methods revealed similar tendencies as

demonstrated in three types of diagrams.
Slight differences in the mean size of channel and overbank deposits are due to the

homogeneity of the mainly glaciolacustrine source material. The flow environment in the

channel is described but it was impossible to distinguish any subfacies within the over-

bank sediments.
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- INTRODUCTION

From the geological point of view the Valgejogi Valley is one of the
most interesting valleys in North Estonia (Fig. 1). The 77 km long Valge-
jogi River belongs to the basin of the Gulf of Finland. It begins from
Lake Porkuni at the Pandivere Upland. The general orientation of the

river, as with most North-Estonian rivers, is from SE to NW, correlating
with the orientation of the tectonic faults (Muiinen, 1966). The descent of
the Valgejogi River is 106.6 m (main gradient 1.5%) of which about 60%
is in the 17 km long lower reach (with a gradient of 3.5%). In its upper
part the river flows on the North-Estonian Plain, where the Quaternary
cover has notable thickness only within the limits of ice marginal zones.

Descending from the North-Estonian Klint (a limestone escarpment), the

Valgejogi River forms a 1.2m high waterfall at Nommeveski where the
400 m long and 50—60 m wide canyon-like valley is eroded into Cambrian

and Ordovician rocks. At the lower reach the Valgejogi Valley is eroded
into glaciolacustrine sands and gravel, glaciofluvial gravel, and till.
In this part of the valley there are eight terraces on the slopes and the
width of floodplain is up to 300 m (Miidel, 1961). At the lower reach the

meandering river has an about 5m deep and up to 10m wide channel.
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The evolution of the Valgejogi Valley is closely connected with the
tectonic uplift and with the evolution of the Baltic Sea during Late- and
Post-Glacial time. An elongation of the valley as well as the formation
of terraces took place towards the Gulf of Finland in accordance with the

lowering of the base level, the Baltic Sea.
The investigated area of the Valgejogi Valley is located about 500 m

downstream of the Nommeveski waterfall (Fig. 1B). This part of the

valley is about 20 m deep and it has two terraces on the slopes. The up to

200 m wide floodplain is bounded by terraces on the right. On the left it

is bounded by the valley slope, cut into the glaciofluvial deposits (Fig.
1C). The relative height of the floodplain is 3.5—4.5 m above the water

A Location of Valgejogi Valley.
B Valgejogi Valley against the background of main geomorphic units (after Miidel,
1961).
C Detailed geomorphological sketch of the research area of the Valgejogi Valley.
1 North-Estonian Klint, 2 Holocene lake, 3 morphologically poorly formed valley,
4 V-shaped valley, 6 floodplain valley without terraces, 6 floodplain valley with terraces,
7 location of the studied area, & valley slope, 9 high terrace level, 10 terrace edge,
11 floodplain, 12 higher parts of the floodplain, /3 abandoned channel, 14 cross-section

line and boreholes. '
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level and the floodplain is partly submerged only during extremely strong
floods. The relief of the floodplain is undulated (Fig. 1C). Paleomeanders
are preserved under the terrace edge on the right side of the valley.

Various grain-size interpretations have been used to distinguish the

genetic types of deposits. The main sedimentation environment has definite

characteristics, which are distinctly visible especially on scatter diagrams.
Sedimentation characteristics have been used by many authors (Vas-
kovska, 1971; Gradowski & Ratajczak, 1980) to explain the sedimentation
environment. Also, long-term paleohydrodynamic conditions in different

valleys have been reconstructed (Baker & Penteado-Orellana, 1978;
Antczak, 1986; Mycielska-Dowgiatto, 1987).

A number of formulas are known for calculating grain-size indices.
Numerous papers have been published on the effectiveness of these
formulas and the possibilities of using them in practice (Stochlak, 1973;
Pieczka, 1969; Grzegorczyk, 1970; Visher, 1978; Racinowski & Szczypek,
1985; Gradzinski et al., 1986).

In the present paper an attempt is made to describe the fluvial sedi-
ments and the conditions of their deposition in the Valgejogi Valley based
on both grain-size analysis and calculated grain-size indices.

METHODS

The records of 15 boreholes in 2 cross-sections on the floodplain and
1 borehole (No. 117) located in the central part of the floodplain were

analysed (Fig. 1). The geological cross profile of the floodplain is char-
acterized (Fig. 2). Eleven samples were collected from lithologically
different layers of core No. 117. From the remaining cores, 44 samples
were taken only from the different genetic units. This material was the

subject of the grain-size analysis. From the 55 samples, 11 were analysed
in parallel in the laboratories of the Institute of Geology of the Estonian

Academy of Sciences in Tallinn and the Department of Geomorphology
and Hydrology, Institute of Geography of the Polish Academy of Sciences
in Krakow. Besides the sieve analysis used for sand and gravel separation,
the hydrometer technique was applied for sand and silt separation at the
Institute of Geology. The following grain sizes (in mm) were determined:

0.001—0.005; 0.005—0.01; 0.01—0.05; 0.05—0.063; 0.063—0.08; 0.08—0.1;
0.1—0.125; 0.125—0.16; 0.16—0.20; 0.20—0.25; 0.25—0.315; 0.315

0.4; 0.4—0.5; 0.5—0.63; 0.63—0.8; 0.8—1.0; 1.0—1.25; 1.25—1.6; 1.6—2.0;
2.0—2.5; 2.5—3.15; 3.15—4.0; 4.0—6.3.

For calculating statistical parameters Johnson’s deviations (Johnson,
1978) were used as a statistical method at the Institute of Geology. Also,
the method of kvantils after Slifker and Shapiro (1980) was used.

According to Johnson’s deviations kvantils (P) 10%, 25%, 75%, апа 90%
are the base on which different characteristics are calculated as follows:

Median diameter:

Md= P5O;

Sorting (detsil sorting)

5
P9O—PIO

=

—;

Skewness (kvartil skewness):

б Р25+Р79:5—2Х50 ‚
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Kurtosis (kvartil kurtosis):

Р9OРlO
K=

P7s P95
—l.

According to the calculated characteristics the scatter diagrams of the
median diameter (Md) versus detsil sorting or standard deviation (o),
kvartil skewness (Sk), and kvartil kurtosis (K) were constructed (Fig. 3).

At the Institute of Geography of the Polish Academy of Sciences the
grain-size distribution was analysed by sieving and hydrometric techniques.
Particles from 16 mm (—4.o®) to 0.125 mm (3.0 ®) in diameter were

shaken through sieves spaced at 0.5 ® intervals. And for hydrometry, these
intervals were at about 1 ®. From the results of grain-size analyses the
following parameters were calculated according to the formulas of Folk
and Ward (1957):

Mean size:

Dl6+ Dso+ DB4
Mz=—"—3“"—“ ;

Inclusive graphic standard deviation:

g
PB4-DI6 Ф95—Ф5.1—

4 T 2 66 -

Inclusive graphic skewness:

sp Dl6+DB4 2050
& D5+DY5—-2D50 |

1—
9(ФB4—Фl6) 2(Ф95—Ф5) °

Graphic kurtosis

@95D 5
Ка= 9.44 (Ф75Ф25)

Fig. 2. Cross-section A—A’. -
1 overbank deposits, 2 oxbow-like deposits, 3 channel deposits, 4 glaciolacustrine
deposits, 5 boreholes.
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RESULTS

The main analysed section (A—A’) crosses the floodplain inside the
meander (Fig. 1C). It is 220 m long and is represented by ten corings
(Fig. 2). Two different types of fluvial sediments were distinguished.
These are overbank and channel deposits, which were underlain by Late-
Glacial varved clays (Fig. 2). The overbank sediments reach a depth of

3.9—4.0 m and are underlain by 0.2—0.4 m thick organic rich sediments
(Fig. 2). The thickness of the sandy-gravel channel sediments varies
between 0.5—1.5 m (Fig. 2). The thickness of the basic glaciolacustrine
sediments was not estimated. -

As the sediments in all cores are guite similar, a detailed description
of only one borehole (No. 117) is presented below:

0.00—0.25 m sandy soil (sample 1)
0.25—0.40 m fine sand, light (sample 2)
0.40—0.55 m fine sand, bright brown (sample 3)
0.55—0.65 m fine sand, bright brown with light spots, with

horizontal layers (up to 1 cm thick) of organic matter

(sample 4)
0.65—0.85 m silty sand, dark brown (samples 5 and 6)
0.85—1.25 m rusty spot sand, fine-grained at the top and coarse at

the bottom of the layer (sample 7)
1.25—1.85 m medium-grained sand, light (sample 8)
1.85—2.05 m medium- and coarse-grained sand, light (sample 9)
2.05—2.60 m coarse sand with gravel, cross-bedded sediments

containing organic matter (samples 10, 11)
2.60—3.50 m glaciolacustrine varved sediments

The grain-size parameters were calculated for 11 samples from this
core applying two different methods. Using calculations based on John-
son’s deviation the diagrams of median diameter versus detsil sorting,
kvartil skewness, and kvartil kurtosis were constructed (Fig. 34). The
results calculated after Folk and Ward’s formulas were used for construct-

ing diagrams of mean size versus inclusive graphic standard deviation,
inclusive graphic skewness, and graphic kurtosis (Fig.3B). As expected,
these two methods gave very different values of grain-size indices. How-

ever, in both cases similar regularities were observed. In both diagrams
the samples (1—11) fell clearly into three groups (Fig. 3). In the following
interpretation, verbal classification and numerical limits for sorting,
skewness, and kurtosis after Folk and Ward (1957) were used.

One of the groups (Nos. I—7) is characterized by a small mean size

(Mz=2.4—3.5®) as well as a small median diameter (Md=2.2—3.0 D).
At the same time these sediments are well to poorly sorted (01=0.45—1.75;
0=0.5—1.85) and they have symmetrical or positive skewness and lepto-
kurtic to highly leptokurtic distribution (Fig. 3).

The second group consists of two samples (Nos. 8 and 9) with mean

sizes of 1.15® and 0.75® and median diameters of 1.25® апа I.OФ

(Fig. 3). In Fig. 3B these samples are moderately to poorly sorted, and in

Fig. 3A poorly sorted. The material under discussion has negative skew-
ness in both diagrams and is mesokurtic to highly platykurtic in Fig. 3B
and mesokurtic in Fig. 34.

The third, coarse-grained group, shows clearly in Fig. 38. Samples 10

and 11, with mean sizes of —l.7® and —1.25 ®, are very poorly sorted.
These samples are characterized by symmetrical and positive skewness
and they are highly platykurtic (Fig. 3B). In Fig. 34 the third group 15

not very clearly distinguishable. The characteristics of sample 11 differ

greatly from those of sample 10. Both samples are poorly sorted; sample
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Fig. 3. Scatter diagrams.
A Median diameter (Md) versus kvartil kurtosis (K), kvartil skewness (Sk), and

standard deviation (o).
B Mean size (Mz) versus graphic kurtosis (Kg), inclusive graphic skewness (Sk),
and inclusive graphic standard deviation (o).
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10 has positive and sample 11 negative skewness, and accordingly they
are meso- and platykurtic (Fig. 34).

The two last-mentioned groups (samples 10 and 11, and 8 and 9) are

undoubtedly channel sediments. Samples 8 and 9 belong to the top part
of the point bar, where the material is usually finer (Levey, 1978; Bridge
& Diemer, 1983). The first group of samples (Nos. I—7) belong to over-

bank deposits. These deposits do not contain the finest material and it is

difficult to say to which type of overbank deposits they belong. We explain
it as a material deposited on the floodplain covered with plants. This is

the reason for the formation of organic-rich layers (paleosoils). Similar
sediments are described by Klimek (1989) on the floodplain of the San
River (Bieszczady Mountains). The overbank sediments become finer with

increasing depth (Nos. I—6) while the sorting becomes poorer (Fig.3B).
Only calculations by Johnson’s deviations were used to calculate

similar characteristics for 40 samples from the cores of the main cross

section (Fig. 4). On the constructed scatter diagrams the points are

clearly divided into two main groups (Fig. 4). One is the group of fine
sediments with median diameters from 1.65 to 3.75 ®. The second group
consists of coarse material with median diameters ranging from —1.7 to

11 Ф (Рlе. 4).
The first group of samples is clearly seen in all the three diagrams.

These deposits are characterized by - similar values of the median
diameter, sorting, skewness, and kurtosis. They are well to poorly sorted

(60=0.5—1.4). Most of them have symmetrical skewness and values of
kurtosis of about 1.0 (Fig. 4). These features reflect a very moderate and

uniform environment of transport and sedimentation. This material was

probably transported in graded suspension, because there is a small
difference in the median diameter (max 1.5®) and the finest sediments

are absent. This group of samples consists of overbank sediments. Some
channel sediments falling into this group are explained by several pos-
sibilities of sedimentation of fine material in places without current flow

or during flood in the active channel (Froehlich, 1975; Teisseyre, 1988).
The second group of samples is characterized on the three types of

diagrams by different patterns. This reflects changing environments of

transport and sedimentation of the material. The group consists of coarse

(median diameter between —1.7 and 1.1 ®) and poorly sorted material

(Fig. 4).
On the scatter diagram of median diameter versus standard deviation

two subgroups are seen (Fig. 4). One of them, subgroup A, is highly
coarse-grained (—1.70 to —o.s®), poorly sorted, and platykurtic. The
environment of sedimentation of such sediments is probably associated

with a high flow velocity and with the transportation of material as bed
load. Poor sorting and platykurtic distribution show that the material
contains particles with different diameters. The conditions of the deposi-
tion of such material are typical of the main part of the channel where

deposition is very fast during flood time. Part of these samples have

highly positive skewness, which means that the flow velocity decelerated
and the sedimentation of fine-grained particles began. The above-described

conditions can appear in the uppermost part of a bar or in a shallow part
of a channel.

The material of subgroup B, with a smaller median diameter (0.0
D), is poorly and very poorly sorted and it is characterized by sym-

metrical or negative skewness and leptokurtic distribution. The sedimenta-
tion of such material probably took place under a moderate flow velocity
in the channel.

Detailed investigation shows that samples from core No. 117 (Fig. 34)
are very similar to those of groups I and 118 (Fig. 4). On the one hand
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Fig. 4. Scatter diagrams of median diameter (Md) versus kvartil kurtosis (K), kvartil

skewness (Sk), and standard deviation (o).
1 channel deposits, 2 overbank deposits, 3 glaciolacustrine deposits. Subgroups of

samples are distinguished by dashed lines.
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it is explained by quite a small number of samples falling into subgroup A,
and on the other hand by a small amount of data from one core.

The diagrams in Figs. 3 and 4 are considered to be typical of fluvial
sediments (Folk & Ward, 1957; Niedzialkowska, 1991). Various conditions
in the channel and floodplain are reflected in these diagrams, though the
statistical collection was very small.

The possibility of distinguishing some subfacies within the overbank
sediments was also checked. Probably the conditions in the Valgejogi
Valley (underlying glaciolacustrine deposits, small gradient, relatively
low velocities, and the like) were not able to produce notable differences
in granulometry. This is confirmed by examples from Poland. In similar

geological and geomorphological conditions (Polish lowlands) in the

Stupia Valley (Florek in Alexandrowicz et al., 1990) and in the Parseta

Valley (Zwolinski, 1985) the floodplain consists of similar sandy sedi-
ments (even their mean sizes are similar: 1.5—3.0 ®). It is possible that
the Quaternary deposits, especially sandy glacial and glaciolacustrine
ones, had a certain importance as a source material.

CONCLUSIONS

The two methods of analysis and- counting used gave different values
of grain-size indices. At the same time, the main tendencies are similar
in both cases on three types of diagrams (Fig. 3).

Small variability of the source material (glaciolacustrine deposits)
and the low gradient of the river are the main reasons for small diifer-

ences in the mean size of channel and overbank deposits. Nevertheless,
they have different sorting.

On scatter diagrams it is possible to distinguish overbank and channel

facies of alluvial sediments. In the channel sediments it is possible 10

make conclusions about the flow environment in the channel during the

deposition of these sediments thanks to relatively rapidly changing flow
conditions and accordingly remarkable differences in grain size.

Fig. 5. Geological profile from core No. 117 and the supposed conditions of deposition
1 soil, 2 fine sand, 3 coarse sand, 4 sandy gravel, 5 varved clay, 6 samples.
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In case of small differences in diameter, like the overbank deposits of
the Valgejogi, it is impossible to distinguish any subfacies within these
sediments. Such sediments are considered to have been deposited on flood-

plain covered with grass (Klimek, 1989).
As mentioned above, the overbank deposits in core No. 117 become

coarser towards the floodplain surface. This is explained by the need of

increasingly more flow energy during floods to bring the material to the
surface of the floodplain, the height of which is also rising (Klimek, 1974;
Froehlich, 1982). With the increasing flow energy coarse material is

transported. The cross section in Fig. 5 shows where the material of
different samples from core No. 117, investigated in detail, might have
been deposited.
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VOOLUVEESETETE LÕIMIS JA SETTIMISTINGIMUSED

VALGEJÕE ORUS

Tiit HANG Ewa NIEDZIALKOWSKA

Valgejoe setete 16imist ja settimistingimusi iseloomustavate parameet-
rite (sorteeritus, ekstsess, asiimmeetria) arvutamisel ning settimistingi-
muste iseloomustamisel kasutati kahte statistilist meetodit (nn. Johnsoni

jaotusi ning Folki ja Wardi valemeid). Hoolimata arvutustulemuste erine-

vusest tdheldati sarnaseid tendentse, mis on esitatud kolmel diagrammil.
Sangi- ja lammisetete iisna ithesuguse 16imise pohjuseks tuleb pidada

iihtlaselt peeneteralist jddjarvelist ldhtematerjali. Sdngisetele terasuuruse
varieeruvus on lubanud iseloomustada settimistingimusi séngis. Samas
osutus voimatuks alamfaatsieste eristamine lammisetetes.

197
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ГРАНУЛОМЕТРИЧЕСКИЙ СОСТАВ И УСЛОВИЯ

СЕДИМЕНТАЦИИ ФЛЮВИАЛЬНЫХ ОТЛОЖЕНИЙ В ДОЛИНЕ
P. ВАЛГЕЙЫГИ, СЕВЕРНАЯ ЭСТОНИЯ

Тийт ХАНГ Ева НИЕДЗИАЛКОВСКА

С использованием метода распределения Джонсона и формул Фолка

и Варда охарактеризованы гранулометрический состав и условия седи-

ментации флювиальных отложений в долине р. Валгейыги. Несмотря
на различия в результатах вычислений, установлены сходные тенден-

ции, которые представлены на трех типах диаграмм.
Относительно сходный гранулометрический состав пойменных H

русловых фаций обусловлен мелкозернистостью размываемых лимно-

гляциальных отложений. По распределению гранулометрического со-

става русловой фации определены условия седиментации B русле.
Фациальное разделение пойменных отложений не представилось воз-

MOZKHBIM.


