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ABSTRACT

On the basis of detailed studies of 18 profiles the characteristic graining
features of the Vistulian loesses were determined on the Grzeda Horodelska plateau
in the spatial and stratigraphical system. It was found that the granulometric
indices Mz, a,, Sk;, Kg (according to L. R. Folk and W. C. Ward 1957) may
constitute a significant diagnostic feature helpful in determining stratigraphical
loess horizons on a regional scale. The transport directions of the Vistulian loesses
were differentiated. It is difficult to find the predominating direction for lower
Vistulian loess; NE and E winds predominated in middle Vistulian, whereas NW
and W in upper Vistulian.

The granulometric differentiation of the Vistulian loesses was ana-
lysed in vertical and horizontal directions within the loess patch on the
Grzeda Horodelska. It was an attempt to elucidate whether differentia-
tion of grain size may constitute a diagnostic feature enabling the
distinction of loesses belonging to different stratigraphic units. An
attempt was also made at finding whether differentiation of granulo-
metric features can be helpful in examination of the sedimentological cha-
racter of loesses. Studies were carried out for 18 loess profiles situated on
the Grzeda Horodelska plateau and on the Pleistocene terraces of the
Bug and Huczwa rivers (Fig. 1).



Leopold Dolecki

neajeld e)S[9POIOY epdzIif) 3y} UO SISSIO]

UBINISIA 34} JO SSIUNIIY} Iy} 0} uonjelar ur sajiyoxd parpnys Jo uounquusig ‘1 “Sid

166

wHE [4 ' 0

woz< 0Z-St %ﬁ 0i-S S-0

SS307 NVIINLSIA 3HL 40 dvIN 3LAHIVLOS!
DXS|9pOJOH DP8zZi9

1 T
gt T




Differentiation of Grain Size of the Vistulian Loesses... 167

METHODS

The content of silt and clay fractions was determined by the aero-
metric method of Casagrande in Proszynski's modification. The percentage
of sand fraction was determined by sieve analysis. The grain diameters
in the particular fractions were determined in phi scale. In the studies,
advantage was taken of the results of the studies of grain size distribu-
tion in the Nieledew profile (H. Maruszczak 1976) and of the loess
dating by the TL method (J. Butrym and H. Maruszczak 1983,
H. Maruszczak 1985).

The granulometric indices Mz, o, Sk;, Kg according to R. L. Folk
and W. C. Ward (1957) and Md were calculated for all samples. Index
Mz determines the mean grain diameter and indicates the transport force
in the environment. Finer grains correspond to higher (in phi scale),
coarser ones to lower values. The lower are the values the greater was
the force of the environment.

Index sigma (o;) determines standard deviation and is the measure of
sediment sorting (i.e. scatter of grains) and also indicates the character
of transport dynamics in the environments studied. Big values of this
parameter indicate a considerable variability of the dynamics, wheras
small ones account for a better sorting and a small dynamic variability
of the sedimentation environment.

The skewness index (Sk;) points to differentiation of the environment
dynamics. Negative values inform about the material enrichment with
coarse fractions and elimination of fine fractions. The density curves of
such grain size distributions possess "tails” stretched towards coarse
fractions. In such an environment higher velocities predominated over
average ones. Positive values account for transferring fine fractions into
the enironment, thus the "tail” of the density curve is stretched towards
fine fractions. Such a sediment was formed at a reduced rate, that caused
precipitation of grains from the suspension or immobilization of grains
transported due to saltation.

The kurtosis index (Kg) informs about the stability of the environ-
ment dynamics. It determines the flattening degree of the grain size
distribution curve in relation to the normal distribution curve (Gaussian
distribution). Curves exceeding the limit of normal distribution, i.e.
steeper than normal curves, are called leptokurtic. Curves of a steepness
approximate to normal distribution are determined as mesokurtic,
whereas curves not reaching the limit of normal distribution — platy-
kurtic (G. U. Yule and M. G. Kendal 1966). The higher is the K¢
value the more homogeneous are the dynamic sedimentation conditions.
On the basis of spatial changes of the kurtosis index the hypothetic
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directions of the sediment transport are determined. It is assumed to
take place from localities with small Kg values to localities with big
K values.

The graphic-analytical method (J. Stochlak 1968) was used for
calculation of grain distribution indices. The indices were determined for
the particular stratigraphic units of loesses, defined on the basis of the
paleopedological criteria and TL dating according to the stratigraphic
scheme of H. Maruszczak (1976, 1980). The results were plotted in
diagrams for all profilles discussed. The data enabling the parallelization
of the particular stratigraphic units in the compared profiles were the
datings of loesses by the TL method in the profiles: Nieledew (Fig. 3),
Obrowiec I (Fig. 2) and Horodlo I (J. Butrym and H. Maruszczak
1983, L. Dolecki 1985a, b). The curves of the granulometric indices
from the individual profiles, listed in one diagram were the basis for
the graphical presentation of their oscillation amplitudes (Fig. 4, 5). Un-
fortunately, not all stratigraphic units of younger loesses could be pre-
sented in this way. The lowest younger loess, because of its small
thickness, underwent all soil-forming processes in the early Vistulian. In
some cases it was involved in the interglacial soil complex underlying the
lower younger loess.

LOWER YOUNGER LOESS (LMd)
(90—45 ka BP)

Lower younger loess in the interfluve profiles does not usually possess
a thickness bigger than 3 m. Index Mz of this loess ranges from 5.6 to
6.8 phi, at a mean phi 6.43 for all profiles studied. In the vertical LMd

Fig. 2. Loess section at Obrowiec 1
1 — humus horizons of the chernozem type; 2 — other well pronounced humus
horizons; 3 — poorly pronounced humus horizons; 4 — washing horizons: a — well
pronounced, b — poorly pronounced; 5 — upper, more intensely coloured portion
of brow-earth and illuvial horizons; 6 — middle, less intensely coloured portion of
brow-earth and illuvial horizons; 7 — lower portion of illuvial horizons with
irregular brownish and yellowish streaks; 8 — deluvia of chernozem horizons; 9 —
soil sediments with symptoms of initial humus horizons: a — well pronounced, b —
b — poorly pronounced; 10 — soil sediments with browning evidence; 11 — relics
of humus horizon with a high concentration of manganese compounds; 12 — gleying
symptoms; 13 — carbonate loess; 14 — carbonate sandy loess with intercalations
of fine and silty sands; 15 — carbonate free loesses (decalcified): a — typical, b —
sandy; 16 — sands; 17 — bone remnants. Letter symbols of the stratigraphic units
of the loess cover: L — loess, M — younger, S — older, N — oldest, g — upper,
s — middle, d — lower, n — the lowest. Letter symbols of soil units: G — soil
with well developed genetical horizons, H — recent, Holocene soil, J — fossil in-
terglacial soil, i — fossil interstadial soil, sg — soil sediments, dg — soil deluvia,
g — symptoms of the development of soil-forming processes
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Fig. 4. Variability ranges of the graining indices in the profiles of upper younger
loesses

profiles a decrease of the Mz index from the floor upwards is observed
(i.e. an increase of the grain diameter expressed in mm). This decrease
proceeded to about 60 ka BP. Of such TL age is the specimen of the loess
at Nieledew (1.2 m over the roof of interglacial soil) at the site of a
distinct change of the Mz curve course, also observed in other profiles.
Then the Mz values increase (the grains are getting finer), but differently
in the particular profiles. o; indices oscillate in the range from 1.5 to 2.3;
if the maximal magnitude were excluded in the profiles at Janki I and
Szpikolosy we would obtain a range 1.5—2.0. Thus, lower younger loess
is characterized by a weak sorting, or a similar one in the whole area
studied.

Sk; indexes of LMd show that in the interval 100—60 ka BP a distinct
increase of positive skewness occurred. In the middle part of the profiles
it reaches a magnitude of 0.8 at Obrowiec III and 0.6 at Kulakowice II;
these are positively very skew distributions. The skewness indices in the
profiles decrease from 60 ka BP, but are maintained within the positive
skew magnitudes.

K¢ indices are contained in the interval of platykurtic and very platy-
kurtic systems. The oscillations are considerable in the particular pro-
files, e.g. at Janki I from 0.35 to 0.9, and at Kutakowice II from 0.45 to
0.73. A distinct tendency in passing from very platykurtic to platykurtic
systems is observed in the vertical direction.

The mean values of the granulometric indices calculated for the whole
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Fig. 5. Variability ranges of the graining indices in the profiles of middle and
lower younger loesses

LMd profiles are shown in Fig. 6. From this figure the spatial distribu-
tion of indices can be learned. It seems that the interfluve parts of the
Grzeda Horodelska underwent deflation in the period of LMd accumula-
tion. This seems to be accounted for by smaller Mz values in the other
profiles, weak sorting and high kurtosis magnitudes. However, the pre-
dominating direction of the sediment transfer cannot be determined.

MIDDLE YOUNGER LOESS (LMs)
(42—33 ka BP)

Its thickness does not exceed 2 m in most of the profiles studied.
Index Mz oscillates in the range 5.8—6.6 phi, except the profiles at Poraj
and Janki II, where grains are coarser in the interval 4.5—5 phi. The
mean of this loess for all samples studied is 6.1 phi. The smallest average
grains occur in the profiles at Janki I (6.6 phi) and at Kulakowice I
(6.8 phi). In the vertical direction a weak size increase of medium grains
is observed upwards to the horizon, the TL age of which is 41 ka BP
at Nieledew. Above this horizon the sedimentation proceeded regularly,
Mz index is of the order 5.5 phi.

The magnitude of o; is relatively constant, contained in the interval
1.2—2.0. LMs sedimentation occurred at a very distinct change of the
distribution skewness — from positively skew in the floor to very skew
in the roof. The roof LMs parts have been well preserved only in the
profiles at Marta, Szpikolosy and Obrowiec I. On the basis of studies of
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Fig. 6. Spatial differentiation of the magnitudes of the graining indices in the
studied LMd profiles: x — grain size, R — variability range

these profiles it can be found that the magnitude of Mz and a; decreases.
Thus the sediment is coarser and better sorted.

Kurtosis (Kg) in the floor parts changes from very platykurtic (Ku-
takowice II, Janki I, Marta) to mesokurtic (Turkoléwka, Szpikolosy) and
leptokurtic (Poraj). Above the horizon dated 41 ka BP at Nieledew, a
distinct change in the direction of the kurtosis curves can be noticed; the
index magnitudes decrease and oscillate from the leptokurtic to platy-

4L SEELEAT RS

Fig. 7. Spatial differentiation of the magnitudes of the graining indices in the
studied LLMs profiles. Explanations as in Fig. 6
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kurtic range. In comparison with lower younger loesses a highly distinct
skzwness increase of the systems can be observed.

A relatively distinct spatial differentiation is apparent (Fig. 7). The
coarsest grains occur in the north and central part of the patch on the
Grzeda Horodelska plateau as well as on the peripheries of the patch
near the valleys, whereas the finest in the west part, particularly at
Nieledew. The Mz and Kg relations seem to point to the predominating
transport directions of sediments from sector N and E. Higher o; and
K¢ on the perpheries of the Horodlo area indicate an intensive transport
of dusts under relatively homogeneous dynamic environment conditions.
An intensive deflation may occur there, and dusts were transferred to
higher parts of the slopes and onto the interfluve.
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Fig. 8. Spatial differentiation of the magnitudes of the graining indices in the
studied LMg profiles. Explanations as in Fig. 6

UPPER YOUNGER LOESS (LMg)
(29—12 ka BP)

It is best developed; its average thickness is about 7 m and in some
profiles it reaches 9 m. The graining indices of these loesses show rela-
tively smallest oscillations. In the Poraj profile, in the zone of the north
verge of the interfluve or Horodlo Grzeda plateau grains are coarse, Mz
magnitude is from 4.1 phi in the floor to 5 phi in the roof of this loess.
In the other profiles Mz is usually in the interval 5.2—6.2 phi. The finest
grains occur on the west peripheries of the studied area in the initial
phase of loess accumulation in the profiles at Nieledew and Janki I (6.25—
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6.31 phi). The most stabile loess accumulation occurs in the range 29—
24 ka BP, Mz values in the compared profiles differ slightly. In the roof
LMg layer, abcut 6 m above their {loor, the grain diameter shows a distinct
tendency to increase on the interfluve; this must have been a period of
intestified eolian processes in the final part of glaciation.

Index o; ranges from 1.2 to 2.0 in most profiles, which account for
a weak grain sorting, particularly on the peripheries of the loess patch.
At Poraj 6; magnitude is even as big as 2.06.

Sk; indices in the studied LMg profiles are bigger than 0.3 and point
to very skew positive distributions. An exception here is the profile at
Horodlo, where Sk; ranges from 0.13 to 0.24, as well as the lower frag-
ments of the profiles at Szpikolosy, Hrebenne, Janki I, Kutakowice I
and Poraj.

K¢ indices are usually in the range of the mesokurtic interval (0.9—
1.0) on the meso- and leptokurtic borderline (1.0—1.5), however, this
does not concern the profiles situated in the west part of the area studied,
where K¢ indices are in the domain of platykurtic systems.

In spatial conditions of LMg sedimentation apparent changes occurred
in comparison with the conditions of LMs sedimentation; this is illustra-
ted by Fig. 8. The loess dust transport directions from the NW and N
sectors must have predominated then. Such a situation is especially
evident in the NE part of the Horodlo Grzeda plateau, where the direction
of loess dust transport must have been congruent with the direction of
the valley axis of the Bug river, and in the southern part of the plateau
the transport direction was running along the lower Huczwa river valley.
This accounts for a big role of the land relief in the course of the main
routes of loess dust transport.

CONCLUSIONS

1. The diagrams of the graining indices are very complicated and one
cannot mechanically draw conclusions from them. The granulometric
features of loess changed in space and time. The recurrence of some
features in concrete stratigraphic horizons can be utilized for diagnostic
purposes. These features can be utilized in stratigraphic studies on a
regional scale, particularly when using archival geological documentation
in which the results of analyses of the mechanical composition are re-
corded.

Lower younger loess is characterized by the following indices: Mz
from 5.79 to 7.07 phi, Md ranges from 5.8 to 7 phi, o; is in the range
1.35—2.0, Sk; varies greatly from symmetrical systems in valley loesses
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to positively skew ones on the interfluves. Kurtosis shows platykurtic
distributions.

Middle younger loess is characterized by the following magnitudes of
indices: Mz from 4.5 to 7.3, Md from 4.5 to 6.5 (phi), o; from 1.2 to 2.1, Sk;
in the lower part shows distributions positively skew passing upwards
into positively very skew ones. Kg points to platy- and mesokurtic
distributions with characteristic oscillations towards lepto- and very
leptocurtic distributions.

Upper younger loess is characterized by the following indices: Mz
from 4.5 to 6.2 phi, Md in the range 4.5—6.6 phi, o; from 1 to 2, Sk;
positively very skew, Kg within the range of mesokurtic distribution or
on the borderline of meso- and leptokurtic distribution.

2. In the Vistulian loess the grain diameter and graining degree at
a relatively little variable skewness index increase towards the profile
roof. The graphical kurtosis changes one-way from platykurtic distribu-
tion in LMd to mesokurtic in LMg. A distinct spatial variability of
graining is also observed. The coarsest grains occur on the peripheries
of the loess patch, particularly in the vicinity of the valleys. The finest
grains are found in loesses of the central part of the interfiuve.

3. The results of studies seem to indicate that dust deposits from the
direct neighbourhood underwent deflaticn. They were transferred at short
distances and deposited on slopes and interfluves. The directions of loess
dust transport were differentiated in successive Vistulian periods. During
sedimentation LMd material must have come from river valleys and
blown away sediments from the highest elevations of land relief. The
transport directions in those days were variable and it is difficult to
say which one predominated. During accumulation of LMs, NE and E
directions predominated in the spatial system, whereas NW and N direc-
tions rather during LMg sedimentation.
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STRESZCZENIE

Badania granulometryczne lesséw prowadzono na Grzedzie Horodelskiej oraz
w obrebie teras plejstocenskich Bugu i Huczwy. Szczegélowo zbadano 18 profili
lesséw Vistulianu. Réznowiekowe warstwy tych lesséw wyodrebniono wedlug sche-
matu stratygraficznego H. Maruszczaka (1976, 1980, 1985). Obliczono wskazniki uziar-
nienia wg R. L. Folka i W. C. Warda (1957): Mz ($rednie ziarno), o; (odchylenie stan-
dardowe od $redniej), Sk; (skos$nosé¢), Kg (kurtoza graficzna) oraz dodatkowo Md
(mediana). Stwierdzono, ze wskazniki granulometryczne moga stanowié¢ podstawe
wydzielania gléwnych jednostek stratygraficznych lessbw w skali regionalnej.

Less mlodszy dolny (LMd) cechuja wskazniki: Mz od 5,79 do 7,07 phi; Md od
5,8 do 7 phi; o1 od 1,35 do 2; Sk; od ukladéw symetrycznych w obrebie dolin do
bardzo sko$nych dodatnio na wierzchowinach; Kg o rozkladach platykurtycznych.
Less mtodszy srodkowy (LMs): Mz 4,5—7,3 phi; Md 4,5—6,5 phi; a; 1,2—2,1; Sk; od
rozkladéw dodatnio skos$nych w dolnej czesci poktadow do bardzo skosnych do-
datnio w stropie; K¢ ma rozklady platy- i mezokurtyczne z wahnieniami do roz-
kiadéw lepto- i bardzo leptokurtycznych. Less mlodszy gérny (LMg): Mz 4,5—
6,2 phi; Md 4,5—6,6 phi; 0, 1—2; Sk; bardzo skosny dodatnio; K¢ w granicach roz-
kladow mezokurtycznych badZ na pograniczu mezo- i leptokurtycznych.

W Vistulianie ulegaly deflacji osady z bezposredniego sasiedztwa badanych pro-
fili, gtéwnie z den dolinnych. Podczas akumulacji LMd nie zarysowal sie dominu-
jacy kierunek przenoszenia pyléw. Podczas sedymentacji LMs zdawaly sie przewa-
za¢ kierunki NE i E, natomiast podczas akumulacji LMg — kierunki NW i W.

PE3IOME

Uccnenoanua npopoauauch Ha lopoaenbCcKOn rpaneé M no Tteppacam pek Byr
u Tyusa. Jletanbiio u3yweno 18 pa3pe3os nécca M3 BpEMelM IMOCJAEIHEro, 31a'IMT
BUCJIMIICKOTO oJlefieHeliuA. Pa3110Bo3pacTiibie CAOM 3TUX JECCOB BbIAEJAJMUCL MO CTPa-
Turpacguieckonn cxeme X. Mapyutaka (1976, 1980, 1985). Bniuucasaauce moxkasareau
rpaiyjaoMerpuueckoro cocraa no P. U. ®oabky u B. Il. YVepay (1957) : Mz (mepa
cpeniiero 3epua), o, (rpaguueckoe crainapriioe ork.;onenne), Sk; (Mepa acumme-
Tpun), Kg (rpachuucckuit skcuecc), a kpome Toro Md (Meaanoe 3epuo). Koucrarupo-
Ballo, YTO l1a OCHOBE IOKa3aTeJjels rpaHyJOMeTPHIEeCKOro COCTaBa MOKHO ONpPeReNAThb
rnaBiible crpaTMrpaduuecKue eauiMUbl JECCOBOTO MOKPOBa B PeruolianbiloM Mac-
urrabe.

Jléce maaaunmi Hukit (LMd) orauuaerca nokasarteasamu: Mz ot 5,79 no 7,07 d;
Md or 58 no 7,0 ¢; o, or 1,35 no 2,0; Sk; OT cMMMETPU'IIOr0 pacnpeleseiua B IO-

12 Annalcs, sectio B, t. XLI



178 Leopold Dolecki

JAuHaxX A0 O4YeHb KOCOro INOJIOXMTENbHOro Ha Mexaypeubax; Kg — pacnpepenenue
nnaTukypruyrHoe (uupgekc 3). Jlécc monomoit cpenumit (LMs): Mz 4,5—7,3 b; Md 4,5—
—8,5 . a; 1,2—2,1; Sk; oT pacnpeneneHuil MOJOKUTENbIO KOCbIX B HUXKHEN 4YacTH
FOPMU30HTA OO O4Y€Hb KOChIX TMOJIOKMUTEJNbIIO B BepxHen; Kg — pacnpepenenua naatu-
KyPTUUlible M ME30KYDTHUUYHbIE C OTKJIOl€IIMAMU K JIENTO U OYeHb JIENTOKYPTHUHbIM.
Jlécc mononoynt mepxuuy (LMg): Mz 4,5—6,2 ¢d; Md 4,5—6,6 ¢p; o, 1,0—2,0; Sk; oueHb
KOCbl MoJoXMuTeNbHO; Kg — B mnpeaesax pacnpeneneHuyi Me30pPyPTMUHBIX MJIM Ha
pybexe Me30- M JNeNTOKYpPTHUIbIX.

Ha ocioBaHMM mnoOKa3aTejeli IPaHyJIOMETPMYECKOr0 COCTAaBa CAejlaHO IOMNbLITKY
onpenesieliMA HEKOTOPbIX AMHAMUYECKMX YCJIOBMII HAaKONJAMBalMA Jjécca. B nepwmog
BMCJIMHCKOTO OJIeIEHEeHUA JIECCOBAaR MNblJb IEPEHOCHIIACh M3 HENOCPEeACTBEHHOro CO-
CeACTBa MCCJEAOBAaHHBLIX pa3pe30B, IJaBHbLIM 00pa30oM M3 AO0JIMHHBIX AHMIN. Bo BpeMsa
HakomaeHuAa LMd He otanuaauce npeobiaparouime HanpaBJl€iiMA Mepeioca JECCOBOM
nblan. JIna Bpemenyu obpaszoBanua LMs kak npeobiajaioliye KaXKyTCA HanpaBJlIeHUS
CB u B, a an1a Bpemeny LMg nanpanaenua C3 u 3.



