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PREFACE

The research of loess, one of the most important surfacial Quaternary formation 
gains more and more significance in soil conservation and building construction all over 
the world.

Apart from the important environmental and practical purposes of loess research, 
substantial tasks in the field of fundamental research have also come to the forefront.

A great number of engineering geologists, geomorphologists, geobotanists, 
geochemists, geophysicists, and pedologists have been studying the problems of loess 
from various aspects and the newest methods are involved in this research. All the ma
jor loess regions of the world are by now under investigation, including China, Siberia, 
Central Asia, East-, Central and Western Europe as well as the United States. These 
studies on loess provide valuable opportunity to compare and parallelize loess complexes 
and interbedded paleosols on a global scale.

International efforts to these purposes have been coordinated by the Interna
tional Union of Quaternary Research for more than fifty years. To commemorate the 
semi-centennial anniversary of the first congress in Leningrad, the XI. INQUA Congress 
was held at Moscow in August 1982. A collection of papers presented at the joint sym
posium organized by Commissions on Loess and Paleopedology have been selected for 
publication in this volume.

Altogether 30 papers cover the fundamental topics of loess investigations. As far 
as the origin of loess is concerned special regard is given to the paleoenvironmental re
construction of loess and paleosol formation, cycles in the sedimentation of loess com
plexes, their mineralogical composition, geochemical features and their relation to 
geographical zonation. Some basic contributions are given to the application of paleocli- 
matological, palynological, thermoluminescence, paleopedological, electronmicroscopic 
and paleomagnetic methods in the stratigraphy and chronology of the sequences. Some 
practical problems are also raised in the papers dealing with engineering-geological and 
agricultural utilization aspects of these deposits.

The papers of interdisciplinary nature deserve the attention of Quaternary rese
archers as well as experts in broad field of related sciences.

M. Pécsi
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GEOGRAPHICAL RESEARCH INSTITUTE. HUNGARIAN ACADEMY OF SCIENCES
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LITHOECOLOGY AND ENERGETICS OF LOESS: PALEOGEOGRAPHIC 
AND GENETIC ASPECTS

N. I. Kriger

ABSTRACT

Loess as a rock is a yellow-gray silty calcareous macroporous loam. To characterise 
loess as a complex system it is necessary to use supplementary features: absence of gravel 
and sand interbeds, cover occurrence, presence of buried soils etc. Its pecularity as a sys
tem is a geographical zonation, adaptation to the landscape, changeability under the 
influence of the geological activity of man. The discipline about adaptation of rocks to 
the environment is called lithoecology. The distribution of loess is controlled by cosmic, 
terrestrial and interior factors of energetic nature. Loess presents a system reacting 
sensitively to climatic change. There is a clear dependence of relief. Thermodynamics 
and geochemistry of processes in the hypergene zone explain geographically the zonal 
distribution of loess and its mineral composition. The distribution of porosity, moisture 
content and other pecularities can be regarded and explained from the viewpoint of 
energetics.

LOESS AS A SYSTEM

Loess can be regarded as a rock and also as a more complicated system. Loess as 
a rock is a yellow-gray silty calcareous macroporous loam (or loamy sand) and the rocks 
described by these features can have different origins. It is insufficent, however, to use 
only these features to describe the characteristics of loess as a complex system, because 
loess is a special natural body (like, for example, a soil, a glacier, or an ocean). It is nec
essary to use for the caharacteristics of loess as a system the following supplement fea
tures: the absence of gravel and sand interbeds, its occurrence as a landscape cover, the 
presence of regional interbeds of buried soils which are stratigraphically persistent, and 
the presence of the remains of nonaquatic organisms and the absence of aquatic ones. 
The major pecularities of loess as a system are its geographical zonality, its adaptation 
to the landscape and its changeability under the influence of technogenesis (geological 
activity of man). The doctrine concerning the adaptation of rocks and geological bodies 
to their environment is called lithoecology (KRIGER, N.I. 1965; KRIGER, N.I. — 
GRAVE, N.A. 1974; KRIGER, N.I. et al. 1981).
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DISTRIBUTION OF LOESS

Loess and loess-like rocks are distributed in the area between latitudes 55° and 
24° North. In the southern Hemisphere they do not form such a well-marked latitude 
zone but are found in South America and New Zealand, also in a zone of temperate cli
mate between the latitude 24° and 45° South. The distribution of loess is conditioned 
by cosmic factors (solar energy), by terrestrial factors (relief of land, distribution of land 
and sea) and by interior factors (composition and the structural bonds in the loess sub
stance). These factors have an energetic nature and can be expressed by radiation bal
ance R, aridity index R/Lr (L — latent heat of evaporation, r — quantity of atmospheric 
precipitation), gravitational energy (compaction of rocks and displacement down a 
slope), and the energy of crystallochemical, colloidal, Van der Waalsand other bonds.

INFLUENCE OF CLIMATE ON LOESS

The distribution of loess coincides with strictly defined climatic and landscape 
conditions. In the modern epoch these conditions produce steppes with values of 
0 <  R < 10 Kcal/cm2 per year-, 1 < R/Lr <  3.

The distribution of loess is a natural phenomenon on the planetary scale, in so 
far as the presence of loess is „forbidden” when other values of R and R/Lr are found.

FIG. 1. Dependence of loess properties (moisture content W, relative collapsibility S, density у  and 
reserves of potential gravitation energy AU) on radiation aridity index R/Lr.
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In the Pleistocene the formation of loess was also connected with the steppes. In 
Europe, North Asia and North America the steppes were periglacial, when R <  20 and 
R/Lr = 1 (analogous to the modern zone of distribution of ice-loess deposits in the 
North-East of Asia). A great thickness of loess testifies to the prolonged existence of a 
dry climate, when values of R/Lr are relatively high. In interglacial periods the values of 
R/Lr are diminished, and this leads to the formation of buried soils. When R/Lr <  1 de
gradation of the loess takes place and a decrease of porosity, collapsibility and the con
tent of soluble salts results. Loess presents a system reacting sensitively to climatic 
change. Thus, there is a clear dependence of the moisture content, porosity and other 
properties of loess and loess-like rocks on the radiation, aridity index R/Lr, climatic 
coefficients moisture or other similar parameters (FIG. 1).

INFLUENCE OF RELIEF ON LOESS

The main areas of loess distribution are vast plains, piedmont regions and the 
slopes of foothills. The covering occurrence on the interstream areas, slopes, and valley 
terraces is very characteristic of loess. The relief has a great influence on the composi
tion and properties of loess. The dependence of moisture content, porosity and collapsi
bility of loess on altitude of areas on the mountain slopes is clearly seen (FIG. 2.).

These properties of loess like others (composition of water extract and hydro
chloric acid extract, shear strength, compressibility, etc.) depend on exposure and angle 
of slope, character of microrelief (steppe minor depression) etc. Loess with its ability to 
adapt to the environment resembles a living organism or a soil.

FIG. 2. Dependence of quantity of atmospheric precipitation (r) and properties of loess (porosity n, 
relative collapsibility 5, moisture content W) on altitude of area on north slope of Kirghiz 
mountain ridge
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ENERGETICS OF LOESS AS A ROCK

The distribution and properties of loess are determined by the mobility of atoms, 
the energy of crystallochemical and other bonds in the materials, the quantity and distri
bution of water in the biosphere and the influx of solar energy.

These factors determine hypergene processes and in particular, create in the sur
rounding favourable dry conditions of soil formation and sedimentation of dust. A 
change of the typomorphic minerals of the hypergene zone takes place, which is influ
enced by the aridity of the chmate. The presence of A120 3 and Fe20 3 (laterite and 
bauxite) is characteristic of the forest landscape; Si0 2 (siliceous crust) — is characteristic 
of the African savannas, CaC03 (calcic rocks) — of the European steppes and NaCl 
(solonchak) — of the deserts and semi-deserts.

These listed minerals have diminishing values of crystal lattice energy; the several 
main values of energy according to the model of ionic crystal bonds are A120 3 — 3700, 
Si02 — 3100, CaC03 — 650, CaS04 — 622, NaCl — 180 kcal/mol.This energetic peculiarity 
of the hypergene zone is explained by the impossibility of conservation of minerals with 
low energy of lattice in the soil and weathering crusts when the climate is humid, because 
they are thermodynamically unstable and soluble. Thus, the thermo-dynamics and geo
chemistry of the processes in the hypergene zone explain the geographical/zonal distri
bution of loess. The mineral composition of loess is also explained by the energetics of 
hypergenesis. The following components are present in loess: Si02, CaC03, CaS04, and 
NaCl and the crushing energy of these minerals diminishes in the same succession. It is 
evident that the components with low lattice energies are destroyed and carried out of 
the rock in the process of sedimentation, in early diagenesis and partly during epigenesis.

ENERGETICS OF LOESS AS A SYSTEM

Sedimentation and post-sedimentative compaction of loess material takes place 
in the gravitational field of the Earth. The porosity of clastic and dispersive rocks in this 
field can be regarded as an indirect characteristic of the reserves of potential energy. 
During the compaction of rocks (and deformation of rock grains) the potential energy 
transforms to kinetic and thermal energy.

The compaction of rock takes place as the pressure of sediments, accumulating 
from the above, increases. Density (porosity) is a function of the rock stress state. Of 
course other factors have an influence on the porosity-, these are: granulometry, strength 
of the structural bonds, moisture content, and composition of the pore water. If under 
water deficit in arid and periglacial conditions (R/Lr <  1) there is formation of cemented 
structural bonds and the porosity decreases a little in spite of increasing pressure, there 
then an undercompacted rock state appears. The loess cement is unstable in water and 
with wetting of loess collapse takes place. Such a view of collapse is described and con
trolled by „Denisov’s principle” (FERSMAN, A.E. 1958-1959, KRIGER, N.I. 1965, 
KRIGER, N.I. - GRAVE, N.A. 1974). The method of loess sedimentation (e.g. eolian, 
deluvial) has little influence on the compaction of the material. The existence of a 
„dead” (impermeable) horizon at a depth of 2-3 m where the moisture content is very
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low and not subject to seasonable variability is of great importance. In this horizon the 
undercompacted nature (collapsibility) of the rock in the arid and semi-arid areas is 
preserved for many tens of thousands of years.

In the presence of the dead horizon the formation of loess collapsibility under 
the growth of pressure of accumulating deposits can be considered as isochor thermo
dynamic process intristic energy increases; volume is not diminished). The potential 
energy of the system, which is released in the course of collapse, can be calculated ac
cording to the following formula:

AU =
1

H
P (h)6dh

where H — thickness of stratum, P(h) = gshy — weight of rock column with an area of 
horizontal section s-, h — height, — 7 density of soil, g — acceleration of gravity, 5 = dl/dh 
— relative collapsibility of rock, the value of possible displacement of rock grains in the 
course of collapse, When S = 1 and with average values of 7 and 6 the potential energy 
is described by the following formula:

U = 0.5 gySH2

This value of energy can be mapped. When 7 = 1500 kg/m3, 5 = 0.03 and 
H = 15 m and with a general area of distribution of loess of 13.106 km2, then the global 
reserves of potential energy of loess are 5.4 x 1017J (KRIGER, N.I. 1981, KRIGER, N.I. 
et al 1981).

The reserves of potential energy in loess depend on the geographic environment 
and in particular on the radiation aridity index R/Lr.

Thus, one can conclude that the distribution of porosity, moisture content and 
other loess peculiarities can be considered and explained from the energetic point of 
view.

THE DENSITY OF LOESS

Loess belongs to a group of sensory geological bodies which react to the influ
ence of the environment. Therefore in our epoch of the development of technogenesis 
as a geological process, loess is changing everywhere. The ploughing up of the ground, 
the artificial irrigation of the fields, the growth of urbanization and industrial construc
tion, etc. usually brings about degradation of loess: moisture content increases, porosity 
diminishes, and the collapsibility disappears gradually. Loess in modern conditions is 
becoming extinct.

REFERENCES
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CYCLICITY OF SEDIMENTATION AND SYSTEM PATTERN AS 
FACTORS OF LOESS CLASSIFICATION: AN EXAMPLE 

FROM SOUTHWESTERN SIBERIA

Ya. E. Shaevich

ABSTRACT

The term ’eyeless’ is proposed to designate a cycle materially, i.e. a complex of 
loess strata and buried soils formed during one cycle. It is defined as ’a uniform, de
finitive set of loess strata and buried soils characterized by an oriented structure 
(morphostructure), continuous changes of the fundamental indices of composition, 
structural and textural features, physicomechanical properties and by closest interrela
tions and characteristics of the main boundaries between strata.’

The concept of the cyclicity of sedimentation and system patterns has enabled a 
new approach to the stratigraphy of the Krasnodubrovskaya and Kochkovskaya series of 
Quaternary loesses (SW-Siberia).

The fact that loess-type sediments occupy a particular position in the subaerial 
series is due not only to the presence of a number of specific properties in their case 
(e.g. liability to sagging), but also to the distinct cyclic pattern of the sequences com
posed of single beds and their associations. Stratification, according to the unanimous 
opinion of the most prominent geologists, is one of the most essential and typical 
characteristic of almost all sedimentary formations. Loess sediments are no exclusion 
to the rule in this case, either. It is all the more important to underline, as the opinion 
considering the loess sequences to be monotonous and non-stratified is still rather wide
spread. As shown by research in recent times, loess sequences show an intricate, complex 
and, consequently, regular multilayered structure reflecting the cyclicity of subaerial 
sedimentation in both space and time.

It is essential, in our opinion, to know what notion is attributed to the term 
’stratum’. Irrespective of this, however, a stratum is in every case understood as a 
widely distributed, common geological body.

In spite of the fact that geologists consider the origin of stratification to repre
sent one of the basic problems in theoretical geology, the answers that could so far be 
given to this question have been but quite vague, nonspecific. The causes responsible 
for this are due to the very problem statement rather than to the non-existance of well- 
developed strati-accumulation schemes. The fact is that both the statement of the pro
blem and its solution are inadequate from the viewpoint of obtaining new characteristics 
that might be useful both theoretically and practically. Hence the difficulty in the cali
bration of loess sequences, in assessing their stratification.
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The fossil fauna of loesses does not allow, in most cases, to apply a paleontologi
cal method for the assessment of the stratification of the loess sequences. The same holds 
true of the use of floral remains, the pollen grains of plants inclusive. Archeological finds, 
restricted as they are to historical times, are also unimportant for reaching these goals. 
Attempts at using other criteria to this end, such as the degree of loess degradation, dif
ferential development of gley patterns, compaction, etc. have also proved unsuccessful. 
A more efficient and justified approach to loess subdivision has been the use of pale- 
opedological methods.

As pointed out in more than two times in the literature, regional buried soils 
reflecting breaks in loess accumulation serve as good indices for the stratigraphic classifi
cation, calibration and correlation of loess sequences.

With a view to the prerequisites of paleopedology, we have set ourselves the aim 
to use the buried soils both as boundary layers and as bodies terminating particular rock 
strata assemblages corresponding to one cycle of sedimentation and formation of a se
quence of strata. Thus it has become possible to represent a loess sequence as a system 
and to apply a system-structure approach to its study.

The birth of the system-structure approach was preceded by a lot of work in 
recent years devoted to the cyclicity of generation of subaerial rocks (KAROGODIN, 
Yu.N. 1980; KR1GER, N.l. 1980; MARTYNOV, V.A. et al. 1980; SHAEVICH, Ya.E. 
1979, 1980). The conclusion that can already be drawn at present is that cyclicity and 
system pattern are closely related scientific concepts of one general and universal ap
proach to the nature of things and phenomena.

Prior to entering into a detailed setting out let us touch, at least quite briefly, 
upon some notions.

Under a sedimentation cycle we understand a process (regular or interrupted) 
in the alternation of dynamic and other conditions and circumstances of sedimentation, 
a process leading to the formation of rock strata. To designate a cycle (process) materi
ally, i.e. to designate a complex of loess strata and buried soils formed during one cycle 
we propose the term ’eyeless’. For its definition we propose the following: ’A eyeless 
is a uniform, definitive set of loess strata and buried soil strata characterized by an ori
ented structure (morphostructure), continuous changes of their basic composition in
dices, structure-texture features, physico-mechanical properties and by closest interrela
tions and characteristics of the main boundaries between the strata’. The proposed term 
eyeless is entitled to exist, for it satisfies the requirements of term-coining such as use
fulness and justification of use (virtually existing bodies of definite origin and structure), 
shortness, the fact of being oriented (the term-elements ’cycle’ and ’loess’ being used 
according to their primary destination), euphony and lexical potential. The term is of 
inter-sectorial character, for it is equally understandable to the Quaternary geologist, 
the geographer and the soil scientist.

International in form and content, the term in question will enable the mutual 
understanding of specialists speaking in different languages. As regards unambiguity 
there is no need to speak of it, as it never has hitherto been used by anybody with any 
meaning whatever. A rock strata assemblage like eyeless can be figured as a system. Of 
course, to wish this alone is not enough, for this formation is supposed to carry the basic 
features of a system such as integrity, structure, hierarchy, etc.
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In our interpretation an elementary loess system is an integral body with a char
acteristic structure of elements indivisible at the given level (rock strata and buried soils) 
characterized by a definite emergence, hierarchy and ordering in time.

The system approach has permitted to figure the multitude of sections of a re
gion as a complex hierarchy system that is integrate in itself and divisible into individual 
integrities — elementary systems.

Now let us test the rightfulness of studying a loess sequence according to the 
above principles on a concrete, tangible material.

In FIG. 1 a key section exposing a 72-m-thick loess sequence is shown. All this 
loess rock strata assemblage can be represented as a system of a T  order of magnitude, 
as it correspond to all features of a system.

FIG. 1. Geologic-lithologic key section across the city of Novosibirsk
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Let us examine now an elementary part of this system, say, the interval 6.1 to 
13.6 m. Compared with the whole system, this is a subsystem of lower order. This ele
mentary system is represented by rock strata (loam, sandy clay) and by buried soil ter
minating them at the top (heavy sandy clay).

Its integrity as that of a system lies in that it corresponds, firstly, to one continu
ous sedimentation cycle; as evident from the graphs (FIG. 2, 3 ,4), its elements are char
acterized by an oriented structure, by the continuity and variation of the basic indices, 
characteristics of physico-chemical properties, a close interrelation and gentleness of the 
boundaries. Each of its elements, rock strata, is indivisible at the present level of know
ledge. Emergence is expressed by that the fundamental feautres of this system as a whole 
(oriented structure, continuity of variation of the basic characteristics, character of the 
boundaries, etc.) are not characteristic either of the system in general or of its elements 
in particular (rock strata). The hierarchic nature of the system of T  order of magnitude 
being discussed means that each of its elements can be regarded as an elementary system 
(as it is the case with our example), but the system in question in turn is only one of the 
parts of a wider system (of higher order of magnitude). The hierarchic nature is manifest 
in another context too, being connected with the organization levels of geological bodies 
such as mineral, rock, formation (rock strata) bodies.

Finally, there is one more feature of the system — its being ordered in time. In a 
concrete case this manifests itself in that a system repeats itself in terms of composition 
and structure of elements. The latter feature allows us to conclude that, when studying 
loesses we come across not only and simply rock systems, but we have to do with cyclic 
systems as well.

A sequence can be divided, correctly and in a scientifically justified way, into 
cyclesses by making use of a complex set of genetically related features reflecting the in
teraction of all stages of the transformation of a sediment into a rock.

At the same time, it is necessary to select from the diversity of features the prin
cipal, diagnostic ones that will most fully and unambiguously characterize the loess de
posits in the context of their cyclicity.

The specificity of the make-up and nature of variation in the vertical section of 
the basic compositional, textural and structural characteristics and physico-mechanical 
properties and particularly of the main structural feature, the granulometric composi
tion, bears witness to the fact that (FIG. 2, 3, 4. TABLE I) any loess section, independ
ently of the facies peculiarities manifest in the succession of the rock strata and then- 
association, is dissected into cyclo-complexes (cyclesses) that are easy to recognize in 
the graphic representation, plotting, of the granulometric composition. This is how the 
first conclusion reads.

As proved by a number of tests, the other structural-textural features such as 
mineralogical and chemical composition, the physico-mechanical properties, etc., also 
vary both within single cyclesses and in a vertical geological section as a whole.

The boundaries, limits, of these changes coincide in most cases with the breaks 
and anomalies on the granulometric curve.

This testifies to a close correlation of all the indices with each other and, in 
particular, with the granulometric composition.
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2 H eavy , s a g g in g ,  s a n d y  lo a m
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0 , 5 - 3 , 0 4 ,4 6 ,0 2 5 ,3 5 ,3 2 ,2 7 ,5 41 ,2 10,2 7 ,2 6 3 ,4 15,9 3 ,6 4 ,9 2 ,4 12,6 18,1

3 Light, s a g g in g  lo a m 3 ,0 - 6 ,1 4 ,9 5 ,9 2 3 ,4 4 ,2 1,8 8 ,0 4 2 ,4 12,3 6 ,4 61 ,6 16,7 3,1 5,1 3 ,6 14,5 17,6

4 H eavy , s a g g in g  lo a m , b u r ie d  s o ils 6 ,1 - 7 ,0 5 ,8 9 ,5 2 9 ,2 7 ,4 3,1 9 ,3 3 8 ,2 9 ,7 4 ,2 6 6 ,8 12,7 2 ,6 6,1 4,1 2 6 ,4 11,6

5 L oam  o f m e d iu m  w e ig h t 2 7 , 0 - 8 , 8 4,1 7 ,0 2 3 ,4 4 ,3 2 ,0 7 ,4 4 2 ,5 13,8 8 ,7 6 0 ,3 16,1 1,9 3 ,4 3 ,0 14,1 16,3

6 S a n d y  lo a m , h ea v y 8 ,8 - 1 3 ,6 3 ,9 5 ,4 24,1 5,1 1,9 6 ,7 44,1 14,1 9 ,5 6 3 ,7 17,3 2,1 3 ,9 2 ,7 11,6 14,9

7 Loam  o f  m e d iu m  w e ig h t , b u r ie d  s o ils 1 3 ,6 - 1 4 ,7 4 ,4 7 ,5 2 7 ,4 6 ,2 2 ,4 11,6 3 4 ,7 8,1 2 ,7 6 9 ,7 13,1 2 ,8 4 ,6 3 ,2 29,1 6 ,9

8 L ig h t lo a m 3 1 4 ,7 - 1 7 ,2 3 ,7 5 ,9 2 3 ,3 5 ,6 1.7 7 ,7 43,1 11,9 4 ,5 6 5 ,3 15,9 2 ,0 4 ,0 1,6 10,6 11,6

9 D u sty  s a n d 1 7 ,2 - 2 1 ,6 2 ,6 4 ,6 2 2 ,8 4,1 1,6 5 ,3 4 6 ,5 13,7 3 ,6 6 7 ,4 14,7 1,7 3 ,5 1,8 5 ,9 10,8

10 Loam  o f m e d iu m  w e ig h t ,b u r ie d  s o ils 2 1 ,6 - 2 2 ,4 4,1 6 ,5 26,1 5 ,8 3 ,6 10,1 3 7 ,3 8 ,7 3 ,3 72,1 10,7 3,1 7 ,0 3 ,0 19,4 7,1

11 L ig h t s a n d y  lo a m 4 2 2 ,4 - 2 6 ,8 3 ,2 5 ,6 22,1 4 ,9 1,4 6 ,5 3 9 ,4 16,9 3,1 68,1 12,3 1,9 4 ,9 2 ,4 9 ,6 6 ,7

12 D u sty  s a n d 2 6 ,8 - 3 1 ,2 2,1 4,1 2 0 ,6 3 ,8 1,3 4 ,7 4 2 ,7 17,1 2,1 70,1 13,1 2,1 5,1 2,1 3,1 5 ,4

13 L ig h t lo a m , b u r ie d  s o ils 3 1 ,2 - 3 2 ,1 3 ,4 5,1 21 ,9 5,1 1,6 7,1 4 2 ,9 10,7 3 ,8 69,1 12,4 1,4 3 ,2 1,3 9 ,8 6 .2

14 D u sty  s a n d 5 3 2 ,1 - 3 6 ,9 2,1 4 ,3 2 0 ,0 3 ,7 1,7 4 ,9 44,1 14,9 2 ,8 6 4 .3 15,1 1,6 2 ,9 1,1 7 ,8 7 ,6

15 S m a l l-g ra in e d  s a n d 3 6 ,9 - 3 9 ,9 1,7 3 ,4 19,0 3,1 2 ,7 3,1 4 0 ,2 13,1 2 ,0 6 7 ,3 17,4 3,1 3,1 2 ,7 5,1 2 ,9

16 L igh t lo a m , b u r ie d  s o ils 3 9 ,9 -4 1 ,1 2,1 10,1 23,1 8 ,4 2 ,9 8 ,2 4 5 ,6 12,2 2,1 59,1 8 ,7 2,1 1,6 3 ,4 2 6 ,8 12,4

17 M e d iu m -w e ig h t  lo a m 6 4 1 ,1 - 4 4 ,5 1,7 8 ,3 2 4 ,2 7 ,4 2 ,0 6,1 3 9 ,6 11,0 1,4 6 4 ,2 9 ,4 2 ,0 0 ,8 1,7 21,3 13,7

18 H eavy  lo a m 4 4 ,5 - 4 7 ,1 1,4 7,1 2 5 ,7 6 ,9 2 ,4 5 ,7 3 8 ,9 10,7 1,4 61,7 10,1 1,7 1,3 1,4 2 0 ,4 14,1

TABLE 1. Characteristic mineralogical composition of the individual cyclesses
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It follows from this, that by distinguishing cyclesses in terms of the granulomet
ric composition we make a distinction according to the other indices as well. This is the 
second conclusion.

The above discussion entitles us to accept the granulometric or grain composi
tion as one of the basic diagnostic features of loess sequence subdivision. Many litho
logists are inclined to think that the various combination of the granulometric fractions 
characteristic of a concrete rock formation reflect in a broad sense the circumstances of 
sedimentation.

The unquestionable diagnostic significance of the granulometric composition 
and the analysis of the individual fractions (sand, dust, clay fractions) have enhanced 
searchers to find an integral numerical criterion for the distinction of individual cyclesses 
in a vertical geological section.

As shown by the complex study of loess deposits, the basic fractions, having 
essential influence on the pattern and characteristics of loess sediments are the coarse- 
dust particles (d = 0.01 -0.05 mm) and the clay particles (d < 0.005 mm).

It is the percentage of the particles d < 0.005 mm to the particles d >  0.01 to
0.05 mm that has been adopted as the so-called cyclicity coefficient (K c).

The analysis of more than 600 values of K c from various regions has shown this 
index to be correct in relation to other characteristics of the composition, the properties 
and also the stratigraphy of loess sediments.

As a rather consistent trend, Kc was observed to increase as the granulometric 
composition gets heavier. The buried soils have a cyclicity coefficient attaining 3 to 5 
times or more the figure of the enclosing sediment. This is exactly what enables us to 
record easily the buried soils and, as already shown, to distinguish cyclesses. The granulo
metric properties of the individual cyclesses do not represent random alternation of 
lithofacies of different granulometry, but they are regularly organized complexes reflect
ing the interaction of the various natural factors, involved in their formation.

The analysis of the cyclicity of loess formations sheds light on two aspects of 
this process — the fixation of cyclicity in the vertical section and the determination of 
its scales in the lateral sense.

The cyclesses having been observed to be consistent both vertically and laterally 
over great distances (FIG.), this proves them to be of stratigraphic value. Virtually, it is 
the succession of the cyclesses in space and time that serves as a stratigraphic scale for 
the loess sequences. In our opinion, a eyeless is a definite stratigraphic unit.

Let us examine now how much this approach is justified. The difficulties of loess 
stratification and the causes responsible for it were already pointed out.

The Soviet Stratigraphic Code has stipulated the use for the loess-like sediments 
of stratigraphic subdivisions that are independent and can be designated with terms of 
free use. The Code has stipulated the following lithostratigraphic categories for a regular 
usage: sequence, bed, stratum (layer), key horizon.

Without entering into details of how the Code has specified those terms, we 
should like to point out that all of them can find a use in loess stratigraphy.

Terms like loess sequence, rock stratum, key horizon (buried soil) need not be 
commented.
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A bed (in the sense of the Code) is a relatively thin set of strata characterized by 
an identity of features . . .  We already pointed out in the above that a eyeless happens 
to be accepted as a stratigraphic category.

The use of sedimentation cyclicity and system patterns in the construction of 
loess sequences has enabled a new approach to representing the stratigraphy of the 
Krasnodubrovskaya and Kochkovskaya series of Quaternary loess deposits in the south
ern part of Western Siberia. So the Krasnodubrovskaya series was conventionally divided 
into 2 to 3 rock strata complexes. The new approach has enabled to distinguish 5 to 7 
complexes (eyeless) within that sequence, thus being of interest from both scientific and 
practical viewpoints.
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PLIOCENE AND PLEISTOCENE SOIL FORMATION IN THE UKRAINE

N.A. Sirenko

ABSTRACT

The article analyzes the principal regularities of Pliocene and Pleistocene soil 
formation in the Ukraine, its rhythm, direction, zonality, regionality. The alternation 
of the stages of intensive soil formation (soil series, pedocomplexes) and of sedimenta
tion (Pliocene yellow-brown clays and Pleistocene loess-like loams) are presented. The 
author gives the morphogenetic characteristic of soils from eight Pliocene paleogeogra- 
phical stages and from seven Pleistocene stages. The common and distinctive features 
in the character of the Pliocene and Pleistocene soil formation are established. The 
forms and types of cryogenic structures in the Pleistocene are investigated.

Paleopedology is a new science but during the last two decades it has given us 
numerous data about the composition, structure, paleogeographical stages and charac
teristics of the Earth’s crust.

Paleopedology is very useful for climatostratigraphy that is considered to be the 
base of stratigraphic schemes of the Late Kainozoic subaerial sediments.

Specialists from the Geographical Research Institute of Ukrainian Academy of 
Sciences have collected many interesting data about Late Paleozoic (Carboniferous and 
Permian), Mesozoic (Triassic and Jurassic) and especially about Pliocene and Pleistocene 
soil formation.

Soil formation was continuous in the continental stages of earth history. For 
every time interval clear rhythms are observed. Stages of intensive soil formation (during 
the warm paleogeographical intervals) alternated with stages of its attenuation (during 
the cold and moderately cold paleogeographical intervals), that led to the alternation of 
soils of different genesis and complete profiles with horizons of loesses, loess-like loams, 
brown-coloured Pliocene clay and bluish-greenish-olive Mesozoic clay.

Each stage of soil formation is characterized by its own paleogeographical condi
tions, intensity and character of soil formation and sedimentation.

There are 16 paleogeographical stages (or stratigraphic horizons) (VEKLICH, M.F. 
1968; VEKLICH, M.F. -  SIRENKO, N.A. 1973; 1976; TABLE 1) in the continental 
post-Pontusian sediments of the Ukraine. Eight of them (the Ivankov, Lyubimovka, 
Sevastopol, Jarkov, Bogdanov, Beregovo, Kryzhanovian and Shirokino horizons) repre-
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sent the major stages of intensive soil formation similar to the subtropical one. The 
stages of red-coloured soil formation type alternated with the stages of yellow-brown- 
coloured rock formation under different climatic conditions (the Belbek, Salgir, Oskol, 
Aidar, Kizylyar, Siver, Berezan and Ilyichevsk horizons). The Pliocene clays show traces 
of considerable chemical and biochemical weathering and are intercalated by 6-12 fossil 
soils. Unlike the red-coloured ones, they represent more moderate climatic conditions. 
Soils of the Lower Pliocene brown-coloured horizons, e.g. the Belbek horizon, are rather 
thick and are characterized by their complete profiles. But upwards soils of the brown- 
coloured horizons are thin and two-membered (A-C).

The Pleistocene rhythm had specific characteristics. One of them is an obvious 
contrast of soil processes. Seven soil horizons (the Martonosha, Lubny, Zavadovka, 
Kaydak, Priluki, Vitachev and Dofinovka) alternate with eight loess and loess-like loam 
horizons (the Priazov, Sula, Tiligul, Dnieper, Tyasmin, Uday, Bug and Prichernomorye 
horizons, TABLE 1). In the Tiligul, Dnieper, Bug and Prichernomorye horizons, as well 
as in the Pliocene clays, in the initial and final phases of sedimentary cycles there are 
poorly developed soils of primitive initial type. It indicates the progressive, pulsatile 
character of soil formation and sedimentation processes during the initial and final 
phases of sedimentary cycles.

Stage by stage development is characteristic for the Pliocene and especially for 
the Pleistocene due to the climatic alternations. Such development caused the formation 
of soil series (pedocomplexes) characteristic for all stages of soil formation independent 
of their age.

A soil series reflects conditions of old soil formation during one paleo- 
geographical stage and corresponds to the initial, optimum and final phases of soil for
mation. Soil series have various structures. In some cases, especially on the high water
sheds with poor sedimentation a pedocomplex may be represented by only one soil pro
file with a complex polygenetic structure. Sometimes a series consits of several inde
pendent soils interbedded with loess-like loam horizons that are characteristic of the 
Lower and Middle Pliocene in the Ukraine. Soil series of the initial and final stadials are 
as a rule thin and vague. Soils of the optimum stadials are the most informative from 
paleogeographical point of view. There are 2-6 optimum stadials in the Pliocene and 2-3 
in the Pleistocene.

The analysis of the structure and characteristics of the Pliocene and Pleistocene 
series reveals the regular character of soil formation. From the Lower Pliocene up to the 
Upper Pleistocene, soil formation continued under the influence of processes of increased 
aridity and fall of temperature, which influenced the characteristics of fossil soils: bright- 
red soil of the Lower and Middle Pliocene became reddish- and brownish-cinnamon in 
the Upper Pliocene and Lower Pleistocene. In the Middle and Upper Pleistocene brown, 
grey, cinnamonish-grey colours dominate. The quantity of clays and sesquioxides de
creased while quantity of carbonate, and also new formations in the south, increased.

Depending on the region, relief and position in the sequence, in the Pliocene 
there were several predominant soil types: in the Lower Pliocene humid-and-variable- 
humid-forest soil types (yellow-brown, yellow, red, red-cinnamon, leached, with lessivage 
and hydromorphic soils), in the Middle Pliocene predominated forest-steppe soils with 
different grasses, and in the Upper Pliocene forest-steppe, xerophytic-forest and meadow-
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TABLE 1. Upper Kainozoic paleogeographical stages in the Ukraine

Period
System

General
scale Paleogeographical stages Subaerial

sediments
Modern Name Index

sediments Holocene hi Modem soils
Prichemomorye pc loesses

Upper
Anthropogene

Dofinovka df soils
Bug
Vitachev

bg
vt

loesses
soils

Uday ud loesses
Z
И Priluki pi soils
aо Middle Tyasmin ts loesses
Он Anthropogene Kaidak kd soils
О
X Dnieper dn loesses
XH Zavadovka zv soils
z
< Tiligul tl loesses

Lower Lubny lb soils
Anthropogene Sula sl loesses

Martonosha mr soils
Priazovye pr loesses

Shirokino sh soils
Ilyichevsk il clays

Upper Kryzhanovian kr soils
Berezan br clays
Beregovo bv soils
Siver sv clays

w Bogdanov bd soils
Ш Kizylyar kz clays
и
оt-H Middle Yarkov

Aidar
jr
aj

soils
clays

Oh Sevastopol st soils
Oskol OS clays

Lyubimovka lm soils
Lower Salgir

Ivanovsk
sg
iv

clays
soils

Belbek bl clays

Lower Pontusian stage nv loams
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steppe soils of cinnamon and reddish-cinnamon colours prevailed. In the Middle and 
Upper Pliocene and partly in the Lower Pleistocene in the south sea-side regions there 
developed dark-coloured fused soils of montmorillonite composition.

Soil formation characteristics, as well as palynological, paleomagnetic and other 
data were the base for the subdivision of the Pliocene into the Lower, Middle, Upper 
Pliocene.

Formations of temperate subboreal climate (brown and grey forest soils of dif
ferent facies, chernozem-like, chernozem, chestnut and other soils) dominate in the 
Pleistocene topsoils, though there are some features transitional to subtropical, and in 
the South, to subarid and arid subtropical character (a group of cinnamon and reddish- 
cinnamon, carbonate cinnamon steppish, dark-cinnamon, grey-cinnamon and other soils).

In the Pliocene and Pleistocene processes of soil formation there are 5 - 6 stages 
of higher humic content during which the lower soils of a series were formed and 6 stages 
with higher aridity (upper soils of the Lyubimovka, Jarkov, Bogdanov, Shirokino, Za- 
vadovka and Dofinovka stages). This regularity is especially characteristic of the south
ern and south-eastern regions of the Ukraine.

Topsoils of different age had different zonal structures. Latitudinal zonation in 
the Pliocene was less differentiated than in the Pleistocene. Thus, red and yellow type 
of soil formation in the Ivanovsk times of the Lower Pliocene is seen almost everywhere 
in the Ukraine.

In the Upper Pliocene and Lower Pleistocene the zonal contrast of the topsoil 
and predominant group of cinnamon soils in central, southern and sout-eastern parts of 
the republic (cinnamon typical, leached, carbonic, cinnamon meadow, dark-cinnamon, 
reddish-cinnamon and other soils) increased. In south-western and western regions cinna
mon soils were accompanied by brown soils, and in the Lower Pleistocene by the cher- 
nozem-like soil formation type. In the north of the republic dark-coloured meadow and 
meadow-forest soils were well developed.

The clearly cut zonal structure of the topsoil is characteristic of post-Dnieper 
times, though in the Upper Pleistocene, especially in the Vitachev and Dofinovka peri
ods, zonal contrast in topsoil decreased because of increased aridity.

Recently we composed and published the map-schemes of topsoils for 7 Pleisto
cene stages.

Beginning from the Upper Pliocene fossil soils have traces of frost deformation. 
There are at least 9 Pleistocene and 2 Upper Pliocene generations of cryogenic structures 
synchronous with loess horizons, but their intensity and dimensions are various (VEK- 
LICH, M.F. 1969; VEKLICH, M.F. -  SIRENKO, N.A. -  DUBNYAK 1974; 
SIRENKO, N.A. 1981). The most vivid frost deformations are seen on the loess and 
fossil soils contact.

Forms and cryogenic structures are various in the Ukraine.
Frost deformation took place predominantly in the principal and final stages of 

soil formation and in the soils of the second climatic optimum where the upper and 
lower boundaries were deformed due to the repeated transition of melted soil to frozen 
one.

Forms of the residual cryogenic formations on the territory of the Ukraine show 
that they were produced under the influence of seasonal frost. Only during the Dnieper,
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Bug and Tiligul stages there might have been permafrost in the Middle Pridnieprovye. In
tensive cryogenic deformation in the Lubny, Zavadovka and Vitachev horizons in indic
ative of this. The Bug, Uday, Tyasmin, Dnieper and Tiligul stages of loessformation were 
characterized by the most vivid frost regime.

Each time interval is characterised by its own group of cryogenic formation. At 
the same time there are zonal variants of cryogenic phenomena.

In the northern and north-western regions of the Ukraine in the Middle and 
Upper Pleistocene nonstructural forms of paleocryogenesis (solifluction etc.) dominated 
that indicate the unity of cryogenesis and humidity.

In the Middle, and especially in the Eastern regions earth veins predominated. 
Intensity of cryogenesis decreased to the South.

Soil formation in the Pliocene and Pleistocene was consequently subjected to re
peated cycles of humidity, aridity and cryogenesis.
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ON THE DEVELOPMENT OF PLEISTOCENE SOILS IN CZECHOSLOVAKIA

L. Smoliková

ABSTRACT

In the territory of Czechoslovakia significant pedostratigraphic units were in
vestigated, especially those occurring in loess series, on volcanics, lacustric sediments, 
on the so-called solid carbonate substrates and on pronounced silicate basements.

FOSSIL SOILS IN LOESS SERIES

In loess series, mostly weakly developed soils occur, chernozems, pseudo-cherno
zems, illimerized soils, brown clay (Braunlehm)-like grey brown forest soils (Parabraun- 
erdes), brown clays (Braunlehms), reddish clays (Rotlehms), pseudogleys, gley-like and 
panthered soils.

a) Weakly developed soils of initial pseudogley character, „arctic” brown soil 
(Braunerde) and pararendzina character occur in the upper sections of almost 
all soil complexes (pedocomplexes), thus they are of no regional stratigraphic 
significance. It is only the pedocomplex I (”W 2/3”) which is throughout com
posed of these soils.

b )  True chernozems occur within the interval of pedocomplexes II ( ”W 1/2”) 
and III (R/W,Eem) and rarely also in pedocomplex VI (Early Holstein).

c) Polygenetic pseudo-chernozems appear within the range from pedocomplex 
IV (Treene, Rügen) to X (C/M, Cromer); these are associated throughout with 
the upper sections of the respective pedocomplexes.

d) Illimerized soils are present especially in pedocomplexes III and IV; those 
overlying strongly weathered soils are also present in pedocomplexes VI and 
VIII.

e) Brown clay (Braunlehm)-like grey brown forest soils (Parabraunerdes) (with a 
progressive tendency toward brown clays) occur in pedocomplexes V and Cl 
(Late or Early Holstein) as well as in pedocomplexes IX and X.

f) The soils of brown clay (Braunlehm) and reddish clay (Rotlehm) types are 
present within the range from complex VII (warm Mindéi time spans) to the 
earliest one.
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g) Strongly developed pseudogleys are in the pedocomplex VI as e.g. in the Cer- 
veny kopec locality and in pedocomplex VII in the Ruzenin dvur locality near 
Brno.

h) Strongly developed gleys are also present in pedocomplex VIII as e.g. in the 
Ruzenin dvur near Brno.

i) Panthered soils occur still in the upper part of pedocomplex VII.
For stratigraphic purposes, the basal soils of the individual soil complexes are 

most significant, as they correspond to the culminating phases of warm time spans, so 
they indicate the intensity as well as the duration and the course of the respective warm 
stages. — The upper members of the soil complexes recur regularly in the other pedo- 
complexes, this fact being in harmony with the course of the Quaternary climatic cycle.

All fossil soils (except the weakly developed ones corresponding to slight cli
matic oscillations) are of polygenetic character. This polygenetic origin reflects the 
complex Quaternary climato-sedimentary and soil-forming cycle. It can be best evident 
micromorphologically, e.g. brown-clays (Braunlehms) and reddish clays (Rotlehms) were 
secondarily earthened and rubified to various degrees (brown clay-grey brown forest 
soils and brown forest soils were subsequently granulated to earthened) as well as sub
sequently moderately pseudogleyed and enriched in a fresh allochtonous component. 
Then together with the overlying humic soils these were finely re-pseudogleyed, some 
of them were mechanically disturbed, and all were strongly re-calcified.

The intensity of the development of brown-clay soils (plastosols) increases to 
wards the Tertiary, but in the opposite direction it is decreasing. In Czechoslovakia, 
brown-clay soils have not been found so far either in the Late Middle Pleistocene, or in 
the Late Pleistocene. The latest warm time span o f the Elster (Mindéi) glacial (pedo
complex VII) is therefore the last warm interval where, these soils formed on loesses in 
the area in question (TABLE 1).

An analogous case is that of plastosols on other substrates, e.g. volcanics or 
lacustrine marls.

SOILS ON VOLCANICS

In this case relict brown clays (Braunlehm) in the Ceské stredohori Mountains 
may serve as an example. These occur there e.g. on debris of olivine basalts. Based on 
the analysis of the malacofauna (carried out by V.LOÉEK) preserved in the direct sub
stratum of these soils, it was found that the formation of the brown clays (Braunlehms) 
may be assigned here to the Cromer interglacial and it is probably younger than the final 
phase of the Early Pleistocene.

SOILS ON FRESHWATER MARLS

On the above mentioned substrates relict (Unetice near Prague) as well as fossil 
(Prezletice near Prague) soils of brown clay (Braunlehm) type were preserved. The for
mation of the fossiliferous lacustric marls with a rich archaeological content falls within



PLEISTOCENE SOILS IN CZECHOSLOVAKIA 35

TABLE 1. Development o f fossil soils in loess layers in Czechoslovakia

Chronology Pedocomplex Soil development

„W 3”

„W 2/3” 

(Stillfried В)

I

Weakly developed soils- initial stages of pseudo- 
gley soils, pararendzinas etc.
„Arctic” brown soil (Braunerde) consisting of 
loam-crumbs sands
„Arctic” brown soil (Braunerde)

„W 2”

„W 1/2”

„W 1” 1
CO

Eem (R/W)

II

Weakly developed soils — initial stages of pseudo- 
gley soils
Pararendzina to chernozem 
Degraded chernozem to brown forest soil (Bra
unerde)

III

Weakly developed soils — initial stages of pseudo- 
gley soils, brown forest soils, Stillfried A (Braun- 
erde soils) and pararendzinas consisting of loam- 
crumbs sands 
Chernozem 
Illimerized soil

Treene (Rügen) IV

Weakly developed soils — initial stages of pseudo- 
gley soils and pararendzinas
Pseudochernozem
Granular to slightly earthified greybrown forest 
soil (Parabraunerde)
Pseudochernozem
Granular to earthified grey brown forest soil 
(Parabraunerde)

Late Holstein V

Pseudochernozem
Earthified brown clay-like grey brown forest soil 
(Braunlehm-like Parabraunerde)
Pseudochernozem
Strongly brown clay-like grey brown forest soil 
(Braunlehm-like Parabraunerde)

Early Holstein VI

Pseundochernozem
Earthified grey brown forest soil (Parabraunerde) 
Strongly brown cley-like grey brown forest soil 
(Braunlehm-like Parabraunerde)
(displaying developmental tendency to brown 
clay (Braunlehm)
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TABLE 1. Development of fossil soils in loess layers in Czechoslovakia

Chronology Pedocomplex Soil development

Early Holstein VI

Pseudochernozem (or still chernozem) Strongly 
brown clay-like grey brown forest soil (Braun- 
lehm-like Parabraunerde (displaying develop
mental tendency to brown clay (Braunlehm)

VII
Humous soil (or mottled soil) 
Earthified brown clay (Braunlehm)

Warm intervals 
of Elster 
Glacial (M)

VIII
Pseudochernozem
Earthified grey brown forest soil (Parabraunerde) 
Earthified brown clay (Braunlehm)

IX
Pseudochernozem
Brown clay-like grey brown forest soil (Braun- 
lehm-like Parabraunerde)

Cromer
Interglacial (G/M) X

Pseudochernozem
(Brown clay-like grey brown forest soil (Braun- 
lehm-like Parabraunerde)
Earthy brown clay (Braunlehm)

and other 
warm intervals XI Earthy brown clay (Braunlehm)

Earthy rubefied brown day (Braunlehm)

XII (?) Rubefied brown clay (Braunlehm)
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the early phase of the Cromer interglacial in a broad sense and that of the brown clays 
(Braunlehms) into one of the culminating phases of the respective climatic optimum.

SOILS ON SOLID CARBONATES

On travertines, carbonate breccias, freshwater chalks, carbonate gravels etc., the 
pedostratigraphic function of interglacial soils is taken by soils belonging to the terrae 
calcis group. The autochthonous terra rossa occurs only on oldest substrates. The hith
erto ascertained latest terra rossa falls to the Cromer interglacial. The later 1st order 
warm intervals are represented by terra fusca which is lacking in interstadials, being not 
fully developed even in the postglacial. In solid carbonate sediments, rendzinas may be 
regarded as an equivalent of the interstadial-chernozems in loess series. These rendzinas 
occur commonly also as buried Holocene soils or as recent soils.

The stratigraphic position of the terra rossa is therefore analogous to the soils of 
brown-clay (Braunlehm) and reddish clay (Rotlehm) types on loesses, volcanics and 
lacustric sediments, whereas the position of terra fusca is analogous to that of illi- 
merized soils, the position of rendzinas corresponds to that of chernozems.

SOILS ON SILICATE SUBSTRATES

For stratigraphic purposes, soils of ferretto type may be best use. Their strati
graphic position follows from their relation to earlier gravel covers as well as to later 
accumulations, now terrace form.

In Czechoslovakia the latest ferretto soils occur on the surface of a sandy gravel 
cover of Günz age. The earlier ferretto soils (e.g. on Neogene substrates) are substantially 
more strongly weathered, in contrast, the ferretto soils are missing on Mindéi or still 
younger terrace gravels. These terraces of lithologically analogous composition are pedo- 
genetically covered by soils of the podzol group, or rankers.

Ferrettos occur also as fossil and relict soils. These are always distinguished by 
their strongly polygenetic character. Their formation ended before the inversion of the 
Brunhes/Matuyama paleomagnetic field.

CONCLUSIONS

Strongly weathered soils (brown clays, reddish clays, terra rossa of Ferretto 
soil) formed for the last time during the warm time spans of the Mincel (Elster) glacial. 
Thus, they have no analogues in the Late Pleistocene. The above-mentioned soils there
fore represent conspicuous indicators of the mutual separation of terrestrial rock series, 
the latest of the above-mentioned time spans (ending by pedocomplex VII) then repre
sents the significant discontinuity limit in the course of the development of Pleistocene 
soils.
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DANUBE LOWLAND IN CZECHOSLOVAKIA

E. Vaskovská

ABSTRACT

On the basis of the results of complex lithogeochemical and micromorphological 
investigation of about 50 profiles of loess series, mainly on paleopedological basis, a new 
stratigraphic scheme of the Late Pleistocene in the Danube lowland has been worked 
out. In the article mention is for the first time made of a more detailed typological 
characterization of fossil soils of the R/W interglacial, then of Early Würm soils 
(Amersfoort, Brörup and neither the presence of the Oderade is excluded), further of 
the W2i3 (PK I) and Late Würm (Bölling and Alleröd). The age of some soils is deter
mined by the Cj4 method. Two stratotype soil complexes are distinguished: the Nitra 
and Vyskovce complexes. The stratigraphic sequence of sediments and fossil soils is 
analysed in more detail as well as a partial reconstruction of paleogeographical condi
tions in the Danube lowland throughout the Late Pleistocene is carried out.

The geomorphological subunits distinguished in the Danube lowland: the Trnava, 
Nitra, Zitava, Hron and Ipel’ uplands (in the sense of regional geomorphological subdi
vision of MAZUR,E. — LUKNIS, M.) were an arena of more extensive loess accumula
tion throughout the Quaternary (FIG.l.) The extension of loess is in close connection 
with hypsometric levels within the range of 110 to 300 m above sea level, higher up the 
loess usually grades into loess derivates, only exceptionally do loesses border on the 
adjacent mountains of the Little Carpathians, Povazsky Inovec, .Tribec etc., where they 
are found in form of isolated occurrences up to an altitude of 400 m. Thickness of 
loess is uneven, it attains as much as 40 m. On geological maps the areal distribution 
of Late Pleistocene loesses is actually indicated, their thickness is also uneven (1-5-10- 
15 m).

The present author has carried out detailed lithochemical and micromorpho
logical investigations of about 100 profiles of Quaternary sediments in the whole region 
of the West Carpathians (of Slovakia) in the course of two decades, about 50 of them 
were profiles of loess series and fossil soils which practically represent all uplands and 
their sections in the neighbourhood of the Danube lowland (FIG. 2).
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The complex lithogeochemical investigation included the laboratory analyses of 
colour according to Munsell, grain size with calculation of Md, So and microaggregation 
coefficients (K micro) and the determination of granulotype (by the content of fraction 
<0,01 mm), pH, CaC03, humus, fractional composition of humus with calculation of 
ratio of C humic acids to fulvoacids, chemical composition, exchange cations, clay 
minerals were established C by X-ray and DTA-analyses. Strong emphasis was laid on 
micromorphological studies of paleosols mainly of the character and inner structure of 
plasma (according to classification of BREWER, R. 1964), the skeleton, form and 
amount of pores, carbonates, new forms and other structural and textural properties.

Moreover, in some Late Pleistocene fossil soils the age was determined by the 
Cj4 method, also paleomagnetism was applied.

The obtained data of equal methods of complex study of loess series, especially 
with regard to paleosols, have supplied a good basis for the elaboration of new strati-

FIG. 1. Localities of lithogeochemical and micromorphological investigations of Late Pleistocene 
sediments and fosil soils in the Danube lowland. Compiled by E.VASKOVSKÁ, 1983.
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FIG. 2. Stratigraphy of Late Pleistocene loess and fossil soils of the Danube lowland. E.VASKOVSKÁ,
1983.
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graphic scheme of the Late Pleistocene in the Danube lowland (FIG. 2.) which refutes 
the latest scheme from the region of the Danube lowland worked out by HALOUZKA,
R. in HALOUZKA, R. -  SCHMIDT, Z. (1979). HALOUZKA, R. established an incor
rect typology and stratigraphy of fossd soils mainly in the R/W interglacial and Early 
Würm.

The base of the Late Pleistocene, virtually its beginning, is the R/W interglacial 
which is mainly indicated by fossil soils in the loess series of the Danube lowland. Their 
development prevailingly took place under automorphous conditions (FIG. 3.). The 
second less spread group is of hydromorphous soils, formed on a different substratum, 
on fluvial sediments (flood-plain facies) under the considerable influence of groundwater 
(FIG. 4).

0
0 .6 -

FIG. 3. Late Pleistocene loess and fossil soils of the Danube lowland. Automorphic group of soil 
(Nitra pedocomplex) E.VASKOVSKÁ, 1983 (after J.HARCAR, modified by E.VASKOVSKÁ). 
1 = blackearth, 2 = brown earthy block earth, 3 = black earthy brownearth, 4 = weak pedo
genesis, 5 = initial brownearth, 6 = brownearth, 7 = weathered brownearth, 8 = intensely 
weathered brownearth, 9 = gley soil, 10 = flood-plain (meadow) soil, 11 = soil sediments, 12 = 
wash sediments, 13 = solifluction horizon, run-off, 14 = loess, 15 = loess loam, 16 = fluvial 
sediments: a) loam, b) sand, c) gravel, 17 = density of hachure indicates the intensity o f pe- 
doprocess, 18 = flows of optically oriented clay, 19 = indication of gleyification.
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In the frame of the first group of automorphous soil of the R/W interglacial in 
the Danube lowland I distinguished two types of fossil soils. The first is the illimerized 
soils (Parabraunerde), which I prevailingly studied at the localities of Mnesice, Trakovice, 
Vel’ké Kostolany, Báb, Aleksince (profile IV), Sahy, Divá, Vekké Ludince and possible 
at Kovárce and Vel’ké Lovce.

The second type of the automorphous group of soils of the R/W interglacial in 
the Danube lowland are the soils of brown earth type (Braunerde). Their occurrences 
have been observed at the following localities: Moravany, Vlackovce, Vekké Lovce, 
Vekké Ludince, Kaminica and others. The R/W interglacial soils are of brown colours 
with various shades, they are mostly loams to clayey loams, with medium to high coeffi
cient of microaggregation (K micro = 20-35) with a high content of particles < 0,002 mm 
(20-37 %), slightly calcareous (СаС03 О 1,3-3,0 %), the soils are weakly humic (0,1-0,5 % 
humus), mostly with the prevalance of fulvo-acids (Chk : Cfk <  1). The exchange reac
tion is alkalic (pH in KC1 = 7,2-8,0).

Micromorphology. In the soils mainly aggregates of polysphedral forms are 
found, besides circular pores and channel-like forms also intergranular-composed are 
present. The sepic inner structure of plasma, is typical, mosepic, amnisepic and lattisepic

FIG. 4. Late Pleistocene loess and fossil soils in the Danube lowland. Hydromorphic group of soils 
(Vyskov pedocomplex) E. VASk OVSKÁ, 1983. Legend see to FIG.3.
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and mainly vosepic separation of plasma along free spaces characteristic of illimerized 
soils dominate. The carbonates found in the soils are secondary: micro-crystalline 
calcite, spottycementing S-matrix and also present along pores; nodules and connections 
are rare. These soils are characterized by new forms in the shape of dark-brown or- 
ganomineral flakes, concretions as well as nodules, also of angular shape, fine humified 
fragments and Fe - Mn radial forms of segragation.

The soils are polygenetic, besides illimerization and innersoil weathering, proces
ses of pseudogleyification and finally recalcification also affected them.

We described the hydromorphous group of R/W interglacial soils at the locali
ties of Vyskovce II and Kamenica - 4 (VA§KOVSKÁ, E. in. VASS D. et al. 1980), where 
these soils formed on the flood-plain facies of the Late Riss terraces.

The collected facts about fossil soil at the locality of Kamenica with its typical 
lithogeochemical and micromorphological features unambiguously indicate that the soil 
typologically belongs to the gley soils with a distinct gley horizon with peculiar frag
mentary microstructure, mainly in the gley horizon. The soil is characterized by a high 
degree of inner-soil weathering (the plasma in the soil has a sepic inner structure). The 
soil is polygenetic with large brown concretions, compactbordered from S-matrix and 
an amount of ferric and ferric-manganese hems along pores, also of radial forms, in it, 
finally the soil was recalcified. Under analogous, however, less hydromorphous condi
tions in the area of the Ipel’-ská pahorkatina upland the R/W interglacial soil formed 
near Vyskovce which is of the character of paleohydromorphous flood-plain (meadow) 
soil.

Early Würm (Wj). In the here presented new stratigraphic scheme it includes the 
periods: Wj older (Wj ol) — first stadial of the Würm glacial, then the Amersfoort (Am) 
interstadial (first interstadial of the Würm glacial — PK IIj),then the second stadial of the 
Early Würm — Wj younger (Wj y) and Brörup interstadial (Br) -  PK II2 and Oderade (O).

Older Wj Stadial (Wj ol). To the end of the R/W interglacial and at the beginning 
of the Würm glacial general deterioration of climate was taking place, manifest in a thin 
layer of loess or wash sediments of the Würm 1 ol Stadial (Wj ol) also in the Danube 
lowland. The sediments from this period are preserved only at several localities in the 
area of Vyskovce II and then in the area of Kamenica 4.

The little thickness of Wj ol stadial sediments or their absence at the investigated 
localities in the Danube lowland is due to the fact that this cold interval was short on 
the one hand and the first subsequent interstadial warming in the Early Würm — the 
Amersfoort interstadial (Am) was very intense and characterized by soil-forming pro
cesses which usually affected the total thickness of Wj ol sediments on the other hand.

Amersfoort interstadial (Am) — PK IIj. After a short, however, very distinct 
cooling of climate at the beginning of the Early Würm, when the region of the Danube 
lowland and its broader surroundings was prevailingly characterized by loess accumula
tion, the first warming in the Würm glacial set in. This climatic change resulted in steppe 
climate in the lowland region, reflected by formation of soils dominantly of blackearth 
type. The intensity of soil formation was high and, as we have already mentioned in 
connection with the formation of the R/W interglacial soil, not only the total thickness 
of Wj ol loess was affected, but quite often it was exceeded and even the rate for the 
R/W interglacial soü was reached, there are even cases when they practically overlap.
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The fossil soils of blackearth type assigned to the Amersfoort interstadial (Am) 
— PK IIj are of large extension in the Danube lowland and we find them at all uplands 
at the localities of Trnava III, Trakovice, Vel’ké Kostolany (black earth brown earth), 
Báb, AlekMnce (profile IV), Kovárce, Vel’ké Lovce, Bina 1 and others.

Younger Wj stadial (Wly). This Early Würm stadial has preserved, in the Danube 
lowland region in form of wash solifluction and soil sediments at several localities. The 
thickness of these sediments is also relatively little 0,1 -0,8 m. Sediments of this period 
are estabhshed at the localities Trakovice, Senec, Vlckovce, Aleksince IV, Aleksince 4, 
in borehole M-3, Divá, Vel’ké Ludince, VePké Lovce, Buc, Kamenica and others.
Wl/2 Interstadial — Brörup (Br) — PK II2. Similar to the preceding Amersfoort inter
stadial the Brörup interstadial is also indicated by fossil soils in loess series in the Dan
ube lowland region. They are mainly soils of brownearth type, which are mostly less 
humic, less frequently with higher humus content. These soils were found at the follow
ing localities: Trnava III, Trakovice, Vel’ké Kostolany, Moravany (МО-l), Banka, 
Vlckovce, Báb, Aleksince, in boreholes (M-3, M-4, M-5, M-6, M-10, M-18), Kovárce, 
Vel’ké Ludince, Vel’ké Lovce, Buc, Kamenica 1, 4, Vyskovce — II etc.

The W2 Stadial (W2) saw intense loess accumulation at all uplands and then- 
sections bordering the Danube lowland. The thickness of loess is variable, it is up to
2,5 — 3,0 m at some localities. The loesses were studied in more detial at the following 
localities: Senec, Moravany, Aleksince, in borehole M-18, Divá, Vel’ké Ludince, Vel’ké 
Lovce, Buc, Kamenica (KH-1), Vyskovce II nad Iplom and others.

W 2/3 Interstadial — PK I. This interstadial is represented in loess series of the 
Danube lowland by fossil soil of brownearth type, which is mostly of initial character 
with frequent finds of carbon and is usually without or with a neghgible content of 
conchylia. This soil is generally hardly distinct, found practically at all studied localities: 
Senec, Vlckovce, Moravany, Komjatice, in boreholes (M-7, M-15, M-18), Divá, Vel’ké 
Ludince, Vel’ké Lovce, Jursky Chlm, Buc and near Kamenica 1, their age is between 
22 800 -  28 300 у. B.P.

W3 Stadial as the youngest Middle Würm stadial is of largest extension at uplands 
of the Danube lowland. It is represented by loesses with thicknesses up to 3,2 m. This 
horizon was practically found at all investigated localities: Senec, Vlckovce, Moravany, 
Banka, Báb, Kovárce in boreholes (M-3, M-4, M-6 , M-7, M-8, M-10, M-ll, M-15, M-18), 
Divá, Vel’ké Ludince, Vel’ké Lovce, Buc, Kamenica 1, Vyskovce II. etc.

A short description of W-3 Stadial loess I present on the example of the locality 
of Senec, where loess is found below the recent soil (0,8-3,8 m), its accumulation is 
interrupted by weak pedogenesis at depth 2,9-3,2 m, which indicates the subinter
stadial and shows aggregation in thin sections. The loess of the upper subhorizon has a 
high aleurite content (0,05-0,005 mm) — 72 %, of it coarse dust (0,05-0,01 mm) is 
54 %. The content of clayey particles (< 0,002 mm) is 15 %. The loess has Md = 0,026, 
So = 1,9-2,1 and a high content of carbonates (CaC03 = 33-28 %) and a low humus 
content (0,18-0,25 %).

In the chemical composition of loess SÍO2 (50 %), CaO (14 %), and R20 3 (13 %) 
dominate. Among clay minerals montmorillonite and less illite are found.

Loess in thin section shows a loose microstructure, composed particles of rela
tively equal size of ф  0,015 -0,055 mm, sporadically of 0,15 mm. These particles form
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the primary minerals of the skeleton (mainly quartz) on the one hand and microaggre
gates on the other hand. The microaggregates are formed by primary and secondary 
minerals cemented by calcite and ferric-clayey component. The loess is very porous, 
biospores of round, elliptical, channel-like shapes are prevailing, there are simple inter
granular pores too. The carbonates are very characteristic of loess and found in various 
forms (form mainly part of cement of S-matrix, there are also nodules, microconcre
tions, seldom rhombohedrons). Micro-crystalline calcite is found in form of incrusta
tions along pore-walls. The plasma of loess is asepic.

Late Würm (NW). Sediments and buried soils from the youngest period of the 
Würm are found at some localities of the Zitny ostrov island (Ton, Topolniky). In the 
warm period of the Late Würm — Bölling and Alleröd soil formation took place. These 
soils were closer investigated in the sand pit of drift sands at the locality Chotin where 
their age was established at 12 100 ± 600 у. B.P. (Bölling) and also at the locality Vyskov- 
ce where the soü of brownearth type is below recent soil, its age is established at 10 100 ± 
± 400 y. B.P. (Alleröd).

On the basis of typifying the R/W interglacial fossil soils and Early Würm soils 
(Am and Br), in their spatial extension in the Danube lowland region I distinguished 
two pedocomplexes: the Nitra and Vyskovce pedocomplexes (FIGS. 3, 4).

The Nitra pedocomplex lies at the base of the Late Pleistocene and is mainly 
composed of two or three soils. The basal soil is of the R/W interglacial and typologically 
it is an illimerized (Parabraunerde) or brownearth type soil with distinct processes of 
inner-soil weathering. Above the R/W soil a soil of prevailingly blackearth type (Am) is 
found, which is either separated by a thin layer of Wj ol loess sediments or lies immedia
tely on the R/W soü and its pedoprocesses often reach down to the R/W soil. Above the 
Amersfoort (Am) interstadial soil on W( у stadial sediments a soil of mainly brownearth 
type, possible also more humic (Br), formed. The Nitra pedocomplex including R/W, 
Am and Br soils can be considered a stratotype for the automorphous group of soils in 
the loess series of the Danube lowland.

The VySkovce pedocomplex also begins at the base of the R/W soil but of hydro- 
morphous type (flood-plain meadow to gley soils), the parent material of which were 
loamy fluvial sediments (flood-plain facies). Higher above the R/W soil are also more 
humic soils of the Amersfoort (Am) interstadial, which also show hydromorphous 
features. Above the interstadial soil (Am) are Wj у loess and wash deposits on which 
a soil of brown earth type formed, assigned to the W 1/2 Interstadial — Brörup (Br).

The Vyskovce pedocomplex is a time analogue of the Nitra pedocomplex, only 
with different conditions of formation the Nitra pedocomples formed in loess series in 
automorphous conditions whereas the Vyskovce pedocomplex in hydromorphous condi
tions, prevailingly of fluvial sediments.
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LOESS MICROTEXTURES AND THE ORIGIN OF 
LOESS IN CHINA

Wang Yong-yan — Teng Zhi-hong — Yue Le-ping

ABSTRACT

On the surfaces of the quartz grains of loess mechanical microtextures are often 
observed such as dish-shaped pits, grooves with rounded and smooth bottom, rounded 
edge angles, development of pitted faces, etc. These surface microtextures resemble 
those of desert quartz grains, which shows that wind action is supposed to have played 
an important role in the transportation of loess material. As for the chemical micro
textures such as silica precipitates, chemical etching and dissolution phenomena on the 
surface of the precipitates, they might have been subjected to weathering in situ, especi
ally in the process of pedogenesis. Pedogenesis must not be neglected in the process of 
loess formation.

Broken fissures in quartz grains with sharp edges and angles may sometimes be 
observed which might have been formed by frost weathering during glacial periods.

Supporting-spaced and mosaic-spaced contacts are the essential relation between 
the coarse minerals of loess. They often coexist with each other and the mineral grains 
are accumulated disorderly. Such special microtextures of loess may be regarded as the 
result of eolian accumulation.

On the basis of the above mentioned microtextures of loess, it may be con
sidered that the origin of loess in China is complex but the main factor of genesis is the 
eolian.

By scanning electron microscope, we have observed and analysed the micro
texture of loess samples of various geological periods and districts from 13 sections in 
Shaanxi, Gansu, Qinghai and Xingjiang. The content of this work includes studying 
the shape of quartz grains and its surface microtexture, contact relations between the 
coarse minerals as well as the cementing materials and its existing state. Such data are 
of great significance for the discussion of the origin of loess in China.

THE SHAPE OF QUARTZ GRAINS IN LOESS

The quartz grains of loess are rather complicated in shape, their approximate 
shapes which are observed may be devided as follows: slate-like, irregular, triangular, 
baton-like, pillow-like, well-rounded, semi-rounded, cubic, pointed, etc. The slate-like 
shape is predominant, next are the irregular, triangular and pointed grains, and still less
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are the baton-like, semirounded, well-rounded, pillow-like and cubic grains, the general 
trend of grain shapes is that there are more edge-angle grains, and the grains of different 
shapes are mixed with each other disorderly. The edge angle of grains is generally obtuse 
due to abrasion of blown sand and sharp edge-angle grains are very few. Some sharp 
edge grains are characterized by fresh planes of fracture, which may be formed during 
the late period of transportation or after deposition. Such disorderly mixed condition 
of many kinds of grain shapes resembles the polymineral characteristics of loess, which 
may be explained by transportation of grains from one place to another and the mixing 
together by the wind.

We have also observed the quartz grain shapes in deserts of Mu Us, Lingwu, and 
Gurbantunggut under scanning electron microscope. The shapes of desert quartz grain 
and its quantity are almost similar to those of loess, with the only difference that the 
number of semi-rounded and baton-like grains is a little increased, and sometimes the 
pointed grains are observed. The sphericity of edges of desert grains is higher than that of 
loess and the area of abrasion pockmark surface is larger. Such difference was produced 
by different energy of abrasion. The contact area between desert sand grains rolling 
along the earth’s surface is larger than that of suspended loess grains, and for the rolling 
grains, there is a higher probability to contact each other and the abrasion energy is 
higher. As for suspended grains drifting along the wind have lower probability to con
tact and little abrasion energy. Therefore, although the quartz grain shapes between 
desert and loess are similar, yet, owing to the difference of abrasion energy, the area and 
degree of abrasion between desert and loess grains are somewhat different. Above all, 
the similarity between quartz grains of loess and desert shows that their genetic environ
ments are alike.

PROPERTIES OF SURFACE MICROTEXTURE OF QUARTZ GRAINS IN 
LOESS

The microtextures on the surface of quartz grain in loess are formed in the 
process of transportation and pedogenesis of loess material. On the surface of grains two 
types of microtexture — mechanical and chemical — are often observed.

Mechanical microtextures and wind action

The broken planes along the cleavage of quartz grain are the common micro
texture with even surface and sometimes with steplike patterns (PLATE I. 1). On the 
concave part of fresh broken plane the conchoidal fracture is usually observed. The 
fresh and neat cleavage planes or clear conchoidal fracture of grains may be broken in 
situ during a later period and have not suffered enduring transport and abrasion. Owing 
to the protracted abrasion and the precipitation of Si02, the cleavage planes and con
choidal fracture formed in earlier period become indistinct. On the grains of fossil soil, 
owing to the precipitation of SÍO2 on the cleavage slices, sometimes smooth, rounded 
rises are produced (PLATE I, 2).
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On the surface of quartz grains in loess there are some pits and grooves. Among 
the pits, dish-shaped ones outnumber the square pits. Generally, the pits are of rounded 
smooth bottom (PLATE I, 3). The pits may be formed by collisions of larger grains. If 
a grain was dashed by larger pointed one, a funnel dish-shaped pit may be formed and 
on the center of it a deeper point appears. Among the observed surfaces of grains there 
are some grooves with the same width, round head and round smooth bottom (PLATE 
I, 4). Most grooves are straight but sometimes there are also arcuate and triangular 
grooves. As for the formation of grooves, it is considered that when the larger pointed 
grain rubbed against the smaller one, the surface of the latter may be curved into a goove. 
With regard to the rounded and smooth bottom of grooves, it was formed by polishing 
of much smaller wind-blown sand. As for the grooves on the surface of quartz grains

PLATE 1.1.  Terraced cleavage planes and conchoidal fracture in the concave parts. Q 1/2 loess, Pingliang, 
Gansu. X 2,400

2. Triangular pit formed by chemical etching and Si02 precipitates (middle). 5th reddish 
brown fossil soil. Luochuan, Shaanxi. X 2,520

3. Pits formed by mechanical erosion. Q 2/1 loess, Xifeng, Gansu, X 480
4. Straight trenches on the triangular grain. Q , loess, Louchuan, Shaanxi. X 990
5. Broken fissure Q3 loess, Wuqi, Shaanxi. X 640
6. SiO, precipited in the pits (middle right) and the surface of grain appears pockmarks 

(left). Q3 loess, Xifeng, Gansu. X 972
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formed by water action, their bottoms are uneven and sometimes the direction of 
groove bent, evidently different from grooves on the loess grain. The pits and grooves 
on the quartz grain surface of loess show the evident influence of wind during the 
transportation o f loess material. There are also some broken grains in loess, some of 
which are completely broken and a few are partly broken. The broken fissure is gene
rally straight (PLATE I, 5) and occasionally bent. The edges and angles of broken 
fissures are sharp, showing that bey are new products. The broken fissure is mostly 
observed in loess of the western ... northern parts of loess plateau and not discovered 
in the quartz grains of fossil soil. Such broken fissures may be formed in freezing weath
er during the deposition of loess materials. Sometimes the polished pockmark surface 
on the grains may be observed (PLATE 1,6), and it is especially clear under high mag
nifying microscopes.

The surface microtextures of silt quartz grains explain that the formation of 
material might have comprised different processes, but the wind action is supposed to 
have played an important role during their transportation.

The type of mechanical microtextures on the quartz grains and its appearance 
ratio of the above-mentioned three deserts basically resemble those on the loess grains, 
only the polished pockmark surfaces are relatively more common, the dish-shaped pits 
are increased and the clear conchoidal fracture disappears.

The similarity of these properties of surface microtexture on the loess quartz 
grains and on the desert grains underlines the role of wind action during the transporta
tion of loess materials.

Chemical microtexture and pedogenesis

The chemical microtexture was formed during pedogenesis, basically includes 
silica precipitates, chemical etching and dissolution phenomena.

The silica precipitates are generally situated in the concave parts, pits and grooves 
of the surface of loess quartz grains. The silica precipitated which reveal themselves in 
facial distribution mostly occur on the quartz grains of fossil soil, in earlier loess and 
loess in the moist region to the east of Liupan Mts. The silica precipitates on the convex 
part of grains are in rare occurrence and sometimes only odd pieces of them may be 
observed. The convex part of silica precipitates sometimes appears of a smooth rounded 
surface (PLATE II, 7). In silica precipitates, sometimes recrystallized quartz grains 
(PLATE II, 8) and growth of crystals (PLATE II, 9) may be observed. Silica precipitates 
distributed neatly are very rare, generally they have suffered etching and dissolution. 
Microtexture of dissolution involves triangular pits (PLATE I, 2), round pits (PLATE II, 
10) pits with lid (PLATE II, 11) and inclined pits (PLATE II, 12), If the precipitates 
passed through different intensity of dissolution, a stalagmite-like protrusion may be 
formed, if it passed through intense etching along both sides of silica precipitates ridge 
— or tongue-like textures (PLATE II, 8) are formed. Sometimes some laminae turn up 
along the edges of cleavage plane (PLATE III, 13) the slices are often obscure due to 
precipitation of silica and were formed by mechanical and chemical processes.
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Owing to the dry climate, transportation of sand and the missing processes of 
pedogenesis, on the surface of desert quartz grains the occurence of silica precipitates 
is very rare. The chemical microtexture is closely related to the degree of pedogenesis. 
The older geological time, the more mature the pedogenesis and the more developed 
the chemical microtexture.

Among 10 quartz grains of late Pleistocene loess in Lanzhou only 4 grains 
provide silica precipitates, while in early Pleistocene loess of the same section, among 
10 grains there are 8 grains which have silica precipitates on their surface. The loess 
distributed in the moist region passed through deeper pedogenesis than that in dry 
climate, therefore, on the surface of loess grains in the moist region, silica precipitates

PLATE II. 7.

8 .

9.
10.

11.

12.

Precipitation of Si02 on the concave part of the grain surface and rounded surface on 
the residual silica after dissolution. Q 1/2 loess, Jiuzhoutai, Lanzhoz. X 2,460 
Ridge-shaped Si02 precipitation after etching (upper middle). Square part may be rec
rystallization (lower left). Q, loess, Luochuan, Shaanxi. X 2,400
Growth of crystals (middle left and middle lower). Q2 loess, Luochuan, Shaanxi. X630 
Rounded pit after etching (middle and middle left) and rounded surface of high part 
G 1/2 loess. Pingliang, Gansu. X 2,460
Etching pit with lid. G2 reddish brown fossil soil, Pingliang, Gansu. X 2,550
Inclined pits o f Si02 precipitation after dissolution (upper left) Q 1/2 loess, Pingliang,
Gansu. X 2,460



54 WANG YONG-YAN, TENG ZHI-HONG & YUE LE-PING

are more developed. In the loess section of Pingliang which is situated in the southern 
loess plateau to the east of Liupan Mts., among 50 quartz grains there are 26 grains with 
chemical microtexture. The above-mentioned relation between chemical microtexture 
and pedogenesis explains the genesis of loess, apart from its special transportation, 
sorting and accumulation, the original materials of loess must pass through the pedo
genesis and only after the pedogenesis can the deposits of loess material be called loess.

CONTACT RELATIONSHIP BETWEEN THE COARSE MINERAL GRAINS 
OF LOESS AND INTERGRANULAR PORES

Under scanning electron microscope the contact relationships between coarse 
mineral grains of loess can be basically classified into four kinds — the supporting con
tact, the mosaic contact, the bag contact and dispersed distribution.

PLATE III. 13. Overturned laminae. Q 2/2 reddish brown fossil soil, Wugi, Shaanxi. X 2,220
14. Supporting contact. 0 1/2 loess, Changwu, Shaanxi. X 1,200
15. Supporting edge contact. Q3 loess, Yongdeng, Gansu, X 540
16. Mosaic contact. Q, loess, Jingyuan, Gansu. X 252
17. Bag contact. 0  1/2*loess, Jingyuan, Gansu. X 1,020
18. Dispersed distribution of mineral grains. Q3 loess, Baoji, Shaanxi. X 330
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The contact area between coarse minerals of supporting contact is small. The 
minerals are usually point contact (PLATE III, 14) though sometimes are edge contact 
(PLATE III, 15). The skeleton grains support each other to form the intergranular mac
ropores. On the micrograph the mosaic contact is observed and the skeleton grains 
contact each other with large contact area and present mosaic mineral arrangement 
(PLATE III, 16), Frequently, the longer grain interpenetrate into other grains, the 
larger contact area occur and the intergranular pores become smaller. The two kinds of 
contact do not exist alone, they often coexist in the same sample, even in the same 
sight. Sometimes the larger grains contact together and form a bag-like space filled up 
with smaller grains (PLATE III, 17). Under such condition, coexistence of supporting 
and mosaic contacts may appear either between the small grains or between the small 
and large mineral grains. In some micrographs the coarse mineral grains are not in 
contact with each other but separated by smaller grains or cemented materials and 
appearing dispersed distribution (PLATE III, 18). The supporting and mosaic contacts 
are the most common relationships between coarse mineral grains in loess. Statistics of 
appearance ratios both in districts and geological ages show the following conditions: 
in the early Pleistocene loess of arid district in the northern loess plateau and to the 
west of Liupan Mts., the supporting contact has a 65% and mosaic contact 35% share, 
in the middle Pleistocene loess they are 76% and 24% and in the late Pleistocene loess 
they are 65% and 35% respectively. The appearance ratios of supporting and mosaic 
contacts in middle Pleistocene loess they are 73% and 27% respectively. As for the 
early Pleistocene loess in this district, owing to the abundance of cemented materials, 
coarse grains are obscure in sight and no statistics has been made.

The above statistic data show that the contact relationships of coarse grains of 
loess in China resemble each other in districts and geological ages. Therefore, it could 
be considered that the mode of deposition of loess in China is basically the same in 
districts and through geological ages.

Abundance of pores is an important characteristic of loess. The pores in loess 
observed under scanning electron microscope are mainly intergranular micropores of 
about 20 microns. The shapes of these micropores are various. The percentage of mic
ropores in the early Pleistocene loesses in regions such as Jiuzhoutai, Lanzhou is 29% 
of the total micropores larger than 20 microns in the whole section, in the middle 
Pleistocene loess the percentage is 33% and in the late Pleistocene is 38%. Owing to 
the filling cemented materials, the pores larger than 20 microns of loess to the east 
of Liupan Mts. greatly decrease in amount. Such variation of micropores shown not 
only in size and in quantity but also in districts and geological ages was caused under 
the influence of filling cemented materials instead of the difference of original pores. 
The total volume of intergranular micropores added to the volume of macropores larger 
than 20 microns often constitutes almost half of the physical volume of loess. Only 
when the materials of loess sink down from the air to the ground, such high porosity 
deposits can be formed. These micropores are preliminary pores which were formed 
during the accumulation of loess materials and the shapes of pores can be distinguished 
from those which were formed by rapid evaporation.

The supporting and mosaic contacts between the coarse grains in loess, uno
riented arrangement of mineral grains, abundance of pores in different shape and size, —
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— all these properties are completely different from those of the subfluvial deposits. The 
microtexture of early Pleistocene silt lacustrine deposits in Wuqi (PLATE IV. 19) is 
another case. In this deposits, the mineral grains show evidently oriented arrangement, 
the mineral grains contact each other in facial contact and the intergranular pores are 
fewer and smaller. Such microtexture apparently differs from that in loess.

EXISTING STATE OF CEMENTED MATERIALS AND PEDOGENESIS 
PROCESSES

Only silt deposits that have undergone pedogenesis may obtain loess features. The 
edogenic process is controlled by temperature, moisture, soluble salts and clay mineral.

PLATE IV. 19. Orientation arrangement o f mineral grains. Qj lacustrine deposit, Wugi, Shaanxi. X 330
20. Illite hydromica slices between the coarse grains. Q3 loess, Xining, Qinghai. X 540
21. Kaolinite appears hexagonal slices (upper) and plates (lower). 0 2 loess, Jiuzhoutai, 

Lanzhou. X 1,453
22. Halloysite. Q3 loess, Baoji, Shaanxi. X 528
23. Aggregate. Q2 loess, Baoji, Shaanxi. X 330
24. Flocculent cementation. 0 2 loess, Baoji, Shaanxi. X 318



ORIGIN OF LOESS IN CHINA 57

Clay minerals and soluble salts are the main cementing materials in loess and calcium 
carbonate and calcium sulphate are the main components of soluble salts. Calcium 
carbonate constitutes the largest contents in soluble salts. Generally, calcium carbonate 
in loess is of two types — the original and the secondary ones. The original coarse cal
cium carbonate minerals and original powder microcrystalline calcium carbonate were 
deposited together with other loess materials at the beginning. During the pedogenic 
process the original calcium carbonate leached, migrated and was enriched at certain 
horizons. The more the pedogenic process matured, the more the calcium carbonate 
enriched. In loess of arid region of northern loess plateau and to the west of Liupan 
Mts. calcium carbonate often appears to be some little slices and fragments situated in 
the pores between coarse minerals grains or cemented on the surfaces of them. In moist 
regions to the east of Liupan Mts. calcium carbonate is enriched at certain horizons 
forming calcium concentration beds and lithical loess. The main clay minerals in loess 
of northern loess plateau are illite hydromica, kaolinite and montmorillonite. Illite 
hydromica appears in scaleshaped fragments or belt-like plated (PLATE IV, 20), and 
kaolinite often appears plate-like (PLATE IV, 21). These clay minerals are often ce
mented on the surface of coarse grains, sometimes sandwiched between grains or extend 
into the macropores between the coarse grains. To the east of Liupan Mts. and in south
ern loess plateau, owing to leaching and concentration of calcium carbonate, the original 
clay minerals of loess are mixed with calcium carbonate, and become indistinct, but in 
loess of this region halloysite is very common (PLATE IV, 22). Between the coarse 
grains of loess which is younger in geological age and has insufficiently passed through 
pedogenic process, aggregates (PLATE IV, 23) formed by mixing of calcium carbonate 
and clay minerals often exsist. In older loess or loess situated in moist region, owing to 
the continuous supply of cementing materials, all coarse grains are cemented (PLATE 
IV, 24). The reason that the colour of loess in China appears light in the northwest 
and dark in the southeast is closely related to the degree of pedogenesis.

CONCLUSION

1. The quartz grains of loess complex in shapes and grains of various types are 
mixed up with each other. On the quartz grain surface, dish-like pits, grooves with 
smooth and rounded bottom, rounded edges and angles, polished pockmark surface are 
often observed which resemble the mechanical microtextures of desert quartz grains, 
showing the wind is the main agent in the transportation of loess material in China.

2. On some surfaces of quartz grains in loess fresh cleavage planes and con- 
choidal fractures, with some sharp edges and angles of grains are seen. Sometimes 
broken frissures, on grains with sharp edges and angles are observed. These microtextures 
could be formed during frosts after deposition in situ and represent the cold period. 
Therefore, it is considered that loess formation was in the glacial period.

3. The chemical microtextures were formed during the pedogenic process. In 
loess to the east of Liupan Mts., expecially in the fossil soil, the chemical microtextures



58 WANG YONG-YAN, TENG ZHI - HONG & YUE LE-P1NG

were formed during the pedogenic process. In loess to the east of Liupan Mts., especially 
in the fossil soil, the chemical microtextues are well developed. The chemical etching 
and dissolution phenomena on the surface of silica precipitates are mainly in loess of 
this region. The existing state and degree of concentration of cementing materials are 
also related to the degree of pedogenesis. Therefore, the pedogenesis which produced 
the loess features from original loess materials must not be neglected in the formation 
of loess. In the discussion of loess formation usually we only pay due attention to the 
process of transportation of loess material yet ignored the pedogenic process. But, only 
after pedogenesis can the loess deposits be called loess.

4. After the transportation and deposition, most of the loess materials is stable 
in situ under suitable landform and pedogenesis proceeds. But sometimes due to suitable 
landform deposited materials may be retransported by surface water and wind to 
another stable place and then pedogenesis begins, but such retransported materials are 
uncommon that unlikely they can form the principal body of loess. However, the fact 
of retransportation of deposited materials by water and wind should be considered.

5. On the basis of the above-mentioned microtextures of loess grains and pro
cess of loess formation, we may come to a conclusion that the formation of loess in 
China is comprehensive but it is mainly of eolian origin.
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PECULIARITIES OF LOESS SEQUENCES OF KEY SECTIONS IN THE 
UKRAINE AS REFLECTIONS OF THE CHARACTERISTICS 

OF THE LOESS GEOSYSTEM

Yu. G. Balandin

ABSTRACT

Lithological, paleogeographical and engineering geological studies have been 
made of 28 Pleistocene key sections in the Ukraine. Ukrainian loess formations show a 
geosystem property in the presence of parameters of a formation, i.e. facial proximity 
of sequences and rather distinct lithological features of stratigraphy — horizons of 
loesses and buried soils developed in specific global paleogeographical conditions. Each 
of the Pleistocene climatic phases, including interglacials and glacials, is characterized 
by different elements of the lithogenetic rhythm — soils, loess-like deposits and typical 
loesses. The integral equation obtained for the characteristics of composition for con
stant properties, representing the loess geosystem as a whole, provided a basis for the 
interregional dependences in subsystems (sequences in Central Asia, Siberia and the 
Ukraine) representing the historical geological paratenesis of the types of loess soils.

In the last 15 years large-scale research, mainly by geologists of the Academy of 
Sciences of the Ukraine, has been devoted to the key loess sections in the Ukraine 
(VEKLICH, M.F. 1982, GOZHIK, P.F. et al. 1976, 1982, MOSKVITIN, A.I. 1976, 
REMIZOV, I. S. 1975, etc.). The present author has studied a host of sections both 
lithologically and paleogeographically, partly in collaboration with the Anthropogenic 
Geology Division of the Academy of Sciences of the Ukraine and on the basis of their 
publications (BALANDIN, Yu.G. -  MOROZOV, S.S. 1972, BALANDIN, Yu. G. 1976a, 
1976b, 1982a, etc.). Moreover, for the purpose of working out additional criteria for 
the interregional correlation and the clarification and assessment of the geosystem or 
formation features of loess sequences he has studied in detial the composition, the 
structural-textural characteristics and the physico-chemical properties of a series of 
sections developed under different geological-structural circumstances from the perigla- 
cial and extraglacial areas of the Ukraine such as the Vesternichanski, Izmail’ski and 
Reniyski sections on the Pleistocene Danube terraces: the Primorski section on the 
Pliocene terrace of the river Prut in littoral zone of the Black Sea, the Veselokutski and 
Novo-Kaplany sections on the Danube-Dniester Interfluvial Plateau, the Roksolanski and
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Gradyanitsky sections on the terraces of the left bank of the lower reaches of the river 
Dniester, the Odesski, Radzel’yanski and Novo-Dimitrovichi sections on the plateau, the 
Krukenichi section in the Predkarpat’e, the Vitachevski, Zoryanski and other sections 
on the Dnieper terraces, and the Kharkovski section in eastern Ukraine.

The geological results of the study of the key sections has led to the typology 
of the region: loess formations in the Ukraine are characterized by the features of a 
regional subsystem of a higher-rank geosystem, i.e. of an independent formation, the 
historico-geological paragenesis of closely related genetic types (eolian-deluvial, eolian- 
alluvial, proluvial-alluvial, etc.) with rather satisfactorily distinct lithological features 
of the relevant stratigraphic subdivisions (subsystem elements) such as loess and buried 
soil horizons formed under peculiar zonal paleogeographic circumstances.

Hereinafter we present the characteristics of the structure of a subsystem (geolo
gical structure and the mode of superposition of strata) and of its characteristics: the 
structure and condition (state) of loess sequences. In this context we make comparisons 
with other regions and concretize interregional analogies reflected by formation-rank 
characteristics, i.e. by the properties of the loess geosystem as a whole.

The loess sequences of the Ukraine are characterized by a mantle- or sheet-like 
superposition and by a tectonic and geomorphological control of thickness and litholo
gy. Thick and continuous sequences are developed in tectonic or denudation-controlled 
depressions or sags and in river valleys. At altitudes of 200 to 250 m or more the loess 
mantle is mosaic-patterned, poorly stratified and frequently represented only by loess
like eluvial-deluvial facies. The thickness of the Pleistocene sequences does not exceed 
50 to 60 m, complete sequences being usually 20 to 35 m thick. The older loess hori
zons are generally less thick. Uniform ecostratigraphic and mesostructural features of 
the loess sequences of the Ukraine are the presence in the typical loesses of stunted 
forms of terrestrial, predominantly xerophilous molluscs indicating low-temperature, 
arid habitats. In the near-contact parts of the loess horizons and buried soils, however, 
the presence of hydrophilous forms is not uncommon either. They are characterized, in 
turn, by periglacial phenomena such as frost shattering, nivation and convective pheno
mena, deluvial solifluction, erosional-deluvial, eluvial and soil-generating processes 
(BALANDIN, Yu. G. 1976a). Palynological and archeological data are conformable to 
the rhythmicity of textures and the malaco-fauna in the sections studied. The granulo
metric and mineral composition, the microstructure (the ratio of granular and aggregate 
structures) and the physico-chemical activities (BALANDIN, Yu.G. 1976b, BALANDIN, 
Yu.G. — MOROZOV, S.S. 1972) show a rhythmic alternation in the sequences. The same 
holds true of the filtrational anisotropy which is due to the vertical orientation of the 
macropores and the cleavage cracks (which shows a downward decrease throughout 
the soil sections). The buried soils, as a rule, are more disperse, aggregated, carbonated, 
with a more strongly montmorillonitized clay fraction and with higher exchange ca
pacity (2 to  3 times) and saturation of the exchange complex of calcium. The meso- 
stuctures of the soil profile are typical (BALANDIN, Yu.G. 1976a, REMIZOV, I.S. 
1975), STROENIE ...  1981, VEKLICH, M.F. 1975, A latitudinal and vertical conation 
is manifest in the distribution of genetic soil types within the loess sequences (VEK
LICH, M.F. 1982). A lithological similarity is also observed in the generally loamy com
position, the prevalence of dust particles, the aggregated pattern of the physical clay
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fractions, the similar composition of the leading mineralogical components (the light 
minerals of dust to sand grain size being mainly represented by quartz, feldspar and 
carbonate assemblages), and in the clay fraction (represented by an association of 
hydromica, kaolinite, montmorillonite and disperse quartz). The bulk of the clay 
particles are concentrated in the shells of clastogenic grains. Substantial provincial 
differences are felt only in the composition of the heavy minerals which, however, 
are present only in low amounts -0,2 to 1,0 and, very seldom up to 2% by weight or 
rock.

On the whole, the spatial and temporal structure of loess formation is clearly 
subordinated to the stages in the development of the Pleistocene natural processes.

According to the scheme developed by URMSK, there are distinguished a 
Holocene horizon and 14 Pleistocene horizons consisting of two members (the soil mem
ber overlying it) in the early, the middle and late Pleistocene. The seventh upper mem
ber cannot be distinguished in many cases. The horizons have been named as follows: 
Martonoshski, Sul’ski, Lubenski, TiliguTski, Zavadovski, Dnieprovski, Kaidakski, Tyas- 
minski, Prilukski, Udaiski, Vitachevski, Bugaski, Dofinovski, Prichernomorski

(Q{mr, Q^sl, Qf lb, Oftl, q JjZv, C&dn, Qf,kd, Q^ts,

QinPi, Qmud’ Quivt> Qui^s. Qnidf> QniPc>-

In addition to paleopedological, rhythmo- and ecostratigraphic, periglacial geolo
gical methods, C14 and thermoluminescence techniques have also been used for the 
stratigraphic subdivision of the sequences. The sections have proved to be not older 
than 900 thousand years, the lower boundary of the Lower and Upper Pleistocene being 
of the order of 170 to 190 and 400 to 440 thousand years respectively. The Bugski loess 
is also characterized by volcanic ash interlayers observed in the sections of Roksolany 
and Dratuleshty in the northern Crimea. The same holds true of the Dnieprovski, 
Donetski and Kharkovski horizons. At Roksolany, by recent results, the ash is dated as 
19 to 23 thousand years B.P. (C*4, Ki-1509, Ki-1510). A brown to brownish-black soil of 
2 to 4.5 m thickness marks, as a rule, the Early-Middle Pleistocene boundary. Age 
orientations were also given by the paleomagnetic data, which fixed the Brunhes epoch 
and the Longchamps, Blake and Dnieprovski events as well as episodes (TRETYAK, 
A.N.) encompassing the Sul’ski and TiliguTski loesses. In our opinion, this circumstance 
has influenced the concept suggesting a subcompacted structural state of the loesses 
(BALANDIN, Yu.G. 1976b) and their resulting liability to sagging deformations. Lia
bility to sagging with the deficiency of carbonate saturation, a wellknown feature of 
loesses, is another characteristic of the geosystem.

The listed methods are often insufficient for the practical correlations of loess 
sequences. The fact is that there is no reliable paleontological evidence, that the soils 
are affected by erosion, that the morphostructures are camouflaged, etc. In a number 
of cases, the efficiency of C14 and TL dating is limited owing to post-sedimentary 
migration and redeposition of the carbonates and silica. In such cases the features based 
on the study of the physico-mechanical properties of loesses and on comparing both the 
texture-related statistics of the composition and the characteristics and on the statistical
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autocorrelation models derived from studying the structure of geological analogies of 
interregional type, may be of help.

Investigations of this kind have been based practically on sampling the key 
sections (for determining their composition and properties) at 20-50 cm intervals. In 
the case of thin layers additional samples were taken laterally with a maximum of 5 to 
6 samples recovered. This enabled us to have the minimum specimens necessary for 
generalizations. Complete sections are represented by 70 to 100 complex determinations 
of the characteristics, the total of the results obtained having been 2000. From section 
to section we examined the mathematical form of variation of the characteristics throug
hout the thickness of the horizons and the sequence as a whole. Moreover, the composi
tion and property factors were evaluated from the viewpoint of homogeneity. The sum
marized results of characteristics by stratigraphic subdivisions were compared with infor
mation on the loess mantles from Bulgaria, Central Asia and Siberia (MINKOV, M., 
BALAEV, L.G. -  TSAREV, P.V., VLJANOV, G.A., SERGEEV, E.M. -  MINERVIN, 
A.V.) In addition, major sets of characteristic data obtained for a host of loess regions 
from the Ukraine, Central Asia and Siberia were used as a basis for the construction of 
correlation models of the dependence of the structural index property, the porosity 
(coefficient e) on the variation of the composition of the sequences in terms of the 
plasticity index, (FIG. 2). The results permitted us to specify more strictly the above- 
listed characteristics and to identify or discriminate new characteristics of the loess 
geosystem.

Thus elements of different characteristics of the lithogenetic rhythm such as 
soils, loess-like rocks and loesses proper correspond to each of the alternating Pleistocene 
climatic phases (within the combined interglacial-glacial epochs). Within the thickness 
of each rhythm there is a regular subparabolic trend of variation of the total void volume 
and the liability to sagging (for loads of 0.2 to 0.3 MPa), characteristics correlating 
with the changes in the dust particles and physical clay contents as well as with varia
tions in the colloidal fraction of the loesses displayed by minerals of the montmorillo- 
nite, hydromica and kaolinite group. Examples of interconnection between the indices 
of the properties of loess sequences and their textures are given in the tabulation (TAB
LE L), where the values of 5sub and e are quoted for the central and contact parts of 
the horizons from the Primorski and Roksolanski sections) as well as in FIG. 1: Khar- 
kovski, Novo-Dmitrovichi, Veselokutski sections (for a detailed description of their 
geology, see BALANDIN, Yu.G. 1982a, 1982b, GOZHIK, P.F. et al. 1976, REMIZOV, 
I.S. 1975). Judging by the last two, a regular, layer-by-layer differentiation of the 
properties is preserved throughout the sequences even in the case when both the soils 
and full members fall out of the section being studied. The examples and other analo
gous cases bear witness to the fact that the peculiarities of a horizon-by-horizon auto
correlation of the properties are paleoclimatically controlled at the level of a phase and 
paleogeographically controlled at that of a stage.

The featured peculiarity of the loess mantle of the Ukraine is also observed in 
the loess sequences of other regions of the USSR and even abroad (BALAEV, L.G. — 
TSAREV, P.V. 1964, MINERVIN, A.V. -  SERGEEV, E.M. 1964, MINKOV, M. 1968). 
The fact that the properties in question are element-by-element differentiated within 
a layer with the maximum of subcompactness in the upper half of the layer was recorded
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Stratigraphic columnar sec
tions with diagrams showing 
the variation of the proper
ties in the vertical sense 
within the key sections 
A — Kharkov, В — Novo Di- 
mitrovichi, C — Veselokutsk. 
Indices: Ip — plasticity index 
(%), W -  moisture (%), e — 
coefficient o f porosity, 6 
subcoefficient of relative 
sagging (%), Wp , W{ -  rock 
failure and creep limits (%)



TA BLE 1. Comparison of the characteristics 
(Ip ,% ,e>C ,103Pa> w 6sub)2% )

of loess horizons in the key sections at Roksolany and Primorskoe, respectively

Roksolany Primorskoe

Ip e C ' f ^ s u b IP 6 C ' P

f  pc 10 0.85-0,97 16 20 L
n

O
O 1 О 11 0.80-0.86 18 18

df 12 0.92 24 20 4.1 12 0.91 19 18

Qiii •
bg 9 0.91 - 1.04 23 19 5.4-7.0 10 0.93 - 1.06 20 16
vt 16 0.91 30 23 2.1 13 0.92 33 18
ud 10 0.78-0.92 27 17 3.4-6.0 12 0.80-0.89 39 20
pi

V.
13 0.82-0.70 35 21 3.8 17 0.85 42 21

ts 11 0.72-0.92 28 18 5.5 -9.0 10 0.86 - 1.01 34 19

q ii -
kd 15 0.70-0.72 32 22 2.4 16 0.81 36 22
dn 12 0.67-0.91 28 19 1.3-3.7 14 0.80-0.90 32 18
zv 16 0.67 45 22 1.8 17 0.78 38 20

f
tl 14 0.64-0.85 0.6 - 2.0 14 0.77-0.85 30 18

Q, -
lb the horizon is absent 16 0.72 40 21
sl 14 0.64 — — 0.6 - 1.1 12 0.78 42 16
mr 18 0.42 — — 0.1 — — — —

REMARKS:
1) C = specific cohesion, \p =  angle of internal friction, shear unconsolidated, for a natural condition or state,
2) e and 5sub of loesses = upon values measured in the contact zones and the interior of the horizons.
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in the Predkavkaz’e, on the Pritashkentskaya Plain, at Irkutsk and Krasnoyarsk. At the 
same time, the majority of loesses in various regions show an approximate equality of 
the sagging coefficient values measured in the loess parts of the rhythms. For instance, 
5 appr. in the loesses of the Early, Middle and Late Pleistocene sections from the Black 
Sea coastal region (Prichernomor’e) are close to the respective values of 4, 8 , 12, in the 
case of Zaporozhye the respective figures are 3 ,6 , 11. In the loess sequences of northern 
Bulgaria the respective values are (3-4), 6, 11, in the North Tashkent Canal: 4, (5.5-6), 
(9-11.5). Such kinds of interregional analogies in the loess sequences are concealed or at 
least dimmed by landscape-zonation conditions only with increasing latitude and alti
tude. On the other hand, the general trends of variation of the properties in question 
with depth are usually not sharp which is explained by the specificity of loess lithogen- 
esis taking place in Quaternary times in the stages of diagenesis when the gravity factor 
is of rather weak effect.

Let us quote one more peculiar feature of the loess formations of the Ukraine 
(a property of geosystem rank). The dependence of the physico-mechanical factors on 
the composition characteristics (e.g. that of e on Ip) in the loess sequences of various 
regions in the USSR (FIG. 2) represent families of similar mathematicla descriptions 
(BALANDIN, Yu.G. 1980). For ”e — Ip” this is a combination of a branch of a parabola 
(for the light lithologic fractions of every region) showing an inverse linear relationship 
(in the case of the more disperse fractions). The mathematical inhomogeneity of the rela
tionship is expained by the initial polygenetic pattern of the loess formations (BALAN
DIN, Yu.G. 1981). In accordance with the virtual Ip and the regional specificity of the 
field of characteristics, the equations in the series are only shifted in the diagram coordi
nates (e—Ip, FIG.2) parallel to one another. As it turned out, the equations of the type 
a —Ip for the individual sequences were just variants of resolution of the equation com
mon for all sequences, an equation constructed upon cumulative values of the fields of 
characteristics of various sequences and they represented the geological paragenesis of 
faciologically related genetic types of loess to be described mathematically as ground 
sequences of one type.

The listed characteristics and peculiarities of loess formation (understood as 
having the rank of properties of the loess geosystem) contain basic information for re
gional engineering geological constructions and predictions or forecasts and they can be 
used in genetic paleoreconstructions and interregional stratigraphic correlations of loess 
sequences.

From the angle of system-analysis the subsystem being dealt with reflects the 
features of loesses as geological formations. In other words, it exhibits what is homo
geneous in an inhomogeneous matrix (lithological, engeneering geological features) of 
discrete subdivisions (horizons) and so on, thus being a quasi-static subsystem (in the 
course of tens to hundreds of years rock formation processes are confined to the stages 
of diagenesis); an organized one (the loess features are preserved for a long time); an 
open one or possibly a half-open one (being liable to radical destruction or degradation 
in a definitive zonal landscape pattern, e.g. under the humid circumstances of high moun
tains), but with the ability to some kind of adaptation in the rhythmical course of the 
historico-geological events of the Pleistocene. In addition, as expected, the loess forma
tions are characterized by a mathematical specificity reflecting the peculiarities of the 
structure and characteristics of the geosystem.
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FIG. 2. Dependence of the e fields on Ip in loesses from the following regions: I — Prichemomor’e 
(Black Sea Coast Zone), II — the Danube delta stretch of the former, Ilia -  upper reaches of 
the Dniester, IHb — environs o f  Zhidachev, IV — Kiev, V — left bank of the lower reaches of 
the Don, VI -  left bank of the northern Donets, VII -  Priobskoe plateau (Ob plateau), 
VIII -  Tashkent, IX -  Minusinsk, X -  Irkutsk, XI -  right bank on the upper reaches of the 
Dnieper, XII — right bank on the upper reaches of the Don, XIII — Yuzhnoukrainka, XIV -  
Rostov, XV — Alakol’ -  Balkhash region. A1 -  Dependence of e on Ip upon statistics concern
ing the Pleistocene alluvial sequences, M -  idem for the moraine formations in the European 
part of USSR.
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ELECTRONMICROSCOPIC INVESTIGATION OF THE SAND MATERIAL 
FROM THE LOESS EXPOSURE AT PAKS

Z. Borsy — J. Félszerfalvi — J. Lóki

ABSTRACT

All loess and soil layers of the Paks exposure examined by the authors contain 
wind-blown sand in various amounts (6-14%). Thus, this examination also confirms that 
in the Carpathian Basin during the Würm and Riss glaciations, mainly in the colder, drier 
stadials there was repeated blown sand movement in the periods of loess formation, 
and perhaps alternating with the latter.

The typical blown sand in the exposure appears at the depth of 29.0-31.0 m. 
The sand from the depth 36.70-37.41 m must be regarded, even on the basis of electron- 
microscopic examinations, as aqueously transported. The material of the nearly 3 m 
thick coarse sand layer must have been deposited by a watercourse running from the 
direction of the Mezőföld towards the Danube-tisza Interfluve.

During the past one and a half decade the lithostratigraphic and chronological 
investigations of the loess exposure at Paks have yielded significant results, and have 
considerably enriched our knowledge of the evolutional conditions of the loess se
quences and the fossil soils included in the former (PÉCSI, M. 1965, PÉCSI, M. 1966, 
PÉCSI, M. 1972, PÉCSI, M. 1975, PÉCSI, M. 1979a, 1979b, PÉCSI, M. -  SZEBÉNYI, E. 
1972, PÉCSI, M. -  PEVZNER, M.A. 1974, PÉCSI M. et al. 1977, BORSY, Z. -  FÉL
SZERFALVI, J. -  SZABÓ, P.P. 1979).

On the other hand, no effort has been made so far toward the detailed examina
tion of the roundness of grains in the sand layers and in the sand fractions contained in 
the loess series of the exposure. It was a debated problem again which sand layer can be 
regarded as unequivocally fluvial, or as sediment transported and aggregated by wind.

This is why the authors decided to make an attempt, making use of the experi
ence acquired during the study of the Quaternary deposits of the Great Hungarian Plain 
(BORSY, Z. -  FÉLSZERFALVI, J. -  LÓKI, J. 1982, BORSY, Z. -  FÉLSZERFALVI, J. 
— LÖKI, J. 1983), at the electronmicroscopic examination and classification of the 
roundness of the sand material in the Paks exposure.

In the electronmicroscopic study of the roundness of grains in the sand layers 
embedded between the strata of the loess sequence the grains of 0.63-1.00 mm were
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used. In fact, most of our earlier results prove that no appropriate distinction between 
blown and fluvial sand can be made through the examination of grains of finer fraction 
(BORSY, Z. 1974).

Coarse sand can occur both in loess layers and fossil soils. Thus, samples were 
collected from both. In general, by the wet sieving of 1-2 kg material we succeeded in 
separating grains in suitable amounts for taking electronmicroscopic photographs.

We failed to obtain an appropriate amount of coarse sand at a depth below
37.5 m from the wall of the exposure, thus, there was no opportunity to study the 
lower layers of the loess sequence of Paks with our method.

— The first sample was collected from a depth of 20-25 cm (FIG. 1, SAMPLE 
No. 1). As proved by the electronmicroscopic photos in this sample the majority of 
grains are poorly rounded (PLATE I. PHOTO 1). However, there are considerable dif
ferences between the particular sand particles. Some have surfaces bearing testimony to 
a varied geological past. These grains were subjected, at an earlier date, to solution, then 
they were abraded as a result of eolian effect (PHOTO 2). Subsequently, larger breakage 
surfaces evolved on them which, due to eolian transport, became in places moderately 
coarse, or got polished. Fresh breakage patterns can also be observed on the grains, 
which developed either in the last phase of eolian transport or resulted from cryofractur- 
ing effects.

There are slightly rounded grains with varied textural features. The richness of 
patterns on these surfaces (PHOTO 3) can be partly explained by the fact that the grains 
were originally textured by a number of smaller steps. The variety of their surface pat
terns was further enhanced by the evolution of hollows due to solution, or the forma
tion of breakage surfaces in both phases.

The presence of smaller or larger breakage patterns together with the consider
able number of small-size forms resulting from solvent action is also conspicuous on 
grains more strongly abraded by wind (PHOTO 4).

The varied surface of the grains of the sample, the differences in their roundness 
suggest that the adjacent area (Mezőföld, landscape in East-Transdanubia), from where 
the sand grains were transported here, supplied basic material of highly varied roundness.

— With the sand grains collected from the loess of relatively high silt content 
from a depth of 8.25-8.30 m (FIG. 1. SAMPLE No.2) a similar phenomenon was ob
served as with the previous sample. The only difference being that at this level the num
ber of rounded grains is somewhat higher (PHOTO 5). However, from these eolian trans
port could not wear off the steps characteristic of fluvial sand. The forms of solutional 
origin are frequent on these grains too, and there are several places where smaller fresh 
breakage surfaces are also seen.

On the less rounded grains smaller and larger breakage patterns can equally be 
observed (PHOTO 6). The latter may have developed mainly as a result of cryofracture, 
although it is possible that their evolution was also promoted by eolian transport. It is 
obvious from the photomicrographs that, after the larger breakage surfaces had devel
oped on such types of grains, they were subjected to eolian effects, too.

A certain degree of similarity observed in samples No.l and No. 2 suggests that 
the slight amount of sand in the fraction of 0.63-1.00 mm in diameter was transported 
to its present location from the same source area.
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— The grains of the sample collected from a depth of 11.7-11.8 m from the soil 
profile BD2 (FIG. 1, SAMPLE No.3) can be classified into three types on the basis of 
their roundness.

On third of the grains is well-rounded, typical blown sand (PLATE II, PHOTO 7).
Another group of the grains has been less intensively abraded by wind. The break

age surfaces characteristic of fluvial sand are conspicuous on these grains (PHOTO 8). 
Besides the traces of eolian transport the forms of solutional origin can also clearly be 
seen.

The grains of the third type (PHOTO 9) were first rounded in aqueous transport, 
then we subjected to eolian effects for a short time.

Characteristic of all three types are the fresh breakage patterns.
The considerable differences in the roundness of the grains indicate that wind 

intermixed into the original basic material of the BD2 soils profile both typical blown 
sand and a material blown out from some fluvial deposit in the proximity (which had 
undergone repeated redeposition and abrasion of different types).

— At the depth of 12.40-12.50 m, directly bellow the soil profile BD2 loessy 
sand was found (FIG. 1, SAMPLE No. 4). At this level more than 20% of the total ma
terial is constituted of typical blown sand (0.32-0.1 mm in diameter). The greater part 
of the sand grains examined is typical eolian sand (PHOTO 10). On the other hand, then- 
degree of roundness is not quite uniform. There are less rounded grains as well (PHOTO 
11), and the breakage patterns evolving in two phases are especially obvious on these 
grains. In the course of the examination of the sample it was stated that at the time 
when this layer evolved there must have been somewhere nearby a surface blown sand, 
a small part of which was intermixed into this layer.

- 18.90-19.0 m, soil profile BA, Paks (FIG. 1, SAMPLE No. 5). Only blown 
sand was found in the grain-size range under study. The degree of eolian abrasion on the 
grains is at least as high as that on the eolian dune sand in the Danube-Tisza Interfluve 
(PHOTO 12). The only difference is that on part of the grains smaller and larger break
age patterns evolved (PLATE- III., PHOTO 13). The larger breakage areas are the older 
ones. On these slight traces of eolian effect can be noticed.

This layer also gives evidence that at the time of formation there was blown sand 
on the surface nearby, and from there the blown sand grains were transported and later 
intermixed with the base material of the loess. In practice it also means that on our al
luvial fans, on the fluvial terraces, where it was possible, blown sand was formed even at 
the beginning of the Würm glaciation. This observation is in agreement with the experi
ence obtained in the electronmicroscopic study of the sands from the transversal boring 
of the Upper Pleistocene strata in the Danube-Tisza Interfluve.

-  29.44-29.54 m, upper part of soil profile Phe (FIG. 1, SAMPLE No. 6). All 
the studied grains of the stratum containing very fine and medium-size sand proved to 
be blown sand (PHOTO 14). Traces of eolian transport can clearly be seen on each grain. 
It can be noticed, however, that the source area from which the sand was blown out 
provided highly heterogeneous base material (repeatedly redeposited, in cases, subjected 
to strong solvent action). The remarkable differences between the grains in respect to 
roundness can partly be explained by this fact (PHOTO 15). Some grains are charac
terized by larger fracture steps, others show multiple traces of solution, in cases with 
smaller breakage surfaces.
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LEGEND TO THE FIGURE OF THE LOESS-PROFILE
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FIG. 1. Southern part of the loess profile in the
Paks brickyard in 1971 (according to M. PÉCSI) 
No. 1, No. 2, etc. =  sampling places.
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PHOTO 1. Poorly rounded sand grain from the depth of 20 - 25 cm

PHOTO 2. Part of the surface of a blown sand grain with old and fresh breakage pat
terns. Depth: 20-25 m.

PHOTO 3. Moderately rounded sand grain with worn fracture steps along the edges, 
with traces of solution and fresh breakage patterns. Depth: 20-25 cm

PHOTO 4. Surface detail of a blown sand grain. Depth: 20-25 cm

PHOTO 5. Surface detail of a blown sand grain with hollows due to solution and, in 
places, with fresh breakage patterns. Depth: 8.25-8.30 m.

PHOTO 6. Surface detail of a blown sand grain with earlier and fresh breakage patterns.
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PLATE I.
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PHOTO 7. Well-rounded blown sand grain. Depth: 11.7-11.8 m 

PHOTO 8. Surface detail of a blown sand grain. Depth: 11.7-11.8 m.

PHOTO 9. Sand grain rounded due to aqueous and eolian transport. Depth: 11.7-11.8 m 

PHOTO 10. Surface detail of a blown sand grain. Depth: 12.4-12.5 m.

PHOTO 11. Surface detail of a blown sand grain. Depth: 12.4-12.5 m. 

PHOTO 12. Typical blown sand grain. Depth: 18.9-19.0 m.
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PLATE II.
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-  30.34-30.44 m, bottom of soil profile Phe (FIG. 1, SAMPLE No. 7). The 
layer containing 81% fine and medium-grain sand is a characteristic eolian deposit. In 
view of roundness the grains under study can be classified into two types. On the more 
rounded grains (PHOTO 16) the great number of depressions due to solution is cons
picuous.

On the less rounded grains (PHOTO 17) the fracture steps characteristic of fluvial 
sand have not yet disappeared. On the grains abraded by eolian effects larger breakage 
surfaces evolved, which also show the traces of eolian transport.

Thus, the soil marked Phe evolved on blown sand. The occurrence of blown sand 
at the depth mentioned suggests that in the environs of Paks blown sand evolution took 
place, at least in places, in the Riss glaciation too.

-  The examination of the grains collected from the depth of 32.9-33.0 m from 
the upper part of the soil segment Mtp (FIG. 1. SAMPLE 8) also yielded instructive 
data. All grains with a diameter 0.63 -1.0 mm can be considered eolian sand. Their de
gree of roundness is, on the whole, smaller than that of the Phe segment, on the other 
hand, the grains fairly well show the traces of eolian transport (PHOTO 18). In addition, 
the larger surfaces due to breakage are conspicuous. Characteristic, in general, of the 
sands of the Paks loess sequence are the breakage surfaces evolved in two phases, how
ever, in no sample have they been so obvious up to now, as in this one (PLATE IV, 
PHOTO 19). It is difficult to make unequivocal statements on the formation of breakage 
surfaces due to strong mechanical action. In their evolution some role may have also 
been played by cryofracturing. It is clear, anyway, that the grains were transported by 
wind after the development of the large breakage patterns.

-  A fairly large amount of material was collected from the depth 36.7-37.41 m 
(FIG. 1. SAMPLE No. 9). This material was examined in wind tunnel too. This was 
highly justified since, after sieving, grains of 4-5 mm in diameter were also found in the 
sample. On the other hand, it could be seen even by the binocular microscope that in 
this sequence of layers there occurred rounded blown sand grains too. In the course of 
the wind tunnel experiments the largest grains were not moved by winds of 80 km/h 
either. This indicates that the layer also containing stripes of granule may have been 
deposited in this area by some watercourse.

(Aqueous transport seems to be accounted for by the special composition of the 
samples too. The shingle grains, rounded small lime concretions, sand grains of the most 
varied diameters were evenly distributed in the part examined by us, in the 0.1-0.002 mm 
diam sediment which made up as much as 7-10% of the layer. The material was virtu
ally, cemented by this sediment in places. Such a load is transported by water-courses, 
mostly intermittent with high density bedload).

According to the lithostratigraphic examinations (PÉCSI, M. 1979a) this sand 
layer (h2) in the old loess was considered fluvial. This establishment was also confirmed 
by the electronmicroscopic examinations.

The photos allow the statement that the roundness of the grains is of various 
degree, although really splintered ones cannot actually be found among them. There are 
rounded grains which clearly show the traces of eolian transport (PHOTO 20). On such 
grains large-size coarse surfaces due to eolian effect can be observed, and these are only 
in places interrupted by hollows due to solution or by breakage patterns.
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In the case of grains classified into the following group the rounding of the edges 
may have started during aqueous transport (perhaps in littoral — lake or sea — environ
ment), then continued as a result of eolian effects (PHOTO 21). Nevertheless, the steps 
did not disappear from their surfaces. On these grains solutional forms are also obvious 
and the surfaces generated by breakage. On the latter no sign of eolian effect can be seen.

It is instructive to study the grains whose edges have been worn off during aque
ous transport (perhaps repeated redeposition), and whose surfaces do not reflect traces 
of eolian transport (PHOTO 22). The surfaces with smaller or larger steps sand fold 
magnifications, unequivocally prove that such grains were transported to their present- 
day localities by aqueous transport, in all likelihood from some Tertiary sediments.

Regarded as aqueously transported are the grains that, after some wearing-off 
along their edges, were subjected to strong solvent action (PHOTO 23). Later on larger 
breakage patterns were formed on these grains, which show no sign of eolian transport.

On the ground of the electronmicroscopic study of the grains of the sample, the 
final conclusion is that the material of the nearly 3 m thick coarse sand layer of the ex
posure may have been deposited by a watercourse that had its supply of load material 
from a repeatedly redeposited sediment that had been subjected to various types of 
abrasive effects. Through erosive effects blown sand grains may have run into the water
course, this is why grains of eolian sand are also found in this series.

On summarizing the results the following can be stated:
All the loess and soil profiles of the exposure examined by us contained wind 

blown sand in larger or smaller quantities (6-14%). This indicates that at the time of the 
deposition of the base material of the individual loess strata there always took place 
some sand movement too in the vicinity.

At the time of the more intensive blown sand movement as much as over 20% 
sand got intermixed into the dust, deposited from the air. This can be found e.g. at the 
depth of 12.40-12.50 m.

The least rounded sand grains were observed in the samples collected from the 
depth of 20-25 cm.

Eolian sand appears at the depth of 29.0-31.0 m. The upper level of the stratum 
must have originally been loessy sands the majority, however, is characteristic well-clas
sified blown sand, which was embedded as a sand blanket into the wall of the exposure.

In the sample from the depth of 36.70-37.41 m there occur sand grains with 
eolian abrasion. In addition, just as in all fluvial deposits of the Mezőföld, there are quite 
a lot of grains of aqueous transport that have undergone repeated reagglomeration, there
fore, at least the edges are worn off. If the grains of 0.63-1.0 diam. are examined by 
binocular optical microscope, it is difficult to give a definite answer on their origin. On 
the other hand, in the electronmicroscopic pictures it is clearly seen that a fairly large 
part of the grains show no sign of eolian transport.

Adding to this that, at places, the 3 m thick layer clearly shows the signs o f flu
vial transport, we have no doubt that the material has been deposited by the watercourse 
running from the Mezőföld towards the Danube-Tisza Interfluve.

This investigation also confirms that in the Carpathian Basin, during the Würm 
and Riss glaciations, mainly in the colder, drier stadiale, there was repeated sand move
ment in the periods of loess formation, perhaps in an alternating way.
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PHOTO 13. Surface detail of a blown sand grain with breakage patterns.
Depth: 18.9-19.0 m

PHOTO 14. Surface detail of a blown sand grain with breakage patterns and evidence 
of solution. Depth: 18.9-19.0 m.

PHOTO 15. Surface detail of a blown sand grain with plenty of depressions due to solu
tion. Depth: 29.44 -29.54 m.

PHOTO 16. Blown sand grain with fracture steps on its surface. Depth: 29.44-29.54 m.

PHOTO 17. Surface detail of a blown sand grain with plenty of hollows due to solution. 
Depth: 30.34-30.44 m.

PHOTO 18. Surface detail of a blown sand grain. Depth: 30.0-30.44 m.



ELECTRONMICROSCOPIC INVESTIGATION OF LOESS 83

PLATE III.
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PHOTO 19. Surface detail of a blown sand grain. Depth: 32.9-33.0 m.

PHOTO 20. Surface detail of a blown sand grain with fresh breakage patterns. 
Depth: 32.9-33.0 m.

PHOTO 21. Sand grain rounded during eolian tranport. Depth: 36.7-37.41 m

PHOTO 22. Surface detail of a sand grain abraded during aqueous and later eolian 
transport, with fracture steps and breakage patterns. Depth: 36.7-37.41 m

PHOTO 23. Sand grain surface detail rounded at the edges during aqueous transport. 
Depth: 36.7-37.41 m.

PHOTO 24. Aqueously transported sand grain with evidence of solution and fresh 
breakage surface. Depth: 36.7-37.41 m.
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PLATE IV.
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On closing our paper we express our thanks to the photographer HAPÁK, J . for 
his assistence in taking the electronmicroscopic photos and in preparing the prints.
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MINERALOGICAL COMPOSITION OF LOESS DEPOSITS FROM THE 
TROTU^ —SIRET—MILCOV REGION (ROMANIA)

V. Codarcea — T. Bandrabur

ABSTRACT

The loess deposits of this region are well developed on middle terraces, their 
thickness amounting to 30 m; they consist of clayey or sandy silts that exhibit 1-3 paleo
sols. The light fraction prevails and varies between 70-95%, while the heavy fraction 
consists of a greater number of mineral species but, in small amount (1.5-15%). From 
the heavy fraction the higher percentages are characteristic of oxides and garnets; the 
hornblende, epidote-zoisite, rutile, zircon, disthene, staurolite percentages decrease 
in the above mentioned order. There are other minerals, such as tourmaline, pyroxines, 
sphene, monazite, biotite, chlorite, glaucophane, antophyllite, actinolite, sillimanite, 
anatase, chloritoid, brookite, corundum, which occur in small amounts or even as acces
sory minerals. The carries is mainly represented by the Carpathian rivers which have 
washed all the rocks away-starting from the oldest to the most recent ones. The presence 
of breakes on the mineral surfaces, imply their reworking during various sedimentation 
cycles, with a high degree of mixture.

Our mineralogical investigations carried out in the East Romanian Plain (CO
DARCEA, V. — BANDRABUR, T. 1977) have been extended to the region situated in 
front of the East Carpathian Bend, between the rivers Siret-Trotu$ and Milcov.

This region coincides partly with the piedmont zone and with the zones of the 
confluence terraces of the Siret and its tributaries.

The loess deposits are largely developed both in the piedmont zone and mainly 
on terraces, their thickness varies from a few meters in the former zone to 30 m on 
middle terraces.

The loess deposits of this region consist of silts, sandy or clayey silts, with 1 -3 
buried soils. Their upper stratigraphic position, as compared to the coarse-grained ac
cumulations of terraces entails their assignment to the Middle Pleistocene-Holocene time 
interval.

Additional morphological and geological data on this region are offered by one 
of the authors on this occasion, too.1

1 BANDRABUR, T. 1982: Morphological and Geological Aspects of the Region Situated in front o f the 
East Carpathian Bend (Romania). XIth INOUA Congress-Moscow-gr. IV. section 18-1982.
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The granulometric and mineralogical study of loess deposits implied the investiga
tion of 50 samples, collected from 12 sections (FIG. 1).

FIG. 1. Sketch presenting the location of the section including loess-like deposits

The lithological sections (FIG.2) reveal the heterogeneous nature of the granulo
metric composition of loess deposits, as well as the grading from coarse sands at the base 
to medium-size sands and silts at the top. The same features are characteristic of the loess 
deposits occurring in neighbouring areas and studied by us previously.

As far as the granulometry is concerned (FIG. 3), all the investigated sections 
abund in the silty elements (0.5-0.005 mm) which occur in higher ratios in the terrace 
area (60%) as compared to the piedmont area (55%). On the whole, these values are



FIG. 2. Lithologic sections in the Trotu^-Milcov-Siret regions 00чО
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FIG. 3. Granulometric composition o f loessic deposits

higher than those encountered in the East Romanian Plain (50%), on the other hand, 
the sandy elements (>0.05 mm) exhibit similar regional medium values (19%), which are 
lower in the terrace area (15%) and higher in the piedmont area (24%).

The clayey elements (< 0.005 mm) of the loess deposits occurring in this area, 
exhibit regional medium ratios inferior to those characteristics of the Bärägan (24% 
against 31 %), both on terraces (27%) and in the piedmont area (21 %).

The clayey elements do constantly prevail in all the paleosoil intercalations 
occurring in all the lithological sections.

The mineralogical analysis of the coarse elements (>0.05 mm) points out the 
prevalence of the light fraction, represented by quartz, feldspars and muscovite, just like 
it is the case with the loess deposits from the other areas of the East Romanian Plain and 
Dobrogea. It varies between 75-92% (CODARCEA, V. -  GHENEA, C. 1975, 1976, 
GHENEA, C. -  CODARCEA, V. 1979).

The bulk mineralogical analyses (FIG. 4) point to increasing percentages of quartz 
from west to east in the Trotu§-Siret-Milcov region, similar to those mentioned for the 
East Romanian Plain (41 % and 35% respectively).

Unlike the quartz, the muscovite prevails in this area (33%) both in the pied
mont region and on terraces, as compared to the accumulations occurring in the East 
Romanian Plain, which do not exceed 26% (FIG. 4).

The feldspar, represented mainly by plagioclases and occasionally by ortho
classes, e.g. perthite or microcline, exhibit equal ratios for the terrace an piedmont areas 
(23% and 25%, respectively) on the one hand, as well as on the whole (24%) in the
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Trotu$-Siret-Milcov region as compared to the East Romanian Plain (22%) (FIG. 4), on 
the other.

FIG. 4. Mineral composition o f the light fraction

In the sandy members, the heavy fraction occurs in very small amounts(l.5-15%) 
as compared to the light fraction, these are represented mainly by oxides, garnets and 
hornblende, smaller amounts of epidote-zoisite, disthene-staurolite, rutile-zircontour- 
maline and very small or even incidental ratios of pyroxenes, sphene,monazite,brookite, 
anatase, glaucophane, anthophyllite, chloritoid, cordundum, sillimanite, biotite and 
chlorite (TABLE 1).
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Both the sections from the terrace area and those from the piedmont area have 
constantly exhibited significant garnet ratios (25%) similar to those exhibited by the 
sections from Western Dobrogea and the Burnas field, but inferior to the ratios reported 
for the other regions of Dobrogea (35%), the southern Bärägan (38%) and the central 
Bärägan (37%) (CODARCEA, V. -  GHENEA, C. 1975, 1976, CODARCEA, V. -  BAND
RABUR, T. 1977, GHENEA, C. -  CODARCEA, V. 1979).

In the Trotu§-Siret-Milcov region, the garnets accumulate mostly within sand 
intercalations on terraces (32%) as against the piedmont area, where these prevail in 
paleosoils (30%) (FIGS. 4, 5, 6).

The green hornblende exhibits almost identical ratios (16%) both on terraces and 
in the piedmont areas (TABLE 1); these proportions are similar to those encountered in 
Dobrogea and are lower as compared to those in the south-eastern Romanian Plain, 
reaching 27% (FIG. 5).

The Trotuj-Siret-Milcov region is characterized by great amounts of hornblende 
in the silts occurring on terraces (24%) and by small amounts in sands and paleosoils. In 
the piedmont area, the hornblende occurs in small amounts in sands and paleosoils too

%

T  :  Terraces  
P  - P i e d  m o o t

FIG. 5. Main mineral components o f the heavy fraction

leading to the conclusion (in this area at least) that the hornblende amounts are equal in 
silts, independently of the morphological region in which they occur.
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Zircon and rutile (FIGS. 5, 6) occur frequently in the loess deposits from the 
terraces, as compared to the piedmont area, and enter the heavy fraction by 7% and 
10.39%, respectively, these proportions are obviously superior to those reported for the 
East Romanian Plain. As for the other minerals mentioned above, they occur in subordi
nate amounts.

Terraces
zircon Rutile Garnets Hornblende

___________  0 S tOV.O 5  fO% О S Ю 16 20 25 3o7- 0  5 (0 /s  20 25 %

Sands 
Si/t sands 
Si/fs
P a /e o s o /

Piedmont
Zircon Rutile G arnets dornb/ende

__________ 0 5  /0% 0 5  Ю% О 5 Ю IS 20 26 so'A O S  W IS 20 25%

Sands 
S/its  
Pa/eoso/

FIG. 6. Distribution of zircon, rutile, garnets and hornblende in loessic deposits from terraces and 
piedmont

On terraces the mineral species are more varied and occur in greater amounts due 
to a more intense transport of detrital material from a wider source area (situated in the 
hydrographic basin of the tributaries of the Siret river).

In the piedmont area, the mineral detritus is also generated by proluvial-deluvial 
gravitational accumulations.

We should mention another law, also pointed out by the mineralogical studies 
of the loess deposits from other regions of our country, according to which the low 
and medium-resistant minerals (hornblende and garnets) occur in great amounts, while 
the high-resistant ones (rutile-zircon-tourmaline-monazite) are less wide spread petro- 
graphically (occurring only as accessory minerals in primary rocks). This proportion 
corresponds to that mentioned for SE Europe (PÉCSI, M. 1979).

The morphoscopic features of minerals show that in the Trotuj-Siret-Milcov 
region, the Carpathian waters represented the transporting agent for the loess deposits, 
while the material was supplied by the crystalline formations, by the formations in 
flysh facies and by the Mio-Pliocene molasse of the Carpathian and Subcarpathian zones, 
which had been eroded and involved in different sedimentation cycles.

The garnets exhibit the most varied grains, represented by idiomorphic crystals, 
rounded or angular grains and mammilary ones. The occurrence of large and small spec
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imens, the varied contours and mainly the breaks and scrapes on surfaces point to a 
mixed transport and different petrographic zones.

Rutile and zircon occur both as classical short bipyramid prisms and as rounded 
and broken grains, exhibiting opacitized areas, pointing to different sources and trans
port distances.

The occurrence of hornblende depends on the source rock, it is represented 
either by large prisms with well preserved contours and cleavages (granites-orthoamphi- 
bolites), or by smaller prisms broken or not, exhibiting trenchant and fringed endings 
(mesometamorphic schists — young eruptive). This points to a transport on long dis
tances, most of the specimens being epidotized.

The varied morphoscopic aspects of minerals imply the occurrence of varied 
petrographic sources, starting from the mesometamorphic crystalline schists to the Mio- 
Pliocene deposits, which have been washed out and eroded by the waters that favoured 
the deposition of loess sediments.

There occur two paragenetic associations: garnets-hornblende and garnets-zircon- 
rutile. The mineralogical associations as well as their distribution point to the mixed and 
inhomogeneous character, while the similar mineralogical composition of loess deposits 
and fine-grained alluvial deposits, as well as the Carpathian and Subcarpathian sediments 
show that the material was supplied by these regions.
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GRANULOMETRY AND FABRIC OF THE LOESS AT JIUZHOUTAI, 
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Edward Derbyshire

ABSTRACT

The loess at Jiuzhoutai, close to the western margin of the Loess Plateau of 
central China, is 335 m thick and entirely of Quaternary age, being alluvial in 
the lowermost 10 m. Average grain size declines with increased age and the mean 
sorting becomes progressively poorer. Overgrowth and cement development are also 
greater in the older loesses, grain shape throughout being angular to subangular. Crushed 
grain corners produced during salt weathering. Silt makes up over 60% by weight, up to 
20% being clay grade quartz, feldspars, micas and chlorite. The microfabric consists of 
single grain fabric, silt-size aggregates of clay grade, fragile clay grade bridges and parti
ally lined porewater voids. The mineralogy, grain shape, grain size, surface textures, and 
age range are consistent with derivation from the large, but unglaciated, central Asian 
deserts.

The Loess Plateau of China lies north of 34°N within the big bend of the Yellow 
River. It covers some 317 000 km2 in Shanxi, Shaanxi, Gansu and Ningxia (LIU et al. 
1964). The loess is at its thickest in eastern Gansu Province, the greatest known loess 
thickness in the world being exposed at the mountain Jiuzhoutai (2067 m), 4.5 km 
northwest of the city of Lanzhou.

The conventional stratigraphic subdivision of the loess of China (YAN, 1957, 
LIU, 1958, YAN, 1960, CHANG, 1960) is based on the type profile in the Liushu Valley, 
Wucheng County Shangsi, which is 121 m thick. Resting on Neogene clays, sands and 
gravels (containing Hipparion ssp.) is the lower, or Wucheng loess of Lower Pleistocene 
age. This contains 6 buried soils and is succeeded, above an unconformity, by the Lishih 
loess named from the type site S.S.W. of Taiyuan. This Middle Pleistocene formation 
is subdivided into the lower Lishih (with 15 buried soils) and the upper Lishih loess con
taining six buried soils or weathered horizons. A further unconformity separates the 
upper Lishih from the Upper Pleistocene Maian loess. A thin mantle of Holo'bene loess 
overlies this succession over wide areas.

Recent application of geomagnetic and thermoluminescence techniques to sec
tions in the Loess Plateau indicates that the Matuyama-Brunhes boundary coincides with 
the Wucheng-Lishih transition (AN — WANG — LI, 1977). It has been independently
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confirmed (WANG — YUE — WU — CHEN — DUN, 1978) that the Wucheng loess at 
Luochuan shows reversed polarity with the Jaramillo normal event 20 m above the base. 
This also shows 14 m above the base of the Wuquanshan site in the southern suburbs 
of Lanzhou city. The geomagnetic chronology in the Jiuzhoutai section is not so clear. 
The Matuyama-Brunhes boundary occurs 105 m above the base and there are two ap
preciable thicknesses with normal polarity at 80 m and 58 m above the base, with a 
thin normal polarity layer at 44 m. Present indications are, therefore, that loess accumu
lation in the Jiuzhoutai section began less than 1.6 m.yr. ago (in the latter part of the 
Lower Pleistocene) and perhaps less than 1.2 m.yr. ago (WANG — YUE 1982). The loess 
of Karamaidan in the Tajikistan S.S.R., although thinner, is apparently older (2.4 m.yr.) 
than the basal loess at Lanzhou (PEN’KOV,A.V. -  GAMOV,L.N. 1980) This raises the 
fundamental question of the primary causes of accumulation in different parts of the 
Eurasian loess belt.

At Jiuzhoutai, some 335 m of loess and loess-derived sediments rest on a fluvi- 
ally planned and faulted basement of crystalline schists of the Goa Lan Group (Pre- 
cambrian) and red desert sandstones of Neogene age at the level of the fourth terrace of 
the Yellow River. The basal Pleistocene member is an imbricated fluvial gravel about 
2 m thick above which is about 10 m of finely bedded and laminated alluvial silts laid 
down by the Yellow River. These are succeeded by 101 m of loess of Wucheng age, 
overlain by the Lishih loess which totals 204 m in thickness. The maximum thickness 
of the Upper Pleistocene Maian loess is 34 m.

The particle size distributions of the Jiuzhoutai loesses (FIG. 1A) are predomi
nantly in the medium and coarse silt range, with 0.5% fine sand, and clay varying from 
7 to 25%. The grading envelopes of the Wucheng and Lishih formations are very similar, 
both lying within the much broader Maian loess envelope. The mean grain size of the 
Maian loess (5.2 ф : coarse süt) is clearly coarser than that of the underlying Lishih and 
Wucheng loesses (70: medium silt). Although almost all loesses sampled fall in the very 
poorly sorted category of FOLK, R.L. — WARD, W.C. (1957) Maian loess is distinctly 
better sorted than the older loesses, the co-plot of mean v. sorting coefficient (FIG. IB) 
suggesting two distinct populations.

In the silt grades, quartz is the predominant mineral, usually exceeding 60%, 
but feldspars and micas are important subsidiary minerals. Heavy minerals average 4% 
of the total and include tourmaline, magnetite, epidote, hornblende and biotite. Total 
carbonates constitute 8-19% in the Lanzhou loess but, together with the sulphates, are 
generally dispersed. ’’Loess dolls” are rare, only small ones of CaCOg and CaC04 having 
been found. The palaeosols and weathering horizons in the Jiuzhoutai sections are dif
ficult to detect by eye, as they lack the bright colours of those in the type sites of 
Shaanxi and Shanxi. These characteristics led WANG, WU and YUE (1978) to conclude 
that climates have been dry in this region throughout the past million to million and a 
half years. Organic contents are very low, even in the better developed palaeosols. A 
palaeosol analysed in the upper Wucheng loess at Jiuzhoutai displayed a gradiation with 
depth in both total carbonates (8.7-16.3%) and organic matter (0.8-0.44%) and a sim
ilar analysis of a palaeosol in the Lishih loess showed the same range (11.6-15% and
0.44-0.38% respectively).

The mineralogy of the clay grades (<0.002 mm) is dominated by quartz, with 
feldspars, calcite and illite (hydromica as ancillaries). A mixed layer clay assemblage
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FIG. 1. A -  Particle size envelopes for Maian, Lishih and Wucheng loesses at Jiuzhoutai. 
В -  Co-plots of mean grain size v.sorting coefficient for the Jiuzhoutai loesses.
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with a broad peak at 1.4 nm is present in some samples but this does not appear to be of 
the smectite group. Montmorillonite, although present in tie Luochuan type section 
(HAN, 1982), was not detected at Jiuzhoutai. The most striking characteristic of the X- 
ray diffractograms of the Jiuzhoutai loess is their consistency (DERBYSHIRE, E. 1983, 
in press). There is, in fact no significant difference in clay grade mineralogy from 
Wucheng through to Maian, further reinforcing the view of WANG, WU — YU (1978), 
that the loess was derived from a dry, alkaline environment in which eluviation was very 
weak.

The Jiuzhoutai loess consists of silts of rather angular quartz, with some feldspar 
and mica, and minor amounts o f clay-grade material, including some true clay minerals, 
sedimented grain-by-grain from the air. The result is a loosely-packed single-grain fabric 
made up of the silt ’’skeleton”, with claygrade particles occurring as coatings, clusters 
and buttresses or bridges between the silts (cf. DUDLEY, J.M. 1970). The Lanzhou loess 
thus has a brain skeleton with essentially random disposition and some very high voids 
ratios (>  0.8: FIG. 2A).

The character of the microfabric of the loess varies with overburden and weather
ing history and thus with geological age. Symmetrical silt-sized aggregates of quartz, 
feldspar and mica are present and probably owe their origin to deflation of floes from 
desert pans and ephemeral stream courses which cover notable areas to the north of this 
region. Wetting and drying following deposition of the loess also induces flocculation of 
fines, especially with the increase in cationic concentration during decreases in pore- 
water content (GRIM, R.E. 1953). Clay grade aggregations of this type are drawn by the 
porewater menisci to the pore margins and give rise to clay bridges and coatings to be 
seen in loess of all ages.

Increase in compaction proportional to the overburden (normal consolidation) 
occurs in the loess with consequent reduction in voids ratio (VARGA, L. 1965). This 
’’dry” compaction is essentially a process of intergranular shearing: the clay buttresses 
become disrupted but do not disperse. Thus, voids ratios in the Jiuzhoutai profile de
crease with increasing age, from less than o.6 in the Wucheng to  over 0.9 in the Maian.

A further cause of lower voids ratios (and increasing mechanical strength) is 
the presence of cementation. Unlike the loess in the southern and eastern parts of the 
Loess Plateau, in which cementation, principally of CaCOj, may make up over 20% of 
the material, the Lanzhou loess is relatively low in carbonates. Siliceous cements are 
important in the older loess and X-ray diffraction has shown that iron is an accessory 
mineral in many inter-grain cements in the loess of Jiuzhoutai. In the Wucheng loess, 
silica occurs as inter-grain cements and amorphous overgrowths on silt-sized quartz and 
feldspar grains, significantly reducing the voids ratio and increasing the bulk strength. 
Clay-grade particles are held as coating by silica precipitation and as buttresses and deli
cate bridges between grains of silt. The fabric of the main mass of Wucheng loess just 
southeast of Jiuzhoutai summit at the level of Yellow River terrace 6 (2 000 m above sea 
level), is isotropic with abundant voids between angular, essentially clean silt grains 
(FIG. 2B). Silica precipitation can be seen at many grain contacts but overgrowths are 
not widespread. Clay grades occur mainly as clusters and buttresses. In the В-horizon of 
a palaeosol from the same location, precipitation of amorphous silica is widespread 
(FIG. ЗА). It coats all silt grains and clay-grade bridges, significantly reducing porosity.
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FIG. 2. Scanning electron micrographs of Maian (top), Lishih (centre) and Wucheng loesses at 
Jiuzhoutai. All photographs show undisturben vertical faces and are 135 nm wide
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The Lishih loess at Jiuzhoutai shows similar variation. The microfabric sample from 
1720 m above sea level (equivalent to Yellow River terrace 5) almost 3 km southeast of 
the mountain summit (FIG. 2C) shows an isotropic silt skeleton made up of rather clean, 
angular grains with clusters and bridges of clay-grade but few coatings and only localized 
examples of bridging by silicon reprecipitation (left centre of FIG. 2C). In a relict palae- 
osol В-horizon from the same site, however, the microfabric shows abundant clusters, 
buttresses and precipitates and pore-linings mainly of amorphous silica (FIG. 3B). The 
Maian loess has a coarser silt skeleton, higher voids ratios with clay-grade fragments 
making up some very delicate inter-silt bridges (FIG. 3C). Adhesion of clay platelets to 
silt grains is common but random: overgrowths and widespread cementation of aggre
gates do not occur.

When moisture contents in loess rise to saturation levels, the uncemented silts 
show instantaneous collapse known as hydroconsolidation. The Lanzhou loess is thus 
a metastable sediment and with a collapse ratio of over 10%, satisfies the collapse cri
teria of DENISOV, N.G. (1951) and FEDA, J. (1966).

Hydroconsolidation destroys clay buttresses, reduces the voids ratio and in
creases th anisotropy of the fabric (DERBYSHIRE, E. 1983, in press). This process 
occurs under natural conditions and much re-deposition has occurred in the Loess Plateau 
by colluvial and alluvial processes. Such loessic colluvium and alluvium has a distinctive 
microfabric, in addition to sedimentary properties such as lamination and grain sorting. 
The loessic colluvium from near Zhi gou men, about 14 km southeast of Lanzhou, has 
thin beds and laminae of silt within sandy layers dipping at 15°. These silt layers are 
derived from colluvial re-deposition of aeolian silt of Maian age. Their microfabrics 
(FIG. 3D) consist of dispersed clay and fine silt grades mantling the larger silt grains 
throughout. Characteristic aeolian features such as fragile clay bridges and localized clus
ters in the form of buttresses are absent. The microfabric of loess thus provides a menas 
of discriminating loess from loessic colluvium and loessic alluvium.

It has been postulated that glacial grinding is the only process capable of produc
ing large volumes of angular silts (e.g. SMALLEY, I.J. — CABRERA, J.G. 1970) and that 
the Loess Plateau of China accumulated by aeolian re-deposition of glacial silts from the 
south (SMALLEY, I.J. 1968). On the latter point, recent re-evaluation of the evidence 
for Pleistocene glaciation in China (e.g. CUI, 1980, ZHENG — LI, 1981, SHI, 1982) sug
gests most strongly that galciers did not develop in southeast China and that, even in 
Tibet, ice extent was very limited. On the former point, there is accumulating evidence 
that weathering processes may produce large volumes of silt (e.g. RIEZEBOS, P.A. — 
VAN DER WAALS, L. 1974, SMALLEY, I.J. 1974). Recent laboratory experiments 
support the field evidence of silt production by hydration and salt crystal growth on 
desert plains and piedmonts (GOUDIE, A.S. — COOKE, R.U. — DOORKAMP, J.C. 1979, 
SPERLING, C.H.B. -  COOKE, R.U. 1980, COOKE, R.U. 1981, GOUDIE, R.S. -  DAY,
M.J. 1981). Sand grains of York Stone treated with saturated salt solution ina simulated 
desert environment showed comminution and fracturing. Scanning electron microscope 
examination of the fragments produced in the experiments of SPERLING, C.H.B. — 
COOKE, R.U. (1980) show conchoidal and stepped fractures which are identical with 
those attributed by some authors specifically to glacial crushing (FIG. 3E). Moreover, 
they appear to lack the Hertzian cracks and partly-rounded corners so common on sub- 
glacially processed grains (FIG. 3F).
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FIG. 3. Scanning electron micrographs showing the Lanzhou loess in the upper four photos (each 
100 nm across) and artifically saltweathered York Stone (left) and glacially-ground coarse silt 
from eastern England (both c. 40 nm across)
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Study of the loess at Jiuzhoutai suggests the following conclusions.
1. Particle shape, size and fabric are consistent with derivation by deflation of 

silts from wadis, fans and desert plains to the north and west of the Loess 
Plateau. The range of particle properties, including silica overgrowths and 
adhering platelets of clay-grade quartz are consistent with origin as desert dust 
described from Australia (FOLK,R.L. 1978) and the Sahara region (YAALON, 
D.H. 1969, WHALLEY, W.B. -  SMITH B.J. 1981). A northwesterly pro
venance is also supported by the mineralogical studies of LIU et al. (1964, 
1965, 1966). Triassic feldspathic sandstones and shales and the Neogene red 
sandstones which underlie the loess north of Jiuzhoutai are rich in sulphates.

2. The loess of the Lanzhou region is a product of desiccation of High Asia 
beginning, in the Lower Pleistocene, with the uplift by over 3 500 m in 2 
million years of the Qinghai-Xizang (Tibet) Plateau and the Himalaya (LI et al. 
1979). It is thus a concomitant of the essentially localized glaciation of Ouing- 
hai-Xizang rather than a result of it.

3 .  The Upper Pleistocene (Maian) loess at Lanzhou is coarser-grained than the 
Lishih and Wucheng loess, a characteristic which appears consistent through
out the Loess Plateau.

4. Palaeosols and weathered horizons in the Lishih and Wucheng loesses show 
distinctive precipitation of interstitial cement, especially of amorphous silica.

5. The loess of central China, the type locality of this formation, is predominatly 
of aeolian origin. The microfabric of undisturbed samples of aeolian silt 
(loess) is quite distinctive and differs from those of silts translocated and 
deposited in slurries and streams (loessic colluvium and loessic alluvium).
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ZONATION AND FACIALITY OF LOESSIC DEPOSITS

A.S. Kes

ABSTRACT

Eolian and soil-formation processes are the main natural factors producing the 
loess and the soils of the loess red-clay formation. The deposit facies with different but 
quite regularly changing granulometric and mineralogical composition were formed as a 
result of sorting the silt in the processes of its transporting and sedimentation by the 
wind. The farther is the source, the finer is the soil. The soil-formation processes reflect 
the zonal climate and other properties of natural components. To the sediments, there
fore specific properties typical of this zone are imparted. Thereby loessic deposits show 
zonation. The faciality and zonation of loessic deposits are expressed and traced both in 
space and in time. A thorough analysis of the granulometric and mineral composition 
of loesses, of their properties obtained as a result of soil-formation processes and pec- 
ularities of their modern spreading are very important to the paleogeographical study 
of the area covered with loess red-clay formation.

The loessic deposits, spread mainly in arid, subarid and subhumid zones, have 
some regular characteristics which distinguish them from other deposits. They show the 
same properties on all continents. In addition to some unchanging properties such as 
colour, silty composition, presence of carbonates, typical porosity, ability to form 
scarps, absence of stratification, however, there are properties varying considerably from 
place to place and along vertical sections. The changing properties include granulometric 
and mineralogical composition, presence of inclusions, mainly plant and animal debris 
or some new forms which appeared during the process of diagenesis.

These changes are important to submit to some definite regularities combined 
with conditions and history of this original deposition. That necessitates a thorough and 
complex analysis of loessic deposits very fruitful for paleogeographic study of their re
gional distribution.

The examination of the granulometric composition of loess showed quite ap
parent variability in space in places where loess forms mantles over vast areas. These 
changes can be clearly observed in the direction of prevailing dust carrying winds and in 
different conditions e.g. on windward or leeward slopes. Such regularity is observed 
everywhere in Central Asia, North Caucasus, The Ukraine, Central Europe, North America 
etc. For instance on the plains of Central Asia loess becomes more clayey moving from
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the desert toward the mountains in the Ukraine and Central Europe — from the north 
to the south in Washington state (USA) — from south-west to the north-east and every
where these changes coincide with the direction of presently prevailing winds or those 
of Pleistocene. This indicate on their facial nature.

In the piedmont plains and the mountains the loess becomes heavier with alti
tude. ROZANOV, A.N. (1951) examined the loesses of Soviet Central Asia and stated 
that light and medium loam was spread on piedmont plains and piedmonst, ’’the loesses 
of low mountains are as a rule composed of heavy loam, and the loesses of medium 
height mountains are of clay. Such zonal differentiation of the mechanical composition 
of loess is preserved everywhere in Central Asia and it is based on the regional changes”, 
(p. 134-135). ROZANOV, A.N. explained these phenomena with hypergene processes 
which undoubtedly play an important role but in accordance with our data and the 
data obtained in other mountains these processes do not appear to be the only and are 
not always the determining ones.

The facial changes in loesses may be observed near large valleys where the sandy 
alluvium is blown off and melkozem on the watershed slopes is removed. The examina
tion of loessical granulometric composition from one horizon of the transversal profile 
across such valleys shows that the farther from the river to the watershed the sample 
lies the heavier its composition is. Such picture have been established for the regions 
of the Dnieper, Don, Danube, Mississippi, Huangho and other valleys.

The aforementioned regularities are clearly observed in such classical loess coun
tries as the Loess Province of China where loess mantles are spread over hundreds of 
kilometres. We analysed loess samples in two profiles there in the eastern and central 
parts of the Loess Province in the direction of prevailing winds from the Ordos and the 
Alashan deserts (the main sources of dust) southward to the mountains. The loess sam
ples were taken from approximately the same depths and were in the similar geomor- 
phological conditions on the crest or higher parts with similar relation to the wind 
watershed ouval or on the plateau surface.

Sand and clay fractions of loess have been found to change in space rather con
siderably and quite regularly. In the northern regions near the Ordos e.g. the loess sam
ples contain 40-45% or sometimes more than 60% of sandy fraction, but samples from 
Chinlin piedmont have only 5-8%. The physical clay fraction (less then 0.01 mm) has 
inverse correlation changing ranging from 3-6% in the northern regions to 55-58% in 
the southern ones. The intermediate silt fraction changes within narrow limits: 34 to 
52% (FIG. 1.). The coarse silt fraction is predominating and perhaps determining the 
main loess properties and makes the loesses of different geographic regions resemble to 
each other.

In North China loesses can be divided into four types by their mechanical com
position:

1. Sandy loess with particle size less than 0.01 mm <  10%
2. Sandy loam loess 0.01 mm 10 to 20%
3. Loam loess 0.1 mm 20 to 45%
4. Heavy loam loess 0.1 mm >  45%
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FIG. 1. Mechanical composition of yellow loess across the Loess Province (Dingbian -  Hsian)

The map of loess distribution in the Loess Province (FIG. 2.) shows that the 
loess mantle areas occupy a well-defined zone in sublatitude direction surrounding the 
Ordos from the south and the east. The sandy loess zone is situated near sandy deserts, 
by sandy loam loess spreads to the south the loam loess is replaced sandy loam loess 
and, finally, near the mountains there is a zone of heavy loam.

The changes of the mechanical composition of loess coincide with prevailing 
wind directions and with precipitation increasing in amount to the south-east. The loam 
loess occupies the largest territory, the area of sandy loam loess is of half extension of 
the former and sandy and heavy loam loess zones cover only narrow strips stretching 
along the northern and southern boundaries of the Loess Province.

The mechnical composition of sandy or heavy loam loesses considerably differ 
from the typical one. It is doubtful, therefore, to classify these deposits as loesses is 
general. However, they have the same colour, porosity, carbonate inclusion and are 
characterized by the absence of stratification, ability to form scarps and have horizons 
of buried soils. The relief of sandy loess region is similar to the southern ones. There are 
also ravines with vertical slopes several dozens of metres high. It is of the same mantle 
type of deposition and correlates with other layers of loess. All these data indicate that 
sandy and heavy loam loesses have the same origin as the "typical” ones and relate to the 
same layers of genetically identical deposition.

In the sandy loess the quantity of coarse dust is equal to or less than the sandy 
fraction (less than 0.5 mm). The sandy fraction gradually increases to the north. Thus it 
is possible to observe the transition granulometric composition from loess to the thin 
wind-sorted sands of the South Ordos. The same can be observed for the heavy loam
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FIG. 2. Map of different kinds of loesses in the Loess Province of North China

loess. The quantity of physical clay in this loess is equal to or more than that of the 
coarse silt fraction and gradually increases and the heavy loam loess is replaced by the 
clay loess in the south.
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Thus the loesses of different mechanical composition tied together by gradual 
transitions can be considered different facies of deposition formed by the same process 
changing in space and depending on the natural conditions.

The regular changes of the mechanical composition of loess in connection with 
its regional distribution, the coincidence of mechanical composition changes with 
prevailing wind direction, and the gradual transition of sandy loess to eolian sand ob
viously show that these changes are due to the eolian differentiation of precipitation 
related to the distance of the melkozem accumulation region from its source area and 
to the decrease of the wind velocity.

In vertical section the granulometric composition of loess also changes but not 
so sharply. The most essential changes are in horizons of the buried soils where the 
mechanical composition becomes heavier. Loesses, however, have changes of the gra
nulometric composition on microlevel produced by the wind flow pulsation. These 
changes cannot be observed without special technique and have been detected by X-ray
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FIG. 3. Mineralogical composition of yellow loess along meridional profile across the Loess Province
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radiographic tests. Having studied loesses in New Zealand by this technique, SCOTT and 
LEWIS (1979) noted that loess microlayers could be attributed to the effects of the 
melkozem brought by winds of different strength and are also due to the temporal 
changes of soil processes. The changes of the mineralogical composition of loess are 
negligible both in the vertical section and in space.

The mineralogical analysis of loess samples from the same meridional profiles 
of the Loess Province of China have shown only a few changes. In the heavy loam the 
heavy fraction contains less hornblende and the light fraction has more clay mineral 
aggregation (FIG. 3). This can be explained by the specific character of weathering and 
soil-formation processes caused by particular natural conditions and partly by the 
weathering products of local deposits. Few changes in mineralogical composition are 
worth mentioning sometimes due to the deficiency of analyses. KHALCHEVA, T.A. 
(1975) correctly indicated the importance of the thorough examination of not only 
mineralogical composition but also of the degree of weathering. Chinese loesses, howev
er, are but poorly weathered. The weathering coefficient calculated as a relation of 
stable to unstable minerals varies between 0.2-0.5.

We have dealt here only with young loesses which are usually called „typical” 
and which were formed in the Upper Pleistocene or Holocene. But these loesses are 
only one of the components of a general genetic formation called Loess Red-Clay 
formation (KES, A.S. 1962). It contains mainly aleurite and clay without visible 
stratification, being of mantle-type deposition, having horizons of the buried soils 
and the carbonate concretions and of some characteristics specific to loesses. It indi
cates their similar genesis. All these deposits like the loesses consist of the dust brought 
by the wind accumulated on land and simultaneously reworked by soil formation 
processes. The common origin of all these deposits is confirmed by their regular changes 
of their granulometric composition in space which is the result of eolian processes.

All deposits of the Loess-Red Clay formation are characterized by regular change 
of mineralogical composition both in space and in time. This change is more considerable 
than that observed for loesses. This is the result of a longer period of formation during 
the Pleistocene and partly during the Pliocene. The results of the mineralogical composi
tion analyses of the complete sections of Loess-Red Clay formation in the Loess Pro
vince of China are good examples of their changes in time. The analysis has shown that 
the mineralogical composition of these deposits were almost similar but the proportion 
of minerals considerably varies with the different layers. In the light mineral fraction the 
main changes occurred in carbonates which were almost absent in the buried soils and 
increased to 80-90 % in illuvial horizons of carbonate concretion. In the heavy fraction 
the main changes have been observed in the amount of hornblende decreasing from 
33-41 % in the higher layer of yellow loesses to 3-8 % in the lower horizon of red clays.

Such changes in the mineralogical composition indicate more intensive weather
ing in the lower horizons occurring under conditions of tropical soil-formation and 
subsequent changes to the more arid and cold climate which is characteristic of the 
natural conditions of the steppes. In the background of these common changes of 
climate affecting all deposits of this formation, there were rather transitional climatic 
changes with phases of moistening, resulting in the formation of the buried soils with well 
developed deposits were transformed by soil- formation processes to a different extent.
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The identical or similar type of the Loess-Red Clay formation structure is 
observed in other areas mantled by loess. In almost all cases where loess covers waters
heds which kept their regime all through the Pleistocene they are underlain by brown 
loam, lying on red or reddish clay. The clays of Syrtovoye Zavolzh’ye are examples 
of such deposits. These contain the horizons (from top to bottom) yellow-brown loess 
loam, brown clay (DEDKOV, A.P. et al. 1961).

Similar changes in the deposits of this formation are observed in space. Under 
the conditions northern humid zone watersheds are mantled by brown loam and in 
the tropics there are red heavy loam and clay. All these similar deposits in their pri
mary deposition should be considered as loess analogues (KES, A.S. 1966, KES, A.S. — 
— FEDOROVICH, B.A. 1975). Their specific zonation and faciality are due only to their 
eolian origin and soil formation.

A thorough analysis of all facial peculiarities of granulometric and mineralogical 
composition of loesses and other deposits of the Loess-Red Loam formation in combina
tion with their properties produced by soil formation processes and with conditions 
of their modern distribution are very important from paleogeographic points of view 
concerning the regions covered by deposits of the Loess-Red Loam Formation.
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ABSTRACT

When determining spatial differences in Upper Pleistocene loesses we took as a 
basis the stability of minerals, the degree of weathering of the minerals was determined 
by grains morphology and by the ratio of mineral groups differing in degree of stability, 
i.e. by coefficients of weathering. The comparison of data on the Dnieper basin with 
more westward regions has shown that in the west there were an increase in the degree 
of weathering of minerals and a growth of the value of weathering coefficient up to 1. 
All these data correspond with results of palynological, faunistic, cryological and other 
analyses and they indicate the epoch of the Upper Pleistocene loess formation to favour 
weathering much more in western regions than in regions situated further to the east. 
Climate of that time in Volyno-Podolia was more humid.

Loess and loess-like deposits of the last Valdai (Würm) glacial epoch are wide
spread within the European USSR. They are distributed from the southern boundary 
of the fluvioglacial deposits adjoining the galcier margin in the north to the coastal 
Ponto-Caspian regions in the south (FIG. 1).

The Upper Pleistocene Valdai loesses are observed here in regions overlapping 
the distribution areas of more ancient Middle Pleistocene (Dnieper) and Lower Pleisto
cene (pre-Dnieper) loesses.

The loess deposits of the European USSR were studied during many years by 
a group of scientists from the Department of Paleogeography (Institute of Geography, 
USSR Academy of Sciences) under the leadership of prof. VELICHKO, A.A. The 
investigations were conducted on the left bank of the Dnieper, in the middle of an 
extended loess sequence, which was compared with the sections of Volyno-Podolia 
in the western regions.

According to the data of VELICHKO, A.A., the structure, composition and 
stratigraphy of the Upper Pleistocene loesses regularly change along a meridional section 
from north to south. In the north the Upper Pleistocene loess sequence is represented by
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one horizon. In the middle part of the profile it is well stratified and is subdivided into 
three horizons, among which the loess II is distinguished the best of all. In the southern
most loess zones, where the Valdai loesses overlie the thick, more ancient loess-soil 
series, they again are represented by a single, undivided horizon.

The mineralogical composition of loess deposits was studied by the immersion 
method. The most numerous, and from mineralogical aspect best represented fraction 
of 0.1-0.01 mm was analyzed.

The mineralogical analysis is here a part of the general paleogeographic one, 
which also includes the palynological, paleopedological, paleocryological and other ana
lyses.

The mineralogical analysis was carried out in order to determine the degree of 
weathering of minerals in loesses. As it is known, the degree of preservation of minerals 
depends mainly on the climate during the period of sedimentation. According to the 
Ostwald’s rule, 10 °C rise of temperature makes the chemical reactions go on at twofold 
higher rate. The investigations by GRIGORIEV, FERSMAN, SHVETSOV, RUKHIN, 
GLASOVSKAYA, SHUMILOVA, SIDORENKO, KAZANSKY, GINZBURG, STRA-

FIG. 1. The scheme of distribution o f loess deposits in the European USSR 
1 =  distribution areas of loesses, 2 =  sections



LOESS IN VOLYNO—PODOLIA AND THE DNIEPER BASIN 115

KNOV, etc. showed the weathering processes to be the most intensive under hot and 
tropical climatic conditions.

The intensity of weathering processes sufficiently decreases in the zones of 
moderate climate. The processes of weathering and leaching occuring here are 20-40 
times slower than in the moist tropical-forest zone. The processes of chemical and 
physical weathering are approximately equal.

Weathering processes in the desert zone have some peculiarities. The deserts are 
generally characterized by a low degree of weathering. Physical weathering prevails here, 
while the chemical one goes on at a low rate due to the lack of moisture.

In the dry and cold regions (for instance in alpine deserts) weathering processes 
are similar to those in the hot deserts where the physical weathering is of great impor
tance due to slowing down of the chemical one.

The change of climatic conditions does not equally affect the transformation of 
all the minerals. Such an important factor as the stability of minerals comes into force. 
The stability of minerals in the weathering crust depends on their chemical composi
tion, preculiarities of their structure and character of geochemical processes which 
form the residual deposits.

The degree of weathering is determined by the ratio of mineral groups differing 
in stability. In this very case the coefficient of weathering, representing the relation of 
the most stable minerals (zircon and tourmaline) to the least stable one (hornblende), 
was used.

The evaluation of morphological peculiarities of mineral grains, the degree of 
preservation of their surfaces, margins, the intensity of colouring, etc. are of great 
importance.

The study of the mineralogical composition of the Upper Pleistocene loess 
horizons in the central and western regions of the Russian Plain was based on these 
principles.

For all the sections under study the composition of minerals in all the Valdai 
loess horizons has turned out to be homogeneous. The heavy fraction is extremely low 
(to 0.5%). But it is these minerals which are of the greatest interest for the evaluation 
of mineral stability. The heavy fraction includes ore minerals, those of titanium-bearing 
limpid group (mainly sphene, rutile, rarely brookite and anatase, tourmaline zircon, 
garnet, from the amphibole group mainly hornblende, from the epidote group mainly 
epidote, rarely zoistite, biotite, rarely kyanite, staurolite, apatite).

Quartz predominates in the light fraction. In sufficiently lesser numbers feldspars 
(mainly orthoclase, rarely plagioclase and microcline) as well as carbonates (calcite, 
rarely dolomite), muscovite and clayey-micaceous aggregates were found. Furthermore, 
the presence of glauconite and volcanic glass was recorded in the middle reaches of the 
Dnieper.

Thus, the Valdai loess sequence is homogeneous in mineralogical respect which 
makes it possible to suggest the absence of single strictly localized sources of wash away 
during the loess accumulation. Apparently the mineral mass of loesses is the remaining 
one after repeated redeposition and mixing of mineral from many different sources.

Before comparing the western and eastern loess regions we shall characterize the 
loess deposits from the Dnieper basin since they were studied in detail along the meri
dional profile from Smolensk to the Azov region.
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On the whole the degree of weathering of the Valdai loesses does not differ much 
along all the loess profiles. The minerals are characterized everywhere by a great fresh
ness. The traces of weathering in the form of accumulation of pelitic material in the 
fissures of junction were recorded only on the grains of unstable minerals (hornblende, 
epidote, feldspars). Other minerals were not practically transformed by weathering, 
while the most stable ones, such as zircon, tourmaline, garnet and titanium-bearing 
minerals (mainly rutile) looked very fresh without any traces of weathering. The mean 
value of weathering coefficient, i.e. the relation of quite stable minerals (zircon and 
tourmaline) to the unstable ones (hornblendes) is low, comprising 0.32 of the Upper 
Pleistocene loess (FIG. 2).

It should be'marked that in this region more ancient loess horizons have higher 
coefficients of weathering. These values for the Middle Pleistocene (Yarmolintsy) and 
Lower Pleistocene (Khorol) loesses comprise 0.70 and 1.28, respectively.

It should be mentioned that only the most representative loess horizons, those 
the least transformed by soil-forming processes, are under discussion. Those horizons 
that were changed by the superimposed fossil soils (for instance, the Lower Pleistocene 
pre-Dnieper loess horizons I and III) were not taken into account. The degree of weat
hering of minerals in these horizons increases owing to the soil-forming processes.

When following the Upper Pleistocene Valdai loess horizons from the north to 
the south the degree of weathering of their minerals turned out to change very little, 
which confirms the occurrence of similar hyperzonal conditions in all the extra-glacial 
region during the Valdai glaciation. However, some increase of the degree of weathering 
in the southern regions in comparison with the northern ones within the single hyper
zone is observed (FIG. 3). It is expressed in an insufficient rise of the weathering coeffi
cient values (from 0.19 in the north to 0.50 in the south) and in the changes of mineral 
grain margins, discolouring of the grains of coloured minerals). This is indicative of quite

FIG. 2. Changes in the degree of weathering for loesses of different age.
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small differences in the degree of transformation of the material by chemical weathering 
preocesses, i.e. of small-scale climatic fluctuations within the hyperzone associated with 
latitudinal differences.

FIG. 3. Changes in the degree of weathering for the Valdai loesses from north to south

In the western regions of Volyno-Podolia the minerals of Valdai loesses are 
mainly the same as those from the Dnieper basin. The degree of weathering here, ho
wever, sharphly increases. The weathering coefficient rises up to about 1 (FIG. 4). Clear 
traces of weathering, such as accumulation of pelitic material in the fissures of junction, 
thinning of grain margins and discolouring of the grains of coloured minerals, are ob-

FIG. 4. Changes in the degree of weathering for the Valdai loesses from west to east
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served on the particles of unstable minerals. This is the evidence of greater transforma
tion of the Upper Pleistocene loess minerals by the chemical weathering processes in 
Volyno-Podolia than in the eastern regions which evidently resulted from the greater 
moistening of this area.

On the whole the research of mineral composition of the Valdai loesses on the 
Russian Plain confirms the palynological, faunal, cryological and other data available for 
this region and supports the suggestion that during accumulation of the loess sequence 
in the vast hyperzone of the extra-glacial regions the most severe, cold and dry climatic 
conditions occured in the Late Pleistocene compared to the older Pleistocene intervals.

This period was characterized by the accumulation of the typical loess with its 
peculiar granulometric composition: high degree of sorting, prevalence of silt fraction 
with quite insufficient admixture of coarser and finer material. In the opinion of ZEU- 
NER, just this granulometric composition makes it possible to distinguish loess from 
all other types of sediments. It results from the fact that the source of loess particles 
must be the region with relatively arid (frosty) climate, where the physical weathering 
prevails over the chemical one which leads to the destruction of rocks to the silt size. 
Sparse vegetation cover contributed to this process. Thus the loess silt represents a 
certain climatic formation which resulted from the physical weathering process under 
the conditions of continental climate.

The extreme continental conditions contributed to the further transformation 
of silt into loess rock since only silt is able to assume the characteristic features of loess.

The upper Valdai loesses in all the vast extra-glacial territory of the Russian Plain 
are characterized by a good preservation of minerals which is indicative of the occur
rence of servere conditions in this period. The latitudinal climatic changes were quite 
insufficient.

Some mildness of climate expressed in greater humidity was recorded only in 
the west region of Volyno-Podolia which led to conditions favourable for more active 
weathering processes.

The presence of somewhat milder conditions in the late Valdai to the west of the 
Russian Plain is confirmed by the data of VELICHKO, A.A. and NECHAYEV, V.P. on 
the study of cryogenic phenomena which proved the occurrence of rather cool but 
humid conditions in summer during that period. GURTOVAYA, E.E. has made the same 
conclusion on the basis of palynological data.

Accordingly under the conditions of the hyperzone in the extra-glacial region 
the climate of western portions of the Russian Plain was characterized by somewhat 
higher humidity.
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ABSTRACT

A large extension of the loesses is found in North-West France. A marked homo
geneity is evident particularly in relation to granulometry and geochemical charac
teristics. A type-section (at Roumare, near Rouen in Normandy) is considered and 
detailed analytical information is provided.

PROBLEMS OF TERMINOLOGY IN FRANCE

The term „loess” is used in a broad sense (cf. INOUA Loess Commission) to 
describe a silty sediment deposited in a periglacial environment in which erosion and 
sedimentation are dominated by wind action and specific biological processes (the 
loessification of LOZEK).

On various French maps (showing geology, geo morphology, soils and surface 
deposits) the distinction which is sometimes made between loess and loam often corres
ponds to a restrictive definition of the former based either on a theoretical genetic 
interpretation (the idea of reworking) or a consideration of accessory criteria (calcium 
content for example). Moreover, the concept of „plateau loams” („limon des plateaux”), 
a cartographic category used to indicate the stratigraphic complex of loesses and as
sociated deposits, can be criticised in that it introduces a topographic criterion which 
does not apply to instances where loesses completely cover the largest part of the land
scape, which neglects loesses occurring as slope deposits, and which implies a reworking 
on slopes subsequent to deposition. The misleading nature of this cartographic concept 
as well as that of the colluvium (old „limons de lavage”) derived from, and associated 
with it, should be revised because of the possible influence on basic information from 
geotechnical, geomorphological and soil surveys.

A. Regional segregation of loesses and paleosols according to clay (<  2pm) con
tent. 1 = low, 2 = medium, 3 = high, R = Roumare, ME = Mesnil-Esnard, 
L = Lambersart (Lille), SO = St Ouentin, L-H = Le Hamel
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FIG. 1. Distribution o f different loess types in north-west France

B. Extent and thickness of loesses. 1 = Marine Holocene, 2 and 3 = continuous 
cover. Thickness: 2 = greater than 5 m, 3 = less than 5 m, 4 = discontinuous 
cover of varying thickness, 5 = patchy distribution

C. Types of loess and eolian formations. 1 = cover sand, 2 = sand and silts 
(transition zone), 3 = typical cover loess (upper Weichselian) lying on
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(sandy) — silty formations, 4 = typical loess, 5 = typical loesses (Late Ple
istocene) and „limons ä doublets” or bedded loesses (Middle Pleistocene), 
6 = „limons a doublets” and brown loess, 7 = clayey loess.

The loesses comprise, in fact, a large group of the class of eolian sediments which 
also include cover sands and transitional sandy-silty deposits. A number of different 
categories can be recognised according to a system of periglacial eolian zonation(FIG. 1.) 
These deposits possess a characteristic texture or granulometry the nature of which 
depends on the competence of eolian activity. The loesses are thus silty rocks (in which 
the silt (2. — 50 pm) fraction constitutes between 60-80% dominated by coarse silt 
(20 — 50 pm) and a fine sandy (50 — 80 pm) fraction. The relationship between these 
components is such that the ratio 20 — 50 pm is always greater than 1 and is most

2 — 20 pm often greater than 2.

LOESS TYPES AND THEIR DISTRIBUTION

Since north-west France belongs essentially to the loess zone which is found 
across the Netherlands, Belgium and norhern France, this zone comprising sandy, sandy- 
silty and silty components (PAEPE, R. — SOMME, J. 1970), tehere is a relative homo
geneity within the surface deposits. In establishing the distribution of the various loess 
types, recouse is made to differences in the extent of surface cover and thickness of de
posits, and to facies variations.

The typical loess is easily distinguished. Distinctive characteristics are a pure silt 
texture (dominated by the 30 — 60 pm size fraction), a fine porous structure lacking 
any apparent bedding, a yellow to brown-yellow colour, and the frequent presence of 
CaCOj in a diffused state. The last of these characteristics permits a subdivision within 
the loesses, the absence of c a r b o n a t e  being either original or due to post-depositional 
decalcification: this subdivision can have some geographical significance (e.g.: Norman
dy) or, on the other hand, be unclear (e.g.: the North).

Atypical loesses are distinguished according to structural variations (bedding) 
and differences in texture, or can be identified by the influence of substrate, a factor 
not found with typical loesses (FIG. 2).

Notable within the group of bedded loesses is the noncarbonate type known as 
„limon ä doublets” which is characterised by alternating brownish and yellowish beds 
consisting of more or less clay. Contrary to some previous statements, the „limons a 
doublets” are not formed by reworking of an original loess by meltwater or gelifluction. 
They are in fact loesses which have undergone decalcification during deposition, this 
process releasing fine clay (<  0.2 pm) and iron which migrated into thin bands generally 
between 2 and 10 mm. in thickness (LAUTRIDOU, J.P. et al. 1981).

Further, periglacial meltwater has participated in the deposition of other badded 
loess types which belong to a large group of bedded formations having in common the 
same sedimentary structure i.e. multiple lines of small ice wedges, sometimes accen
tuated by a grading (SOMME, J. 1975). These bedded silty formations can incorporate 
elements of the substrate (sand, flint, gelifracts).
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In addition, clay content is an important distinctive criterion for the definition 
of paleosols (Bt) and some clayey loesses which sometimes contain more than 25% of 
particles smaller than 2 pm. Some systematic regional differences can be observed si
milar to the general differences between loesses and more clayey Weichselian and pre- 
Weichselian soils.

Various types of loess can be differentiated according to textural variations, 
coarser elements, which allow stratigraphic associations to be made, and sedimentary, 
structural and pedological characteristics. A further distinctive criterion is the grain size 
distribution curve which provides information on characteristics which are constant 
over long distances. This has been recognised since the 1940’s, but, its precise use has 
been developed only by some recent detailed research. This criterion is now considered.

%

FIG. 2. Typical grain size distribution curves of wind-blown periglacial sediments
1 =  cover sand, 2 =  loess and sand, 3 =  „limons á doublets” of the „Pays de Caux”, 4 = loess 
o f Soissonnais, 5 =  loess of the North, 6 =  loam of B r i e ,  7 =  Loess of Caen

This grain size distribution curve of a loess is sigmoidal (FIG. 2) with a very 
straight median section (between 10 and 50 pm) indicative of a well sorted sediment of a 
median particle size generally between 20 and 30 pm. This sigmoid has two further 
characteristics: the upper (sand) portion of the curve being very limited as compared 
to the lower section, and the gentle gradient of the lower section, due to the large 
amount (sometimes more than 50%) of fine (< 0.2 pm) clay as a proportion of total
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clay content (LAUTRIDOU, J.P. 1979) (FIG. 3). It is necessary to emphasize the dif
ference between calcareous and noncalcareous loesses in this respect (FIG. 3). Thus, in 
the North, the percentage of fine clay as a proportion of total clay content varies 
between 62 and 78% for non-calcareous loess as opposed to between 34 and 58% for 
calcareous loess, in Picardie, values vary between 40 and 56% for the former and bet
ween 32 and 42% in the case of the latter, and in Normandy, the relevant values are bet
ween 50 and 70% and 35 and 45% respectively.

%

FIG. 3. Comparison of grain size distribution curves of calcareous (1) and non-calcareous (2) loesses 
from the „Pays de Caux”

From the point of view of granulometry, there are some notable differences bet
ween the provinces of the region under consideration (FIGS 2 and 4). For example, in 
the case of the superficial loesses of the North and Normandy, the latter contain less 
clay and are a little more sandy. The loams of Picardie, Marlois and Soissonnais resemble 
those of the North. However, if one considers formations adjacent to the cover loess, 
other regional limits become evident isolating in particular the plains of the western 
loamy zone of the North (SOMMÉ, J. 1977) (FIG. 1).

In relation to the clay (< 2 Aim) content, a general zonation can be outlined 
(FIG. 1) which shows an enrichment in clay within loesses, and especially in palaesols, 
towards the North and the central eastern part of the Paris Basin. The case of the parti
cularly clayey loams of Brie (FIG. 2) is due to the presence of old weathered loess gener
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ally found below outcrops. In general, the old loesses (pre-Weichselian) are non-carbon
ate types and contain more clay than the recent silts.

FIG. 4. Granulometry o f loess, paleosols, sandy loess and bedded loamy formations; comparison with 
the Tertiary sands
1 = typical loesses and paleosols: North, Picardie, Soissonnais; 2 =  calcareous facies of the 
loesses 1 (North, Picardie, Soissonnais); 3 =  typical loesses and paleosols: Hainaut, Ardenne, 
Thiérache, Brie; 4 =  bedded loamy formations and sandy loesses; 5 =  granulometric limit of 
the tertiary formations of the North; 6 = limons ä doublets of Normandy; 7 =  typical calca
reous loesses o f Normandy

With regard to mineralogy, the sand and silt fractions are comprised essentially 
of angular to subrounded flat quartz grains, with a small amount of feldspar, variable 
amounts of muscovite and chlorite (abundant in Upper Normandy), heavy minerals, 
some detrital ferruginous concretions and, sometimes, calcium carbonate. The percen
tage of calcium carbonate is low in the West (<  12%), except around Caen (up to 20%).
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It increases in the North (up to 16%), in Picardie, and in the central eastern part of the 
Paris Basin (between 10 and 20%). The epidote-amphibole association, which is dominant 
in Normandy (for Weichselian loesses) decreases progressively towards the east whilst 
ubiquitous heavy minerals (zircon, tourmahne, rutile) increase (regional origin). This 
phenomenon can be explained by the fading out towards the interior of the sediments 
of marine origin (floor of the English channel, fossil Seine estuaries), These being replaced 
by loams derived from valley alluvium and from the Seine in particular. The old loesses 
are different, the suite of ubiquitous minerals (zircon, tourmaline, rutile) predominating.

The < 2 pm fraction is dominated by clay minerals. Kaolinite and illite are 
present in smaller amounts than vermiculite and smectite, except in the Bocage region of 
Lower Normandy. Chlorite is also present, but irregularly: it is found especially in the 
Bocage region of Normandy (Baie du Mont-Saint-Michel), in the Western Picardie and in 
Upper Normandy.

Recent chemical analyses of loesses are few in number (JAMAGNE, M. 1973, 
LAUTRIDOU, J.P. in press). Silica dominates over aluminium (75 to 82% and 7 to 10% 
respectively). Total iron content varies between 2.5 and 3.2%, but the „limons ä dou
blets” of the Bocage region of Normandy can contain up to 4%, similar to the oldest 
paleosols of Normandy and Brie. Generally the above'values are quite constant.

< 2 p  X - R a y  h e a v y  m i n e r a l s  5 0 - 1 0 0 p

FIG. 5. The type section of Roumare
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Sedimentological variations are not, therefore, insignificant, the sand and clay 
contents in particular considerably affect geotechnical characteristics. These regional 
differences can only be assessed by taking into account stratigraphical and paleogeog- 
raphical conditions within the context of provinces the limits of which could have varied 
during the course of the Pleistocene (JAMAGNE, M. et al. 1981).

THE EXAMPLE OF THE ROUMARE PROFILE

An example is afforded by the profile of Weichselian loesses found at Roumare. 
The site is located along the motorway between Rouen and Barentin, about 10 km west 
of Rouen (FIG. 1A). This profile was visited in 1975 during the excursion of the INQUA 
Loess Commission. The study of the profile was initiated in 1972 and has just been 
completed with some detailed analyses (FIG. 5,TABLES 1, 2, 3).

At a height of 130 m above sea level, the profile contains Weichselian loess, 10 m 
in thickness and superimposed on the Tertiary clay with flints which covers the chalk 
plateau of Upper Normandy. Above an old Weichselian gelifluction silt, lamellar and 
brown in colour (from 8.3 to 10 m), one finds the two recent loesses (lower and upper) 
which show classic agreement with the Normandy Pleniglacial (the Upper and Middle 
Pleniglacial, the Lower Pleniglacial corresponding to a hiatus). The lower loess is of the 
carbonate type and is enveloped by two gleyed soils (tundra gley) (VAZART, M.H. 
1983): the Mesnil-Esnard soil below and the Roumare soil above (LAUTRIDOU, J.P. 
1982), the latter being a hydromorphic variety of the Kesselt soil. The upper loess is a 
„limon á doublets”.

Information on granulometry, mineralogy and chemical composition is provided 
in TABLES 1, 2 and 3. With regard to granulometry, the characteristics are similar to 
those described above, with low sand and quite high clay contents (except for the car
bonate loess). Chemical analyses are similar to those for the Bocage region of Normandy 
and the Paris Basin, with a large amount of silica (about 80% as opposed to 8-9% alu
minium and 2-3% total iron). Lastly, the heavy minerals (in the 50 -  100 pm fraction) 
are mainly epidote and hornblende (as is usual on the pleteaux), whilst at a very low 
altitude there is a noticeable increase in garnet (the epidote-amphibole-garnet suite).

CONCLUSIONS

In spite of some regional differences, it is apparent that there is some homo
geneity within the loesses of North-West France. They are characterised by an average 
to high (14-23%) clay content (except in the low zones) a fine clay/total clay ratio 
greater than 40% (and often as much as 50%), a variable carbonate content (0-20%) 
which increases eastwards, a low sand content, a median particle size generally between 
20 — 30 pm, a considerable silica and quarz content, and a large proportion of smectite- 
vermiculite, associated with the epidote-hornblende group which decreases in impor
tance towards the east.
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TABLE 1. Granulometry o f the Roumare loams.

Depth
(cm)

0-2 2-20 20-31,5 31,5-50 50-80 80-125 >125
microns

15 12,24 34,56 17,4 25,4 8,1 1,3 i%
Present 50 19,33 29,17 20,3 20,2 8,5 1,4 1,1
soil 85 22,8 21,3 20,3 23,5 9,3 1,4 1,4

115 17,54 20,06 25,2 27,8 7,7 0,7 1

140 17,23 19,97 31,4 16,6 13,95 0,4 0,45
185 17,02 16,98 19,2 20,5 25,3 0,6 0,4

Limons a 225 18,89 16,51 30,5 27,5 6,3 0,2 0,1
doublets 295 16,59 16,11 32 33 1,9 0,4

340 13,4 28 34,2 23,7 1 0,3 0,3
365 14 26 34,8 23,1 1,5 0,5 0,1

Roumare 420 15,8 23 19,2 33,9 7,1 1
soil 470 15 28 31,7 33,3 6,3 0,7

Loess 500 7,8 28,2 16,4 37,3 8 1,9 0,4
M. Esnard 
soil

600 11,92 28,88 20,7 29,8 5,3 2,6 0,8

Lamellar
loams

680 30,5 18,7 16,7 25,3 6,1 1,5 1,2
770 19,56 26,74 19,3 27,1 4,6 1,5 1,2
880 20,28 26,22 12 32,3 8 0,6 0,6



TABLE 2. Chemical analysis of the Roumare loams and comparison with the loesses of the Bocage region of Lower Normandy (limons ä doublets of Villecartier) 
and of the Paris Basin (Hamel, Saint-Quentin). Location Fig. 1-A

ROUMARE 
Depth (cm)

% ppm.
S i0 2 a i2 o 3 Fe2 0 3 MnO MgO CaO Na2 0 K2 0 T i0 2 Ba Co Cr Cu Ni Sr V

0,91 77,69 9,35 3,99 0,06 0,72 0,54 0,92 1,86 0,87 433 14 120 18 32 109 91
1,40 78,77 8,89 3,54 0,05 0,72 0,64 1,05 1,85 0,73 395 13 107 20 21 123 70
2,80 80,22 8,48 3,16 0,04 0,65 0,59 1,11 1,82 0,73 410 17 110 9 37 113 72
3,60 79,48 8,50 3,07 0,06 0,77 0,67 1,20 1,88 0,76 407 28 113 18 44 125 84
4,90 68,76 7,35 2,76 0,04 0,67 7,74 1,03 1,58 0,58 332 25 108 47 46 243 77
6,00 76,34 9,30 3,84 0,03 0,92 1,53 0,94 1,67 0,84 399 15 112 21 30 129 88
7,35 79,59 8,66 3,47 0,1 0,57 0,52 0,73 1,84 0,65 435 29 116 27 55 105 90

8,00 81,94 7,95 3,72 0,07 0,45 0,41 0,65 1,79 0,58 425 49 95 16 41 93 79
9,2 77,48 9,34 4,05 0,07 0,68 0,49 0,69 1,91 0,90 436 18 125 16 35 98 93
9,9 77,36 9,37 4,25 0,04 0,65 0,50 0,84 2,01 0,75 430 25 105 16 34 149 84

VILLECARTIER 82,03 8,63 3,38 0,08 0,65 0,61 1,09 2,74 0,68
LE HAMEL 1 80,62 9,39 2,64 0,1 0,57 0,77 1,23 1,97 0,35
ST QUENTIN 81,74 9,43 2,65 0,12 0,63 0,86 1,32 2,02 0,37



TABLE 3. Heavy minerals of the Roumare loams (50-100 pm)

Depth (cm)

To
ur

m
al

in
e

St
au

ro
lit

e

A
nd

al
ou

si
te

G
am

et
e

Zi
rc

on

H
or

nb
le

nd
e

Ep
id

ot
e

Ru
til

e

A
na

ta
se

To
pa

ze

Sp
he

ne

Tr
em

ol
ite

G
la

uc
op

ha
ne

M
on

az
ite

D
is

th
en

e

B
ro

ok
ite

C
hl

or
ite

B
io

tit
e

M
us

co
vi

te

Si
lli
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15 1,7 8,7 13,7 15 47 7,7 1,3 2,3 0,3 0,3 1,3 0,3 0,3
Present 50 2,3 0,7 0,3 7,7 8,3 58 4,3 1 0,3 2 0,3 0,3 0,3 1 3 0,7
Soil 85 8 0,3 9,7 12 6,3 51 4,7 2 1,3 0,7 1 2,7 0,3

115 6 0,3 6,3 9,7 •9,7 51,7 4,3 2 1,7 0,3 0,3 7,3 0,3
140 4,3 1,3 2,7 11,7 40 5 0,7 0,3 0,3 0,7 0,3 28 4,7
185 2,3 4,3 9,7 7,3 63 4,7 0,7 1,7 6 0,3
225 8,3 0,7 1,3 8 11,4 46,3 4 0,3 1,3 0,7 0,7 1 15,3 0,3 0,3

4 265 6,7 0,3 0,7 2,3 13,7 23,3 1,7 0,3 1,3 0,7 47 0,3 1,7
doublets 295 7 1 5 7,3 24,7 1,3 0,3 0,7 49,7 1,3 1,7

320 2,7 0,3 2 7 14 36,3 2 1 1 0,3 0,3 30 3
340 6,3 0,3 5 8,3 13,7 44 2 1 0,7 0,7 17,3 0,7
365 4 7 3 8 29 0,7 0,7 1,3 0,3 0,3 35 10,7

Roumare 420 3,3 9,3 7 22 40 4,3 1,3 1 0,7 0,3 0,3 0,7 0,3 9,3
soil 470 6,7 1,3 6 14 11,3 32 7,3 0,7 1 0,7 17,3 0,7 1
Calcareous 500 8 1,7 8 10,3 30,3 2 0,3 1 3 0,7 35
loess 540 9 1,3 3,7 20,7 10,7 30 10,7 0,3 1,7 0,3 0,7 0,3 10,7

565 4,7 0,3 12 11 16 42 5 0,7 1 7,3
580 2,7 0,3 7 16,7 10,7 36,3 6 1,3 0,7 0,7 0,3 16 1,3
615 4,3 0,3 6,7 12 12 40,7 3 1,3 1 0,3 1,3 16 1
640 3,3 0,7 10,7 24,3 7 38,7 3,3 1,3 2,3 0,3 2,3 5,3 0,3
680 3,7 3,3 43,3 1,7 28,7 12,7 1,3 1 1,7 2,3 0,3Lamellái
770 24 1 1,7 3,3 12 2,3 38,3 6,7 2,7 0,7 1 5,3 0,3 0,3loams 880 9 0,7 1 1 7,7 2 50 6 1,3 1 0,7 19 0,3 0,3
910 9 0,7 45,3 21,7 15,3 2,3 0,7 4,3 0,3
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GEOCHEMICAL LOESS HISTORY
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ABSTRACT

The peculiarity of the mineral composition of loess is the coexistence of the 
rather stable quartz and the more easily dissoluble carbonate. Its chemical composition 
depends on the lithosphere darks of chemical elements, on the geochemical mobility of 
elements, and on local physical, geographical and lithogenetic conditions. The darks of 
the concentration of immobile elements are lower than in the average composition of 
the lithosphere, the darks of the more mobile ones are higher. The distribution of typo- 
morphic minerals in the lithosphere conforms to geographical zonation. Loess can form 
in the zone, where the area of distribution of CaC 03 as typomorphic minerals of the 
hypergene zone is determined by the values of the radiation aridity index from 0.9 to 
2.5. The regularities of the distribution of typomorphic minerals in the hypergene zone 
is connected with the energy of strength of minerals at the atomic level and the energy 
of landscape derived from solar radiation.

Loess is distributed according to the law of geographical zonation and is adapt
ed to the landscape.

Loess areas are closely connected with the nature of steppes as well as with geo
chemistry and physical geochemistry of the steppe landscape.

It is characteristic of loess that the constituting minerals are fairly weathered. 
The weathering index of loess deposits (ratio of the content of stable minerals of load 
fraction to the content of unstable ones) is 0.8-1.5 and 3-5 for the buried soils. It is 
3-6 times less than the value of the weathering index for the Pleistocene galcial till. The 
peculiarity of loess composition is the coexistence of the rather stable (not leachable) 
quartz and the more easily dissoluble carbonate (C aC 03). Under different physical and 
geographical conditions there are S i0 2 — 35-85%, Al2 0 3 — 9-15%, CaC03 — 5-25%, 
C aS04 2H20  — 0.1-3.0%, easily dissoluble compounds (mainly NaCl) — 0.1-3.0% 
(by both our determinations and literary data).

The chemical composition of loess depends on the lithosphere darks of chemical 
elements, on the geochemical mobility of elements, and on local physical, geographical 
and lithogenetic conditions. The high contents of Si 0 2 and Al2 0 3 in loess are explain
ed by the high dark of O, Si, and A1 in the composition of the lithosphere.
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TABLE 1 shows that darks of the concentration of immobile elements like Si and 
Al in loess are lower than in the average composition of the lithosphere. On the con
trary, the darks of contrentration of more mobile elements like Ca and S are higher. It 
is explained by geochemical and biogeochemical conditions of the landscape favouring 
Ca and S accumulation: loess area coincides with calcareous landscape (steppes), S 
and Ca are elements accumulating under the influence of the activity of organisms. The 
dark of Na concentration in loess is very reduced. The reason for it is the high dissolving 
capacity of its compounds: the Na ion migrates even in thin water films. The high ratio 
of CaC03 and CaS04 in loess should be explained proceeding from regional regularities 
of the distribution of typomorphic minerals in the hypergene zone and in the soil cover.

TABLE 1. Chemical composition of loess

C om ponen ts E lem ents
W e ig h t d a r k  

o f l ith o sp h e re  

(a cco rd in g  to  

V in o g ra d o v )

C la rk  o f 

c o n c e n t
ra t io n  

in loessc o m p o n e n ts l im its average e le m e n ts l im its  %
average

%

S i0 2 4 5 - 8 5 60 Si 2 1 ,0 -3 9 ,7 2 8 29,5 0 ,9 4

A I 2 O 3 9 - 1 5 11 Al 4 ,8 - 7 ,9 5 ,8 8,05 0 ,7 2

С аС О з 5 - 2 5 18 Ca r
° 0 0 0 7 ,2 2,96 2 ,4 3

C a S 0 4 2 H 2 0 T X
*

0 1,1 S 0 ,1 6 -0 ,6 4 4 0,177 0,047 3 ,7 7

NaCI 0 T G
O

О 0,7 Na 0 ,0 3 9 -1 ,1 7 9 0 ,2 7 5 2,50 0,11

It is known that as far as climate changes from humid to arid one, the crusts also 
successively change from ferruginous (forest zone) to calcareous and gypsum (steppes 
and savannahs) and galit ones (deserts). In FIG. 1 dependence of distribution of typo
morphic minerals on radiation balance (R) and radiation aridity index (R/Lr) is seen. 
In this figure r is the quantity of atmospheric precipitation, and L is the latent heat of 
evaporation. According to this scheme there are reasons to conclude that the distribu
tion of typomorphic minerals in the litosphere conforms to geographical zonation. 
Specifically, calcareous landscape or otherwise, the area of distribution of CaC03 as 
typomorphic minerals of hypergene zone is determined by the values of R/Lr mainly 
from 0.9 to 2.5. Loess can form and exist only in this zone. Under humid climate 
(R/Lr < 0.9) loess does not form because there processes of leaching occur and Ca03 is 
not a typomorphic mineral. The minerals of gypsum and galit are typomorphic for the 
zone of arid climate of deserts. In this zone the processes of deflation and eolian 
replacement of silt dominate i.e. the conditions are not favourable for the formation of 
thick loess covers (KRIGER, N.I. 1965, 1970). It should be noted that the typomorphic 
minerals shown in FIG. 1 and regarded in the order of their distribution from the humid
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climatical zone to the arid one form a range in which every following mineral is more 
dissoluble and it is characterized by less stable crystallochemical bonds. Thus, the nature 
of the regularities of distribution of typomorphic minerals in the hypergene zone is ener
getic connected with energy of strength of minerals at the atomic level and the energy 
of landscape caused by solar radiation (KRIGER, N.I. 1980, KRIGER, N.I. — KOTEL- 
NIKOVA, N.E. -  LAVRUSEV1CH, S.I. -  SEVOSTYANOV, V. 1981). The succession of 
typomorphic chemical elements (Al, Fe, Si, Ca, S and Na) corresponding to the des
cribed succession of typomorphic minerals is called the principal geochemical range of 
biosphere (KRIGER, N.I. — MIRONUK, S.G. 1978). We regard the described regulari
ties of the distribution of typomorphic minerals and chemical elements as a complex 
energetic system, in which physical fields R and R/Lr form a kind of filter sorting atoms 
of different energy. This filter makes it possible for mobile atoms, ions and molecules 
with low energetic indices to migrate and creates a geochemical barrier for those which 
are characterized by higher energetic indices and low migration capacities. Described 
energetic system strictly determines the area of distribution of loess on the globe.

FIG 2. Typomorphic minerals of hypergene zone in the system of radiation balance R and radiation 
aridity index R/Lr

Not only global, but local peculiarities of the physical and geographical condi
tions (that is local pecularities of the system of geophysical fields) have an influence on 
distribution, composition and properties of loess. In FIG. 2. it is shown that the ratios 
of different chemical components in loess depend on the radiation aridity index R/Lr. 
Even little changes in the value of R/Lr affect the composition of loess: aridisation of
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climate leads to the increase in the quantity of dissoluble components. The radiation 
aridity index determines a regime of rock moisture content, which in turn has an influ
ence on the composition and properties of rocks and on their chemical processes. As 
for loess it should be ascertained that the carbonate content of rocks was formed in the 
stage of sedimentation and early diagenesis.

FIG. 2. Dependence of loess composition on radiation aridity index R/Lr

Distribution of CaC03 in loess sequences changed comparatively little during 
postsedimentational period, thus horizons of enrichment and leaching are paleogeog- 
raphical and paleopedological criteria, which are of stratigraphical significance. Geo
chemical peculiarities of loess and specific coincidence of zones of enrichment of 
CaC03 and leaching with definite stratigraphical horizons testify to  prolonged stability 
of the physical geographical situation and the little changeability of the radiation aridity 
index over time. With the alteration of this index the composition and properties of 
all the loess series change, CaC03 leaches and the geochemical pecularities of sereval 
horizons disappear and loess gradually digrades.

The correspodence of the quantity of comparatively little dissoluble and 
little mobile CaC03 content with modern value of R/Lr in each region can be regarded 
as evidence of constant physical geographical conditions in these regions during the 
Pleistocene. The absolute values of R/Lr could differ under general climatic changes, 
which are confirmed by the interbeds of buried soils, but the trend of plan distribution 
of values of R/Lr is preserved. Thus the carbonate enrichment in loess is indirect (ap- 
perent) and is in approximate dependence of the modern values of R/Lr.

As for easily dissoluble components in loess, their relation with the modern 
values of R/Lr is closer since even little changes of this parameter have an influence on 
the moisture content of loess and since even in thin water films the migration of Na+ 
and С Г  ions takes place (KRIGER, N.I. -  KOTELNIKOVA, N.E. 1978).

From the above one can conclude that distribution, composition and properties 
of loess are closely associated with the geochemical situation which is determined by 
energetic fields at the global and atomic levels. The situation is favourable to the forma
tion of loess in subaerial conditions.
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SEM INVESTIGATIONS OF QUARTZ SILT 
MICRO-TEXTURES IN RELATION 

TO THE SOURCE OF LOESS

Kenneth Pye

ABSTRACT

Scanning electron microscope examination of natural and experimentally-for
med silt particles has shown that grains formed by salt weathering, frost action and 
mechanical crushing have similar surface features. Grains from subglacial environments 
in Norway were found to be qualitatively indistinguishable from supraglacial weathering 
debris. Features such as breakage blocks, conchoidal fractures, edge grinding and adher
ing clay-size particles can be produced by several different mechanisms. Silt grains for
med in sub-aerial weathering environments commonly show chemical solution as well 
as mechanical breakage features. Quartz silt particles from unweathered loess in Central 
Europe, Mississippi and Tajikistan were found to display abundant mechanical breakage 
and limited chemical features consistent with a cryogenic origin, but at the present time 
it is not possible to draw definite conclusions about surface area and mode of particle 
formation on the basis of survace textural evidence alone.

A series of scanning electron microscope investigations has been carried out on 
natural and experimentally-formed quartz silt particles in an attempt to establish weath
er quartz grains in loess might provide micro-textural evidence of their mode of forma
tion and source environment. SEM has been widely used to study the surface textures 
of sand grains, but there are few previously published investigations of silt grains. The 
experimental results indicate that silt grains formed by simulated salt weathering, frost 
action and mechanical crushing have very similar surface features. Natural silt grains 
collected from a subglacial environment were also found to be qualitatively indistin
guishable from supraglacial weathering debris. „Adhering particles”, „breakage blocks” 
„conchoidal fractures” on grains in loess therefore cannot be used as evidence of glacial 
comminution, as some authors have previously suggested. Natural quartz silt grains col
lected from a sahne basin in California were found to display both .mechanical and 
chemical alteration features. Grains from a humid tropical weathering profile in Northern 
Australia are dominated by chemical solution features. Therefore, to some extent, the 
surface textures on silt grains do reflect the balance of mechanical and chemical proces
ses in their source areas. Quartz grains from loess in Central Europe, the Mississippi
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Valley and South Tajikistan were all found to show abundant mechanical breakage 
features supportive of a cryogenic origin.

THE LOESS SOURCE PROBLEM

Blankets of loess, defined here as wind-transported sediment consisting chiefly of 
silt-size particles, occur extensively in several parts of the world and have attracted scien
tific interest for more than a century. However, as noted by SMALLEY, I.J. (1980, 
p.247), ,,the problem of loess formation has not been solved”. Although most geologists 
now accept that wind transport and deposition have played a critical role in the forma
tion of loess, there is still considerable disagreement regarding the source and mode of 
formation of the silt particles. Several different theories of silt origin have been pro
posed. SMALLEY, I.J. (1966) and SMALLEY, I.J. and VITA -  FINZI, C. et.al. (1968) 
argued that glacial grinding is probably the only natural process capable of generating 
large amounts of silt. The close association of many Quaternary loess formations with 
glaciated regions was cited as support for a genetic relationship. However, doubts about 
the effectiveness of glacial grinding in forming silt have been expressed (WHALLEY, 
W.B. 1974, 1979, WHALLEY, W.B. -  KRINSLEY, D.H. 1974). According to these 
authors, much of the material transported and deposited by ice has not actually been 
eroded or crushed subglacially, but represents frost-weathered debris supplied to the 
glacier surfaces by slope processes. The importance of frost weathering as a mechanism 
of silt generation was first described in the field by ZEUNER, F.E. (1949) and has 
subsequently been demonstrated experimentally by MOSS, A.J. et al. (1981). Outside 
the glaciated regions, fluvial abrasion has been found to be an important means of 
particle breakage and silt production (MOSS, A.J. 1972, MOSS, A.J. et al. 1973, RIEZE- 
BOS, P. — VAN DER WAALS,L. 1974), particularly where grains, have inherited weak
nesses from the source rock environment (MOSS, A.J. 1973, MOSS, A.J. — GREEN, P. 
1975). Experimental work has indicated that aeolian abrasion in desert environments is 
capable of producing fines, although the particles formed are generally smaller than the 
modal size typically found in loess (KALDI, J. et al. 1978, KRINSLEY, D.H. — MCCOY,
F.W. 1978). Salt weathering in deserts has also been found to be an effective agent of 
silt formation (GOUDIE, A.S. et al. 1979, GOUDIE, A S. -  DAY, M.J. 1981, PYE, K. -  
SPERLING, C.H.B. 1982). Finally, chemical weathering processes in humid regions have 
recently been shown to provide a further mechanism of silt formation (NAHON, D. -  
TROMPETTE,R. 1982, PYE, K. 1983).

As noted by SELBY,M. (1976, 15), „in regions outside the realm of glacial influ
ences the exact history of loess deposits is problematical. „This is well illustrated by the 
continuing debate as to whether the extensive loess deposits of Soviet Central Asia and 
China have a desert origin or are derived from a (glaciated) cold weathering mountainous 
environment (SMALLEY, I.J. -  KRINSLEY, D.H. 1978, SMALLEY, I.J. 1980). Similar 
debate still surrounds the origin of loess in Nebraska and neighbouring parts of North 
America, which some authors (e.g. LUGN, A. L. 1962, 1968) believe was derived by 
aeolian reworking of weathered Tertiary Ogallala sediments during one or more arid 
(and possibly windier) phases of the late Pleistocene.
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SCANNING ELECTRON MICROSCOPY AND QUARTZ GRAIN SUR
FACE TEXTURES

A technique which potentially might aid in identifying the source and mode of 
formation of silt in particular loess deposits is scanning electron microscopy (SEM). This 
technique has been applied with considerable success in studies of the environmental 
histories of sand grains (KRINSLEY, D.H. — DOORKAMP, F.W. 1973, MARGOLIS, 
S.V. and KRINSLEY, D.H. 1974, LE RIBAT.L. 1977, BULL, P.A. 1981), but to date 
there are few published studies of silt grains. The basic principle о the technique rests 
on the belief that a detrital quartz grain will display surface textural features that may 
be diagnostic of the processes which acted on it during formation, transportation and 
deposition, provided that these have not been obliterated by post-depositional modifica
tion. The clear limitations of the technique have not escaped attention (BROWN, J.G. 
1973a, 1973b, SCHOLLE, P.A. — HOYT, D.E. 1973). The most serious problems are 
those of equifinality, that is similar surface textures may be produced by quite different 
processes, indeterminacy, by which the same process results in different surface features 
depending on, for example, crystallographic differences in the quartz grains, and super
imposition of features formed in several different process environments. Several studies 
have also shown that post-depositional modification or obliteration of primary surface 
textural features can be rapid in near-surface environments (CROOK, K.A.W. 1968, 
CLEARY, W.J. -  CONOLLY, J.R. 1971, PYE, K. 1983).

Despite these problems, however, there are numerous published examples where 
SEM has been successfully used, in conjunction with other techniques, to tackle prob
lems of geological provenance (MARGOLIS, S.V. — KENNETT, J.P. 1971, KRINSLEY, 
D.H. — MCCOY, F.W. 1977). It is therefore worthwhile asking the question whether 
surface textural studies can play a similar role in loess investigations.

In this connection two main questions need to be resolved. First, do quartz silt 
grains formed by different mechanisms (e.g. glacial crushing, fluvial abrasion, in situ 
weathering) show distinctive surface features? Second, can primary depositional textures 
in fossil loess deposits survive post-depositional modification and be used to infer source 
area and mode of silt formation? It will only be possible to answer these questions 
satisfactorily when sufficient experimental and observational data have been accumu
lated. To date only a very few SEM investigations of loess have been carried out, and in 
the majority of these the focus of enquiry has been nature of the sediment fabric or 
diagénetic alteration rather than the surface features of individual grains.

PREVIOUS SEM STUDIES OF LOESS

SMALLEY, I.J. — CABRERA, J.G. (1970) published some of the first SEM 
observations on loess grains form Nebraska and West Germany. The grains were predo
minantly sub-angular with numerous adhering fine particles (< 2 pm) which were inter
preted by SMALLEY — CABRERA as glacial comminution debris. This interpretation 
was questioned by WARNKE, D.A. (1971) but reaffirmed by SMALLEY, I.J. -  CAB
RERA, J.G. (1971).
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Fine adhering debris was also observed on Polish loess grains by CEGLA, J. et al. 
(1971). These authors also concluded from SEM evidence that their loess grains had 
experienced considerable (presumed post-depositional) weathering and diagenesis in
volving precipitation of secondary silica. Further evidence of postdepositional alteration 
was suggested by VITA-FINZI, C. et al. (1973) and SMALLEY, I.J. et al. (1973), who 
noted what they thought to be authigenic dolomite on qartz grains from the Kaiserstühl 
loess. However, this interpretation was not substantiated by energy dispersive analysis 
(EDS) in the SEM or by X-ray diffraction. Further attention was drawn by SMALLEY,
I.J. et al. (1973) to fracture features on quartz silt grains which they interpreted as 
indicating a glacial origin.

WHALLEY, W.B. (1974) pointed out that much of the material deposited in 
moraines and till deposits does not experience subglacial grinding but is supra-glacial 
debris supplied from weathered bedrock to the glacier surface by slope processes. 
WHALLEY presented a number of SEM micrographs which illustrated the presence of 
mechanical breakage features on supra-glacial grains, together with evidence of silica 
reprecipitation on quartz grains from moraines only a few hundred years old.

Further work (WHALLEY, W.B. -  KRINSLEY, D.H. 1974, WHELLEY, W.B. 
1978) suggested that quartz grains in glacial environments posses no surface textural 
features which are reliably diagnostic. Glacial grinding simulations by WHALLEY, W.B. 
(1978) succeeded in bringing about some grinding of initially sharp edges, but similar 
results were obtained in experiments designed to simulate high energy fluvio-glacial con
ditions, presumably due to collision of grains spinning at high velocity (WHALLEY, 
W.B. 1979).

SMITH, B.J. — WHALLEY, W.B. (1981) examined silt grains from the so-called 
„loess” drift of Northern Nigeria. The grains were typically found to be blocky and 
angular or sub-angular, with abundant evidence of secondary silica precipitation. On the 
balance of SEM and other evidence, it was concluded that the deposits were derived 
largely by aeolian reworking of alluvial and slope deposits during a more arid phase of 
the late Pleistocene.

WHALLEY, W.B. — SMITH, B.J. (1981) also examined grains of dust transported 
by Harmattan winds at the present day. Larger grains were found to be plastered with 
small (<  2 /am) particles of quartz, feldspar and clay minerals, in some cases cemented 
by secondary silica. Few mechanical breakage features and no evidence of aeolian abra
sion during transport were observed. It was again concluded that the source of the bulk 
of the silt was bare land within the sub-Saharan zone of Northern Nigeria and neigh
bouring countries.

GOUDIE, A.S. et al. (1980) made a brief examination of loess grains from South 
Tajikistan, noting that, although some mechanical breakage features were present, the 
surface textures were dominated by secondary silica precipitation. No inferences were 
drawn concerning the origin of the material.

FURTHER SEM STUDIES

The studies summarized above provide insufficient data to answer the question 
whether silt grains formed by different mechanisms display distinctive morphologies and
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textures, and whether these can be used to identify the source of loess. Further work 
has been undertaken by the author in an attempt to resolve these questions. Three lines 
of enquiry have been pursued:

1. quartz silt grains have been formed experimentally in the laboratory by 
simulated weathering and abrasion processes,

2. silt grains from known modern process environments (e.g. sub-glacial, weath
ering profile, marginal to saline flats) have been examined,

3. silt grains collected from loess profiles in Poland, West Germany, the Missis
sippi Valley, and South Tajikistan have been analyzed and compared with 
grains from known process environments and those formed experimentally.

A fuller descripition of the experimental procedures used and of the narural 
materials examined will be presented elsewhere (PYE, K. -  SPERLING, C.H.B. 1982, 
PYE, K. 1983). In the present paper only some of the more general conclusions are 
presented with the intention of evaluating the general potential of SEM techniques in 
studies of loess provenance.

SEM examination of the specimens described below was undertaken using either 
a Philips 501B electon microscope or a Cambridge S10 with Link EDS micro-analyzer 
attachment. After appropriate pre-treatment the grains were mounted on double-sided 
adhesive tape and sputter-coated with gold to eliminate charging. Surface features were 
photographed at magnifications ranging from 40X to 10 000X using accelerating volt
ages of 7.2kv to 30kv.

Weathering simulations were performed on two different materials, a quartzose 
coastal dune sand from North Queensland Australia, and polymineralic first cycle rego- 
lith from the Cairngorms, Scotland. Separate grain size fractions of these materials were 
subjected to thermal stress, thermal stress plus wetting and drying, sodium sulphate 
crystallization, and frost weathering using a climatic cabinet. A detailed description of 
the equipment and experimental procedure is given in PYE, K. — SPERLING, C.H.B. 
(1982). The objective of the thermal stress (salt weathering experiment was to establish 
the effectiveness of these processes in causing grain disintegration under simulated warm 
desert conditions (using the Wadi Dygla climatic cycle of WILLIAMS, C.B. 1923). The 
frost weathering simulation was aimed to approximate winter conditions in a humid 
maritime climate (Icelandic cycle). After 40 diurnal weathering cycles the grains and 
fine -silt debris formed during the experiments were examined by SEM and compared 
with micrographs of control specimens which had not been subjected to weathering.

Samples of both types of material were also crushed mechanically with a mortar 
and pestle to achieve a crude approximation of the brittle fracture mechanism which 
might be expected at the ice-rock interface beneath a glacier. The grains so-produced 
were then examined by SEM and compared with the textures of grains from the initial 
material.

A further simple simulation of high energy fluvial abrasion, such as might be 
expected to occur, for example, in a gravel-transporting glacial outwash stream, was 
undertaken by placing samples of sieved dune sand and regolith sand in a high speed 
magnetic stirrer for a period of two hours. After the experiment was completed the 
grains were again examined by SEM.
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Natural silt grains from a number of known modern process environments were 
analyzed under the SEM. These included subglacial grains from the base of the Nigard- 
sbreen and Storsbreen glaciers, Norway, frost and chemically-weathered regolith derived 
from ademellite in the Cairngorms, Scotland, salt-weathered silt from an area adjacent to 
a playa lake in Death Valley, California, frost-weathered quartzite debris from the sum
mit of Ben Arkle, Scotland, and chemically weathered quartz silt from a podzolized 
dune sequence in humid tropical North Queensland. The characteristics of the silt grains 
from the latter area are described more fully by PYE, K. (1983).

Silt grains from loess sections in West Germany, Poland, the Mississippi Valley 
and Soviet Central Asia have been examined in detail. Preliminary observations have also 
been made on loess from New Zealand, Argentina, Belgium and Southern England. In all 
cases the stratigraphic position level which the samples were collected was noted, since 
age and degree of weathering are important controls on the nature of surface textures. 
Some loess samples were examined without pre-treatment other than gentle disaggrega
tion by hand. Others were shaken in a solution of sodium pyrophosphate to disperse 
clays, wet-sieved to separate individual grain size fractions, and treated with dilute HC1 
to remove carbonates. The latter procedures were found necessary to remove fine 
adhering debris which masked the surface of many of the larger silt grains.

SUMMARY OF RESULTS

Silt grains produced experimentally by salt action, frost weathering and mecha
nical crushing were found to have similar surface textures. The dominant features are 
sharp, angular edges, conchoidal and stepped fracture surfaces, breakage blocks, and 
deep cracks (FIGS. 1A -  E). Prior to dispersion undertaken to allow grain size analysis, 
both the salt-weathered debris and frost-weathered debris contained aggregates of fine 
silt and clay-size particles (FIG. IF). Morphologically these aggregates are similar to 
those identified in Harmattan dust by WHALLEY, W.B. and SMITH, B.J. (1981).

Most large quartz and feldspar grains in the salt and frost-weathered debris had 
fine particles adhering to their surfaces, held in place either by moisture or electro-static 
attraction. The presence of such particles therefore cannot be regarded diagnostic of 
sub-glacial comminution as previously suggested by SMALLEY, IJ .  and CABRERA, 
J.G. (1970).

Sub-glacial quartz grains from Storsbreen and Nigardsbreen glaciers were obser
ved to have similar surface features to the experimentally weathered quartz grains and to 
natural granitic grus grains from the Cairngorms, Scotland (FIGS. 2A and 2B). Only 
relatively few grains (< 10%) from the subglacial environment showed evidence of edge 
grinding of the type described by WHALLEY, W.B. (1978, 1979). These grains show 
little, if any, evidence of chemical solution, suggesting that they represent freshly crushed 
debris rather than material eroded from older moraines.

Natural frost-weathered grains derived from quartzite on Ben Arkle, northwest 
Scotland, are typically sub-angular with highly irregular breakage block surfaces and 
large numbers of adhering fine particles (FIGS. 2C and 2D). Some rounding of sharp 
edges by chemical processes is apparent. The highly irregular nature of the surfaces on
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FIG. 1. (A) Angular quartz silt grain formed by experimental sodium sulphate weathering of Austra
lian dune sand. (B) deep cracks in a coarse silt grain formed by experimental salt weathering 
of dune sand. (C) angular quartz silt grain (centre) and feldspar grain (lower right) formed by 
salt weathering of Cairngorm regolith sand. (D) angular silt grain formed by experimental frost 
weathering of dune snad. (E) quartz silt grain produced by frost action on regolith sand. 
(F) aggregate of fine quartz and feldspar grains formed by experimental frost weathering of 
regolith sands.
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FIG. 2. (A) quartz silt grain from sub-glacial environment, Storsgreen, Norway, after ultra-sonic cle
aning. (B) quartz silt grain from subglacial environment, Nigardsbreen, Norway, after ultra
sonic cleaning. (C) angular silt grain with highly irregular breakage block texture formed by 
natural frost weathering of Cambrian quartzite, northwest Scotland. (D) part of a silt grain 
formed by natural frost weathering of quartzite, Northwest Scotland, showing conchoidal 
breakage surface and adhering clay-size quartz debris. (E) quartz silt grain from the margin of 
saline flats, Death Valley, California, showing presence of breakage edges which have been 
substantially modified by chemical action, together with numerous weakly cemented fine 
particles on the surface. (F) aggregate of fine silt particles from margin of saline flats, Death 
Valley.
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these grains may reflect the fact that breakage in quartzite occurs across, rather than 
around, the grain. Particles produced by weathering often consist of fragments of two 
or more quartz grains and interstitial cement. This illustrates the point that the morpho
logies of particles produced by weathering may be heavily influenced by the properties 
of the materials from which they are formed.

Grains collected from the margin of salt flats in Death Valley, California show 
evidence of both mechanical breakage and chemical modification. The edges of the 
particles are often rounded by silica solution and reprecipitation (FIGS. 2E and F). In 
fresh, untreated samples, fine silt and clay-size grains cling together as aggregates (FIG. 
2F). Simple immersion in distilled water commonly fails to result in disaggregation, 
suggesting the particles are not held together only by halite cementation. Rapid mobili
zation of silica is to be expected in a saline environment such as Death Valley, since 
experimental work has shown that the solubility of silica increases rapidly above pH 9 
(SIEVER, R. 1962).

Natural quartz grains from the A horizon of a podzolic weathering profile deve
loped in North Queensland dune sands display surface textures which are quite distinct

FIG. 3. (A) Sub-angular quartz silt grain from the A horizon of a tropical podzolic weathering profile, 
North Queensland. (B) enlargement o f part of grain shown in (A), illustrating edge rounded 
by solution. (C) small orientated V-shaped etch pits on the surface of the grain shown in (A). 
(D) silt grain from a pedogenic horizon in loess at Vicksburg, Mississippi, showing surficial 
encrustation of clay minerals and secondary silica
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from those previously described. Although the grains appear angular or sub-angular at 
intermediate magnifications (FIG. ЗА), at higher magnifications the edges can be seem 
to be rounded by solution, and the grain surfaces commonly possess numerous small 
orientated V-shaped etch pits (FIGS. 3B and 3C). Adhering clay-size quartz particles 
are not common on these grains due to the efficiency of pedotranslocation processes 
in these podzolic profiles (see PYE, K. 1983).

The loess grains from Poland, Mississippi and Tajikistan display a variety of sur
face textures, but the most common features on grains from unweathered horizons are 
apparently the product of mechanical breakage (FIGS. 4A — D); Many grains show 
sharp breakage edges with little apparent post-formational rounding by solution. In 
horizon affected by pedogenesis, however, grains from all three areas are often encased 
in a pellicule of clay minerals and secondary silica (e.g. FIG. 3D). Neighbouring grains 
from such horizons are sometimes cemented by silica, clay minerals, carbonates or iron 
oxides, clearly indicating that the changes are post-depositional.

FIG. 4. (A) and (B) silt grains from loess in South Tajikistan, showing conchoidal and stepped mecha
nical breakage features. (C) fresh, unweathered grain from Natchez loess, Mississippi, whowing 
sharp edges and conchoidally fractured surfaces. (D) angular rain with breakage features from 
Tyszowce, southeastern Poland.

The grains shown in FIG. 4. could have been formed either by cold weathering 
processes (principally frost action) or glacial grinding. The near-absence of silica solution 
/precipitation features makes it unlikely that they were formed in a chemically active 
environment. A cryogenic origin is consistent with stratigraphic, distributional and dating
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evidence in all three areas. In Central Europe, detailed studies over many years have 
shown that the bulk of the loess material was derived from fluvioglacial outwash chan
nels and ice-marginal areas during glacial phases of the late Pleistocene (MARUSZCZAK, 
H. 1980, SMALLEY, I.J. -  LEACH, J.A. 1978, FINK, J. -  KUKLA, G.J. 1977). During 
interglacials and interstadiale, loess sedimentation slowed or ceased, allowing the deve
lopment of soil horizons. Similarly, dating evidence indicates that loess sedimentation 
corresponded with the maximum extent of ice into the headwaters of the Mississippi 
and its tributaries (WILLMAN, H.B. -  FRYE, J.C. 1970, SNOWDEN, J.O. -  PRIDDY, 
R.R. 1968). In South Tajikistan the chronology and geomorphological relationships of 
loess deposits appear to be more complex, reflecting tectonic as well as directly climatic 
factors, but mineralogical and distributional evidence also point to a montane source in 
the glaciated Tien Shan and Pamir ranges (DAVIS, R.A. et al. 1978, DODONOV, A.E. 
1979).

CONCLUSIONS AND RECOMMENDATIONS

SEM data so far available suggest that there are no microtextural features which 
can be regarded as strictly diagnostic of glacial deposits. Contrary to earlier suggestions, 
adhering surface particles, angular breakage blocks and conchoidal fractures are not only 
produced by glacial comminution, they can be formed by a range of mechanical break
age processes including salt crystallization and frost action. It may, however, prove 
possible to differentitate subglacial silt grains from supra-glacial grains and weathering 
debris using quantative methods of particle form analysis such as Fourier analysys 
(EHRLICH, R. — WEINGERG, B. 1970). Preliminary data suggest this method can be 
used to differentiate sand grains from different glacial sub-environments (DOWDES— 
WELL, J.A. 1982), and the technique might be applied to silt grains with good effect.

Textural features can be used to identify silt grains which are derived directly 
from mechanical environments and to distinguish them from grains derived from che
mically active environments. Grains which are stored for any period of time in sedi
mentary deposits subject to weathering may experience rapid solution and reprecipita
tion of silica (for example in the upper parts of moraine or river terrace deposits). 
Chemical modification of silt grain textures is likely to be greatest in very humid environ
ments, particularly where organic acids are abundant, or in alkaline desert environments.

Pre-depositional chemical alteration features on silt grains in loess may be 
distinguished from post-depositional features on the grounds that (a) the latter should 
affect all grains in a particular horizon, (b) post-depoisitional alteration usually involves 
corrosion of feldspars, re-distribution of carbonate and formation of authigenic clays 
and other minerals, and (c) pre-depositional chemical surfaces may be truncated by later 
breakage features, whereas post-depositional surfaces rarely are.

Because most medium and coarse silt grains in loess must first be cleaned by 
sonic vibration or chemical methods in order to allow examination of the underlying 
surface textures. Grains from weathered loess horizons should not be used for analysis 
of microtextures since they are likely to record only post-depositional events. In order 
to facilitate comparison of results it is advisable to examine a particular grain size frac
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tion, the present author has found grains in the 20-45 pm fraction most suitable. All 
SEM examination should be undertaken in a systematic manner, preferable with a view 
to obtaining quantitative data (see BULL, 1981). Energy dispersive analysis should be 
used to check that all of the grains analyzed are indeed quartz.

As is the case with sand grains, studies of the surface textures of silt grains are 
of restricted value when used in isolation. However, used in conjunction with other 
techniques, such as grain size analysis and heavy mineral analysis, SEM can provide 
valuable supporting evidence in loess provenance studies, particularly if quantitative 
methods of image analysis are employed.
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THE PECULIARITIES IN THE FORMATION 
OF THE PROPERTIES AND THE 

AGE OF LOESS IN SOME AREAS OF THE SOUTHERN 
EUROPEAN PART OF THE USSR

P.V. Tsarev

ABSTRACT

Southern regions of the USSR are featured by a continuous loess cover with a 
thickness of 20-70 m. The eolian factor was predominant in the transport of loess 
material. In submontane slopes and river valleys this material was transferred by water. 
According to radiocarbon dating, the upper 23 m thick loess layer is Upper Quaternary. 
Below Middle Quaternary deposits occur. Loess subsidence is attributed to the moisture 
regime of the aeration zone. Arid regions with a non-wash moisture regime of the 
aeration zone are characterized by the strongly subsident loess development, whereas 
in humid areas with a wash moisture regime of the aeration zone non-subsident loess 
is observed.

Loess deposits are widely spread in the southern European part of the USSR. 
They compose the upper part of a geological section over about 40-60% of the terri
tory of the economically more developed areas of the European Precaucasus. The wide
spread loess deposits are confined to certain geological and morphostructural regions. 
T h e  l o e s s  d e p o s i t s  i n  2 0  t o  7 0  m  t h i c k  c o n t i n u o u s  m a n t l e  a r e  d e v e l o p e d :

(1) In the Tersko-Kumian lowland — in the central part of the depression of 
the same name,

(2) on the eastern slopes of the Stavropolskian uplift,
(3) on the slopes of the wide Manych river valley confined to a synclinal 

trough,
(4) in the central part of the Tersko-Caspian trough — in the Nadterechnian 

plain and the Dagestanian plain representing the surface of the high right- 
bank IH-terrace above the floodplain of the Terek river,

(5) along the northern border of the Great Caucasus meganticlinorium -  the 
Chechenian, Osetian and Kabardian piedmont plains,

(6) in the Alkhanchurtian intermontane valley representing the depression 
between the Terskian and Sunzhenskiart ridges.



154 TSAREV

T h e  l o e s s  d e p o s i t s  a r e  s p o r a d i c a l l y  d e v e l o p e d :

(1) on the slopes of the Terskian and Sunzhenskian ridges -  in the central part 
of the Tersko-Caspian trough,

(2) on high terraces above the flood-plain of the rivers (Aksai, Argun, Sunzha 
etc.) and on the inclined-to-the-north peneplanation plane within the 
eastern part of the North-Caucasus (Chernogorski monocline).

Here, the loess deposits were retained in places in the upper part of the section 
over the planated or slightly inclined areas. Their thickness amounts to 5-15 m.

Each area distinguished is characterized by its types of the loess deposits of a 
definite origin, age, composition and properties. A comparative description of the com
position, state and properties of loess in the principal areas of their occurrence in the 
Eastern Precaucasus is given in the table compiled by the results of the author’s inves
tigations and the data from several organizations which have carried out research and 
surveys in this region. The amount of examined parameters for calculating the values 
averaged over the indices of the rock properties given in the table exceeds 100 values.

The analysis of the available data on the mode of occurrence, composition and 
properties of loess indicate that these deposits have passed a complex path in their for
mation from transportation and deposition of a loess-forming terrigenous material to 
gaining by it the appearance and properties of a loess deposit during the processes of 
diagenesis and epigenesis.

The basic factor of transportation and deposition of a loess-forming material was 
an eolian flow. This is confirmed by the following data:

(a) Loess deposits overlie all the landforms irrespective of their hypsometric 
positions that allows a sediment to be deposited only from the eolian flow.

(b) the sandy fraction gradually decreases in the composition of loess from east 
to west (BALAEV, L.G. — TSAREV, P.V. 1964) and the content of a clay 
material increases in them in the same direction. Also, the content of heavy 
minerals in loess was found to decrease from east to west.

This peculiarity of loess composition accounts for the fact that lighter and 
thinner fractions have fallen from the eolian flow as a terrigenous material was removed 
from the zone of evacuation (the Precaspian semidesert in the periods of the Caspian 
marine regression).

(c) A sedimentation stage of loess formation is confined to the epochs when a 
river drainage in the Eastern Precaucasus had been of a recent appearance 
and a terrigenous material could not come differently besides by the eolian 
way in most areas of the loess formation (extensive watershed spaces in the 
lowland part of the Precaucasus and orographically isolated areas on the 
slopes of the Chernye Mountains).

(d) In Loess sections on the watersheds there is no trace of an aqueous or 
another kind of sorting of the material (e.g. bedding).

Additional processes, in some casses, have taken part along with the eolian one 
in the transport and deposition of loess material. Thus a terrigenous material has arrived
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from a talus and by proluvial transport from the adjacent slopes of the Chernye Moun
tains and Peredovye ridges to the piedmont plains and intermontane valleys. This is 
indicative of a complex alteration of the loess deposits, layers of loam and sandy loam in 
the section and the presence of thin sandy and gravel interlayers in their sequences. For 
reasons given the loess deposits of the above-mentioned areas are related to composite 
eolian-talus-proluvial formations.

Also, a terrigenous material, when deposited, has partially been displaced by 
transport in a talus to the slope base on the river valley sides downcutting the Stavro
polian Uplands and Tersko-Kumian lowland.

Until recently the age of loess of the Eastern Pre-caucasus has been only appro
ximately determined. In the Tersko-Kumian depression the loess deposits up to 40 m 
thickness overlie the faunistic characterized lower Khazarian (Middle Quaternary) al
luvial-marine deposits. Therefore, the age of loess here is determined as Middle — and 
Upper Quaternary. In those loess sections where there is a buried soil at a depth of lb- 
19 m, their upper part is related to Upper Quaternary age, and their lower part to Middle 
Quaternary. The loess deposits are of the same age on the Nadterechanian plain, where 
they overlie the alluvial Middle Quaternary deposits of the so-called lower Terechnian 
horizon.

At present, it has been seen that the loess eolian-talus deposits of the upper stage, 
15-19 m thick, coming down the northern slope of the Stavropolian Uplands in the 
Manych river valley, ave replaced by the alluvial-talus deposits of Terrace III above the 
flood-plain, and downstream by the marine Khvalynian deposits. Thereby, there are 
good reasons to believe that all the above-mentioned complexes of deposits are of the 
same age, and they were formed in Upper Quaternary. A buried soil underlying the 
above-mentioned stage of loess is conjugated with the upper Khazarian alluvium in the 
Manych river valley.

The absolute age of a buried soil separating the loess deposits of the Eastern 
Precaucasus has been determined, at our report, by the radiocarbon procedure in the 
isotopic laboratory of the All-Union Research Institute of Hydrogeology and Engineer
ing Geology. The age of a buried soil from the outcrop in the Kurp river valley on the 
Nadterechnian plain at a depth of 14.0-15.0 m proved to be 18 2000 ± 560 years, the age 
of a buried soil from the outcrop in the Kuma river valley in the area of the town of 
Georgievsk at a depth of 11.0-11.5 m is 16 790 ± 1660 years, the age of a buried soil 
from the outcrop in the Kuma river valley in the area of the town of Zelenokumsk at a 
depth of 22.5 -23.0 m is 23 200 ± 1300 years (TSAREV,P.V. 1975).

In accordance with the latest data the time of formation of these buried soils 
coincides with that of different stages of the Khvalynian (Upper Quaternary) trans
gression of the Caspian sea. Thus, the formation of the oldest buried soil from the out
crop in the area of the town of Zelenokumsk can be compared with the time of the 
early Khvalynian transgression, and the formation of a thick buried soil in the Kurp river 
valley is probably confined to the maximum of the Khvalynian transgression. It follows 
that the loess layers occuring between and superposing the characterized buried soil 
were formed at different stages of the recession of the Khvalynian sea and can be dated 
as Upper Quaternary, and the formation of loess underlaying the buried soils seems to 
be attributed to the second half of Middle Quaternary.
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TABLE 1 .  A c o m p a r a t i v e  c h a r a c t e r i s t i c  o f  e n g i n e e r i n g  p r o p e r t i e s  o f  l o e s s  i n  d i f f e r e n t  a r e a s  
o f  t h e  E a s t e r n  P r e c a u c a s u s

E a s t e r n  s l o p e  o f  S t a v r o p o l - T c r s k o - K u m ia n  lo w la n d M a n y c h ia n  v a l l e y N a d t e r e c h n i a n
I n d i c e s i a n  U p la n d s p l a i n

v Q . v - d  Q„ vQm v - d  Q„ vQ к v - d  Qa v - d - p  Q ,

1 2 3 4 5 6 7 8

G r a n u l o m e t r i c  c o m p o s -
1 8 -5 3 1 2 - 4 4 1 5 -6 8 1 2 - 7 0 8 -4 7 7 - 5 3 5 -4 7

f r a c t i o n s  i n  % 32 24 IS ' 34 21 2  3 7 2 ~
> 0 , 0 5  mm

2 2 -7 4 3 4 - 7 5 2 0 -6 2 1 5 - 7 7 3 9 -8 6 2 2 -7 4 4 6 -8 5
5 Г "  ' 58 4S Í 5 55 5 2 63

2 -3 7 1 0 - 2 6 2 -4 o 3 -4 4 2 -3 9 2 -4 4 3 -2 4
17 16 IS 2 1 " 24 25 15

7 -2 2 7 - 1 8 4 -1 5 3 -1 6 9 -1 8 8 - 2 o 4 - 1 3

v  • 11 I T  ' '8 ' 9 12 14 8

V o l u m e t r i c  m a s s 1 , 4 3 - 1 , 8 5 1 , 5 6 - 1 , 8 1 1 , 4 0 - 1 , 7 3 1 , 4 6 - 1 , 7 6 1 , 4 8 - 1 , 8 3 1 , 5 8 - 1 , 9 2 1 , 3 1 - 1 , 9 4
J ,  g /c m 3 1 , 7o 1 ,7 5 1 , 6 o 1 ,6 5 1 , 6 8 1 ,7 3 1 ,5 5

V o lu m e t r i c  m a s s  o f l , 2 9 - l , 7 o 1 , 2 8 - 1 , 6 7 1 , 2 7 - 1 , 5 4 1 , 4 0 - 1 , 5 9 1 , 4 0 - 1 , 6 7 1 , 3 8 - 1 . 6 4 1 , 2 3 - 1 , 7 6
s k e l e t o n ,  ö 8c  
g /c m ’

1 ,4 9 l , 5 o 1 ,4 2 1 ,4 9 1 ,4 8 1 ,5 2 Г7Т4

D e n s i t y ,  j ,  g /c m ^ 2 , 6 0 - 2 , 7 6 2 , 6 6 - 2 , 7 4 2 , 5 6 - 2 , 8 0 2 , 6 o - 2 , 8o 2 , 5 6 - 2 , 7 7 2 , 6 2 - 2 , 7 5 2 , 6 8 - 2 , 7 6
2 ,7 1 T . T Ó 2,71 2771----- 2 ,6 9 2 ,7 1 2 , 7o

P l a s t i c i t y  Wfc 2 2 -2 8 2 5 - 3 8 2 2 -2 9 2 2 - 3 0
26

2 5 -3 2 2 2 - 3 8 2 2 -3 6
55------

w 1 4 -1 8 1 4 - 2 2 1 3 -1 7 1 5 -2 1 1 3 -1 7 1 3 -2 4 1 4 -2 2
n r - 15 18 l é ' 18 ' Г7

w 2 -1 5 7 - 1 7 3 -1 3 3 -1 7 l o - 1 7 2 -1 8 2 -1 4
Г0 u — 8 5 ГЗ Г5 7

P o r o s i t y ,  n ,  % 4 o -5 4 4 0 - 4 9 4 1 -5 9 4 1 - 5 3 3 9 -5 5 3 6 -5 3 3 9 -5 6
48 ' 46 49 45 47 43 49 '

P o r o s i t y  r a t i o ,  £ o , 6 8 o - 1 . 1 7 2 o , 6 8 o - o , 923 0 , 6 9 5 - 1 , 4 3 9 0 , 6 9 5 - 1 , 1 2 8 o , 6 4 o - l , 2 2 1 0 , 5 6 3 - 1 , 1 2 8 o , 6 4 o - l , 2 7 2
0 ,9 2 3 o ,  8 4 o 0 ,9 6 2 0 , 8 1 8 0 ,8 8 7 o ,7 5 5 0 ,9 6 2

D e g re e  o f  w a t e r o , 2 - 0 ,7 о , 2 - o , 7 o , 2 - 0 ,5 0 , 3 - o ,7 0 , 3 - 0 , 7 0 , 3 - o ,8 o , 2 - o , 5 
0 ,3s a t u r a t i o n ,  G o ;4 o , 5 o ,  3 0 , 4 0 ,4 o , 5

S h e a r in g  s t r e n g t h : 1 5 -3 1 1 8 - 3 5 1 9 -2 5 2 1 -2 6 1 6 -2 6 1 7 -2 7 1 9 -2 6
<p, d e g r e e 2 o 2 2 21 23 22 23 21

C , k g /c m 2 o , o 5 - o , 2 o o , l o - o , 27 o , o 5 - o , 2 8 0 , 0 3 - 0 , 2 5 0 , l o - o , 35 o , o 5 - o , 3 o 0 , 0 5 - 0 , 2 5
o ,1 2 o , 1 5 o , l 7 0 , 1 6 0 ,1 8 0 ,1 6 o , 1 2

C o e f f i c i e n t  o f  r e 
l a t i v e  s u b s i d e n c e :
-  w i t h  d o m e s t i c о , o o 3 - o ,o 8 4 o , o o 2 - o , o 6 1 o , o o 3 - o , 1 1 5 o , o o 2 - o , l o 8 o , o o l - o , o 8 9 o , o o l - o , o 5 9 o , o o l - o , 182

l o a d s ,  Ö d .  s b d . o ,o 4 8 o , o 2 7 0 , 0 6 0 0 0 0 o , o 21 o ,o 2 4 o ,o 8 9

-  w i t h  l o a d  3 k g / o ,o o 7 - o , 2 o 3 o , o o 3 - o , l o 9 0 , 0 1 2 - 0 , 2 4 5 o , o l 5 - o , 1 6 7 o , o o 4 - o , 1 3 o o , o l o - o , o 9 9 o , o o 5 - o , 237
cm2 , Ö  s b d .  3 , o o . o ' b i  ------ o , o 6 5 o ,TT 4" o ,o S 5 o ,o 8 1 o , o 5 o 0 , lo 5

T h i c k n e s s  o f  s u b -  
s i d e n t  s t r a t u m ,  m

1 5 -2 0 1 0 - 1 5 2 o -3 o 1 5 -2 0 1 0 -1 5 5 - 1 2 2 o -3 o

T o t a l  v a l u e  o f  s u b 
s i d e n c e  s t r a t u m ,  cm

5 o -1 8 o 2 o - l o o lo o - 2 5 o 5 o - l o o 2 o - l o o l o - 5 o 5 o - 3 o o

N o te :  T he l i m i t s  o f  c h a n g e s  i n  t h e  i n d i c e s  a r e  g iv e n  i n  t h e  n u m e r a t o r ,  
t h e i r  a v e r a g e  v a l u e s  -  i n  t h e  n o m i n a t o r
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D a g e s t a n i a n
p l a i n

P ie d m o n t  p l a i n s A l k h a n c h u r t i a n  i n -  
t e r m o n t a n e  v a l l e y

S l o p e s  o f  T e r s k i a n  
a n d  S y n z h e n s k i a n

S lo p e s  o f  
C h e rn y e  m t s .C h e c h e n ia n O s e t i n i a n K a b a r d in i a n

v  -  d  - Qn v - d  Q , vQ,

9 l o 1 1 12 13 14 15

l l - 3 o 9 - 3 2 1 0 -3 5 1 5 -3 9 8 - 3 2
2 1 22 6 -----

2 4 -8 4 4 4 -6 7 4 2 -6 0 .5 1 -6 2 5 2 - 7 6 3 6 -7 1 2 9 -4 8
5 4 6 4 "  " 47 35

3 -2 9 8 -1 9 1 4 -1 7 7 -2 8 6 - 2 7 2 8 -5 0 4 4 -6 3
T F “ 1 3 — 31 53

7 -2 o 7 -2 2 1 1 -2 6 8 -2 4 6 - 2 1 6 - 2 2 1 9 -3 2
l o ГЗ U — 3 37
1 , 3 5 - 1 , 9 1 1 , 5 5 - 1 , 2 4 1 , 6 0 - I , 9 o 1 , 3 6 - 2 , 0 0 1 , 3 8 - 1 , 9 1 l , 4 4 - l , 8 o 1 , 6 2 - 1 , 9 8
1 ,6 1 1 ,6 9 l , 6 o 1 ,6 4 1 ,8 1
1 . 2 5 - 1 , 7 8 1 . 3 7 - 1 , 6 6 1 , 3 2 - 1 , 7 4 1 , 1 8 - 1 , 5 8 1 , 2 6 - 1 , 7 0 1 , 2 8 - 1 , 6 5 1 , 2 8 - 1 , 6 0
1 ,5 1 1 ,4 6 1 , 4 7 1 ,4 6 1 ,4 8

2 , 6 0 - 2 , 8 4 2 , 6 9 - 2 , 7 7 2 , 5 9 - 2 , 7 8 2 , 6 6 - 2 , 8 0 2 , 6 2 - 2 , 7 5 2 , 6 8 - 2 , 7 7 2 , 6 9 - 2 , 8 o
3 ,7 1 1 , 1 1 2 . 1 2 2771 — г М  ■
1 8 -3 6 2 2 -3 2 2 3 -3 9 2 4 -4 0 2 2 - 3 2
26 I B 2 6  ' " I T  ' 36
1 5 - 2 3 1 4 -2 6 1 6 -2 4 1 5 -2 5
Г8' 15 Гб—
3 -1 5 4 - 1 3 6 -1 6 5 -1 7 4 - 1 2 7 -1 7 lo - 2 o
5 5 9 Г Г - 13 ■
3 8 -5 2 3 9 - 5 0 3 7 -4 9 3 8 -5 5 3 6 -5 4
46 47 T5 и
0 , 6 1 9 - 1 , 1 0 0 o , 6 4 o - l , o o o 0 , 5 9 o - o ,9 6 o o , 6 2 o - l , 1 2 o o , 5 6 o - l , 1 7 o 0 , 7 2 0 - 1 , 1 2 6 o , 7 o 7 - l , 1 1 4
0 , 84o o ,8 8 7 5 7 9 2 5 o ,f ld 7 5 7 9 I T ^ -------
0 . 2 - 0 Л 0 , 3 - 0 , 8 o , 4 - o , 8 o , 2 - o , 8 0 , 2 - 0 , 5 o , 2 - o , 7 0 , 5 - 0 , 9

o , 5 o ,3 o ,4 o ,7
2 1 -2 7 1 6 -2 6 9 -2 3 2 1 -2 7 1 6 - 2 4 7 -2 o
33 1 1  _ I T “ 19
0 , l o - o , 25 o , o 9 - o , 38 o , o 7 - o , 3 o o , o 9 - o , 2 8 00*00 o , o 4 - o , 2o o , o 5 - o , 5 5
o ,1 5 0 ,1 4 5 7 1 3 0 , l o o ,2 9

o , o o 2 - o , o 9 2 o , o o 2 - o , o 5 9 o , o o 2 - o , o 4 o 0 , 0 0 3 - 0 , o4o o , o o 4 - o , 123 o , o o l - o , o 8 9 0 , 0 0 0 - 0 , o l o
o ,o 2 8 0,061 o , o 2 o
o , o o 3 - o , 165 o , o o 7 - o , 169 o , o o 4 - o , 154 o , o o 4 - o , 1 7 1 o , o o 7 - o ,  2 19 o , o o 5 - o , 1 3 o o , o o l - o , o 2 o
o ,o 7 2 0,121 o ,o 5 2
5 - l o 5 - l o 4 - l o 5 -1 5 2 o - 3 o 5 -1 5 0 -5

l o - 4 o l o - 5 o o - 2 o I 0 - 6 0 5 o - 2 5 o 5 o - l o o o - l o
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As follows from the data given in the table, the relation between the loess 
properties and their genesis is unclearly shown. Thus the eolian loess deposits of the 
Tersko-Kumian plain and the loess of complex genesis of the Nadterechnian plain and 
the Alkhanchurtian valley are characterized by the smalles density of structure, small 
moisture content and the largest ability to subside. At the same time the loess deposits 
of eolian origin are not practically liable to subsidence on the sides of the Chernye 
Mountains and the loess of complex origin show low or average subsidence on the 
piedmont plains. These differences in the properties of loess can be explained only by 
the fact that a postgenetic stage of their formation proceeded under various physico- 
geographic, mainly climatic conditions. Based on studying the nature of the subsidence 
phenomena of the loess rocks in the Precaucasus L.G. BALAEV (1964) concluded that 
the moisture regime in the zone of aeration should be considered as one of the im
portant factors of the formation of their strength and deformation properties. Thus, in 
arid regions the moisture regime in the aeration zone of loess is of an unwashed nature. 
Here, the atmospheric precipitation percolates to an only small depth (up to 2-5 m), 
and then it is completely evaporated in a dry season of the year. Under these conditions 
the moisture of loess rocks underlying the horizon of a seasonal moistening remains 
constantly low (lower than the moisture of capillary rupture), in consequence the 
intensity of diagenetic processes, resulting in compaction and stabilization of a rock, is 
greatly weakened. In developing these notions a loess deposit within the horizon with a 
low moisture content (so-called „dead horizon”) can be assumed to  retain mainly that 
structural type and those structural relations, which have been formed in the period of 
deposition and its occurrence in the zone of a seasonal change in moisture and tempera
ture. A low density of the structure and a low strength of the structural relations are 
highly characteristic of loess. All that has resulted in subsidence.

In the areas with a humid climate the aqueous regime in the zone of aeration is 
referred to a washed type. Much atmospheric humidity percolates through the whole 
sequence of a terrigenous material deposited. Under the conditions of moistening the 
diagenetic processes in a sediment are proceeding more intensively. The initially formed 
weak structural relations, mostly of a condensation-crystallization nature, are destroyed 
and the deposit is compacted to porosity corresponding to the external pressure. Also, 
new structural relations of colloid chemical nature are formed instead of the destroyed 
structural relations, which are more stable under the conditions of moistening. Thus, in 
humid zones non- to low-subsident loess forms.

The formation of the major deformation and strength properties of loess rocks 
in the Eastern Precaucasus is represented by a somewhat simplified types. Actually, the 
development of thicker strata of strongly subsident loess is confined to the zones with 
the arid climate (Tersko-Kumian depression, Nadterechnian plain, and Alkhanchurtian 
valley). The thickness of a subsident stratum here attains 20-30 m and more, and a total 
subsidence of the surface can attain 250-300 cm with wetting the loess deposits, as this 
has been observed with wetting the Malo-Kabardinian, Nadterechnian, and Levobe- 
rezhnian canals.

There formed non-subsident loess rocks in the areas of the excess moistening, 
for example, on the sides of the Chernye Mountains.
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In the areas, where the regime of the rock moisture in the zone of aeration is of 
a mixed nature, such as the slopes of the Stavropolian uplift and piedmont loessial 
plains, both subsident and non-subsident loess rocks were formed. Moreover, the regime 
nature of the rock moisture in the aeration zone of loess rocks here is determined by 
the peculiarities of the microclimate in various areas. Since the microclimate is greatly 
determined by the topography, the rate of subsidence of loess varies with relief. On 
watersheds where the regime of the rock moisture in the zone of aeration is usually 
unwashed, the loess rocks possessing the subsidence properties have been formed. The 
non-subsident loess rocks were formed in the river valleys and large beams and on the 
terraces under the conditions of a washed type of the moisture regime in the zone of 
aeration.

From the above the following conclusions can be drawn:
The subsident loess deposits in the Eastern Precaucasus, being different in origin, 

were formed in the Middle and Upper Quaternary period, that is convinced both by the 
analysis of their interrelations in the sections with other types of Quaternary rocks and 
the direct radiocarbon datings of the buried soil.

A comparative analysis of loess subsidence, formed under various physiogeog- 
raphic conditions in the region, shows that the regime of the loess rock moisture in the 
zone of aeration, determining the direction and intensity of diagenetic processes, plays 
the main role in the fomation of the subsidence properties of these sediments.
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THE EVOLUTION OF CHEMICAL ELEMENTS IN LOESS 
OF CHINA AND PALEOCLIMATIC CONDITIONS 

DURING LOESS DEPOSITION

Wen Qi-zhong — YangWei-hua — Diao Gui-yi — Sun Fu-qing -  
Yu Su-hua — Liu You-mei

ABSTRACT

Geochemical data of Luochuan loess section have been analyzed by statistic 
method. The results indicate that the contents of elements of Al, Fe+++, Mn, Ti, К 
decrease from bottom upward, whereas, the contents of Ca, Sr, Si and Fe++ show an 
opposite tendency. REE content in loess lies in the range of 160-210 ppm, and their 
distribution patterns in different loess samples show a similarity with each other. 
CaCO} and Sr in paleosols were strongly leached, whereas, А12Оз and Ре2Оз show an 
obvious accumulation. Meanwhile, trace elements Mn, P, Zn, Cu etc. and REE content 
also increase relatively in paleosols. The fluctuations of elements in 1st, 5th, 8th and 
14th paleosols are especially evident, the boundaries of which are similar to those of 
sedimentary cycles or stratigraphic boundaries.

Periodicity in the evolution of chemical elements agrees well with those of insola
tion and isotopic oxygen changes in deep-sea sediments by analysis of autocorrelation 
coefficient and power spectrum СаСС>з content, Fe0 /Fe2O3 ,CaO-K20  + Na20 /Al203 
and Sr/Ва ratios well reflect climatic periods with the intervals of 80-100, 40-50, 20-30 
thousand years, which demonstrates that the climatic variation was controlled by astro
nomical factors. Based on the established elemental periods loess sections are divided 
into sedimentary cycles and subcycles, providing important evidences for the division of 
climatic cycles since the Quaternary.

Evolution of chemical elements in strata can reflect the evolutionary regularity 
of natural conditions, also mark the evolution of the Earth (HOU DE—FENG, 1959), 
The regularity of the distribution, migration and accumulation of elements in loess 
may be used to explain the paleogeography, paleoclimatic conditions during loess de
position and the environmental variation after loess deposition as well.

The paper deals mainly with the samples taken from Luochuan section. On the 
basis of the past research work, the common elements (100 samples), trace elements 
(130 samples) and REE (23 samples) have been further analysed for loess and paleosols 
in this section. The common elements and trace .elements are analysed by chemical
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analysis and atomic absorption technique, Sr and Ba by spectroscopy, and REE by 
neutro-activation method. All data have been analyzed statistically. Our purpose is to 
inquire into the evolutionary tendencies and periods of elements in loess section and 
their relationship with paleoclimatic conditions.

THE CIRCULATION AND RHYTHMS OF LOESS DEPOSITION

The section studied is located at Potou village 5 km from Louchuan, Shaanxi 
province and has a thickness of 130 m. According to the lithologic characteristics, the 
distribution and development of paleosols, as well as vertebrate fossils, etc., four first- 
order sedimentary cycles can be divided from bottom to top, moreover, there are many 
rhythmic variations in each sedimentary cycle. The first-order sedimentary cycles are 
consistent with four loess stratigraphic units. Wucheng loess, Lower Lishi loess, Upper 
Lishi loess and Maian loess proposed by Liu Tung-sheng et al. (LIU TUNG-SHENG — 
ZHANG ZONG-HU, 1962).

According to up-to-date paleomagnetic information the deposition of Wucheng 
loess began in the middle-late Matuyama epoch (LIU TUNG-SHENG et. al. 1978). The 
bottom of Lishi loess in Luochuan section lies at the boundary between the Brunhes 
and Matuyama epochs (0.71 my.). In addition, the 14C age of black loamy soil at the 
top of Maian loess is 9830 ± 1300 years1. These data have provided the rudiment of the 
time scale for the evaluation of chemical elements in the loess section.

THE CONTENT AND DISTRIBUTION OF ELEMENTS IN LOESS SEC
TION

From analysis, it can be seen that the average values of Si, Al, K, Ti, Zn, Co, F 
and RE20 3 approach or correspond to Clarke’s value in earth crust, however, the con
tents of Ca, Sr, Ba and Pb are more than twice as high as Clarke’s value, Cl is more 
than thrice as high as Clarke’s, the other elements are all at lower values.

The average values of chemical compositions in Louchuan loess show similarity 
with those of the middle Huang He valley, which indicates that the loess is a homo
geneous material. However, obvious differences exist from those of other areas over the 
world.

At loess strata of different ages, the variation of elements distribution is as fol
lows: the contents of Ca, Sr, Fe2+ and Cl in the upper part of Maian loess are higher than

1 QIAO YU—LOU etal. 1979: Radiocarbon dating of loess sediments.



TABLE 1. Texts for notable levels of elements in paleosol (and buried weathering beds)

Element 

Paleosol type
Si A1 Fe3+ Fe2+ Ca Mg К Na Ti Mn Zn Cu Co Ni Pb Sr Ba

Drab-brown earth + + + '  + + + + + + + + + + + — ++ + + + +++ + + + + + + + — + + + — +++ + + +
Luvic drab soil + + + + + + + + + + + + + + + + ++ - + + + + + + + + + ++ - + + - +++ -
Drab soil + + + + + + + + + + + A + + - +++ - + + + + + + + + + + + + + ++ + - +++ -
Calcareous 

drab soil + + + + + + + + + + + + — ++ - + + + + + + + + + + - + + + - ++ -

Buried weathering 
bed ( 1) + + + + + + + + + + + + + + + + + + +++ - + + + + + + ++ + - - +++ - - -

Buried weathering 
bed (2) + + + + + + + + + + + + + + + + +++ — + + +++ + + + + - + + + - ++ -

Buried weathering 
bed (3) - + + + + + + + + ++ + + + +++ + + + + + + + - - + + + - +++ -

Leaching (L.) or 
accumulation 
(A.) state

A. A. oxi
dated

L. A. L. A. A. A. A. A. L.

— no obvious differentiation (|t | <  tQ05),
+  slightly obvious differentiation (íq 05 <  |t| <  tQ 01),
+ +  moderately obvious differentiation (tQ01 <  |t| <  t00oi)- 
+ + +  strong obvious differentiation (|t | <  t0001).
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those both of lower Lishi and Wucheng loess, whereas the contents of Fe3+, К and Mn 
show an opposite tendency. These elements are usually similar to the normal distribu
tion or logarithmic normal distribution in loess section.

The distribution of elements is not uniform either in different classes of particles. 
The contents of S i09 , ТЮ2, FeO and № 20 in clay fraction are lower than those in the 
whole rock, whereas the contents of AI2O3, Fe20 3 and K20  are opposite which are 
higher. This is evidently due to the increase of illite content and other secondary min
erals in fine grains. Moreover, to the clay fraction, about one-third of Fe20 3 exists in a 
form of free state. In addition, the contents of trace elements such as Zn, Cu, Mn, P and 
REE in clay fraction are also higher than those in the whole rock, which shows either 
replacement of elements in crystal layers of minerals, or absorption of clay might exist.

EVOLUTION OF ELEMENTS DURING LOESS WEATHERING PROCESS

Paleosols of different types (LU YAN-CHOU -  AN ZHI-SHENG, 1979) and 
ages are found in the Luochuan section. The elements have undergone differentation 
and reassignation during the change from loess into paleosol. In paleosols, the contents 
of Al, Fe3+, K, Ti, Mn, Zn, Cu, Ni and RE20 3 have increased to some extent compared 
with the parent rock of loess, whereas Ca, Fe2+, Sr, etc. are lower than those in loess. 
Relevant ratios of oxides are lower than those in loess, too (except K90/Na20), mo
reover, the values of oxide ratios and Sr/Ва have progressively decreased by strong pedo
genesis, whereas F/Cl value shows an opposite tendency.

By means of ,,t test analysis” (TABLE 1.) it has been found that paleosol was 
formed from loess by weathering process, and the elements of Ca, Al, Fe3+, K, Si, Ti, 
Nm, Zn and Ni, etc. have more obvious variations than loess, but Pb, Co, Ba do not 
show evident variations. In addition, by analysis of relative values of oxides leaching and 
accumulation (WEN QI-ZHONG et al. 1981a) it has been proved that Fe2 0 3,Al203 , 
K20 , etc. were accumulated relatively, the sequence of accumulation is as follows: 
Fe20 3 > K20  > A120 3 > SiC>2 > MgO, but CaO, N830, etc. were leached relatively 
during loess weathering. At the same time a large amount of Fe2+ were oxidized and 
reformed into Fe3+. The intensity sequence of leaching is as follows: CaO > FeO > 
Na2 0 , in which, the accumulation of Fe30 3 and the leaching of CaO are most obvious, 
and there exists a normal relationship between them (WEN QI-ZHONG et al. 1981b).

During loess weathering, CaC03 and Sr were strongly leached, Fe20 3 and 
A120 3 show an obvious accumulation, the secondary clay minerals increased in amount, 
the textural properties were transformed, which made loess turn from grey-yellow or 
light yellow-brown bed rich in calcified layers to brown or red-brown paleosol with 
neutral layer rich in aluminium-silica. The frequent superpositions of loess-paleosol 
series in the section reflect the basis pattern of frequent, repeated climatic fluctuations 
from arid to humid during Quaternary. At the same time the values of oxide, F/Cl, 
leaching and accumulation degree, also reflect the differences of amplitudes of paleo- 
magnetic fluctuation for each warm-humid pedogenesis during loess deposition and 
evolution.
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THE TENDENCY AND ORIENTATION OF ELEMENT EVOLUTION IN 
LOESS SECTION

In order to inquire into the tendency of the evolution of chemical element 
contents in loess section, we have carried out the calculation by „five-term moving 
average analysis”. From FIG. 1 it can be seen that the evolution of Si show increase 
to a certain extent from bottom upward, whereas Al, Fe3+, K, Mn and Ti progressively 
decrease upward, and there are obvious increase in paleosols corresponding to the 1st, 
5th, 8th, 10th layers within a general tendency of decrease.

Si AI F e 3 Ca Mg К Na F e 2 Ti P  Zfi Cu Mn Co Ni P b  S r Ra

FIG. 1. Evolution of elements in loess strata of Luochuan

The evolutions of Ca and Sr are similar to each other, the contents of which are 
increasing from bottom to top. They show several regular decreases in a general ten
dency of increase, i.e. the clayey bed of paleosol has been strongly leached. And the 
content of Ba is in a minor fluctuation. The evolutional tendency of Fe2+ is similar to 
that of element Ca, but its fluctuation is not obvious as compared with Ca.

The evolution of Zn content is from low to high, then to low again, whereas of 
Cu is just the opposite. But both have shown several peaks in the above-mentioned 
paleosols. It shows that the fluctuations of element contents in the 1st, 5th, 8th, 10th 
and the 14th paleosol are especially evident, in which the boundaries are consistent 
with those of sedimentary cycles or stratigraphic boundaries.

The distributions of Mg, Na, Pb, Ba, Co and N contents in the loess section are 
comparative homogeneous so their fluctuations on evolutional curves are smaller and 
the curves are relatively smooth. The REE amount in loess has a range of 160 to 
210 ppm, there is a tendency of progressive decrease from bottom upward (from
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Wucheng to Lishi then to Maian loess). But their distribution patterns in different loess 
beds show a similarity among them (WEN QI -ZHONG et al. 1981a).

These evolutional tendencies of elements in loess section are related to the distri
bution and variation of mineral and grain components in the section, to paleoclimatic 
environment and conditions of geochemical media. The paleoclimatic conditions during 
the Wucheng loess deposition is relatively more warm-humid than those of Lishi and 
Maian loess deposition. The evolution of Ca, Sr, Fe2+ contents etc. in the loess section 
increase progressively from bottom to top, the contents of CaC03 also increase fluctuat
ing in rhythms, whereas Fe^+, Al, K, Mn, Ti, etc. decrease upward. It can be held that 
these evolutional tendencies of chemical elements in loess section are related to the clima
tic conditions, which have been shifting from wet to drier since the Quaternary. And 
these tendencies show an agreement with evolutions of animal species and sporo-pollen 
in loess section. All mentioned above indicate that the evolution of the paleoclimatic 
conditions revealed by the loess deposits has a general tendency with rhythmic fluctua
tion since Pleistocene, i.e. from humid forest prairie to arid desert steppe (LIU TUNG— 
SHENG -  WEN QI —ZHONG -  ZHENG HONG-HAN, 1980).

PERIODS OF ELEMENT EVOLUTION AND PALEOCLIMATIC CHANGE

It has been found that some components and ratios of elements dominated by 
climate, for example, CaC03, Sr/Ва, Fe0 /Fe203 and CaO + K20  + Na20/Al20 3, etc. 
show periodic variations in contents of different magnitudes, and are synchronous with 
the loess-paleosol cycles. Accordingly, some new light have been shed on the variations 
of the above-mentioned element components and ratios in loess sections to be used to 
learn the history of climatic changes.

The climatic fluctuations vary with the lapse of time, so we regard this variation 
as a function of time sequence. We have used „analysis of autocorrelation coefficient 
(Rp) and power spectrum (Sr)” as mathematic models (RALSTON, A. — WILF, H.S. 
1960, AGTERBEG, F.P. 1974). Rp and Sr obtained are drawn in FIGS. 2, 3 and each 
period is listed in TABLE 2. From these figures and table, the main periods may be 
summarized as follows: 40-50 and 20-30 thousand years. The period-terms are relatively 
stable, and relevant to climatic changes dominated by some factors. In order to verify 
this hypothesis, we have calculated, by the same mathematic model mentioned above, the 
insolation changes at 65°N (converting it into latitudes of those years) for the last 600 
thousand years which were calculated by M. Milankovitch (YAO ZHENG—SHENG,

I Q

1959) according to astronomical hypothesis of climate and oxygen isotopic (60*°) values 
in deep-sea sediments gained from cores Vj2.j22 (17°N, 74°24’ W) (IMBRIE, J. et al. 
1973) and V28.239 (3°15’N, 159°E) (SHACKLETON, N.J. 1976). It seems that insolation 
changes or variations of oxygen isotopes (SO18) of deep-sea cores from different lati
tudes are all stable period-terms (FIGS. 4., 5, TABLE 2) and are basically similar to the 
periodic variation of element components.

From these calculations and studies, several conclusions can be drawn: 1. The 
cycles of frequent superpositions of loess-paleosol series in Luochuan section were con
trolled by paleoclimate, which is synchronous to cycles of composition contents and
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1. 2. Power spectrum of F e0 /F e20 3 ratio FIG. 3. Power spectrum of Sr/Ba ratio

FIG. 4. Power spectrum of insolation change 
at 65°N

FIG. 5. Power spectrum of 018 value in core 
v 2 8 - 2 3 9



TABLE 2. Comparison of fluctuation periods of composition contents and ratio o f elements with periods of insolation changes and oxygen isotope

Time sequence
Section 

(104 yr.)
Period (104 yr.)

Alternative superposition 120 12.38” 8.43” 4.8-4.33 3.57- 2.98 2.65 2.38

of loess-paleosol 61 12.96-11.66++ 8.33”

+00 3.33+ 2.78 2.20

CaC03 content
120 11.81 7.85+ 4.30” 3.00+ 2.2-1.97

47 11.32+ 7.55” 3.94” 2.92+ 2.45 2.26 -1.81+

CaC + K20  + NaO/Al2 O3 12.86” 8.18” 4.50” 3.67 2.50+

Sr/Ba 10.17 8.35+ 4.50+ 3.78” 2.10

F e0 /F e20 3 9.80 8.40 5.74” 2.93 2.20

Insolation change 60 11.40 7.27 5.33” 4.00” 2.29” 1.94”

Isotope oxygen 
(V28-239)

120 10.58+ 9.09 5.00” 4.17+ 3.57+ 2.50 2.17

Isotope oxygen 
(V12-122)

46 7.50” 5.19 3.75+ 3.07+ 1.90

The most significant, Significant
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ratios of elements dominated by climate, and they all have obviously three period-terms 
which are 80-100, 40-50, 20-30 thousand years, 2. These period-terms are consistent 
with the periods calculated by M. Milankovitch on the basis of astronomical factors, and 
with periods of oxygen isotopes (SO ), 3. The content variations of elements governed 
by climatic factors can reflect the climatic periods well, which provides a new approach 
for studying Quaternary climatic changes in continuous continental deposits, 4. It has 
been further proved that climatic changes in Quaternary were controlled by astronomical 
factors. Establishing element periods and dividing the loess section into sedimentary 
cycles and subcycles by them have provided significant data for the division of climatic 
cycles since the Quaternary.
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PALEOCLIMATIC EVENTS RECORDED IN CLAY MINERALS 
IN LOESS OF CHINA*

Zheng Hong-han

ABSTRACT

86 samples of loess and paleosol for the study of clay minerals were taken from the 
Heimugou loess section at Luochuan and the Nuanquangou loess section at Longxi. 
The results indicate that the loess and paleosols of different ages show a close similarity 
in their clay mineral species with illite as the dominant component, and they also con
tain certain amounts of chlorite, kaolinite, montmorillonite, vermiculite, halloysite and 
a detectable amount of mixed-layer minerals.

Some indicators, the ratio of the illite (001) reflexion peak height and width at half 
height (H/W value) and the ratio of (001) and (002) reflexion intensities 1(001)/1(002) 
are adopted to discuss the loess variation in the clay mineral crystallinity after pedo
genesis.

The relative amount of clay mineral species and their crystallinity are adopted as 
indicators showing the amplitude of climatic fluctuation and the time scale was control
led by data of biostrata, magnetostrata, radiocarbon and thermoluminescence dates. 13 
climatic cycles with 26 stages have been distinguished in loess section since loess deposi
tion. An attempt to correlate climatic events recorded in loess sections of China with 
glacial/interglacial in Northern Europe and the isotope oxygen stages in deep sea sedi
ments is presented in this paper.

INTRODUCTION

Loess was early developed at the beginning of Pleistocene and loess deposition con
tinued during Holocene in China. Good sections are widespread in regions of Gansu, 
Shaanxi and Shanxi provinces of North China. A loess section, composed of superim
posed loess representing a cold-drought climatic condition, is an ideal geological body 
for the study on evolution of Quaternary climate since the deposition of the section 
was basically continuous, with detailed record of the climate evolution from the begin
ning of loess deposition.

* GU XIONG-FEI, HAN JIA—MAO and DENG BING—JUN also took part in this investigation.
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It is undoubtedly an effective method to use the biogenic traces to distinguish 
the paleoclimatic conditions recorded in different beds during their development. How
ever, there are many difficulties in studying the paleoclimatic records of loess strata and 
in the discussion of the paleoclimatic conditions for a given section due to insufficient 
fossils and very small content of spore-pollen in general. The minerals, especially the 
clay minerals, are important materials for the study of paleoclimatic conditions and of 
the fluctuation rule since the deposition of loess, because different clay minerals have 
a close similarity in their crystal structure, they can be easily changed under hypergene 
environment and their composition and crystallinity will reflect the characteristics of 
the environments they underwent.

This article is a preliminary report on the study of clay minerals and discussion 
of paleoclimatic conditions reflected by them both in Nuanquangou section at Longxi 
of Gansu and in Heimugou section at Luochuan of Shaanxi province.

CLAY MINERAL SPECIES

Luochuan and Longxi sections are developed in different geomorphological po
sitions, the former is widespread on the loess ’’Yuan” area (a kind of region with an even 
loess topography) and the latter is developed in a basin region. Their stratigraphy shows 
a close similarity. The section can be subdivided into the Late Pleistocene Maian loess, 
the Middle Pleistocene Lishi loess and the Early Pleistocene Wucheng loess in descend
ing order. Holocene loess is found at the top of Longxi section. The loesses of different 
age show disconformable contacts with each other (FIG. 1). Samples used for the exam
ination of clay mineral were taken from each bed of the above described sections. The 
total number of the determined samples is 86.

X-ray powder diffraction technique was adopted in the examination of clay 
minerals, some of them were examined by electronmicroscope. The particle size is less 
than 2 pm in the clay mineral analysis. The clay minerals either in loess or paleosol 
samples show a close similarity, their basal reflexion peaks lie at d = 15.5,14, 10 and 1 .2  Ä 
in diffraction patterns (FIG. 2). Based upon the changes of diffraction peaks after gly- 
colated, NH4 C1 treated, heated under 550° and HC1 treated, it can be judged that the 
reflexion at 15.5 Á is of montmorrilonite, 14 Ä peak is chlorite with some vermiculite, 10 Á 
peak is of illite, 7.2 Ä peak is an overlapped reflexion by kaolinite(OOl) and chlorite (002). 
In addition, some samples have a small amount of halloysite and mixed-layer minerals.

Given in TABLE 1. is the main mineral species and their relative amount esti
mated by basal reflexion intensities. This result has shown that either illite or mont- 
morillonite content in loess is commonly less than those in paleosol, indicating that the 
clay minerals in paleosol changed under warmer and moister climate conditions, and 
some of them may be produced from other clay minerals or from detrital minerals such 
as feldspar.

The Luochuan section shows clearly that the older loess contains more mont- 
morillonite and vermiculite with less illite, whereas, the younger loess shows an opposite 
tendency. These indicate that the paleoclimate has shifted from moist to drought since 
Quaternary in general, which agrees with those reflected by data of biostratigraphy and
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TABLE 1. Main clay mineral species and their relative amounts 
in Luoehuan and Longxi sections

Strata Sediments Amou
Clay minerals and relative amount %

lit
illite, chlorite, kaolinite, montmoril.

Luoehuan section

Maian 1. Loess 3 68 12 11 9

Lishi 1. Loess 4 67 11 10 12
(Upper) Paleosol 6 72 8 8 13

Lishi 1. Loess 9 63 11 11 16
(Lower) Paleosol 8 74 7 7 13

Wucheng 1. Loess 12 60 11 10 19
Weathering B. 10 61 10 9 20

Longxi section

Holocene 1. Loess 2 56 19 13 12
Paleosol 2 62 15 14 10

Maian 1. Loess 1 51 22 17 10

Lishi 1. Loess 7 62 11 12 15
Paleosol 10 64 10 11 15

Wucheng 1. Loess 6 69 6 8 17
Weathering B. 3 73 5 9 13
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FIG. 1. Luochuan and Longxi loess sections
1 =  Maian loess and Holocene loes, 2 =  Lishi loess, 3 =  Wucheng loess, 4 =  Silt bed, 
5 =  Black soil, 6 =  Weathering bed, 7 =  Paleosol.

spore-pollen stratigraphy (LIU TUNGSHENG et al. 1964, LIU TUNGSHENG et al. 
1965, SHACKLETON, N.J. et al. 1973).
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CRYSTALLINITY

Illite is the most important clay mineral in loess sections, and its characteristics 
in different loess beds can be used to obtain information on clay minerals in deposition 
and reformation processes. Recently, it has been commonly accepted that illite is

3 ,5  4  4 .5  5  6  7 8  10 14 2 4  (A )

actually a disorder mixed-layer mineral made up to mica layers with minor expansible 
layers (BAILEY, S.W. 1980), in which the quantity of expansible layer decides the peak 
site and shape of (001) reflexion. Illite „crystallinity” was discussed by C.E. WEAVER, 
based upon the ratio of peak height at 10 Ä to that at 10.5 Ä (WEAVER, C.E. 1960)

FIG. 2. X-ray diffraction patterns of clay minerals in 
loess and paleosol 
H =  Holocene loess,
M =  Maian loess,
L =  Lishi loess,
W =  Wucheng loess,
В =  Black soil,
P =  Paleosol,
BW =  Buried weathering bed

18 16 14 12 10  8  6 4 2  (0°)
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and the relationship between the crystallinity of illite and its formation conditions in a 
given geological environment was expounded by B.KUBLER in terms of the width at 
half height of the diffraction peak at about 10 Ä (KUBLER.B. 1966). In order to show 
the deflection degree of illite (001) reflexion from theoretical value of mica (001) (d = 
10 Ä), the ratio of peak height and width at half height at about 10 Ä (H/W value) was 
adopted to describe illite characteristic in this paper. H/W value in loess in generally 
greater than 25 and that in paleosol less than 20. Comparison between younger and 
older loess indicates that the former has a greater H/W value while the latter has a minor 
one. This shows that the illite in older loess and in strata which have undergone pedo
genesis has worse crystallinity. In other words, they contain more expansible layers.

Another marker for illite crystallinity is 1(001)/1(002), which is an indicator of 
mica layer characteristic. Difference of intensities between the 1st and the 2nd order 
reflexions may be related either to iron content in its octahedral layers (GRIM, R.E. et 
al. 1951) or to local weathering of illite leading consequently to the decrease in К con
tent which weaken the (002) intensity (WEAVER, C.E. 1960). It is obvious that the

FIG. 3. Illite relative amount and its crystallinity indicators in Luochuan section of Shaanxi Province
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stronger the weathering process to clay minerals, the higher its 1(001)/1(002) ratio. So 
it can be used as an important indicator showing the difference of diagenesis level and 
pedogenesis degree in separated samples in the study on climate events recorded in loess 
section.

From the I(001)/I(002) curve of Luochuan section (FIG. 3.), it can be seen that 
the value of loess is in a minor fluctuation range with a value of 2.5 except for a few sam
ples, which reflects the loess to be a homogeneous material. On the other hand, the ratio 
of 1(001)/1(002) in paleosol has greater value of about 3.7 in general, which indicates that 
the pedogenesis effected deeply to interlayer ions of illite.

CLIMATE CYCLES AND SEA-LAND CORRELATION

Climate Cycles Recorded in Loess of China

1. Climate fluctuation amplitude. The data of clay minerals have shown that 
the variations of relative amount and crystallinity in loess sections are synchronous, the 
fluctuation amplitudes of different climatic events have been shown by clay minerals 
from various angles, for example, in Lishi loess under the 1st, 4th, 5th, 6th peleosols 
and upper silt beds, the crystallinity indicators show higher values, whereas, those in 
loess beds under 2nd and 3rd paleosols all show lower values.

In order to explore the climatic amplitude by mineral indices, the clay mineral 
data have been calculated into variation value for paleosols by the following formula:

V = (L -  S) / L x 100 %

where V = Variation value of clay mineral indices, the greater the value, the stronger 
the pedogenesis, L = Determined value of clay mineral in parent material (underlying 
loess), S = Determined value of clay mineral indices in paleosol.

Thus, these data may better reflect the variation extent of clay minerals after 
pedogenesis. Following are the characteristics of paleosols observed:

a. The 3rd and the 10-llth paleosols, their relative amount of illite and 1(001) 
/1(002) have a slight lower vatiation value. If other paleosols are representatives of 
interglacial fluctuations, the 3rd and the 10-llth paleosols should be products of 
interstadial periods.

b. The 7-8th paleosols and the 12-13-14th paleosols, their relative amount of 
illite and variation value of crystallinity indicators have a higher range, and constitute 
two soil groups with similar amplitude respectively. It seems likely that each group 
only represents one interglacial. Similarly, each group of weathering bed buried in 
Wucheng loess also can be regarded as a marker of one warmer stage respectively.

According to the characteristics of alternations of loess and paleosols in strati
graphic sections and the characteristic variation of clay minerals in loess sections cli
matic cycles recorded in loess sections and their characteristics can be distinguished.
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2. Time control for climatic events. The chronological data available up to the 
present are listed in TABLE 2, which have provided a rudimentary time scale for climatic 
events recorded in loess sections. It was urged at a Wenner-Gren symposium in 1975 on 
the Middle Pleistocene that the lower boundary should be defined at the Brunhes/Matu- 
yama reversals, while the upper boundary should be defined at the beginning of the last 
interglacial marine transgression (BOWEN, D.Q. 1978). The data on TABLE 2 shows 
that these two boundaries coincide with those between Malan/Lishi and Lish/Wucheng in 
loess sections of China. However, the age of development of the last paleosol at the top 
of Lishi loess, can be likely correlated to the 2nd phase of Eemian interglacial period in 
Northern Europe.

Based upon the stratigraphy and the characteristics of clay minerals in loess sec
tions, 13 climatic cycles with 26 stages have been distinguished, in which greater ampli
tudes in the even-numbered stages 6, 10, 12, 16 may reflect colder condition during 
corresponding glaciation, whereas, greater amplitudes in the odd-numbered stages 5, 9, 
11, 15, 19 may indicate stronger interglacial climatic conditions (FIG. 4.).

FIG. 4. Climatic curve recorded in clay minerals in 
Loess section
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TABLE 2. Geochronological data of loess in China

Strata Fossils* Magnetostrata** 14C and TL age (Years, B.P.)

Holocene
Loess

Upper black soil at 
Longxi Sec. = 7,360 ± 250,

Lower black soil at 
Longxi Sec. = 8,550 ± 300,

Black soil at Luochuan 
Sec. = 8,000 ± 400

Maian 1.

Struthiolithus sp. 
Myospalax fontanieri

Blake event (?): 
11-1 core and 
Tingjiagou sec. 
at Luochuan, 
Zaitang sec. near 
Beijing

Upper part of Maian
loess, T L =  39,000 ± 5,000

Lishi 1.

Sinanthropus dalinensi 
S. lantienensis, 
Myospalax tingi,
M. chaoyatseni,
M. arvicolinis.

s Brunhes/Matuyama: 
Luochuan, Wucheng, 
Longxi, Jixian, 
Wuquanshan at 
Lanzhou

Wucheng 1.
Hipparion sinensis, 
Nyclereutes sinensis, 
Myospalax omegodon.

Jaramillo event:
Luochuan
Longxi,
Wuquanshan at Lanzh

__________
ou

Liu T.S. et al., 1962,1964, 1965, Wang Y.Y. et al., 1979, Wu X. Zh. et al., 1979
An Z.S. et al., 1977, Cheng G.L. et al., 1978, Li H.M.et al., 1974, 1980, Wang J.D. et al. 1980,
Wang, Y.Y. et al. 1980.
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TABLE 3.Tentative correlation of climatic cycles recorded in loess sections of China with glacial/inter- 
glacial periods in norhem Europe and stages of isotope oxygen in deep sea sediments

Periods 180  stages* Ages Gl/Intergl.** Climatic cycles in loess of China
(V28-238) (kyr.,B.P.) In N. Europe Cycles, Stages, Loess or paleosol

Holocene 1 Post glaciation I 1 Holocene loess at 
Longxi section

2
J- О

Weichselian 2 Upper Maian 1.

Late
Plaistocene

3
II

3 Black soil buried in 
Maian loess at Jingn- 
ing section

4 4 Lower Maian 1.
5a-e Eemian 5 1 st paleosol

6 ■ I z О Warthe ITT 6 Lishi 1.
7a-c

П А П
Eemian 7a-c 2nd paleosol

8 Saalian
T V

8a-c Lishi 1. / 3rd paleo
sol/ Lishi 1.

9 Eemian 9 4th paleosol
10

O j U
Saalian 10 Lishi 1.

11 Holstein lla -e  5th paleosol

Middle 12
4UU

Elster VI 12 Lishi 1.
Pleistocene 13 48П Holstein 13 6th paleosol

14 Elster VTT 14 Lishi 1.
15 Cromerian 15a-c 7th pal./1./8th pal.
16 570 Elster V ITT _

16 Upper silt
17 Cromerian 17 9th paleosol
18

tv

18a-e L./10th pal. 1. 
11th pal./l.

19

71 n

Cromerian
1 Л

19a-e 12th pal./l./ 
13th pal./l./ 
14th paleosol

20 Y 20 Lower silt
21 21 Upper superimposed 

weath. bed
Early 22

о 1U
YT

22 Wucheng 1.
Pleistocene 23

A l
23 Middle superim

posed weath. bed
24 YTT

24 Wucheng 1.
25 Lower superim

posed weath. bed
* Shackleton, N.J. et al. 1973 XIII 26 Wucheng 1.
** Bowen, D.U., 1У/8, KuKla, U . J . ,  гy / / .
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LAND-SEA CORRELATION OF QUATERNARY CLIMATE EVENTS
The correlation of climatic cycles recorded in the loess sections of China with 

glacial/interglacial periods in North Europe and stages of isotope oxygen in deep sea 
sediments is presented in TABLE 3. It is an attempt to apply the clay mineral indicators 
to stratigraphic subdivision and correlation. The purpose is to arouse more attention and 
interest to the study of clay minerals and the classification of climatic cycles in loess 
research.
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PALEOGEOGRAPHY OF LOESS ACCUMULATION IN 
THE LIGHT OF PALYNOLOGICAL DATA

N.S. Bolikhovskaya

ABSTRACT

Palynological investigations of loess-like deposits in different regions of the 
USSR, carried out by the author, gave the base for the conclusion about more diverse 
landscape-climatic conditions of the loess accumulation than it was supposed earlier. 
The loess-like deposits were formed in landscapes of deserts, semideserts, steppes, forest- 
steppes and tundra-steppes. The landscape-climatic conditions of the formation of fossil 
soils are even more diverse. Loesses are characterized by the following common features:

— a presence of relict Neogene pollen in the Eopleistocene and early Pleisto
cene horizons,

— a high content of spores and pollen of cryophytes in loesses of the first phase 
of the Valdai (Würm) glaciation,

— a sharp increase of pollen of desert-steppe plants in the loess horizon of the 
final phase of the Valdai glaciation.

The first pollen and spores finds in loess and buried soils of the USSR were made 
by academician V.N. SUKACHEV and his collaborators more than 40 years ago. During 
the next period thanks to the works of V.P. GR1CHUK, A.T. ARTYUSHENKO, N.S. 
BOLIKHOVSKAYA, T.D. BOYARSKAYA, V.S. VOLKOVA, R.E. GITERMAN, Z.P. 
GUBONINA, E.T. LOMAEVA, S.I. PARISHKURA, M.M. PAKHOMOV, G.A. PASH- 
KEVICH and others, further geological sections of loess and loess-like sediments in 
many regions of the USSR were characterized by palynological data. However, up to 
now information about loess sediments constitutes only a small part in total paleobo- 
tanic information. It is most deficient in the stratigraphic and paleogeographical studies 
of the South of the USSR, but this deficiency is easily understood since the palynolo
gical analysis of loesses and paleosols involves some objective difficulties. It is to be 
stated, that even with the help of special methods using supersounding and other cavita
tion equipment, loesses considerably exceed all classical objects of palynological analysis 
— lacustrine, paludal and alluvial sediments in the labour-consuming character of separa
tion of pollen and spores, in their microscopic study and in the difficulty of palynolo
gical data interpretation.
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When studying the sections of loess and loess-like sediments, situated in different 
regions of our country, the author first of all considered soil processes participating in 
loess formation, which are universally recognized in the problem of loess genesis and 
attested by buried soil horizons. For this reason, the author’s own studies and extended 
literature devoted to the methodical questions of the palynology of the loess-soil forma
tions were the basis for the reconstructions of paleolandscapes. Nevertheless, some 
aspects of paleogeography of the epochs of loess accumulations are still vague from 
palynological point of view.

1. For instance, the interpretation of the so called „impoverished spectra” calls for
substantiation

Generalizing the results of complex study of loess formation of East European 
plain, A.A. VELITCHKO (1977) came to the conclusion that climatic conditions of the 
epoch of Prebryansky loess horizon accumulation were cold and comparatively wet, in 
contrast to the extremely severe (cold and dry) epoch of Postbryansky loess accumula
tion. But there was no confirmation of that conclusion by palynologic data, because the 
same species — Alnaster fruticosus, Betula fruticosa, B. nana were indicated as signi
ficant ones for all Valdai loess horizons. As for the presence of local components of 
pollen spectra belonging to arcto-alpine and boreal-arctic species in the sections of loess
like formations from the second half of the Valdai age in the southern part of the extra
glacial zone, it has not been marked by palynology. In a number of sections — Chekalins- 
ky (Likhvinsky) at the upper Oka (FIG. 1), Strelitsky and Novokhopersky at the Middle 
Don and Veselo-Voznesensky in the Near-Azov sea region (FIG. 2) (BOLIKHOVSKAYA, 
N.S. 1973, 1976, BOLIKHOVSKAYA, N.S. -  DOBRODEEV, O P. 1972 etc.) joint finds 
of pollen and spores of Betula nana, В. fruticosa, Alnaster fruticosus, Dryas octapetala, 
Selaginella sibirica, Lycopodium pungens, Ephedra monosperma, E. ciliata, Salicornia 
herbacea etc. are connected with the Prebryansky horizon, and in the Postbryansky 
sediments pollens of cryophytes (Betula fruticosa, Alnaster fruticosus) were found only 
in the Chekalinsky section. As for the pollen of xero- and halophytes (Ephedra, species 
Artemisia and Chenopodiaceae) it was found in these horizons of all sections. In other 
words, evidence for extreme drought in the Postbryansky ages is found everywhere, 
while evidence for extreme cold is absent.

The analysis of modern soil samples and loess-soil horizons, formed under dif
ferent conditions, helped us to specify paleogeographical reconstructions of Valdai 
epoch loess accumulation. Considerable changes of pollen and spores concentration and 
their composition in loess-soil formations, e.g. depending on edaphic and microclimatic 
conditions were fixed by spora-and-pollen analysis of a conjugated number of coetaneous 
(Valdai) sections, situated on the same slope. These data were received during the study 
of loess-soil profiles of Kishlyansky Yar in the central Dniestr region (BOL1KHOVSKA - 
YA, N.S. 1981). Concentration of pollen and spores in loess horizons formed under hyd- 
romorphic conditions appeared to be four and more times as great as in the subaerial for
mations of the same age. Furthermore, they contained palynoflora that was richer in 
remnants of cryophytes: apart from the pollen of Betula nana, В. fruticosa and Alnaster
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FIG. 1. Pollen diagram of the Chekalinsky (Likhvinsky) section (the upper Oka) 1 =  pollen of trees and shrubs; 2 =  pollen of dwarf shrubs and herbs; 3 = spores;
4 =  less than 1%; 5 =  modern soil; 6 =  loess; 7 =  loess loams; 8 =  red-brown loess loams; 9 =  loess loamy sand; 10 =  fossil soil; 11 =  holes of burrowing 
animals; 12 =  liman clay; 13 =  alluvial sediments
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fruticosus they contained spores and pollen of Arctous alpina, Arctostaphyllos uva-ursi, 
Rubus chamaemorus, Diphazium alpinum, Selaginella selaginoides etc., and subaerial 
formations contained only pollen of Betula fruticosa and Alnaster fruticosus. Taking 
into consideration modem ecologic and phytocoenotic attachment of the mentioned 
cryophile herbs and shrubs and the fact, that pollen and spores of these plants are local 
components of spectra, it is logical to suppose that finds of cryophyte microremnants 
in Late-Pleistocene periglacial formations are most likely in sediments with traces of 
hydromorphic conditions. Even if cryophytes were members of sparse cover of herbs 
and shrubs of automorphic elementary landscapes, the possibility of the safe preserva
tion of their pollen and spores was not great because of unfavourable taphonomic condi
tions.

This is confirmed by the result of spore-and-pollen analysis of samples from the 
top surface of modern soils of flood-plains, terraces, watershed plateaus and slopes,

FIG. 2. Pollen diagram of the Veselo-Voznesensky section (the Azov seashore region)
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depressions and elevations of microrelief, opened and forested grounds. They showed 
that samples from depressions of the microrelief contain great amount of grains and 
reliably reflect the vegetation composition of test grounds and zone type of vegetation 
of the surrounding areas. While in the spectra of samples from the elevations of micro
relief the concentration of pollen and spores is half the amount of the content than in 
the previous ones and there are many grains, having undergone destruction. Everything 
mentioned makes it possible to conclude that most of Late-Pleistocene sections of loess 
of the East-European plain is characterized by „impoverished” spectra.

Less distorted spectra of loess sediments, containing great amounts of cryophile 
plant microremnants were found in the sections of North-East (BOYARSKAYA, GI— 
TERMÁN, et al.) — one of the coldest and most continental region of the USSR. The 
author studied the Vorontsovsky Yar section, situated in the lower Indigirka region 
(BOLIKHOVSKAYA, N.S. -  BOLIKHOVSKY, V.F. 1979). Palynologic data in aggregate 
with the results of C14 dating give evidence that accumulation of the 50-meter thick 
loess-like „yedoma” series took place during the Karginsky and Sartan times. The 
landscapes of forest-tundra and coniferous-birch sparse growth of trees were characteris
tic of the Karginsky interglacial (Q^III), and during the Sartan glaciation (Q4III) first 
landscapes of underbrush tundra were predominant, but subsequently the strengthening 
aridization caused wide expansion of steppe plots with Artemisia as edificator and led 
to the predomination of tundra-steppes under ultracontinental conditions. Thus, the 
accumulation of the analysed loesses took place under permanently cold climatic condi
tions, clearly fixed by high content of pollen and spores of tundra plants. The good 
preservation of pollen and spores, their great concentration, the presence of micro
remnants of Pediastrum weed indicate that loess-like deposits accumulated here in 
aquatic environment and experienced no considerable epigenetic transformation under 
subaerial conditions. The occurrence of xerophytes pollen in some horizons indicates 
the existence of landscape facies, which escaped alteration by water. These might be 
parts of flood-plains, which were free of water for a long time.

2. Another essential aspect of loess palynology is the interpretation of spectra of
loess horizons containing pollen of thermophilous elements of dendroflora

For instance, the lower part of the horizon, underlying the Mikulinskaya fossil 
soil contains considerable amount of pollen of broad-leaved species in the following sec
tions: Strelitsky (Carpinus — 5%, Acer — 1%, Quercus — 1%), Novokhopersky (Carpinus 
-  6%, Tilia -  7%) and Veselo-Vonesensky (Quercus -  9%, Tilia — 7%). Thus the question 
rises to what extent this pollen characterizes climatic conditions of the time of loess accu
mulation. Pollen of thermophilous trees did not differ from other grains by the degree of 
preservation and there were no microremnants of ecologically incompatible species. 
Loess horizons of more southern sections contain the greaterst amount of pollen of 
broad-leaved species. Pollen of broad-leaved species was found (e.g.) in Postmikulinsky 
loess-like loams of the Kishlyansky Yar and in the Novaya Etuliya section, situated in 
the southern part of Moldaviya. The latter includes loess-soil series, the formation of 
which went on through the whole Pleistocene. Here the pollen of thermophilous trees
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constantly appears not only in older horizons but also in loess, lying above the Bryans- 
kaya buried soil. (The radio-carbon age of carbonates from illuvial horizon is 22700 ± 
\  400 years). Its content reaches 34 % in the spectrum of the sample from the lower part 
of this horizon (FIG. 3). There are also single pollen grains of broad-leaved species 
(Quercus, or Carpinus, or Tilia) in the loess horizon, underlying the modern soil of 
Kishlyansky Yar and Novaya Etuliya sections, similarly preserved single pollen grains of 
shrubby birch are found here together with them.

FIG. 3. Pollen diagram of the Novya Etuliya section (the southern part o f Moldaviya)

Pollen of thermophilous elements was found in loess-soil series having been 
formed under the most warm climatic conditions in the territory of the USSR -  in Cen
tral Asia. The latter was studied in the Charvak section near Tashkent (LAZARENKO,
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A. A. et al. 1981), in the Chashmanigar and Khasani (KRIGER, N.I. et al. 1980) sections 
in the Tadzhik depression. The palynologic characteristics of loess horizons, i.e. a 180 m 
thick covering series of the Chashmanigar section — one of the most complete Pleistocene 
section of Central Asia — are not uniform (FIG. 4). For instance in the loess mantle 
7IIK (PC — pedocomplex) supremacy of pollen of trees is marked, pollen grains of Picea 
(22%) and Pinus s.g. Haploxylon (28%) dominating among them and rare grains of 
Ulmus, Tilia and Quercus have also been found. In the group of grass, the pollen grains 
of mesophytes are frequent, among them Ericaceae (with Arctous alpina — plant of 
tundra, stony scree marshes, etc., which is now absent in mountainous flora of Central 
Asia), Poaceae (Gramineae) and Cyperaceae. Data of pollen analysis indicate cold and 
wetter climate, than modem one as well as complicated structure of vegetation cover of 
the depression and surrounding mountains. In the spectrum of loess, lying above 2PC, a 
relatively great number of pollen grains similar to this of Alnaster (21%) is marked, indi
cating cold, but not as dry climate as the modern one. Spectra, indicating nearly gene
ral supremacy of desert and desert-steppe groups, are charcteristic of the thickest loess 
horizon, overlapping IPC. Apparently, spectrum of sample from the depth of 8 metres in 
the middle part of this loess horizon, containing single pollen grains of Carpinus, Quer
cus, Ulmus and Celtis, reflects a period of relative humidification (interstadial).

Now there is no reason to eliminate one or another find from the autochtonous 
complex of palynospectra. The possibility of introducing tree pollen into loess and loess 
loams from upper soil horizons is denied by methodical studies, including experimental 
ones, devoted to the problems palynospectra of soil formation of different natural zones 
(ALEKSANDROVSKY, A.L. et al. 1981, BEREZINA, N. A. 1969, ISAEVA-PETROVA,
L.S. 1979 and others). These studies together with the good preservation of grains make 
it possible to consider them being autochtonous.

Probably, vegetable cover was mosaic-like during Valdai period loess formation in 
the southern part of the extraglacial zone. Besides the dominating steppe, tundra-steppe 
and other associations of grass and shrubs, shrub formations with Betula fruticosa and 
Alnaster fruticosus grew at the exposures of hard rocks and at the marshy parts, also 
forests of Betula s. Albae and Pinus silvestris with some broad-leaved species grew in the 
most favourable locations. Apparently, loess accumulation did not stop during some 
interstadials, although forest phytocoenoses enlarged their areas at the same time. For 
this reason palynospectra of loess horizons, Containing a relatively great number of 
pollen grains of different thermophilous trees, make it possible to reveal interstadial 
environmental conditions even if they are not expressed as buried soils.

So palynologic studies of sections of loess-like sediments in different regions of 
the Soviet Union, such as the central and southern parts of the East-European plain. 
Central Asia and the North-East lead the author to a conclusion that landscape-climatic 
conditions of loess accumulation had been more diverse than it was considered before. 
Loess-like sediments accumulated in arid, semi-arid, steppe, forest-steppe, tundra-steppe 
and tundra landscapes. Landscape-climatic conditions under which buried soils formed 
were more diverse.

The majority of scientists, while dismembering loess-like sediments consider a 
priori that buried soil horizons indicate periods of relatively mild climate in comparison 
with the periods of loess accumulation. Palynologic data show that such assumption is
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not correct for all cases. Sometimes the greatest cold snap or the greatest weathering is 
characteristic of the periods of fossil soil formation. Cases are not rare, when formation 
of indivisible humus horizon of fossil soil occurred during several consecutive landscape- 
climatic stages, characterized by palynospectra of different types.

The features below are characteristic of loess-like sediments of the regions in 
question:

1. Presence of pollen of Neogene relic flora species in Eopleistocene and Early 
Pleistocene horizons.

2. High content of pollen and spores o f cryophytes in loess-like sediments of 
the first part of the Valdai period on the East-European plain and of all Würm cold inter
vals of the Soviet North-East.

3. General sharp reinforcement of desert-steppe plants pollen role in loess hori
zon at the final stage of Valdai (Würm) glacial period.

Regional differences in palynology of Late Pleistocene loess-like sediments are 
natural. Desert and steppe spectra are characteristic of Central Asian loess, tundra and 
tundra-steppe spectra characterize loess-like sediments of the North-East, and steppe and 
forest-steppe ones characterize Moldvian and Ukrainian loess. The greatest variety of 
palynospectra types is characteristic of Pleistocene loess-like sediments of the East-Euro- 
pean plain and Central Asia.

In conclusion I want to emphasize that as a result of the analysis of different 
factors of palynospectra of loess-soil formations it is seen that the probability of loess 
spectra impoverishment and distortion is the greatest in comparison with Sediment 
spectra of other lithological types, the more the loess-like rock resembles typical loess, 
the greater the primary palynospectra is distorted. As for the fossil soils the degree of 
primary palynospectra distortment increases from humid to arid ones, from soils of 
subordinated landscapes to the soils of autonomous ones. Nevertheless it is necessary to 
point out, that the described palynospectra are objective basis for paleogeographical 
reconstructions and stratigraphic classification of loess series if specific conditions of 
formation are taken into account.
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ABSTRACT

TL dating results prove that younger loesses at Paks are well-developed and 
representative for stratigraphic purposes. Older loesses are not representative for the 
stratigraphy of Middle and Older Pleistocene. Because of deep lithogenetic differentia
tion and occurence of sediment hiatuses it is difficult to distinguish horizons represent
ing glacial cycles and interglacial periods.

In September 1980 22 samples were taken for thermoluminescence analysis 
from the Paks loess profile, a sequence which had been well investigated on several 
occasions. Samples were collected from the exposure examined by M. PÉCSI and E. 
SZEBÉNYI in 1977 (PÉCSI, M. 1979), which is located in the northern part of the 
excavation, now exploited fof brick-yard purposes. Only 3 samples were taken from the 
highest located youngest layers in the southern, presently un-exploited part of the 
excavation. Thermoluminescence analysis and absolute dating have been done by 
J. BUTRYM in the laboratory of Physical Geography Department of the Lublin 
University (UMCS). Stratigraphical interpretation of the results and an attempt at 
parallelizing them with corrresponding data of Polish loesses have been worked out by 
H. MARUSZCZAK.

The thermoluminescence dating method does not differ in its assumptions from 
the methdos used in other laboratories (ZELLER, E.J. et al. 1957, SHELKOPLYAS, 
V.N. — MOROZOV, G.V. 1981). Only some modifications were introduced to simplify 
and state the results more precisely. The annual dose of natural radiation for samples 
were measured with MTS-N dosimeters (LiF: Mg, Ti), for this 10 dosimeters were inser
ted in each sample for 3 months. Thus the yearly dose was the mean of ten measure
ments. In order to measure the total natural radiation dose a fraction of 50-56 micro
meters was separated and exposed to ultrasonic disintegration to get rid of the carbonate 
and ferruginous envelopes of the grains. Thermoluminescence measurement of samples 
and dosimeters were performed with TL analyser equipped with photomultiplier tube of 
high sensitivity type 9789 QA of the EMI firm. The total dose was calculated by com
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paring the natural thermoluminescence with artificially provoked one by irradiating a 
part of the examined sample. For artificial irradiation cobalt, ^C o in Cammatron S 
instrument was used and a strictly determined exposing unit 15 kR was obtained. The 
average of 20 determined exposing unit 15 kR was obtained. The average of 20 TL me
asurements was accepted as the natural radiation dose expressed in rads. The absolute 
age of the sample was defined as the relation of the total natural dose to the yearly dose. 
In the measurement error due to the precision degree of measuring instruments as well as 
the dispersion of dosimeter sensitivity were considered, it usually amounts to 12-15% of 
the examined sample age. Considering theoretical assumptions — accepted in the TL 
method usage — this error may actually be bigger. In the present stage of investigations, 
however, it could not be calculated more precisely in the applied measurement technique.

The thus obtained results of absolute dating are shown in FIG. 1. presenting 
lithostratigraphic differentiation of Paks loesses. Three of our samples were taken from 
lithostratigraphical horizons which were dated earlier by TL method by Z. BORSY et al. 
(1979). The results for these samples obtained in two different laboratories are similar. 
The age of the fossil soil MB sample from Saalian/Vistulian interglacial and its direct un
derlayer was determined at 125,000 ± 20,000 years BP by the mentioned Hungarian 
authors, while according to our investigations the MB soil sample dates back to 124,000 ± 
± 17,000 years BP. The age of the sandy loess under the fossil soil Mtp was determined 
by them at 200,000 ± 30,000 and our results for the age of the sample located 1.5 m 
below, that is directly above the fossil soil PDj, amounts to 213,000 ± 30,000 years BP.

Younger loesses. TL analysis shows that these loesses were accumulated at Paks 
in the time interval ca 15,000 — 100,000 y. BP. Very similar data were obtained for 
younger loesses in Poland. In the upper part of these loesses at Paks there occur 3 inter
stadial fossil soils (MF, BDj, BD2) in the time interval 30,000 — 45,000 y.; much similar 
absolute age, 27,000 — 40,000 y. was determined for these soils earlier by the 14C met
hod (PÉCSI, M. et al. 1977). In the same time interval of 30,000 — 45,000 y. deter
mined by the TL method two fossil soils are distiguished in the Polish loesses paral
lelized with Western European interstadials Denekamp and Hengelo (MARUSZCZAK, H. 
1980a). In the lower part of the younger loesses at Paks there is one more interstadial 
soil — BA in the time interval 80,000 — 85,000 y. by the TL method, up to now the 
age of this soil has been estimated at 65,000 — 70,000 y. (PÉCSI, M. et al. 1979). In the 
Polish loesses of the similar interval of about 75,000 years by the TL method a fossil 
soil also occurs, e.g. in the profile of Komarów Górny which has been incorrrectly paral
lelized with the Hengelo interstadial (MARUSZCZAK, H. 1980a).

The younger Pleistocene interglacial soil, in fact a soil complex, marked by the 
Hungarian authors with the MB symbol („Mende-Base”), is well observed at Paks in 
layers about 125,000 y. old. Stratigraphically for the analogous soil complex from the 
Eemian interglacial, the Saalian/Vistulian of the Polish loesses, the age of mineral mate
rial was determined at 130,000 — 140,000 and more; 140,000 - 160,000 y. was deter
mined for the Nieledew profile where this soil developed on the erosional surface of 
slope and not on parent accumulative surface from the end of the older loess formation 
period. On the basis of the TL data obtained in our laboratory it can be stated that the 
soil complex from the last interglacial began to develop about 125,000 — 130,000 y. BP. 
The end of this pedogenesis is dated at 100,000 -  105,000 y. BP.
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Older loesses in the Paks profile are much differentiated formations genetically 
(FIG. 1) with sediment hiatuses hindering stratigraphic interpretation. The absolute age
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FIG. 1. Thermoluminescence chronology o f the examined lithostratigraphical layers of the loess pro
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of these loesses is determined at 125,000 — 850,000 y. chiefly on the ground of paleo- 
magnetic examinations (PÉCSI, M. et al. 1977, 1979). Our analyses concern the upper 
and middle layers of these loesses, including the fossil soil PD2. Dating results confirm 
the existence of stratigraphic hiatuses in different horizons. Three from all these fossil 
loess soils were dated. The youngest of them is the soil Mtp dated at about 150,000 y. 
and it does not correspond to any of the previously investigated layers of older loesses 
in Poland. The much better developed 280,000 y. old soil, PDj corersponds to the lower 
soil of layers distinguished by now in the Polish loesses (MARUSZCZAK, H. 1980b), the 
TL age of wich is 270,000 y. The development period between the soil PDj and the soil 
PD2 in the Paks profile was protracted as the PD2 soil is as old as 420,000 y. The age of 
the PD2 soil at Paks does not correspond to any of the Polish loess profiles.

The soil Mtp of older loess at Paks has been parallelized with Mindel/Riss inter
glaciation i.e. Elsterian/Saalian (PÉCSI, M. et al. 1977, PÉCSI, M. 1979). The TL dating 
results indicate one of the youngest Saalian interstadials as the time of its origin. The 
fossil soil PDj does not even represent the Günz/Mindel interglacial (PÉCSI, M. 1979) 
but one of the oldest Saalian interstadials. Chronologically the fossil soil PD2 does not 
correspond to the interglacial either but most probably represents one of the inter
stadials of the Elsterian glaciation. Thus the TL analysis shows that in the Paks profile 
there is no soil from Elsterian/Saalian interglacial. In the Polish loesses, however, there 
is a well-developed soil of this interglacial which genetically resembles the above-men
tioned soil of the last intergalacial, the Saalian/Vistulian, in the Niedelew profile the 
older interglacial soil developed on the layers of oldest loesses (MARUSZCZAK, H. 
1960b), dated at 330,000 — 350,000 y. BP by the TL method.
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ABSTRACT

The subdivision of Upper Pliocene-Quaternary deposits of Soviet Central Asia 
enables to identify different stratigraphic units. The paleosols or pedocomplexes and 
loess horizons correspond to paleoclimatic rhythms. The alluvial-proluvial suites are 
associated with the major erosional-aggradaticnal cycles. The main geological bound
aries were identified at the levels of 3.5, 1.8, 0.7 m.y. according to paleomagnetic and 
biostratigraphic data. The detailed stratigraphic correlations suggest that the clima- 
tostratigraphic units in loess-soil sequences are of wide interregional significance. Howe
ver, the interregional correlation between separate horizons can be accomplished only 
through reliable chronostratigraphy.

The subdivision of the Upper Pliocene-Quaternary deposits of Central Asia is 
based on a complex of methods which make it possible to identify both the large 
stratigraphic units of formation or member rank and the more detailed units (horizons 
or climatoliths), as well as to trace the main geological boundaries.

While studying the stratigraphic succession of the Upper Pliocene and Quater
nary deposits of this geologically very complicated region, we turn more and more fre
quently to sections of the subaquatic and subaerial types. The first type mainly consits 
of alluvial-proluvial accumulations, while the second are mainly loess deposits with 
their associated palaeosols. The stratigraphic scheme compiled by NIKIFOROVA, K.V. 
et al. (1980) was adopted as an initial time framework. The scheme identifies the Upper 
Pliocene, Eopleistocene and the Pleistocene as major series and draws geological boun
daries at 3.5, 1.8 and 0.8-0.7 m.y, each of them can serve one of the variants of the 
Quaternary lower boundary.

Several stratigraphic schemes have been applied to the Quaternary deposits of 
Central Asia. There is no concensus on the time spans of the major subdivisions of the 
Quaternary nor on the placing of its lower boundary. Thus it is important to study the 
stratigraphy of Upper Pliocene-Quaternary deposits and attempt to correlate the more 
important sections in this vast region and in order to provide a broad interregional cor
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relation. It is the purpose of this paper to consider some sections in the Tajik depression 
and in the Fergana and the Tashkent regions. These areas were characterized by predo
minant downwarping in the Late Cenozoic, and accumulation of thick Neogene-Quater
nary molasse sediments. Distinct neotectonic modification is evident in the topography 
and in the structure of molasse.

The Upper Pliocene of the Central Asian regions under study is represented 
mostly by alluvial-proluvial sandy-pebble deposits. In southern Tajikistan the Upper 
Pliocene incorporates the Kuruksay suite filling the synclinal zones of the Tajik depres
sions. The age of the Kuruksay suite in the stratotype section of the Kuruksay river 
valley has been determined by means of palaeontological and paleomagnetic data as 3.5 
to 2 m.y. B.P. (FIG. 1).

In western Fergana, suite C2 and perhaps the uppermost parts of suite Cj are 
correlated to the Kuruksay suite according to paleomagnetic data. Suite Cj is represen
ted mostly by sands and sandstones. Suite C2 consists of alternating members of sands 
(sandstones) and silts. The boundary between suites Cj and C2 in the Kayrakkum section 
can be tentatively drawn along a dislocated bed of siltstones. We can also see in this sec
tion that suite Cj is more dislocated than suite C2 (FIG. 2. II). In the upper half of suite 
C2 near the Kayrakkum reservoir some faunal remains were recognized, including Archi- 
diskodon meridionalis Nesti. This form of ancient elephant is not younger than the 
Khapry faunistic complex as concluded by DUBROVO, I.A. The bone-bearing horizon 
with finds of a southern elephant is associated with the Gauss-Matuyama inversion. The 
geological boundary at about 3.5 m.y. B.P. falls within the middle part of suite Cj, this 
being controlled by superposition of the Gilbert-Gauss paleomagnetic inversion.

In some outcrops in the south of Tajikistan at the base of the Kuruksay suite we 
managed to detect an angular unconformity and washout where it rests on older rocks 
(FIG. 2 ,1). The paleomagnetic data enable us to assume that this angular unconformity 
occurs somewhat lower than the Gilbert-Gauss paleomagnetic inversion, i.e. approxima
tely at the level of 3.5 m.y. At the same time, the relationship between the Kuruksay 
suite and the underlying Neogene molasse remains debatable. The problem involves dis
tinguishing the Polyzak suite, drawing the boundary between the Polyzak and Kuruksay 
suites etc.

Subaerial deposits attributed to the Upper Pliocene are represented by red-brown 
loess-like silts reworked by soil processes and including well-developed red soils. Illuvial 
carbonate horizons in the red soils are very thick (up to 1 m), resembling calcrete.

In southern Tajikistan the Kuruksay suite correlates with high erosional-accumu- 
lation terraces, traced regionally in the foothills along the Yakhsu, Vakhsh and other 
rivers some 600-700 m above the thalwegs. Near Tashkent, the Nanai terrace in the 
Pskem river valley occupies a similar geomorphological position, being composed of 
alluvial-proluvial conglomerates (the so-called Nanai complex) up to 200 m thick.

The Eopleistocene in the Tajik depression is associated with the Kayrubak suite 
recognized for the first time in this region by LOSKUTOV, V.V. (LOSKUTOV, V.V. et 
al. 1971). At first neither distinct stratigraphic units nor boundaries were evident in this 
suite. Detailed investigations by the author togerher with paleomagnetic specialists 
(PEN’KOV, A.V. -  GAMOV, L.N. -  DODONOV, A.E. 1979) and paleontologists 
(VANGENGEIM, E.A., SOTNIKOVA, SHARAPOV, et al.) made possible a more precise
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FIG. 1. Correlation scheme for the Upper Pliocene and Quaternary deposits o f southern Tajikistan, 
western Fergana and the Tashkent region. Paleomagnetic data by PEN’KOV, A.V. and ZHID
KOV, E.I. (1977,1978).
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FIG. 2. Geological sections in Pliocene-Quaternary deposits. I = Ak-Jar, II = Kayrakkum. Letters show the position of the boundaries on profile I: a = at the base 
of Karanak suite (Lower Pliocene), b = between the Karanak and Polizak suits (Lower/Middle Pliocene), c = between the Polizak (?) and Kuruksay suites 
(Middle/Upper Pliocene), d = between the Kuruksay and Kayrubak suites (Upper Pliocene/Eopleistocene), e = between the Kayrubak and Kyzylsu suites 
(Eopleistocene/Pleistocene), profile II: a = between Cj and C , suites, b = between suite C2 and Ispisar suite. 1 = silt, 2 = siltstone, 3 = sandstone, 5 = peb- 
bless 6 = conglomerate, 7 = rubble, rock fragments, 8 = loess, 9 = buried soil (or pedocomplex), 10 = recent soil, 11 = gypsum, 12 = erosional break, 
13 = geological boundary, 14 = fault, 15 = mammalian fauna remains, 16 = correlation lines and age m.y., 17 = Paleolithic finds, 18 = normal magnetization, 
19 = reversed magnetization, 20 = Matuyama/Brunhes reversal.

204



UPPER PLIOCENE-QUATERNARY DEPOSITS OF CENTRAL ASIA 205

determination of the boundaries of the Kayrubak suite in the interval from 2-1,8 to
0.8-0.7 m.y. This corresponds to the Eopleistocene of the scale adopted. Faunistic 
finds in the Kayrubak suite are known mostly from the layers adjacent to the Kuruksay 
suite, and from the upper part of the Kayrubak suite. The fauna of the lower levels is 
representative of the Villafranchian in the broad sense. The composition of the fauna 
of the upper level (locality Lakhuti-2) it of a transitional character. Comparison with 
localities in Eastern Europe and Siberia suggests it is an equivalent of the transition 
from the Taman to the Tiraspol faunal complex. In western Fergana, the Ispisar suite 
belongs to the Eopleistocene. The age analogue of the Ispisar suite is suite D (the 
latter being distinguished by VASILKOVSKY, N.P. in 1951). Deposits of both suites 
are paragenetically related. Considering the geological position of the Ispisar suite and 
suite D, their lithological composition and space relationships, one can assume that 
sandy-pebble deposits of the Ispisar suite are fluvial facies of the paleo Syrdarya, whe
reas deposits of suite D are, on the whole, synchronous with the first proluvial sediments 
developed along the slopes of the valley. Both suites are slightly dislocated. In the area 
of the Koktyurlyuk meanders, both the Ispisar and the D suites are cut by the 70 m 
and 100 m terraces of the Syrdarya river. In the Kayrakkum section, the boundary 
between suite C2 (Upper Pliocene) and the Ispisar suite is drawn along the bed of 
disharmonically dislocated silts and sands, about 20 m thick (FIG. 2, II).

Taking into account the paleomagnetic data, this member with dislocations lies 
in the lower part of the Matuyama zone, higher than Gauss-Matuyama inversion. As for 
suite D, it is characterized like the Ispisar suite, by reverse magnetization (oral communi
cation by YEROSHKIN, A.F.).

The Eopleistocene subaerial beds of southern Tajikistan include from 25 to 
28 fossil soils of red-brown and brown colour. They are conventionally grouped into 
9 pedocomplexes. The thickness of the loess horizons in the Eopleistocene is insignifi
cant. The Chashmanigar section in the eastern part of the Tajik depression in unique in 
its stratigraphic completeness. The complete Eopleistocene and Pleistocene subaerial 
sequence which outcrops here is about 170 m thick (DODONOV, A.E. — LOMOV, S.P. 
1980). The paleomagnetic data on these sequences indicates the Olduvai and Jaramillo 
episodes and the Matuyama-Brunhes inversion (FIG. 3, II). In the subaerial sequences of 
the Taskent region the Eopleistocene is represented by fragments, mostly of the Upper 
Eopleistocene (the Orkutsay, Galvasay and some other sequences (FIG. 3 ,1).

In the foothills of southern Tajikistan and the Tashkent area the Eopleistocene 
deposits filling synclinal belts are correlated with alluvial terraces with a relative height 
of about 300-400 m. In southern Tajikistan such surfaces occur along the Vakhsh, Kafir- 
nigan and Kysylsu river valleys, and in the upper course of the Chirchik river near Tash
kent. These high level deposits are composed of pebble-beds, or take the form of ero- 
sional terraces without alluvial deposits.

The paleosols within the loess are the most valuable sources of Pleistocene 
stratigraphical data. In southern Tajikistan outcrops include those at Kayrubak, Chash
manigar, Khonoko, Lakhuti, and Karamaydan. In all these sequences the Matuyama- 
Brunhes inversion is found directly above the 10th soil complex. The boundary between 
the Eopleistocene and Pleistocene is drawn at the base of this pedocomplex: this is 
reinforced by the presence of an angular unconformity between the Eopleistocene
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and Pleistocene subaerial deposits. The boundary is traced in this fashion in all outcrops 
mentioned above.

I

FIG. 3. Geological sections: I =  outcrop Orkutsai, II =  outcrop Chashmanigar.

The subdivision of the Pleistocene subaerial sequence is based on geological 
structure, analysis of fossil soils, paleomagnetic and thermoluminescence data and on 
the results of studying Paleolithic finds in the 6th and 5th complexes (DODONOV, A.E. 
-  PEN’KOV, A.V. 1977, DODONOV, A.E. -  RANOV, V.A. -  PEN’KOV, A.V. 1978). 
The 10th, 9th and 8th soil complexes, as well as the loess horizons separating them,
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including the loess member above the 8th soil, were included in the Lower Pleistocene 
(the Vakhsh lithostratigraphic complex). The 7th and 6th pedocomplexes with loess 
between them and the horizon of loess above the 6th pedocomplex are regarded as 
Middle Pleistocene in age (the Iliak lithostratigraphic complex). The upper part of the 
subaerial sequence, five pedocomplexes and the associated loess horizons, belong to the 
Upper Pleistocene (the Dushanbe lithostratigraphic complex).

The Pleistocene buried soils in the loess mantles are correlated with the alluvial 
deposits making up erosion-accumulation terraces between 10 and 200-220 m high 
above the valley floors. There are ten terraces and Pleistocene palaeosol horizons within 
this altitudinal range. The terraces between 140 and 220 m (the Vakhsi complex) were 
classified as early Pleistocene, between 80 and 140 m (the Iliak complex) as Middle 
Pleistocene, and between 10 and 80 m as late Pleistocene in age (the Dushanbe com
plex).

The majority of Mousterian and Upper Paleolithic finds are associated with the 
Dushanbe terraces (RANOV, V.A. -  NESMEYANOV, S.A. 1973).

In the Tashkent region the most complete loess-soil sequence is found in the 
Orkutsay outcrop in the Charvak basin. This sequence includes the upper part of the 
Eopleistocene and the Pleistocene, its stratigraphy being similar in essentials to other 
outcrops in southern Tajikistan. As in southern Tajikistan, the Matuyama-Brunhes in
version was recognized above the 10th soil complex and the angular unconformity was 
fixed at the base of this pedocomplex.

Summarizing the results of stratigraphic studies in Central Asia, we can conclude 
that the age framework for the last 3.5 m.y. is quite well-known, though its detailed 
subdivision is irregular. The most detailed scale concerns the Eopleistocene and Pleis
tocene. Palaeosols in the loess have provided much of the detail. The identification of 
climatostratigraphic subdivisions in using soil and loess horizons and tracing the climatic 
rhythms on the basis of well studied stages of the Pleistocene up to the base of the 
Eopleistocene, i.e. essentially within the last 2 m.y., generally confirms the value of 
using climatostratigraphic principles for subdivision of both the Pleistocene and the 
Eopleistocene deposits. At the same time, tracing the relationship between soil and loess 
horizons for that time period reveals more distinct climatic rhythms for the last 0.8 m. 
y. as compared to the earlier period. This is possibly a function of the relatively greater 
and more-distinct coohng and desiccation in the later period compared to the earlier 
stages. This tends to suggest that rhythmic climatic shifts, i.e. alternation of warm and 
cold periods, cannot be used as a firm criterion for determining the lower boundary of 
the Quaternary, particularly in Central Asia, where the climate had always been rela
tively hot. In this respect, much consideration should be given to establishing the prin
cipal geological boundaries at the dating levels 3.5, 1.8 — 2 and 0.7 — 0.8 m.y.B.P. 
These geological boundaries are associated with phenomena such as phases of tectonic 
activity, rejuvenation of the landscape, and regional changes in climate, plant life and 
fauna. In addition, the process of loess accumulation began in Central Asia very early 
in the Eopleistocene, though its initiation may possibly have taken place as far back as 
the Late Pliocene, at the boundary between the Eopleistocene and Pleistocene loess 
accumulation became more intense and gradually increased up to and including the 
Late Pleistocene.
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Now we shall briefly touch upon interregional correlations and begin with the 
Pleistocene as the best studied interval of the time scale. In terms of the best known 
horizons within the East European plain, an analogue of the 2nd soil complex in the 
Central Asian loess-soil sequence appears to be the Bryansk soil, the 5th soil complex 
corresponds to the Mikulino interglacial horizon, and the 7th soil complex the Likhvin 
intergalacial horizon, etc.

As for the Alpine stratigraphical scale, we think that the five upper loess hori
zons separating them may represent the Würm, the Riss corresponds to two loess hori
zons and the 6th soil complex enclosed between them , and the Mindéi may be repre
sented by three loess horizons and the 8th and 9th soil complexes in between them.

Among the Pleistocene loess sequences of Hungary, the Paks sequences in the 
Pleistocene and the Mende sequence in the Upper Pleistocene sequence are the most 
complete. With reference to the stratigraphic data on the loess-soil deposits of Hungary 
(PÉCSI, M. et al. 1977, PÉCSI, M. 1979, PÉCSI, M. et al. 1979), the following correla
tion for the Upper Pleistocene is possible (from top downwards): the Mende-upper soil 
complex (MFj -MF2) corresponds to the 2nd soil complex of Central Asia, the Basaharc- 
Double soil complex (BDj -BD2) to the 3rd soil complex, the Basaharc-Base soil complex 
(BA) to the 4th soil complex, and the Mende-Base soil complex (MB) to the 5th soil 
complex. It is noteworthy that in the Mende sequence the Mende-Upper (MF) pedo- 
complex is overlain by two buried humic horizons (H j, H2), enclosed in loess. They 
have also been traced in other sequences of the Hungarian plain. These humic horizons 
appear to be correlated to the 1st soil complex in the loess sequences of southern Tajikis
tan. The age estimation of the these buried soils in the Hungarian plain provided the 
following results: MFj — 27 000-28 000 years. BDj — BD2 — 42 000-45 000 y, BA — 
60 000-74 000 years, and MB — about 125 000 years (BORSY, Z. et al., 1979., PÉCSI
M. et al., 1979). We must emphasize the closeness between the age estimations for the 
soil complex MB (about 125 000 y.) and the 5th soil complex in southern Tajikistan 
(about 130 000 y.).

The comparative analysis of the stratigraphy of Central Asia and the northern 
Himalayan foothills is still disputable, although new data have been obtained lately that 
contribute to our knowledge. Thus, during the field conference on the Neogene/Quater- 
nary boundary held in Chandigarh, India, in 1979, SASTRY, M.V. suggested a possible 
correlation of the Tatrot with the Ruscinian, the Pinjor with the Lower-Middle Villa- 
franchian, and the Neogene/Quaternary boundary was drawn within transitional layers 
of the Pinjor Boulder Conglomerate (SASTRY, M.V. 1981). Recent research into the 
biostratigraphy and paleomagnetism of the upper Siwalik deposits (AZZAROLI, A. — 
NAPOLEONE, G. 1981) has shown that the Pinjor may correspond to the Lower Matu- 
yama epoch, while the Boulder Conglomerate corresponds to its upper part. The Tatrot 
has been considered to lie within the Gauss paleomagnetic epoch. Other work has been 
devoted to the Neogene/Quaternary boundary in India (AGRAWAL, R.P. et al. 1981). 
The Olduvai paleomagnetic episode has been suggested for the lower boundary of the 
Quaternary. It was assumed that in the Siwalik zone this boundary may be drawn within 
the Pinjor.

We believe that the Pinjor may correspond to the Upper Pliocene (Lower-Middle 
Villafranchian), the Boulder Conglomerates may be Eopleistocene, and the Pleistocene/
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Eopleistocene boundary may correspond to the interface between the 200-250 m high 
terrace complex and the Boulder Conglomerate, by analogy with the geology of the 
Tajikistan river valleys (DODONOV, A.E. — PEVZNER, M.A. — PEN’KOVA, A.M. 1979).

New results from the Kashmir valley (AGRAWAL, D.P. et al. 1979) allow us to 
assume that the upper Karewa is situated in the zone of normal polarity identified with 
the Lower Brunhes epoch, and that the lower Karewa corresponds to the Matuyama 
paleomagnetic epoch. The age of the loess mantle in the Kashmir valley with its three 
buried soils (A,B,C) is believed to about 100 000 years old. It should be about noted 
that this is the time of the most intense loess accumulation in Central Asia.

Examination of stratigraphic data on the Chinese loess sequence shows that 8 
buried soil horizons exist within the Brunhes paleomagnetic epoch. The Matuyama- 
Brunhes reversal has been traced in loess sections to a depth of c. 52 m, and the Jara- 
millo episode corresponds to a depth of 70 m. Further detailed studies will make it 
possible to correlate more accurately the buried soils of the Loess Plateau of China with 
the pedocomplexes of Central Asia both in the Pleistocene and the Eopleistocene. For 
instance, it may be that the thick 5th buried soil in the Chinese loess sections corres
ponds to two typical, close soil complexes (the 6th and 7th pedocomplexes) in southern 
Tajikistan. The 1st pedocomplex of grey, immature soils may be omitted in the Maian 
loess in China may be disregarded in this correlation exercise. At present Chinese geo
logists draw the Neogene/Quaternary boundary along the Gauss-Matuyama reversal 
(2.43 m y.) that in Upper Pliocene-Quaternary sequences of China coincides with the 
boundary lying between the lower and upper Nihewan series. In loess sections this 
boundary has been assumed to lie between the Wucheng loess and underlying Red Clays 
(LIU TUNG-SHENG — DING MENGLIN 1982) but the Matuyama-Gauss boundary has 
not been detected in the loess (HELLER, F. — LIU, T. 1982).1' The Wucheng loess is 
assumed to correspond to the Central Asian loess-soil strata below the Jaramillo paleo
magnetic episode.

Paleotemperature measurements of deep-sea sediments have distinguished up to 
20 stages within the Brunhes paleomagnetic epoch (SHACKLETON, N.J. — OPDYKE,
N.D. 1973), which may be compared to the 20 buried soil and loess horizons in the same 
stratigraphic interval in the Central Asia sequence. According to the Van Donk paleo
temperature curve, there exist up to 18 stages within the interval between the Matuyama- 
Brunhes reversal and the base of the Olduvai.

Such correlation series could be continued, but this is not the main purpose of 
this discussion. We must emphasize something else. If our correlations are correct in the 
majority of cases; the conclusion is inescapable that the Late Pliocene/Quaternary was 
characterized by a regular and generally synchronous depositional series. The principal 
geological phenomena are essentially synchronous, reflecting specific geological condi
tions in different regions: they are fundamental for the establishment of stratigraphies 
and for stratigraphic correlation.

l. Remark by E. Derbyshire
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IS TYPICAL LOESS OLDER THAN ONE MILLION YEARS?

M. Pécsi

ABSTRACT

In recent years ever more characteristic loess profiles of the European and Asian 
loess zone have been analyzed by absolute chronological methods. For most of the re
peated paleomagnetic analyses the lithologically sensu stricto true loesses are not or 
hardly older than the Jaramillo event (0.9 m.y.B.P.).

In certain regions this is underlain by a subaerial formation differing both pe- 
trologically and pedologically from the true loess formation. Its thickness is remarkable 
but uneven and it consists of the closely subsequent sequence of predominantly pale 
pink, reddish, brownish-reddish, sometimes gleyed clay, loam, silty clay and paleosols. 
The different paleosols are separated from one another by partly weathered sandy or 
clayey silts of similar colour. This formation differing from the loess and consisting 
mainly of paleosols is called „loess-like” formation or „loess derivate” by some authors. 
Based on the paleomagnetic investigations the formation of this group including pre- 
dominently paleosols, red and mottled clays and silts can be traced back to the middle 
(1.8 m.y.B.P.) and early (2.4 m.y.B.P.), Matuyama respectively, or occasionally as far 
as the Gauss epoch (Gauss-Gilbert boundary, 3.4 m.y.B.P.).

ABSOLUTE AGE OF LOESSES IN THE CARPATHIAN BASIN

In Europe predominantly typical loess sequences of considerable thickness are 
found in the Middle Danube (or Carpathian) Basin. The most characteristic outcrops 
are found on terraces and alluvial fans along the rivers, and in some instances on Pannon
ian lacustrine sediments (PÉCSI, M. 1979, 1982). In the loess sequence, in addition to 
the typical loess and slope loess strata the fossil soils are cyclically repeated, and eolian, 
fluviatile and proluvial sand, lacustrine and marshy formations are also intercalated.

Based on the lithogenic and paleoecological investigation and comparison of the 
strata of numerous loess profiles some characteristic „loess complex” or „loess series” 
could be disginguished in the loess formation of the Carpathian Basin. Within this forma
tion the loessic and non-loessic layers and the genetic types of the intercalated soils are 
akin to one another.

1. The young loess is most widespread on terraces, alluvial fans, piedmont sur
faces, and covers the relief in a thickness of 10 to 30 m. This sequence is bipartite. The
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youngest loess strata consist mostly of sandy loesses, loessy sands and only one or two 
embryonal soils, weak humus layers are found in them. The lower two-third of the 
young loess is composed of typical loess strata and three-four fossil soils. In these loess 
strata usually all the criteria characteristic of the true loesses are found, but only small 
loess concretions can be found (PÉCSI, M. et al. 1977, PÉCSI, M. 1979). In hilly regions 
the stratified slope loess („valley loess”, „derasion loess”) is a characteristic variety 
(PÉCSI, M. 1972).

— The upper part of the young loesses, the so-called „Tápiósüly Loess Complex” 
is 5 to 10 m thick and formed 11 to 28 t.y.B.P.

— The major part of the young loesses consists of the „Mende-Basaharc Loess 
Complex”, 28-125 t.y.B.P., including the soil complex „MB” lying in its base (FIG. 1).

— A peculiar loess-like facies of the youngest loess is found in the Hungarian 
Great Plain, mainly in the wide alluvial plain of the river Tisza. Here the so-called „in
fusion loess” covers several ten thousand square kilometers lying on the flood-plains and 
on the alluvial fan situated only several metres higher than the flood-plain itself (PÉCSI, 
M. 1982). The thickness of these loess-like formations of variable sandy to clayey com
position, is only 1 to 3 m. In the smaller part it overlies Holocene loams, while the major 
part of the „infuison loess” (being also called „lowland loess”) is of younger Late Pleisto
cene age and according to radiocarbon data it was formed 18-24 t.y. B.P. also on flood- 
plain deposits.

FIG. 1.

l j , 12 =  the typical youngest loess beds of the profile; between l j , 12 deposited sandy slope loess in a 
derasional valley (dell) the lower part of lj (+) fragments of reindeer bones occur as well as locally 1-2 
humus horizons, MF =  chemozem-like fossil soil of „Mende Upper”, only the MFt remained; 13, 14, 
15 =  young loess beds, below the fossil soil horizons (MF, BDj, BD2), with many krotovinas in it, 
BDj, BD2 = „Basaharc double” fossil soil complex chemozem-like locally hydromorphous meadow 
soil type; lj  well-stratified sandy slope loess the loessy sand filled up the derasional valley (with Cervus 
sp. and Elephas primigenius fauna remnants), 15 =  sandy loess; BA =  „Basaharc Lower” forest-steppe
like dark fossil soil; lfi =  the lowest young loess bed (with Elephas primigenius remnants) with a thin 
layer of volcanic tufite too in the upper part of it; MB =  „Mende-Base” fossil soil complex, the upper 
part of it a forest-steppe-like soil and but the lower one a well-developed brown forest soil (according to 
the thermoluminescence analysis of BORSY, Z. et al. 1980 about 105 thousand years old); Lj =  old 
loess, sandy loess, with large „loess dolls”, molars, tusks of Elephas trogontherii were found on two 
occasions; Phe =  weakly developed sandy brown forest soil; L2, L3 =  old loess (with 2-3 layers of 
„loess dolls”); Mtp =  hydromorphous fossil soil (flood-plain, clayey soil) with Allohippus sp. teeth; 
h j , h2, n 3 =  sand and silty clay of alluvial fan; PD j, PD2 =  stratotype o f „Paks Lower Double’ fossil 
soil complex, with krotovinas (Submediterranean xerophile forest soil or chesnut, usually reddish 
brown) below the PD2 fossil soil occurs the Brunhes-Matuyama boundary; L4 , Ls , L6 =  old loess 
strata, with „loess doll” layers; Lfi =  lowermost old loess bed, loess dolls rarely occur; n2, n3 =  sandy 
clay, silty clay and sand of alluvial fan, DVj, Dv2, Dv3 =  reddish ochrered fossil soils, below the old 
loess (belonging to the „Dunaföldvár formation”)
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FIG. 2. Geological section of the Paks loess exposure (constructed by M. PÉCSI). Exposures and boreholes studied by other authors are also indicated.
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2. The old loess can fairly well be separated from the younger one lithologycally, 
on the basis of its greater compaction and the intercalated fossil soils. It is characterized 
by layers of larger loess concretions. The old loesses occur in the greater loess profiles 
only, mainly in the loess bluffs along the Danube. After the best studied typical profile 
it is called the „Paks Loess Complex” which also consists of two different members 
(FIGS. 1, 2).

— In the upper part of the Paks Loess Complex sandy layers predominate. This 
is rather incomplete, thus its chronological assignment to the Middle Pleistocene is only 
possible partly considering its stratigraphic position, after the TL-investigations and its 
fauna content (BORSY, Z. et al. 1979, BUTRYM, J. -  MARUSZCZAK, H. 1984, PÉCSI, 
M. 1982). The age of the sandy strata is 125-200 t.y.B.P. as shown by the TL-investiga
tions (FIG. 1).

— Three fossil soils (PDj, PD2, PDK) and three old loess horizons constitute 
the lower part of the Paks Loess Complex, without hiatus. In the Paks profile these 
soils represent the paleosols No. 8-10 from up downwards in the profile (FIG. 1).

Below the paleosol No. 9 (marked by PD2) the Brunhes-Matuyama paleomag- 
netic boundary could be identified (0.73 m.y.B.P.). The analyses, repeated four times 
in the Paks brickyard and in boreholes, revealed this significant chronostratigraphic phe
nomenon in the same lithostratigraphic position (MÁRTON, P. 1979, PÉCSI, M. — 
PEVZNER, M.A. 1974, PEVZNER, M.A. -  PÉCSI, M. 1980, PÉCSI, M. 1982). Simi
lar results were obtained at Dunaföldvár locating 20 km north of Paks where three pro
files were studied from the paleomagnetic point of view (FIG. 3; PÉCSI, M. — PEVZ
NER, M.A. 1974, PÉCSI M. et al. 1979).

In the Paks and Dunaföldvár profiles below the Brunhes-Matuyama boundary 
a paleosol and a thick loess horizon of the old loess are found. Below this horizon not 
the loess formation, but the pale pink stratified sandy silt is found with a horizon of 
normal polarity probably indicating the Jaramillo event (0.9 m.y.B.P.) (FIG. 4 ).Similar 
chronological evaluation was given on the loess profiles along the Danube in Yugoslavia 
by MARKOVIC-MARJANOVIC, J. (1979).

Thus, by our investigation the real true old loesses in the Charpathian Basin are 
somewhat younger than one million years.

DATA ON THE ABSOLUTE AGE OF THE EURASIAN LOESS FORMA
TION

In Czechoslovakia KUKLA, J. (1970) determined the Brunhes-Matuyama bound
ary between the paleosols No. 9 and 10 in the loess profile of Cerveny Kopec environs 
of Brno. KUKLA believed the underlying loess horizon to be the oldest loess formation 
cycle in Central Europe.

In Austria FINK, J. (1979) reported the old loess horizons of the Krems profile 
to be older than the Jaramillo event and those in the Stranzendorf profile older than the 
Matuyama-Gauss boundary. In the sequence of the latter the loess-like sediments pre
dominate in addition to the paleosols. The stratigraphic position of the Krems profile is 
uncertain also according to FINK, J. (1979).
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FIG. 3. Correlation of the different exposures and borehole profiles at Dunaföldvár (M. PÉCSI 
E. SZEBÉNYI -  M.A. PEVZNER).
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FIG. 4. Lithological and pedological profile No. 1 of the open exposure (1971) with paleomagnetic po
larity information, Dunaföldvár, Kálvária Hill (M. PÉCSI -  E .SZEBÉNYI -  M.A. PEVZNER).
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In Western Europe the Normandian loesses show normal polarity, only the lower
most paleosol of the Mesnil-Esnard profile (N°7) is of reverse magnetism (LAUTRIDOU, 
J.P. 1979).

In Eastern Europe the Ukrainian loesses are also dated as younger than one 
million years (VEKLICH, M.F. 1979).

In Central Asia, in Uzbekistan numerous paleomagnetic analyses were carried 
out in regions abounding in loess (SHERMATOV, M.Sh. — TOICHIEV, Kh. 1982). As to 
the paleomagnetic analyses of the young „Golodnaya Steppe Loess Complex” and of the 
old „Tashkent Loess Complex” neither these are older than 0.7 m.y.B.P. In our opinion 
the compact, pink, red-brown „stony loess” underlying the „Tashkent Loess” cannot be 
grouped with the loess formation in petrological sense. Neither the 65 m deep Orkutsa 
profile is older than the Jaramillo event, though its lower third consists of the reddish 
„stony loess” (SHERMATOV, M.Sh. -  TOICHIEV, Kh. 1982).

In Tajikistan significant information is given by DODONOV, A.E. — PENKOV, 
A.V. (1977) and LAZARENKO, A.A. et al. (1977) and not exclusively on the paleomag
netic investigations of the major profiles. In the famous Karamaidan profile it has been 
experienced that the sensu stricto loess formation, i.e. the basis of the Kyzylsu group of 
about 120 m thickness hardly exceeds the В/M boundary.

The older sequence, the Kuliab group (125 m) is the series of reddish brown and 
brown paleosols. The individual paleosols are thick, 0.5 to 3.5 m, being separated from 
one another by 0.3 to 1 m thick brown and pale pink silt. The lower part of the se
quence also exceeds the Gauss-Matuyama boundary, so it is older than 2.5 m.y.B.P. and 
it is presumed that it also includes the Gauss epoch (3.5 m.y.B.P.). Nevertheless, this 
latter formation is believed to be neither a loess-like formation nor a loess derivate. 
There is no evidence that these would be altered loesses or loesses at all. In the profiles 
of the Tajik depression of DODONOV, A.E. (1979) the Brunhes-Matuyama boundary 
falls between the paleosols No. 9 and 10. Everywhere under the paleosol No. 10 a sharp un
conformity is found. Our personal experience indicates that here another lithological for
mation follows and the sequence of strata is transformed into the sequence of reddish soils.

In the past years in Chinese loesses were also studied in detail, paleomagnetic 
results and petrological descriptions were published about numerous basic profiles 
(HELLER, F. -  LIU TUNGSHENG, 1982, ZHANG ZHONGHU 1982, LIU TUNG- 
SHENG -  DING MENGLIN 1982, WANG YONG-YAN et al. 1982). The Chinese 
loesses, locally exceeding the thickness of 200 m, are divided into three major groups: 
the uppermost is the young, Late Pleistocene Maian Loess, the second is the Middle 
Pleistocene Upper and Lower Lishi Loess, while the lowest is the Early Pleistocene 
Wucheng Loess. This latter is referred by the Chinese experts as the complex of loess-

FIG. 5.
Fj = black meadow soil; F2 = old loess with remnants of B/BC soil horizon; F3> F4 = brown forest 
soils; F5 purplish clay soil; Fft = greyish-brown clay with tufa detritus; F. = reddish clay; Hj = allu
vial sand with thin clay layers; Fg -  F15 = fossil soils, purple clay soils with aggregated tufa detritus; 
H2, H3 = crossbedded micaceous sand; Oj = lignite.
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like clay soils, silt loams, coarse silty clay soils which are locally underlain by (sandy) 
red clay. This sequence described as „loess-like” formation can be assigned to the Matu- 
yama epoch according to paleomagnetic results. In certain profiles of the overlying Lishi 
loess involves also the Jaramillo event (HELLER, F. — LIU TUNG-SHENG 1982), in 
other cases the В/M boundary is hardly exceeded (ZHANG ZHONGHU, 1982, WANG 
YONG-YAN -  YUE LE-PING, 1982). Consequently, the absolute age of the Chinese 
Lishi loess is also determined as 0.9 to 1.1 m.y.B.P.

THE MOTTLED CLAY AND RED SOIL BEARING SUBAERIAL FORMA
TION PRECEDING THE LOESS FORMATION

The Chinese Wucheng, and Central Asian „stony loess” , the Kuruksay and Ku- 
rubak sequences consisting of the series of pink and reddish, red-brownish clayey silty 
soils as well as the „Dunaföldvár formation” in the Carpathian Basin are assessed as non- 
loessic formations in order to distinguish them from the sensu stricto loess formation 
(PÉCSI, M. 1982). The formation of this subaerial group, older than the loess itself, was 
completed just before the Jaramillo event or somewhat later probably due to the lag in 
the spatial spread of consequences of the changes.

In Hungary, in the major profiles of the basin margins the subaerial sequence 
underlying the loess formation and differing from it both lithologically and stratigra- 
phically was comprehended under the term the „Dunaföldvár Formation” (FIG. 3, 
PÉCSI, M. -  PEVZNER, M.A. 1974, PÉCSI, M. et al. 1979, PÉCSI, M. 1982). Based 
on its lithostratigraphic position it is a Lower Pleistocene and (Upper) Pliocene forma
tion the basis of which consists locally of red clay overlying marine-lacustrine sandy 
sediments of about 4-5 m.y.B.P. In the marginal parts of the basin the mottled clay for
mation characterized by several reddish soils is 30-40 m thick (FIGS. 3 and 5, Gyön
gy ösvisonta), while in the internal part of the Hungarian Great Plain it reaches several 
hundred meter thickness and may exceed the Gilbert and 5. epoch as shown by the 
paleomagnetic investigations (COOKE, H.B.S. — HALL, J.M. — RÖNAI, A. 1979). Based 
on paleopedologic, stratigraphic and paleomagnetic data in the foothill zones of the 
Great Plain margins the subaerial formation in question underlying the old loess of in
complete profiles might be of 1 to 4 m.y.B.P. (FIG. 5, KRETZOI, M. — MARTON, P.— 
PÉCSI, M. -  SCHWEITZER, F. -  VÖRÖS, I 1982). In this profile, being a foothill 
alluvial fan formation, several unconformities are observed and the red-clay complex 
of some m thickness forming the basis of this sequence occurs outside the studied 
profile.

CONCLUSION

By the litho- and magnetostratigraphic analyses carried out to the date in the 
significant profiles of the Eurasian loess formation the subaerial formation which can 
be petrologically loess is essentially not older than one million years. In the subaerial 
sequences accumulated before the Jaramillo event paleosols predominate which are
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mostly reddish soils referring to warm climate of seasonal rainfall. Usually, the paleosols 
overlie one another, the thin intercalated deposits were strongly altered by soil forma
tion. Though for the more exact determination of the genetic types of paleosols further 
investigations are required, it can be stated that the paleoecological conditions were 
generally unfavourable to help the accumulated mineral substance transform into loess. 
For loess formation not only falling dust and silt-like deposits accumulated in other 
manners are needed, but it requires an appropriate climatic and ecological environ
ment, as well. It seems that these conditions occurred on a global scale in repeated cy
cles in the last about one million years, nearly in the same periods of the Late Cenozoic.
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PLEISTOCENE STAGES IN THE MIDDLE DNIEPER BASIN BY EVIDENCE 
OF SPORE-POLLEN ANALYSIS OF LOESSES

S.I. Turlo

ABSTRACT

In the Ukraine the systematic spore-pollen investigation of loess sediments began 
in the sixties. During the last decade a lot of data concerning the composition and char
acteristics of the flatlands of the Ukraine including the Middle Dnieper region were col
lected. Using the spore-pollen method seven main sequences in the Middle Dnieper re
gion were analyzed near the towns of Priluky and Chigirin and near the villages Vyazovok 
Rozhky, Zavadovka and Starye Kajdaki.

The data received provided the possibility to follow the development of the 
vegetation cover in this region throughout the Pleistocene. In the Ukraine seven warm 
stages were distinguished in the development of vegetation: the Martonosha, Lubny, Za
vadovka, Kajdaki, Priluki, Vitachev, Dofinovka stages, and eight cold stages were de
termined: the Tiligul, Sula, Dnieper, Tyasmin, Uday, Bug, Prichernomorye stages.

The complete series of'Lower Pleistocene sediments of the sequences in question 
consists of the Priazov, Martonosha, Sula, Lubny, Tiligul and Zavadovka horizons.

The spore-pollen spectra of the Priazov horizon refer to the prevalence of the 
grassy cover. Arboreous species occupied little areas with predominant boreal elements 
(pine, birch) and with rarely occurred moderate thermophilous species (oak, elm, hazel).

The more warm and humid climatic periods resulted in the alteration of the veg
etation. During the Martonosha stage forest and steppe-forest type vegetation prevailed. 
Coniferous forests dominated with pines of Diploxylon subspecies and subordinately 
with pines of Haploxylon subspecies and with patches of firs and silver firs. There were 
many broad-leaved species: oak, hornbeam, beech, elm, lime, ash-tree, maple etc., and 
Tertiary relict flora elements: Pterocarya, Carya, Juglans, Rhus. Lowlands were occupied 
by grasses, while uplands by wormwoods, composite family etc.

As a result of the changing climate the characteristics of vegetation considerably 
alternated in the Sula stage. Forests disappeared, grasses became predominant. Arboreal 
pollen refers to the existence of the arboreal species in the valleys.

The spore-pollen spectra of the Lubny horizon show the predominance of the 
forest-steppe type of vegetation. The spore-pollen spectra are of forest type only in the 
Stajki and Vyazovok profiles. Pine and broad-leaved-pine forests were wide-spread with
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the pines of Diploxylon subspecies and with the patches of the pines of Haploxylon sub
species and fir-tree. Broad-leaved species were represented by oak. hornbeam, beech, elm, 
maple, lime, ashtrees with patches of relict Tertiary flora: Carya, Morus, Rhus.

The Tiligul stage was represented by steppe vegetation with grasses and patches 
of trees and shrubbery (Pinus, Betula, Almus).

In the Middle Dnieper region the Zavadovka stage was represented by several 
zones: forest-steppe zone in the south, forest zone in the north (Vyazovok, Stajki). 
Forests consisted of pine and broad-leaved species. Broad-leaved forests occupied the 
most humid places. Hygrophyte trees (silver fir, fir, beech (Fagus silvatica L.) grew in 
valleys and balka’s. Various herbs were of mesophyte character. Later the quantity of 
the thermophilous and hygrophyte species was reduced. The climate of the Zavadovka 
stage was warmer and more humid as compared with the modern climate, but more 
xerophyte as compared with the climate of the Martonosha and Lubny stages.

Thus, ecological conditions of the Lower Pleistocene warm phases favoured the 
development of forests. The vegetation of the time preserved the main features of the 
Pliocene.

During the Middle Pleistocene some sudden changesTfollowed in the climate that 
influenced vegetation. The Dnieper glaciation was of particular influence on the de
velopment of the vegetation. Middle Pleistocene sediments consist of the Dnieper, Kaj- 
daki, Tyasmin and Priluki horizons.

In the spore-pollen spectra of the Dnieper horizon the grass pollen is absolutely 
predominating. Pine (Pinus silvestris) and the shrubby forms of birch (Betula humilis,
B. nana) occupy smaller areas.

Forests predominated in the Kajdaki stage. Pine was the main tree but fir and 
broad-leaved species also occurred (oak, maple, elm, lime etc.). Herbs were mesophyte. 
The forest zone was reduced to the south. In the Middle Dnieper territory there were 
two zones: forest and steppe-forest zones. Spore-pollen spectra of the Tyasmin horizon 
show the disappearence of the thermophilous species and the development of herbs in
dicating unfavourable climatic conditions.

The spore-pollen spectra of the Priluki horizon are the most complete. Forests 
of this period consisted of coniferous and broad-leaved species. The forest-tree places 
were covered by meadow steppe vegetation.

In the Middle Dnieper region the Upper Pleistocene sediments consist of the 
Uday, Vitachev, Bug, Dofinovka and Prichernomorsky horizons.

The Uday horizon was formed under cold and dry climatic conditions when 
steppe vegetation prevailed. Forests were uncommon and consisted of pine and birch.

In the Vitachev stage the forest-steppe landscape predominated. Forests con
sisted of pine, birch, fir and broad-leaved species. The climate was dry and rather warm.

In the Pleistocene the Bug stage was the coldest period. Forests almost disap
peared and steppe prevailed.

In the Dofinovka stage arboreous species (oak, pine, lime) developed in the 
north and herbs dominated in the south, the climate was dry and cold.

The Prychemomorye stage is the period of steppe development. Trees occupied 
balka’s, ravines and flood-plains only.
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Consequently, in the Pleistocene warm periods (fossil soil forming period) the 
vegetation cover of the Middle Dnieper basin consisted mostly of forests. Remains of the 
thermophilous arboreous species characteristic of the recent Central and East European 
forest formation (oak, elm, hornbeam, maple etc.) were present in every soil horizon. 
Forest-forming species of the Lower Pleistocene warm stages have some elements of the 
Balkan-Caucasian flora -  beech, nut-tree, wing-nut. All this confirms that the formation 
of soil horizons took place under warm temperate-continental conditions.

In cold periods herbs prevailed. In loess horizons the arboreous species were rep
resented by pine, birch, alder and were of subordinate extension. Elements of thermo
philous forest flora were absent. The isolated pollen of the broad-leaved species was 
found only in the Lower Pleistocene loesses.
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ABSTRACT

Results of palaeofloral studies of late Pleistocene loess-soil sequences at four 
central European localities are presented (Stillfried/Lower Austria, Dőlni Vestonice/ 
Southern Moravia, Paks and Mende/Hungary). The palaeoenvironments during loess or 
soil genesis are reconstructed on the base of the pollen data.

INTRODUCTION

The results presented here are part of palaeoecological studies on the genesis of 
loess-soil profiles in Europe (URBAN, B. 1983), centered around the ecological condi
tions under which fossil and recent steppe-soils are developed.

Palynology of mineral soils has long been problematical because pollen concen
tration is often rather low. Sinze FRENZEL, B. (1964) developed a method of pollen 
concentration with heavy liquids, loess-palynology has progressed. However, several 
models may be constructed concerning the question of how pollen may enter a mineral 
soil (HAVINGA, A.J. 1962, 1963, 1974, MUNAUT, A.V. 1967, BASTIN, B. 1971). One 
such model (URBAN, B. 1983) (TABLE 1) assumes that during loess genesis, accumula
tion of mineral particles and pollen takes place in a stratified way. If the loess has been 
deposited under relatively dry conditions, pollen destruction would have been low. 
During a following period of climatic improvement in a region of continental climatic 
conditions, soil development would start with the creation of an A -  horizon, e.g. a 
chernozem. In that case, as a consequence of a denser vegetation cover, more organic 
and less mineral material would accumulate. Bioturbation (soil mixing processes by soil 
organisms) would start (Zone 1, TABLE 1) and proceed downward in the profile. By 
adding more and more only partly demineralized organic matter and mixing it with the 
mineral components, the A — horizon develops during a certain time period. The lower
most part of the A — horizon, therefore, must reveal a zone (Zone 3, TABLE 1) with 
pollen in a relatively stratified position, as bioturbation takes place mainly in the upper 
parts of the A — horizon. The uppermost part of the A — horizon (Ap -  horizon of 
recent soils) reveals a mixture of pollen of plants existing during the latest periods of soil



TABLE 1. Scheme of pollen deposition in loess and mineral soils with AC profile (e.g. chernozem)

LOESS GENESIS SOIL GENESIS

I-------------------------------------------------- 1
STRATIFIED DEPOSITION AND 
ACCUMULA Г ION OF POLLEN 
AND LOESS PARTICLES

1 POLLEN AND HUMUS ACCUMULATION AND BIOTURBATION
2 OXIDATION PROCESSES -» POLLEN DESTRUCTION POSSIBLE
3 SLOW INCREASE OF PROFILED ZONE OF POLLEN IN RELATIVE STRATIFIED POSITION 

(HUMUS ACCUMULATION)
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genesis. In any case, the older sporomorphs will concentrate in the lowermost part of 
the profile and the younger ones in its upper part.

1. RESULTS OF PALYNOLOGICAL INVESTIGATIONS

1/1 Stillfried/Lower Austria

Stillfried is situated northeast of Vienna (FIG. 1) at the river March (Morava). 
The pre-Pleistocene deposits in the area consist of fluviolimnic sediments of the upper 
Pannonian. They are covered by a thick loess blanket, which contains a number of fossil 
soils. These sequences have been studied repeatedly by a number of authors, particularly 
FINK, J. (1956, 1962, 1969).

The upper Pannonian sands are overlain dicordantly by Rissian loess. It carries 
on top the Stillfried A soil-complex, correlated with the last interglacial and the early 
Wiirmian Amersfoort and Brorup interstadiale (FRENZEL, B. 1964). A light brownish- 
greyish horizon, termed the Stillfried В soil (FIG. 2) subdivides the Wiirmian loess over- 
lying the Stillfried A soil complex. The Stillfried В soil is marked by a charcoal horizon 
(FIG. 2) and snails of the Columella fauna (BINDER, H. 1978). The Stillfried series ends 
with the Holocene soil, which is a typical chernozem (FIG. 2). FRENZEL, B. (1964) has 
published the pollen spectrum of one sample of the Stillfried В soil already.

The new data show, that the fossil В horizon is characterized by high amounts of 
Pinus silvestris (FIGS. 3 and 4) and many spores of Botrychium lunaria. The assemblage 
does not change in the charcoal horizon, but it changes in the overlying loess layer (FIG. 
4). Pine is still the predominant tree, but higher amounts of Picea are present. As a new 
floral element, Selaginella selaginoides occurs, while thermophilous plants äre nearly 
lacking.

The upper part of the youngest Wiirmian loess in profile STI p (FIG. 2), is cha
racterized by high amounts of Gramineae (FIG. 4). The Gramineae-rich steppe changes 
into an Artemisia-Chenopodiaceae-rich Gramineae steppe at the beginning of the soil
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STI LLFRIED В - T Y P E  WALL STILLFRIED - WALL
165m AS.I.
S T I / S T I  В STIp

FIG. 2. Lithology of the investigated profiles at Stillfried

BOTRYCHIUM LUNARIA

DWARF SHRUBS and/ Ж ;  , 
TUNDRA -  ELEMENTS /  I f É i É P *

PINUS CEMBRA

INDIFFERENT 
WOODEN TAXA

ARTEMISIA

THERMQPH/L0us*< ^ : ? M m  
WOODEN TAXA

GRAMINEAE and  
CEREALIA-TYPE

SUM OF FURTHER 
STEPPE ELEMENTS

CHENOPODIACEAE

INDIFFERENT HERBS

FIG. 3. Illustration o f plant-sector diagrams
S t e p p e - e l e m e n t s :  Compositae liguliflorae, Compositae tubuliflorae, Helianthemum, Ephedra 
fragilis-, distachia-Type, Polygonaceae a.s.o.
T h e r m o p h i l o u s  w o o d e n  t a x a :  Quercus, Ulmus, Fraxinus, Acer, Corylus, Carpinus Fagus, 
Juglans, Abies
I n d i f f e r e n t  w o o d e n  t a x a :  Pinus, Picea, Betula, Salix, Ainus
D w a r f  s h r u b s  a n d  t u n d r a  -  e l e m e n t s :  Juniperus, Selaginella selaginoides
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development of the recent chernozem (FIG. 4). The plough layer (Ap — horizon) is cha
racterized by an increasing amount of Pinus, less Artemisia and Gramineae and a little 
more other steppe elements.

STi 70 -вО cm Ah/С STi p 100 -110cm Ahz

STi В 120-130cm STILLFRIED-В
soil formation

FIG. 4. Sector-diagrams of the Stillfried section

The sequence of Stillfried studied at the type site reveals the following trend of 
vegetational development (FIG. 5): the Stillfried В soil seems to have a completely
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different pollen spectrum, that is known from other so-called steppe soils. It contains 
moist-loving plants, such as Botrychium lunaria, in great number. The overlying loess 
contains pollen which resembles a kind of vegetation comparable to a taiga/tundra, with 
pine and a little spruce and high amounts of Selaginella selaginoides. The youngest Wiir- 
mian loess, on the other hand, is characteristic of a relatively dry Gramineae-herb step-
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FIG. 5. Summary o f palaeoecological data and interpretation of the Stillfried section

pe. There is no evidence for a forestation of the locality studied during early or middle 
Holocene time. HAVINGA, A.J. (1972), however, investigated a small peat bog (Moos- 
brunn) surrounded by chernozems in the vicinity of Stillfried and concluded that from 
Boreal to Subboreal times an open forest preceeded the ’antropogenous’ steppe vegeta
tion. Obviously, organic layers mainly reveal the more local flora surrounding the bog, 
whereas the chernozem soil reveals such floral elements, most of it having grown in that 
loess-soil environment (URBAN, B. -  ZAKOSEK, H. 1981).
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1/2 Dőlni Vestonice

Dőlni Vestonice is situated in southern Moravia in Czechoslovakia (FIG. 6). The 
locality is well known for its upper Palaeolithic industry (BRANDTNER, F. 1956, KLI
MA, В. et al. 1962) which occurs in the upper part of the loess soil series.

FIG. 6. Map, showing Czechoslovakian locations

In that area, the Paleogene rocks are covered by thick loess sequences. At the 
base of the Dőlni Vestonice section, loess of Rissian age occurs, which is overlain by a 
soil lessivé and three chernozems of early Wiirmian age (KLIMA, В. et al. 1962, BRON— 
GER, A. 1967, KLIMA, В. 1979) (FIG. 7).

The Rissian loess, the fossil Bt — horizon, and part of the loess interlayer on top 
of the soil lessivé have low pollen content. The uppermost part of the loess interlayer 
contains a type of vegetation rich of Gramineae. The first fossil A — horizon (profiles 
DVj and DV2; FIG. 7) is rich in Artemisia, Gramineae and other steppe plants. On the 
other hand, Pinus silvestris and Pinus cembra together make up about 50% of the pol- 
lensum. The loess layer on top of the first fossil A — horizon is characterized by high 
amounts of taxa characteristic of an open treeless type of vegetation with steppe plants 
prevailing (FIG. 8). The next younger fossil A — horizon (2. f Ah; FIG. 7 and 8) con
tains pollen similar to the assemblage of the underlying loess. The loess layer covering 
this second A — horizon, however, is characterized by a conifer preponderance (FIG. 8). 
Pinus silvestris and Pinus cembra are the important trees, pointing to a taiga type of 
vegetation. During the genesis of the third fossil A — horizon (3. f  Ah; FIG. 8), Pinus 
silvestris reaches a maximum, whereas during accumulation of the loess on top of this 
soil the forest retreated again.

Summarized, in the early Wiirmian sequence of Dőlni Vestonice (FIG. 9), the 1. 
f A — horizon of the PK III (PK Illb) soil complex developed under a forest steppe.
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During the transition periods of loess accumulation into soil genesis e.g., an increase of 
Pinus cembra has been observed several times. The 2. f A — horizon is characterized by 
a vegetation dominated by steppe plants. The third f A -  horizon is intercalated bet
ween two loess layers, the floral composition of which do not differ strongly from one 
another. Pine is the predominant tree, pointing to an open forest steppe. On the basis of

DOLNÍ VESTONICE ( DV 2 )

3 0 0

PEDOCOMPLEX

PK II

DOLNÍ VESTONICE (DV 1)

FIG. 7. Lithology of the investigated profiles at Dőlni Vestonice

palynological evidence, the first cooling after the last interglacial seems to have been 
stronger than the cold spells between the early Würmian interstadiale in the investigated
area.
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DVj A0-50cm 3.1Ah

DVi 120-130cm Loess C

DVt  160-170cm 2 f  Ah

DVi 230-2AO cm Loess C

DVi 270-280 cm I f  Ah DVi 1 0 - 2 0 c m  I f  A h  FIG. 8. Sector-diagrams of the Dőlni
Vestonice section
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1) KUMA, e t  Bl. (1962)
2) LOZEK in KLIMA et al. (1962)

FIG. 9. Summary o f palaeoecological data and interpretation of the Dőlni Vestonice section
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1/3 Mende and Paks/Hungary 

1/3/a Mende

As shown repeatedly by PÉCSI, M. (1978, 1982) and coworkers, the profile of 
Mende, situated southeast of Budapest in the Gödöllő-Monor hills (FIG. 10), is the most 
significant profile in Hungary for subdivision of Wiirmian loess.

The profile of Mende contains six fossil soils (FIG. 11). The lowermost soil, Mende Base 
(MB), is a brown forest soil overlain by a chernozem, poor in pollen. The pollen spec- 
rum of only one sample has been analysed (FIG. 12). As shown in FIG. 12., the sample is 
dominated by tree pollen, especially pine (about 90%). The MB soil is believed to corres- 
pont to the last interglacial.

The overlying loess layer 15 (FIG. 12) is characterized by high amounts of Arte
misia (up to 64%), whereas tree pollen plays a minor role. Vegetation changed rapidly 
during climatic deterioration after the last interglacial and the pollen flora of the oldest 
Wiirmian loess layer (15) points to a dry cold steppe climate. Among the rare tree spe
cies, Pinus cembra and Larix might have existed (ZÓLYOMI B. 1953). Pollen spectra of 
soil BA (Basaharc Lower), a dark forest-steppe soil (PÉCSI, M. 1982), are still domi
nated by Artemisia. Pollen of Gramineae, different herbs and few tree pollen occur. The 
loess layer on top of soil BA, I4 , contains few pollen. On top, two chernozem-like dark 
soils belonging to the Basaharc Double fossil soil complex occur (BDj and BDj, FIG. 11). 
BD2 is dominated by pine and Betula pollen, whereas higher amouts of Tilia may indi
cate pollen destruction process. Gramineae play a minor role. Vegetation seems to 
indicate an open forest perhaps a type of a forest-steppe. A small loess interlayer (FIG. 
11) is intercalated between the soils BDj and BD2. It differs strongly in its pollen flora 
from that of the preceeding and following soil. It is characterized by high amounts of 
Artemisia and herbs, pointing to an open dry and cold type of steppe vegetation. During
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the genesis of soil BDj Gramineae played an important role, as well as different heliop
hilous herbs (Rumex, Caryophyllaceae, Rosaceae, Cruciferae a.s.o.). Pine pollen is very 
abundant. The loess layer on top of soil BDj is very rich in Gentianaceae pollen (15%), 
as well as in pollen of other herbs. Gramineae and Cerealia-type-Gramineae are impor
tant too. Vegetation has been rather open, with probable patches of wooden plants.

The youngest fossil soil complex (Mende Upper), consists of two chernozem-like 
soils, MFj and MF2. The MF2 soil, which is taken as an equivalent of the Stillfried В 
soil, is characterized by a dominance of tree pollen. Among these, pine, birch, alder and 
temperate elements play a role. Relatively high amounts of Gramineae and different 
herbs occur. The same holds true for the youngest soil MFj , which is also characterized
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by tree pollen dominance in its lowermost part. The floral assemblage changes from 
bottom to top into a vegetation dominated by Artemisia (FIG. 12). The youngest Wür- 
mian loess unfortunately is sterile at that locality.

MENDE

MI Ip MF, 40- 45cm f Ah

MI MF2 170-175cm fAh

MHW 13 10-15cm Loess C

MENDE

MHW Loess Ibetween BD,/BDi) 
50-55cm C

MHW BD2 235-240cm fAh

MENDE

MHW I BA 50-55cm fAh

MHW II ls 360-365cm Loess

MHW IV MB 165-190 cm fBv

FIG. 12. Sector-diagrams of the Mende section

The described floristic results and their paleoclimatic interpretation are sum
marized in FIG. 13.



242 URBAN

MENDE
M I  . M H W I - I V

l §О UjX о
Uj Ui * О

\
о$
«  0.s *

L a b .  N o .  
110122 
2 9 6 0 0 t

6 0 0  V

Uj

H v  6116  
> 3 2 1 0 0 t  

7 2 0 V

TL 1 0 S 0 0 L  
t  1 7 0 0 0

TL 1 0 5 0 0 0  
t  1 7 0 0 0

О*
о«
о

£

Ct

к

R - W

IN T .

bd2

M B j

M B 2

P O O R L Y  D E V E
L O P E D

C H E R N O Z E M

P I N U S .  
G R A M I N E A E ' 
A R T E M I S I A  > 
F E W  T H E R M Q P H .  
rT R E E - S P E C I E S

L O E S S

C H E R N O Z E M /  

B R O W N  
F O R E S T  S O IL

A R T E M I S I A .
CHEN0P00IAC

L O E S S

C H E R N O Z E M

C H E R N O Z E M /  
B R O W N  

FOREST SOIL

C H E R N O Z E M  

-  M E A D O W  
S O IL

C H E R N O Z E M

S O I L
L E S S I Y E

G R A M I N E A E  >
CL A U S  ILI A  DUB  
EUCOLUNUSFULV 
COLUMELLA ED

C0CHUC0PA
LUBRICA 

PUNCTUM PYGM. 
CHONDRULA

TRIDENS 
PU PILLA  
VAL LON!A

P O O R  I N  P O L L E N

R I C H  H E L 1 0  -  
P Y T O U S  F L O R A .  
G R A M I N E A E

B E T U L A .  P I N U S
G R A M I N E A E
A R T E M I S I A

A R T E M I S I A .  
C A R Y O P H Y L L A -  

C E A E
P I N U S .  B E T U L A
A R T E M I S I A
G R A M I N E A E

A R T E M I S I A  >  
C E R E A L ! A  -  T Y P

A R T E M I S I A

P I N U S  > .P I C E A .  
C H E N 0 P 0 D I A C .

TRICHIA H ISP  
VALLONIA. PUPIL
L A . SU C C IN E A . 
CH ONDRULA TR.

TRICHIA HISP  
VALLONIA  
PUPILLA 
^•Q NORU LA
CHONDRULA T 
ABIDA FRUM 
VALLONIA 
PU PILLA

TRICHIA H ISP
VALLONIA
PUPILLA

CHONDRULA
TRIDENS 

A B ID A  FRUM  
SU CCINEA

OB LONG A

ÍÍÜ5&a .
VALLONIA , 

P U P IL LA

S U C C IN E A  
OBLONGA

* *

C O O L .
D R Y

W A R M -  
T E M P E R A T E .  
L E S S  D R Y

R A N G I F E R  T A R A N D U S  

E l e p h a s  p r i m i g e n i u s

T E M P E R A  ТЕ. 
L E S S  D R Y

W A R M  -  
T E M P E R A  ТЕ . 
L E S S  D R Y

W A R M -  
T E M P E R A  Т Е  
L E S S  D R Y

W A R M - 
T E M P E R A  ТЕ. 
L E S S  D R Y

Elephas primigenius

1) M Á R T O N . P. 1 9 7 9  

D P E V Z N E R .  M .A .1 9 7 9

2 )  B 0 R S  Y, Z .  e t a / .  1979
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FIG. 13. Summary of palaeoecological data and interpretation of the Mende section
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1/3/b Paks

Paks is situated in the middle part of the Pannonian Basin on the right bank of 
the river Danube (FIG. 10). A 60 m thick sequence of loess and soils is exposed in the 
Paks brickyard (PÉCSI, M. 1979) (FIG. 14). To attempt a comparison with the Würmian
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FIG. 14. Lithology of the Paks section
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soils and loesses of the Mende profile, the equivalent parts of the Paks profile have been 
analysed, as well as the underlying older loess-soil complexes. As already shown by 
PASHKEVICH, G.A. (1979) for 10 samples from that exposure, pollen concentration is 
rather low and parts of the profile have been sterile.

The youngest (Würmian) part of the sequence has been analysed as pollen con
centration has been sufficient in some of the investigated samples (FIG. 15).

L, Old sandy loess 2760-2765cm

FIG. 15. Section-diagrams of the Paks section
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The oldest Wiirmian loess ( 15) is characterized by high amounts of Artemisia and 
different herbs, whereas tree pollen plays a minor role. This pollen assemblage is very 
similar to Mende loess ls , pointing as well to an open landscape with steppe vegetation 
during early Wiirmian time. Among the investigated soil samples, only two samples have 
been chosen as an example for the vegetational assemblages. Soil BDj is dominated by 
Artemisia in the exposure of Paks (FIG. 15), pointing to a steppe type of vegetation 
prevailing during soil genesis. The youngest soil M Fj, on the other hand, has a similar 
pollen spectrum to its equivalent of the Mende series: beside high amounts of steppe 
plants, it is characterized by a great amount of treepollen.

The youngest Wiirmian loess at Paks is rich in pollen and allowed a further sub
division of that relatively homogeneous deposit (FIG. 15 and 16). The lowermost part 
of the loess layer lj is characterized by high amounts of Pinus silvestris, Betula and of 
Pinus cembra. Vegetation may be described as a forest steppe. The middle part of the 
loess l j ,  on the other hand, shows high amounts of heliophiluous herbs and only small 
amounts of tree pollen. That middle part of the loess deposit may correspond to tjie 
maximum of the last glaciation (FIG. 15 and 16). Vegetation of that part of the Panno
nian Basin can be described as a dry cold steppe during that time interval. A climatic 
amelioration can be deduced by the uppermost pollen spectra of the youngest loess. 
The amounts of herbs decreased and pine and other tree species started to expand. This 
points to late glacial climatic improvement. The type of vegetation shifted into a forest- 
steppe again at the end of the Wiirmian. Similar conditions have been described for the 
northern part of the Great Hungarian Plain by JÁRAI-KOMLÖDI, M. (1968) for the 
Allerpd interstade.

A summary of all paleofloral data (also of those not discussed in this paper) and 
their interpretation is given in FIG. 16.
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FIG. 16. Summary of palaeoecological data and interpretation of the Paks section
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CONCLUSION

In spite of methodical problems with soil palynology, establishment of former 
environmental conditions under which loess has accumulated or soils developed has 
been possible. Pollen data so far show that certain plant communities are very frequent 
in connection with loess or soil genesis. In some cases, description of the soil subtype 
by the palaeofloral data or further subdivision of a sedimentologically homogenous 
profile has been possible.
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INTERREGIONAL PALEOPEDOLOGICAL PLEISTOCENE 
CORRELATION OF THE USSR 

LOESS REGIONS
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ABSTRACT

The investigations made by authors in the Don, Upper Oka, Middle Volga basins, 
in the Ural Foreland, in the southern part of the West Siberian plain, in some regions of 
Soviet Central Asia and Georgia allow to establish an interregional Pleistocene correla
tion of loess-soil and some other formations of these regions on the one hand, and of 
the territory of the Ukraine, where Pleistocene as well as Pliocene are well classified, on 
the other. The paleopedological is the primary method of investigation.

There are 15 Pleistocene paleogeographical stages and stratigraphical horizons 
corresponding to them in all the mentioned regions and in the Ukraine.

The Pleistocene soils, soil series and loess-soil strata of the same age of each of 
these regions and the corresponding Ukrainian regions have a number of common cha
racteristics. Common features of soil series of the same age are clearly seen along paleo
geographical zones.

Subaerial strata predominating in the loess regions consist mostly of soil forma
tions: loesses, loess-like sediments and fossil soils.

As the band thickness, in the northern part of the loess zone loess sediments 
prevail in the valleys, while in the southern part fossil soils predominate.

The basic marking layers of the loess strata are represented by fossil soils and 
their series (pedocomplexes), that were formed during warm paleogeographical stages 
corresponding to the interglacials or interstadials.

Each soil series has its own structure so it is not very difficult to define the age 
of its stratigraphic horizon.

Fossil soils and soil series represent the formations considerably depending on 
the zonal, regional and local physical-geographical conditions of their temporal and 
spatial development.

So while using fossil soils and their series for the determination of paleogeograp
hical stages and the age of stratigraphic horizons, for local correlation it is necessary to 
coordinate the fossil soil sequences with the relief characteristics, to  investigate a great 
number of sequences in the region and to describe different fossil soil facies.
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The paleogeographical and stratigraphic correlation of fossil soil formations across 
paleogeographical zones is possible only by means of the investigation of a great number 
of their sequences.

Such investigation took place on the territory of the Ukraine in the last quarter 
of the 20th century (VEKLICH, M.F. 1958, 1965, 1966, 1968, 1972, 1974,1977, 1980, 
etc., VEKLICH, M.F. -  SIRENKO, N.A: et al. 1967, 1969, 1972, 1973, 1977, 1979 
etc., SIRENKO, N.A: 1972, 1973, 1974, 1975, 1977 etc. DUBNYAK, 1972,1974 etc., 
MAYKAYA -  MATVISHINA, 1971,1972, 1973, 1974, 1976, 1977, 1978, 1980 etc., 
MELNICHUK, 1974, 1977 etc., PARISHKURA -  TURLO, 1972, 1979 etc., PERE- 
DERIY, 1974, 1977, 1982, etc.).

As a whole 80 key-sites and almost 2 000 Pleistocene loess sequences were 
analyzed.

Taking into consideration the fact that the flat surface of the Ukraine extends 
from north to south over more than one thousand kilometres and is situated in three 
modern physiographic zones (southern part of the mixed forest zone, foreststeppe and 
steppe zone, subarid subtropics of South Crimea), the investigation laid down the foun
dation for paleogeographical and paleopedological correlation in east to west latitudinal, 
sublatitudinal directions not only in this physiographic zone but also in those adjoining 
it from the north and south.

It was ascertained that during the warm stages, the conditions in paleogeographi
cal zones were similar to those in our days (NABOKIH, A.I., KROKOS, V.I., ZAMORIY,
P.K. VEKLICH, M.F., SIRENKO, N.A., VELICHKO, A.A., MOROZOVA, T.D. et al.).

The paleogeographical-paleopedological correlation is easier along geographical 
zones than across them. In modern physiographic zones landscapes and soils are of the 
same character for thousands o f kilometres. This is helpful when correlating the distant 
regions, e.g. the forest-steppe zones of the Ukraine and Western Siberia.

The investigations began in 1969 in the basins of the Don, Middle Volga and 
Upper Oka rivers, in the Ural Foreland, in the south of the West-Siberian plain, in some 
regions of Soviet Central Asia and in Georgia, permitted to make interregional correla
tion of the Pleistocene loess-soil and of some other formations between these regions 
and the territory of the Ukraine. The paleopedological was the principal method of in
vestigation. Geomorphological, paleontological, paleomagnetic and other investigation 
methods were also used.

All the above mentioned regions and the Ukraine (TABLE 1) have 15 paleogeog
raphical stages and corresponding stratigraphic horizons (from the Priazov horizon to 
the Prichernomorskiy one). In each region the principal marking layers are represented by 
fossil soil series. Each horizon has its individual peculiarity.

In each of the above regions and in the corresponding regions of the Ukraine the 
Pleistocene soils, soil series and loess-soil strata of the same age have a number of analo
gous characteristics in the soil typology, in the structure, chemical and granulometric 
composition of soil and loess horizons, etc. All these allow to make paleopedological 
correlation between different regions.

The stratotype sequences o f the Lihvin and Oka horizons near the village of Che- 
kalino (the Upper Oka basin) are the index sequences of the region. The sequence has all 
stratigraphic horizons (from the Priazov to the Prichernomorye one: pc, bg, ud, ts, dn, 
tl, si) and soil formations (df, vt, pi, kd, zv, lb).
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TABLE 1. Upper Pliocene and Pleistocene stages and stratigraphy

Period/system
General

scale
Paleogeographical stages, 
stratigraphical horizons

Age
(thousar

Duration 
id years)

Name Index

Holocene Holocene hi 10 10
Prichemomorye pc 22 12

Late Dofinovka df 30 8
CD (Upper) Bug bg 50 20
<D Vitachev vt 60 10
ОCX Uday ud 70 10
О
£ (D Priluki pi 100 30
Ч-»С Соо Tyasmin ts 115 15
<
Ui

о Middle Kaidaki kd 175 60
О
>* Dnieper dn 250 75
cdG Zavadovka zv 370 120
и
<D■Р Tiligul ti 470 100
3Г5 Early Lubny lb 650 180

(Lower) Sula si 700 50
Martonosha mr 920 220
Priazov pr 1000 80
Shirokino sh 1290 290

Late Ilyichevsk il 1400 110
С0> СCD (Upper) Kryshanovka kr 1610 210
Ö0
О

О
О Berezan br 1900 290

Z Си Beregovoye bv 2450 530
Middle Siver sv 210
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TABLE 2. Interregional correlation of Pleistocene soils (northern steppe-forest zone)

Horizons Kiev Pridnieprovye Middle Oka river

Predominant soil types

hi grey, light-grey forest 
soils, turf-podsolized soils

turf-podsolized, light-grey, 
grey forest soils

pc

vt
poorly developed brown 
forest soils and brown 
rendzines

gleyed soils

ud

pi
chernozem-like ( p ^ ) ,  
brownish-grey forest soils 
(Plb l)

turf meadow chernozem
like (plb2)> pseudo-gleyed 
(plbl) soils

ts

kd

turf meadow, meadow- 
chernozem (kdb2)> turf- 
podsolized, light-grey and 
grey gleyed (kdbl)

turf, turf-gleyed, turf- 
podsolized, gleyed soils

dn

dark coloured meadow 
(zvib2), brown forest les- 
sivage (zvlbl)

meadow, meadow-marshy 
(zvjb2). brown forest 
gleyed with lessivage
(zvibi>

ti

lb
chernozem-like, meadow 
(lbb2), grey forest gleyed 
Obbl)

light-grey forest gleyed, 
pseudo-gleyed (lbb2, 1ЬЫ)

si

mr

dark coloured meadow, 
meadow-forest (mrb2), 
brown forest gleyed 
(mrbi)

meadow, meadow-forest, 
marshy

pr



TABLE 3. Interregional Correlation of Pleistocene soils (Middle Forest-steppe zone)

Horizons Middle Pridnieprovye Upper Don Western Siberia

hi leached podsolized chernozems, grey 
forest soils

typical chernozems, leached leached podsolized chernozems, grey 
forest soils

pc
vt burozem-like brown soils burozem-like brown soils brown, gleyed, chernozem-like soils 

(thin)
ud
pi meadow steppe chernozems (plb2)- 

Brown forest, brown forest steppe-like 
soils (plbl)

leached chernozems (plb2). Dark-grey 
and grey forest soils

thick leached chernozems (plba)» 
forest-steppe brown with poorly dif
ferentiated profile

ts
kd chernozem-like and meadow-cherno

zem (kdb2), grey forest soils (kdy)
podsolized leached chernozems, mead
ow chernozem (kdb2), grey and light- 
grey forest pseudo-gleyed soils

chemozem-like and meadow-cherno
zem (kdb2), brown forest-steppe soils 
with loamy soils (kdy)

dn
zv brown forest reddish and brownish 

(zvlb2)> brown forest soils (zvjbi)
brown forest carbonate soils chernozem-like soils (zvib2). Brown 

forest podsolized grey-brown soils 
(zvfcl)

ti
lb chernozem-like soils (lbb2 3), brown 

forest with lessivage and podsolized 
dbbl)

chernozem-like (lbb2 3) brown forest 
gleyed soils (lbbj)

chernozem-like (lbb2,3) grey forest 
gleyed soils (lbbj)

sl
mr meadow-brown and leached with les

sivage
meadow-brown and meadow-dark- 
brown leached soils

dark coloured forest-meadow soils

pr



TABLE 4. Interregional correlation of Pleistocene soils (Northern steppe zone)

Horizons Pridnestrovye Middle Volga and Ural Foreland Ob’ Plateau

hi typical humic chernozems ordinary chernozems ordinary chernozems

pc

vt dark-brown (burozem-li ce brown steppe-like) soils thin chestnut soils

ud

pi chernozems, burozem-like chernozems burozem-like brown chernozems
forest-steppe soils with poor!

leached chernozem (plb2) 
у differentiated profile (ply)

ts

kd podsolized leached chernozems, mead
ow chernozems (kdb2), brown forest 
podsolized pseudopodsolized (kdy)

meadow chernozems (kdb2)

forest steppe soils with poorl

chernozems and meadow-chernozem 
soils (kdb2)

у differentiated profile (kdb])

dn

zv brown and meadow-brown leached soils chernozem-li
brownish-cinnamon soils (zvjy)

ce soils (zvb2) 
grey-brown soils (zvlbl)

tl

lb chernozem-like (lbb2 3), cinnamon- 
brown (lbbl) soils

chernozem-like grey-coloured com
plex (lbb2), meadow forest soils (lbbl)

thick chernozems (b2 3), grey and 
grey-brown forest soil (tíj)

sl

mr cinnamon and meadow-cinnamon com
plex

meadow-cinnamon leached and with 
carbonate

dark-coloured forest-meadow forest- 
meadow soils

pr



TABLE 5. Interregional correlations of Pleistocene soils (Southern steppe zone)

Horizons The Crimea The Tadzhik depression Pritashkentskiy Region

Predominant soils types

hi southern chernozems, cinnamon rock 
brown forest soils

cinnamon rock brown chernozems forest soils

pc

vt reddish-brown soil in soil complex 
with solonetz soils

cinnamon carbonate, greyish-cinna
mon soils

greyish-cinnamon gypsum soils

ts

kd ordinary partly southern chernozems cinnamon leached soils. Brown and 
reddish-brown forest soils (kdy)

cinnamon soils with carbonates

dn

cinnamon steppe-like and greyish cin
namon soils

reddish-cinnamon, leached soils cinnamon soils with carbonates, gyp
sum soils

ti

lb dark-coloured soils of subtropical 
steppes and their solonetz variants 
(lbb2 3)» brown-cinnamon soils (lbb l)

reddish-cinnamon, brown-cinnamon 
soils

cinnamon leached soils

si

mr reddish-cinnamon steppe soils in soil 
complex with solonetz soil

meadow-reddish-cinnamon soils, mead
ow soils

meadow-cinnamon solonets soils .

pr
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The sequence of these horizons is similar to the sequence situated near the 
northern boundary of the loess formation development in the Ukraine (soil horizons, 
TABLE 2). The stratotype sequence of the Lihvin sediments corresponds to the Mar- 
tonosha sequence, while the Oka sequences corresponds to the Priazov one.

Sometimes the complete Pleistocene sequences of the Upper Don river are cha
racterized tv  mr, lb, zv, kd, pi, vt, df soil series that are similar to the pedocomplexes of 
the middle part of the modern Ukrainian forest-steppe zone (TABLE 3). The moraine of 
the right bank of the Upper Don river (Uryv — Strelitha region) is intercalated between 
mr and sh soil series, i.e. in the Priazov horizon.

In the Pleistocene the subaerial cover of the Middle Povolzhye and Bashkirskoye 
Preduralye fossil soils prevailed. Soils of the upper substages of the climatic optimum, 
e.g. zvjj2 > kdb2 plb2 soils and chernozem-like soils (TABLE 4), forest soils of the lower 
stages of the climatic optimum were considerably destroyed by the subsequent proces
ses. Loess horizons are thin there.

All the loess horizons (even si, ts, ud horizons, except the Prichernomorye hori
zon) are thicker than the Ukrainian horizons. Subaerial sands are intercalated in the 
loess horizons. The Kajdaki, Priluki, Vitachev, Dofinovka soil suites are similar to the 
soil suites of the Ukrainian northern steppe of the same age, the Martonosha, Lubny and 
Zavadovka soil suites are analogous to the suites of the Ukrainian forest-steppe zone.

Loess intercalations are often seen in soil series, expecially in the mr, lb and vz 
soil series.

In all the Pleistocene pedocomplexes (from mr to df) of the Central Asia moun
tain foothills fossil soils are intercalated in the loess, that is why some specialists distin
guish more than seven Pleistocene pedocomplexes.

Soils of the climatic optimum (mr, lb, zv stages etc.) are similar to those of 
south east Ukraine, lowlands of the Crimea and Kerch peninsula (TABLE 5), but have 
mere southern characteristics. Steppe soils are more deserted. In the highlands of Tad- 
zikistan the soils of the Kajdaki, Priluki and Vitachev climatic optimum are brown, but 
they were developed in more moderate conditions than the Lower Pleistocene soils of 
this region. In the foothill regions near Tashkent and Samarkand the vt-soils are reddish- 
brown, while the df-soils are greyish. Specialists began to investigate the Pleistocene 
loesssoil formation in the Ukraine more than 60 years ago, while in other loess regions 
this work is in its initial stage. So our attempts of paleopedological correlation has to be 
treated as a preliminary investigation. The paleopedological should be one of the princi
pal methods in order to solve the problems of interregional stratigraphy.

Different soils are devided into groups on the basis of their genetic characteris
tics. These groups are characteristic of the individual Pleistocene paleogeographical sta
ges and this is very useful for stratigraphy and correlation. Soil groups of different age, 
stituated in one or the other region, have their zonal characteristics and soil structure.
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ABSTRACT

A detailed study of the Quaternary loessial deposits has been carried out on three 
selected profiles near the counties of Pingliang, Xifeng and Wuqi, on the Loess Plateau 
of China. The thickness of the three profiles are 173 m, 170 m and 195 m respectively.

A detailed stratigraphic division of loess deposits in this region was made on the 
basis of the comprehensive study of these loess profiles. Each profile may be subdivided 
into several loess series, according to their lithological characters.

The paleomagnetic data of these three profiles proved that the accumulation of 
loess deposits had started before the Réunion event of the Matuyama epoch (about 
2.4 m.y. B.P.). The results of the study of the N/Q boundary in these profiles may be 
used in regional stratigraphic correlation for the whole Loess Plateau.

INTRODUCTION

The stratigraphic subdivison of the Quaternary loess deposits and their boundary 
with the Neogene in the Loess Plateau of China have long been an interesting problem 
for Chinese geologists. Several experts regard the loess layer over the first fossil soil bed 
(Haplustalf type), which is called the „Maian Loess” in the Loess Plateau, as deposited 
over the whole period of the Late Pleistocene. The beginning of loess accumulation on 
the Loess Plateau is considered at the time about 1 m.y. B.P.

For the last several years, large amounts of investigation and research work have 
been carried out on the Loess Plateau. Loess profiles have been correlated and new 
points of view have been put forward. The paper based on the comprehensive study of 
three selected loess profiles, discusses the problems of stratigraphic subdivisions of loess 
deposits as well as the lower limit of the Quaternary system. The three selected profiles 
lie in three geomorphological regions with different features of development in the 
Quaternary geological history. 1) The profile near the Pingliang county is on the „Loess 
yuan” (a tablelike elevated land surrounded by deep-cut valleys) in front of the Liu- 
panshan mountainous area, of bedrock outcrop. In the quaternary Period, the area was 
part of the piedmont belt of the Liupanshan Mts. 2) Another profile the Xifeng Profile 
in the vicinity of the Xifeng county, within the area o f the largest „Loess yuan” called
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„Xifeng yuan” in the central part of a post-Tertiary erosional basin. And 3) The profile 
near the Wuqi county is in a „Loess Mao” area (with hills and deep-cut valleys) in the 
northern part of the Plateau. From the end of the Tertiary until the early stage of the 
Middle Pleistocene, this area had been a lacustrine basin with thick lacustrine accumula
tions. Studies of lithological characteristics (particle size and mineral components) and 
paleomagnetic measurements for the three profiles permit us to approach the stratigra
phic subdivision and correlation of loess deposits. We consider that the so-called „Maian 
Loess” belongs to the later epoch of the Late Pleistocene. Loess on the Plateau were 
found to deposit before the Réunion polarity event of the Matuyama Epoch about 
2.4 m.y. B.P.

DESCRIPTION OF LOESS PROFILES

I. Loess profile near Pingliang

The loess profile is located at the Dazhaizi village, 30 km south of Pingliang. On the 
west side of Pingliang is the low mountainous area to the east of the Liupanshan Mts. where 
thick Tertiary series outcrop. Loess deposits of various periods from Holocene to Tertiary 
are exposed along the deep-cut valley. The total thickness of the loess profile is 172.4 m, 
within which Quaternary loess makes up 161.6 m, the remaining being the deposits of the 
Pliocene (FIG. 1).

From the surface of the „yuan” downward to the bottom of the valley the 
following loess beds are exposed:

1. Holocene, dark grey yellowish loess, intercalated with a layer of dark grey 
Holocene soil (dark loam) 1.0 m thick.

9
2. Later stage of the Late Pleistocene (Q3), the so-called „Maian loess”, greyish 

yellow, thickness 11.5 m.
3. Earlier stage of the Late Pleistocene (Q3), greyish yellow loess, intercalated 

with four layers of fossil soil (Haplustalf soil type). The second layer is com
posed of two thinner ones. The total thickness of this loess series is 39.9 m.

4. Later stage of the Middle Pleistocene, fossil soil complex (burozem type), 
which consists of three overlapping layers of fossil soil, thickness of this com
plex is 5.5 m.

5. Middle Pleistocene, brownish yellow loess, intercalated with 5 thin layers of 
fossil soil. At the bottom of this series are two layers of silty loess-like soil. 
Total thickness 29.9 m.

6. Early Pleistocene, reddish-yellow loess-like clayey soil containing eight layers 
of calcium concretion, 13.3 m thick. The top part of the deposits is a mixture 
of brownish-yellow loess-like and reddish-yellow clayey materials. It represents 
an erosional phase in the later stage of the Early Pleistocene.

7. Early Pleistocene, reddish-yellow loess-like silty clayey soil, containing calcar
eous concretions. About 3.6 m thick.

8. Early Pleistocene, reddish-yellow loess-like heavy clayey soil, with calcareous 
concretions concentrated in the upper part and scattered in the lower part of 
the bed. 11.2 m in thickness. Beneath is a layer of silty loess-like clayey soil 
about 9.5 m thick.
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9. Early Pleistocene, reddish-yellow loess-like heavy clayey soil containing 
minor calcareous concentrations, 8.5 m thick.

10. Early Pleistocene, reddish-yellow loess-like heavy clayey soil containing less 
calcareous concretions. The lower part is a layer of silty loess-like clayey soil, 
with a total thickness of 27.3 m.

Lithologic description Explanation

Loess, dark grey yellow
Loess, grey yellow

Loess, grey yellow, with 4 paleosol layers

Paleosol complex composed of 3 layers

Loess, brownish yellow, with 5 paleosol layers

Loess-like clayey soil with Ca concretions 

Loess-like siltloam with Ca concretions

Loess-like clayey soil with a lot of Ca concretions 

Loess-like silty loam

Loess-like clayey loam with Ca concretions 

Loess-like silty clayey soil with a few Ca concretions 

Loess-like coarse silty clayey soil

Loess-like clayey soil with Ca concretions

Reddish clay with coarse grain of guartz

E3 Loess

Paleosol

I e _ «1CaC03 
I concretions

I I I I I  Loess-like 
I I 1 I I clayey soil

y y y y t  Loess-like
silty clayey soil

Loess-like
ШШ CMrse Sl1?C|ayey soil

FIG. 1. Generalized profile o f the loess exposure near Pingliang
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11. Early Pleistocene, reddish-yellow loess-like heavy soil, interbedded with cal
careous concretions. About 9.3 m thick.

12. Pliocene, light red clay, with coarse quartz grains, having a visible thickness 
of 10.8 m.

II. Loess profile near Xifeng

The loess profile is in the central part of the „Xifeng yuan” at the head of a 
deep-cut valley near Xifeng, Gansu province. After the end of the Tertiary, the „Xifeng 
yuan” was a great erosional basin, where loess deposits of great thickness accumulated 
during the Quaternary. The loess profile exposed from the top surface of the yuan to 
the bottom of the deep-cut valley includes Holocene, Pleistocene and Pliocene loess de
posits. The total thickness of the profile is about 186.3 m, within which an interval of 
179.3 m belongs to the Pleistocene, the remaining being red clay of the Tertiary. The 
description of the profile from the top downward is as follows (FIG. 2):

1. Holocene, grey-brownish yellow loess, with a layer of Holocene soil (dark 
loam) totalling 1.3 m thickness.

2. Later stage of the Late Pleistocene (Q3), grey-yellow loess the so-called 
„Maian Loess”, 10.7 m thick.

3. Early stage of the Late Pleistocene (Q3), grey-yellow loess, with four layers 
of fossil soil (Haplustalf type), the thickness of each layer is about 1.5-3.0 m 
thick, totalling 34 m or so.

4. The later stage of the Middle Pleistocene, fossil soil complex of burozem 
type consisting of the three closely overlapping layers. The total thickness is 
6.8 m. On the complex traces of erosion can be seen.

5. Middle Pleistocene, three thin layers of loess in brownish yellow colour in
terbedded with three layers of fossil soil, 15.7 m thick.

6 . Middle Pleistocene, thick bed of loess (maximum thickness 11 m) interbedded 
with thin layers of fossil soil. At the bottom of the series is a bed composed 
of silty loess. At the contact with Early Pleistocene loess-like deposits, there 
is a layer of mixed sediments (about 2 m thick) composed of reddish yellow 
loess-like clayey soil (Early Pleistocene) and brown-yellow loess (bottom 
part of the Middle Pleistocene). The mixed sediments may be regarded as the 
mark of erosional process occuring in post Early Pleistocene times in this 
region. Total thickness 32.5.

7. Early Pleistocene, reddish-yellow loess-like heavy clayey soil, intercalated 
with degraded fossil soil. The lower part of this bed is lithologically mixed. 
About 13.2 m thick.

8. Early Pleistocene, reddish-brown yellow coloured loess-like clayey soil, in
tercalated with multiple layers of calcareous concretions, at the bottom of 
this bed there is another lithologically mixed layer. Total thickness 4.4 m.

9. Early Pleistocene, brownish-yellow loess-like clayey soil containing scattered 
calcareous concretions. At the bottom there is a mixed layer, 8.9 m thick.

10. Early Pleistocene, reddish-yellow to dark-red loess-like clayey soil containing 
Fe and Mn concretions, 9.5 m thick.
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11. Early Pleistocene, , brownish-yellow loess-like silty clayey soil 6.7 m thick.
12. Early Pleistocene, reddish-yellow loess-like silty clayey soil with less calcare

ous concretions, 8.0 m thick.
13. Early Pleistocene, reddish-yellow loess-like silty clayey soil, with less calcare

ous concretions, 8.0 m thick.
14. Early Pleistocene, dark reddish-brown loess-like heavy clayey soil, 8.9 m thick.

5

s
8
&

Graphic
column

Lithologic description Explanation

Loess, light brownish yellow
Loess, light brownish yellow, with a few concretions

Loess with 4 mterbedded paleosol layers; 
loess: light yellow; paleosol: brownish to reddish

- i r -  Paleosol complex composed of 3 layers

*5 Loess with thin layers of paleosol; loess:brownish yellow

Loess brownish yellow,with thin paleosol layers 
On tne bottom of this loessial series, 
there is a mixed loessial layer, 
with fragments from lower layer

1 Reddish yellow loess-like silty clay with layers of 
degenerated paleosol
Reddish yellow loess-like silty clayey soil with many layers 
of Ca concretions
Reddish yellow loess-like silty clayey soil with scattered

concretions f~
Reddish yellow loess-like silty clay with Fe, Mn concretions 
Reddish yellow loess-like silty clayey soil 
Red yel loess-like clayey soil with layer of Ca concretions 
Red. yel. loess-like silty clayey soil

F, X g

Dark brown loess-like clayey soil
Dark brown loess-like silty loam with Fe. Mn and clay
concretions
Reddish loess-like sandy clayey soil with Ca concretions 
and mixed bed

Dark red clay containing a lot of small Fe Mn and Ca
concretions

СЦЦ] Loess

1 Loess-like 
deposit

j Paleosol 
1 (fossil soil)

1 Fragment from 
lower layer

I о .fe l  Ca concretions

r?TTFIFe' M"I* MnJ concretions

f - c i—1С1аУ 
lm  « 4  concretions

I.. . . .  I Silty clayey 
L  - •-1 soil

FIG. 2. Generalized profile of the loess exposure near Xifeng
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15. Early Pleistocene, brownish-red loess-like heavy clayey soil with concretion 
of clay, iron and manganese, 6.7 m thick.

16. Early Pleistocene, reddish-yellow loess-like silty light clayey soil, with calcare
ous concretions. Total thickness 23.8 m. At the bottom is a lithologically 
mixed zone.

17. Pliocene (N2), dark red clay with black Fe and Mn stains, containing Fe and 
Mn concretions and small calcareous ones. Abundant argillized Helixes have 
been found in it.

III. Loess profile near Wuqi
The profile is located about 20 km east of Wuqi county in Shaanxi province. In 

the hilly area in the upper reaches of the Lohe River, which is called „Loess Mao” by 
local people, the Pleistocene loess beds and Pliocene deposits are exposed from the top 
of „Loess Mao” down to the bottom of dissected valley. The Triassic shale and sand
stone are the oldest sediments exposed in the profile (FIG. 3).

The upper part of the Pleistocene deposits in the profile is loess accumulation, 
and the lower part is lacustrine sediments of great thickness. The Pliocene deposits are 
featured by fluvial sedimentation. The region was probably a great lacustrine basin in 
the earlier stage of the Early Pleistocene, with an area of several hundred square kilo
meters. It gradually dried up in the later stages of Early Pleistocene, and finally disap
peared in the Middle Pleistocene. The locality of the profile is near the centre of the 
ancient lake, which is now elevated up to 1545 m or so above sea level.

The total thickness of the profile is 238.5 m, in which Quaternary deposits have 
a thickness of 195.7 m. The sequence of the profile from upper to lower horizons is as 
follows:

1. Holocene, greyish yellow silty loess, 1 m thick.
2. Later stage of Late Pleistocene (Q 3), greyish yellow loess, 11 m thick.
3. Early stage of Late Pleistocene (Q*), greyish yellow loess, intercalated with 

three layers of fossil soil (Haplustalf). The thickness of individual layers is 
about 1 m. Total thickness 29 m.

4. Later stage of Middle Pleistocene, thick bed of fossil soil (Haplustalf), 5.5 m 
thick.

5. Middle Pleistocene, grey-yellow in colour, thin layers of loess-like silty soil 
and clayey soil horizontally stratified. Underneath is loess-like silty soil with 
dark rusty stains. Total thickness 18.7 m.

6. Middle Pleistocene, grey-yellow loess, intercalated with four thin layers of 
fossil soil. In the lower part, the fossil soil contains some loess lenses. Above 
it the loess deposits are mixed up lithologically. Total thickness 20.4 m.

7. Early Pleistocene, loess-like heavy silty soil brownish yellow in colour, in
tercalated with two thin layers of fossil soil, thickness 8.4 m.

8. Early Pleistocene, clayey soil intercalated with fine sands and thin layers of 
clay, brownish in colour. The lower part is silty clayey soil, brownish-yellow 
in colour. All these layers are identified to be flood-plain deposits. Total 
thickness about 20.4 m.
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FIG. 3. Generalized profile of the loess exposure near Wuqi
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9. Early Pleistocene, reddish heavy clayey soil, mixed with silt, thickness 15 m.
10. Early Pleistocene, alternating beds of clay and argillo-calcareous clay, in 

brown-red, dark-grey, green-yellow, pale white, purplish grey and dark 
brown colour. Thickness 31.3 m.

11. Early Pleistocene, in the upper part are alternating beds of clay in greyish 
brown colour and clay in greyish green, pale white and yellow-green colours. 
The lower part consists of clay in alternating colours of brownish-yellow, 
reddish-brown and grey-yellow. Total thickness 23 m.

12. Early Pleistocene, clay beds in alternating colours of reddish-brown and light 
purple. Thickness 12 m.

13. Later stage of Pliocene (N2), brown-red clay, containing a large amount of 
silt and small calcareous concretions. 17.6 m thick. The Early Pleistocene 
clay bed in reddish-brown and pusplish colour is immediately followed by 
Pliocene, no sedimentary discontinuity can be observed.

14. Earlier stage of Pliocene (N j), purplish clay, sand, and sand and gravel. Un
derneath are interstratified sand and semi-cemented gravel beds. Totally 
25.2 m thick. The sedimentation is continuous between N2 and N j .

15. Triassic sandstone and shale, both in purple colour. The Early Pleistocene de
posits observed in the profile have similar colours to those of the Pliocene, 
only the colour gradually fades with the geological time. This indicates that 
Pliocene accumulations and other Quaternary series are closely related to the 
Triassic bedrocks.

LITHOLOGICAL CHARACTERS 

I. Grain size

In the three profiles, the grain size of the predominant loess particles is that of 
silt, 0.05 -0.005 mm. In the Pingliang profile, the silt content in each layer of loess de
posits is about 61.9-71.3% averaging 65.9%. In the Xifeng profile the loess deposits only 
contain 57-69.8% silt grains, averaging 66.3%. And in the Wuqi profile the silt grains in 
the loess layers ranging from 56% to 69%, averaging 63.2%.

The composition of loess has highest variation in the percentage of the fine sand- 
grain size (> 0.05 mm). The proportion of loess particles of such grain size in various 
beds at different levels from upper to lower horizons of three respective profiles is quite 
different as shown below in TABLE 1.

The clay components of grain size < 0.05 mm in loess profile are also different 
in quantity. For example in the Pingliang profile the average amount of clay particles <
0.005 mm ranges from 23.8% to 37%, in Xifeng profile from 16.4% to 36%, and in 
Wuqi profile from 10.7% to 21.6%.
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TABLE 1. Percentage of loess particles >  0.05 mm

Profile

No. o f \  
loess bed

Pingliang Xifeng Wuqi

%

1 7.2 12.4 15.9
2 12.5 6.2 27.4
3 5.7 7.5 31.0
4 3.9 5.1 12.6
5 14.9 7.6 27.3
6 3.5 8.0 —

7 4.7 1.6 —

8 0.5 7.5 —

9 2.9 13.4 18.2
10 6.5 4.1 —

(П ) (1.9-18.3 below) (24)
(12) (11.5)

According to the analysis of the grain size of loess components in the three pro
files mentioned above, some conclusions can be drawn as follows:

1. As the amount of silt fraction in individual beds of loess deposits in the 
three profiles has very slight variation, the determinant factor of the litholog
ical character of the loess is the amount of the fine sand fraction (>  0.05 mm) 
in the loess deposits.

2. Lithologically, the regularities of grain-size variation of loess in these profiles 
are:
(a) . Several sedimentary cyclothems, which represent the variation of the

composing granular fraction in loess, are found in all these profiles. In 
the profiles, from bottom to top, the granular fraction in loess varies 
gradually from coarser to finer grain size, and in turn from finer to 
coarser.

(b) . In the Early Pleistocene loess deposits four cyclothems can be observed,
with grain size varying from coarser to finer. Whereas in those of the 
Late and Middle Pleistocene four cyclothems can also be seen.
It should be pointed out that the composition of the fossil soil inter
calated in the loess beds cannot represent the original composition of 
the loess deposits because the fossil soil had undergone weathering and 
soil forming process and thus have already changed its original granular 
components.

(c) . The cyclothems in the profiles may be used as one of the marks of iden
tification for the subdivision of the loess series into „lithologic mem
bers”, which can be used for stratigraphic correlation between the pro
files of Pingliang, Xifeng and Wuqi.
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II. Mineral constituents

The analysis of the mineral constituents of loess deposits in the three profiles 
indicates that the heavy minerals in the loess deposits are chiefly of grain size 0.01 -0.05 
mm, composing up to 90%. The remaining 10% or so has a grain size ranging from 0.05 
to 0.25 mm. The heavy minerals are found to be of about twenty-six kinds, occasionally 
only ten kinds or more in some of the loess beds. The most enriched heavy minerals are 
epidote, hornblende, hematite, limonite, garnet and zircon. The light minerals mainly 
include quartz, feldspar and calcite. Other kinds of mineral are rare.

The distribution of mineral constituents in the loess profiles has the following 
characteristics:

1. All the three profiles are enriched in hematite and limonite especially the 
profiles of Pingliang and Wuqi. This is probably because the older rock 
formations before Quaternary contain higher quantities of hematite and 
limonite.

2. The amount of main mineral constituents varies with depth in different 
geological times. Therefore, the vertical variation of main mineral consti
tuents in the loess profiles may be taken as the markers of the stratigraphic 
subdivision of the loess series.

3. The amounts of quartz and feldspar in loess deposits of the three profiles 
increase with depth from top to  bottom, and larger amounts of these two 
minerals are found in the Tertiary strata rather than in the Quaternary loess.

4. Calcite appears in higher amount in the Pingliang profile, less in the Xifeng, 
and least in the Wuqi. This indicates that the loess of the individual three 
profiles was accumulated in different paleogeographic environments.

5. Some of the heavy minerals are very abundant in some of the loess beds, 
but absent in others. As a result, the distribution of mineral constituents in 
loess deposits is not uniform in different horizons. For example, in the Ping
liang profile, zircon appears generally in small quantities in most of the loess 
beds, but increases abruptly in lower loess beds up to several times of even 
ten times or more than that of the general.

SOME SUGGESTIONS FOR THE STRATIGRAPHIC SUBDIVISION OF
LOESS PROFILES

According to the lithologic characters, mineral composition and erosion phases 
of the loess profiles, the loess series in the profiles can be subdivided into several litho
logic members. The Pingliang profile can be subdivided into ten members, nine of which 
belong to the Quaternary and one to the Tertiary. The Xifeng profile can be subdivided 
into fourteen members, of which twelve belong to the Quaternary and two to the Ter
tiary. Among the twelve members of the Quaternary, six are loessic deposits or loess
like accumulations, the other six are flood-plain or lacustrine deposits.

The study of the paleomagnetic stratigraphy of the three profiles has been 
carried out. Paleomagnetic samples were collected from the Pingliang profile with a 
sampling interval of 30 cm within the depth of 14 m below the ground surface. In the
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range between the depths of 14 m and 58 m, the sampling is spaced at 50 cm, still down
ward to the bottom of the profile, 100 cm. The results are presented in a combined 
lithological and paleomagnetic profile as shown in FIG. 3. In the Holocene loess deposits, 
there is a polarity drift (Gothenburg excursion during the Brunhes normal polarity 
epoch, about 8-10 thousand years. B.P.). The measurement of the samples collected in 
the upper part of the 1 st loess bed from the top of the Pingliang profile indicates a mag
netic anomaly, which is considered to be the Laschamp excursion of the Brunhes epoch, 
about 20 thousand years before present. Another remarkable polarity anomaly has been 
recorded in the 2nd loess bed underlying the 1st fossil soil which is considered to be the 
Blake event about 110 thousand years B.P. At the top of the fossil soil complex, it is 
recorded an obvious polarity anomaly, considered to be the Jamaica excursion of the 
Brunhes epoch, about 180 thousand years B.P., and underneath the complex another 
polarity event is recorded, corresponding to the Biwa D, about 320 thousand years B.P. 
In the Pingliang profile, the boundary between the Brunhes and Matuyama epoches is 
identified to be the lower part of the 5th lithological member P5 (FIG. 1). And the 
lower limit of P5 corresponds to the time before the end of the Matuyama. Front the 
viewpoint of lithologic and stratigraphic characters of the loess deposits, P5 of the Ping- 
hang profile should be correlated with the bottom of the Middle Pleistocene series. Ob
viously, the Middle Pleistocene loess had already begun to deposit at the time somewhat 
earlier than 0.70 m.y. (the beginning of the Brunhes epoch).

In the Early Pleistocene loess deposits in the Pingliang profile, there are recorded 
the events in the Matuyama: Jaramillo and Gilsa-Olduvai and at the bottom part of the 
loess deposits, the Reunion event is also recorded. A mixed loess-like clayey soil layer of 
mixed lithological characters occurring at the contact zone between the Quaternary 
loess beds and the Pliocene over the Tertiary system, is considered to have been formed 
before the Réunion event, which represents an erosional phase that occurred at the end 
of the Pliocene. Beneath the mixed layer, in the Pliocene red clay, which contains a large 
quantity of coarse quartz grains, is recorded to be entirely of normal polarity and should 
be considered to be of the Gauss epoch. Thus it can be seen that the loess on the Loess 
Plateau began to deposit at the time of 2.4 m.y. B.P., i.e. in the period between the 
Gauss and Matuyama events. At the same time, paleomagnetic survey and measurement 
for the other two profiles were also carried out, the sampling interval being 100 cm. In 
both profiles were also recorded Blake, Jaramillo, and Gilsa-Olduvai events. However, 
the Reunion event is recorded in both the bottom parts of the Pleistocene deposits in 
the two profiles (FIGS 1, 2, and 3). Though the horizons where the polarity events 
appear in the three profiles are slightly different, but they can generally be correlated 
to each other.

In short, the Quaternary loess deposits can be divided into: 1/. Early Pleistocene 
series, which began after the Gauss normal polarity epoch or at the beginning of the 
Matuyama reverse epoch, 2.4 m.y. B.P. 2/. Middle Pleistocene series, which began in late 
Matuyama epoch, or before the beginning of the Brunhes epoch, little earlier than 0.70 
m.y. B.P. 3/. Late Pleistocene series, which began after the fossil soil complex was 
formed or at the end of the Jamaica excursion about 0.18 m.y. B.P., and 4/. The Holo
cene series, with 10 thousand years.
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The stratigraphic subdivision as mentioned above may be used in stratigraphic 
correlation of the Quaternary deposits of the Loess Plateau.
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LOESS SOILS AS REGULATORY COMPARTMENTS IN ECOSYSTEM 
RESPONSE TO POLLUTION

Otto Fränzle

ABSTRACT

Soils constitute particularly important regulatory compartments of ecosystems, 
and consequently it is the aim of the present paper to define their buffering capacities 
with respect to potentially toxic chemicals. On the basis of a paradigmatic description 
of soil moisture balance and related fluxes of chemicals a review of adsorption and 
retention factors of soils is given. The determination of retention factors for a set of 
German loess soils permits conclusions as to the relative importance of adsorption and 
desorption processes, hydrodynamic dispersion and soil moisture balance for their 
buffering capacities. Hence chemical mobility will not only depend on the inherent 
physical-chemical properties and the amount of the substance applied, but it is also 
greatly influenced by the structures of the biotope affected.

Ecosystems are environmental units comprising biocenoses and the abiotic com
ponents in a defined volume of space. They are characterized by a specific structure and 
function which result from the complex interactions between their components and 
contribute to their stability. While this latter property denotes the ability of a system 
to return to an equilibrium state after a limited temporary distrubance, resilience or buf
fering capacity as the complementary quality determines the persistence of relationships 
within a system and is a measure of its ability to adsorb changes of state variables and 
parameters. The major compartment soil is of paramount importance among the buffer
ing components of any terrestrial ecosystem for both stability and resilience. Hence it 
should be considered one of the major tasks of an environmentally oriented soil science 
or sedimentology, respectively, to reliably define these capacities. In the context of the 
activities of the INQUA Loess Commission a limitation to loess soils appears appro
priate. Therefore the paper first describes the basic structure of a comprehensive graph- 
model of the relevant relationships and defines mobility in soils as a particularly im
portant characteristic of environmental chemicals.
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1. SOIL WATER BALANCE AND FLUXES OF POTENTIALLY TOXIC 
SUBSTANCES

An assessment of the buffering capacity of soils requires a sufficiently detailed 
knowledge of the relevant physical and chemical transformation mechanisms in opera
tion and their specific boundary conditions which comprise:

— colour, macro and microfabric of soils, horizon sequence, and chemical pro
perties of the individual horizons

— water balance
— moisture and pH controlled cationic and anionic exchange capacities of soil 

horizons
— diffusion and dispersion phenomena as related to field capacity and actual 

soil moisture content
— microbial activity

In greater detail and precision the internal structures and manifold interrelation
ships of these subsystems can be depicted in a major synthetic model formulated in 
matrix or in graph forms, respectively. For technical reasons only two (minor) sections 
of it (FRÄNZLE, О. 1981) can be reproduced here. Basically they are formulated as a 
set of interrelated questions (cf. legend) which demand ’yes’ (I) or ’no’ (0) answers thus 
describing the fluxes of matter and energy (double arrows) through the surface and the 
various subhorizons of a soil in the form of cascading subsystems (FIG. 1).

Their structure is largely controlled by the regulators which can be devided into 
two groups. Firstly, there are the ’threshold regulators’ (such as the cationic or anionic 
exchange capacities: КАК or AAK) which control storage decisions concerning the 
energy, water or toxic substances entering a subsystem. Secondly, there are ’disposi
tional regulators’ which, although not presenting such obvious thresholds, control the 
disposition of energy of mass: for example, will one particular chemical be subject to 
solution in water, or not (LO)? After passing the regulators the fluxes of energy and 
mass (double arrows) may be diverted into stores of spatially and temporarily variable 
capacity (Sg0 , OS, SSA, . . .). Both regulators and stores are influenced by sets of 
boundary conditions such as temperature (T), pH value (PH), redox potential (RED), 
which is depicted by means of dotted lines. It should be empasized that part of these 
regulators — particularly the threshold regulators — and of the boundary conditions are 
susceptible to human intervention, and it is one of the most important questions to reli
ably determine extent and consequences of such manipulations.

FIGURE 2 as an enlargement of FIGURE 1 reveals the paramount importance 
of adsorption and desorption processes which constitute an equilibrium. It depends 
primarily on the soil constituents with high specific surface and net charge, i.e. organic 
matter, clay minerals, and metal oxides and hydroxides. The relevant boundary condi
tions are: concentration and dissociation or polarity of the chemical entering the soil on 
the one hand, soil moisture, temperature, pH value, oxidation and reduction potentials 
on the other.
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FIG. 1. Fluxes of environmental chemicals at the soil surface (extract from a comprehensive model in: 
FRÄNZLE 1981)

[> Input / Output, О  Regulator, □Storage element, О  Geomorphological boundary conditions, 
О  Physical and chemical boundary condtions, Transformation system, OECD Test guideline 
available, AZp = State of aggregate solid? AZG =  State of aggregate gaseous? DD =  Vapour density 
of substance higher than density o f air? EPB =  Effective precipitation, loaded, EPR =  Effective pre
cipitation, unloaded, FP =  Melting point, GS =  Geomorphological situation, KP =  Boiling point, 
LO =  Soluble in water? SBO =  Soil surface, T =  Temperature, UCRjT =  Critical sheer strength ex
ceeded? VI О =  Highly viscose, high surface tension? VOL =  Volatile? z OB = Incoming surface 
runoff, loaded, Z0R =  Incoming surface runoff, unloaded, p =  Density of substance higher than den
sity of water? ф =  Diameter of particulate matter exceeding pore width?
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FIG. 2. Transformation operator I (TS I) (from: FRÄNZLE 1981)
[> Input / Output, О  Regulator, □  Storage element,О  Physical and chemical boundary conditions, 

OECD Test Guideline available, AAK =  Anion exchange capacity exceeded? ADS =  Adsorbed 
specifically? AKK =  accumulated? As =  Exchange colloids persistent? BF =  Soil humidity, CH =  
Nonbioucally degraded? DES =  Desorbed? DIS =  Dissociated? GP =  Major pores filled with air, 
КАК =  Cation exhange capacity exceeded? KAT = Adsorbable due to cationic reactions? KONZ =  
Concentration of matrix solution, ME-OX =  Metallic oxides and hydroxides, MI =  Microbially de
graded? MIN =  Decomposed? NS] =  Newly formed toxic substances, OS =  Organic matter, PED =  
Pedon, PH =  PH value, POL =  Polarized? POS = Sorption to positiv charges? PS =  Porous storage, 
RED =  Redox reactions, SNA =  Nospecific adsorption in anionic form, SNK =  Nonspecific adsorp
tion in cationic form, SSA =  Specific adsorption in anionic form, SSK =  Specific adsorption in 
cationic form, T =  Temperature, TFB =  Throughflow, loaded, TFR =  Throughflow, unloaded, 
TON =  Clay mineral content and composition.
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2. ADSORPTION COEFFICIENT AND RETENTION FACTOR

Since adsorption is the principal factor in leaching, a number of laboratory tests 
have been developed which primarily measure the effect of adsorption on leaching. The 
simplest index is the adsorption coefficient. Since chemicals with lower adsorption coef
ficients (K^,) are leached to a greater degree, a ranking of a group of chemicals accord
ing to Koc values is therefore a ranking of their tendency to leach. Provided the chemi
cal undergoing adsorption migrates in cationic form the actual amount of leaching will 
vary from soil to soil, mainly in response to the organic carbon content. For this reason 
an adsorption coefficient can be defined approximately by

^  Mg adsorbed / g soil organic carbon 
00 Mg dissolved / g solution ^

This adsorption coefficient has the virtue of being roughly independent of any 
particular soil. A more precise relationship between soil adsorption and other soil pro
perties can be established on the basis of comprehensive comparative experiments the 
results of which are evaluated by means of multivariate statistics. For the time being, 
however, data of this kind are only available for soils of the podzol and luvisol groups 
(FRÄNZLE, O. 1982), hence a spatial extrapolation is not yet possible.

Another quantitative index for leaching is the Rf value (i.e. retention factor) 
from soil thin layer chromatography as developed by HELLING, C.S. — TURNER, B.C. 
(1968) and HELLING, C. S. (1971).

Rf “ 1 + (K ^ ) (% oc/100) (ds) (1/02/3 -  1) i2)

with 0 = soil pore fraction, ds = density of soil solid, oc = organic carbon, and Koc as 
above (HAMAKER, J.W. 1975).

The correlation of Rf and KQC data is shown m TABLE 1. The measured Re
values are from HELLING, C.S. (1971) and from a compilation by HAMAKER, J.W. 
— THOMPSON, J.M. (1972), the mobility class ratings are those assigned by HELLING,
C.S. -  TURNER, B.C. (1968).

The observed variability of (Rf Meas. -  Rf Calc.) is probably due to uncertainty 
in KQC drawn from investigations using many different soils. But the degree of correla
tion should be sufficient for a rough classification of pesticides as to relative mobility 
and for an evaluation of retention factors of soils.

3. RETENTION FACTORS OF GERMAN LOESS SOILS

This was accomplished by evaluating the analytical data of several hundred loess 
soils with regard to organic carbon, density of soil solid, and soil pore fraction (ZDECH- 
LIK, W. 1981).
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The soils were selected as a stratified sample on the basis of the 1:1 000 000 Soil 
Map of the Federal Republic of Germany (HOLLSTEIN, W. 1963) taking into additional 
account parent material and type of land use. In terms of the international nomencla
ture (FAO-Unesco 1972-1978) they comprise: Luvisols, Gleyic Luvisols, Gleysols, Cam- 
bisols, Luvic Chernozems, and Calcaric Regosols.

Their relevant chemical characteristics are summarized in TABLE 2.
By means of equations (1) and (2) a calculation of R f values is possible on the 

basis of the individual oc, ds, and в  data. For the test substance Diuron (3,4 dichloro 
phenyl — 1,1 dimethyl urea) the results are shown in TABLE 3, the differences between 
the mean Rf values being highly significant.

TABLE 1. Prediction of soil R( values from adsorption coefficients (KQC) 
and soil properties in a Hagerstown silty clay loam 
(6 =  0.5, ds = 2.5 g/cc, % oc = % om/1.724 =  1.40)

Pesticide
1/

Кос
2 1

Calc.
3/

Meas.
Rf Meas. Mobility 

— Rf Calc. Class

Chloramben 12.8 .79 0.96 .17 5
2,4-D 32 .60 0.69 .09 4
Propham 51 .49 0.51 .02 3
Bromacil 71 .41 0.69 .28 4
Monuron 83 .37 0.48 .11 3
Simazine 135 .26 0.45 .19 3
Propazine 152 .24 0.41 .17 3
Dichlobenil 164 .23 0.22 -.01 2
Atrazine 172 .22 0.47 .25 3
Chlorpropham 245 .17 0.18 .01 2
Prometone 300 .14 0.60 .46 3
Ametryne 380 .11 0.44 .32 3
D i u r o n 485 .09 0.24 .15 2
Prometryne 513 .09 0.25 .16 2
Chloroxuron 4,986 .01 0.09 .08 1
Paraquat 20,000 .002 0.00 -.002 1
DDT 243,000 .0002 0.00 -.0002 1

Ave. = .14+ .27 
(95% Conf.)

1 / HAMAKER, J.W. -  THOMPSON, J.M. (1972) 
2/ Calculated according to equation (2)
3/ HELLING, C.S. (1971)
4/ HELLING, C .S.-TU R N ER , B.C. (1968)
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TABLE 2. Variance statistics of selected properties of German loess soils 
(n =  216 A-horizons)

mean variance range maximum

oc = org. carbon 1.50 2.29 11.15 11.25
(%)

d, = dens, soil 1.34 0.05 1.21 1.72
solid (g/cnr)

в  =  soil pore fraction 49.93 61.94 47.90 80.60
(%)

In horizon-wise differentiation the corresponding figures are summarized in 
TABLE 4, the significance level being the same as in TABLE 3.

TABLE 3. Variance analysis o f Rf values of four major German 
loess soils and Diuron (n = 216 A-horizons)

Soil group Rf (mean) Rf (variance)

Luvisols 0.26 0.018
Cambisols 0.22 0.015
Gleyic Luvisols 0.20 0.010
Luvic Chernozems 0.15 0.002

TABLE 4 . R f values different subtypes of А-horizons of German
loess soils with respect to Diuron (n = 216 A-horizons)

Soil group Rf (mean) Rf (variance)

Ah 0.17 0.004
A P 0.18 0.006
A 1 0.32 0.018
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CONCLUSION

The determination of soil leaching rates is important because they indicate how 
long a chemical is retained in the top soil where it is most liable to degradation or dis
sipation. In addition the rate of leaching is indicative of the possibility that a chemical 
will reach the ground water.

Leaching through soil is a complex phenomenon which is controlled by four 
major factors:

a. Soil adsorption is of paramount importance. The time spent by the chemical 
in the adsorbed condition causes it to lag behind the solvent. This chroma
tographic pattern is modified by the flow through soil as a porous medium.

b. Porous flow and diffusion produce a ’hydrodynamic dispersion’ of the che
mical. Owing to tortuous or smaller passages some of the liquid accomplis
hes less direct line movement than a solution taking a more direct path. In 
addition, the chemical may also diffuse into stagnant pores to be released 
slowly when the main body of chemical has passed.

c. Desorption introduces a hysteresis effect, principally through slow release of 
chemical from the soil matrix. Unless the water flow is extremely slow, there 
is a tendency for some of the chemical to trail behind the main body of 
liquid because the chemical cannot get off the soil fast enough.

d. The fourth factor is the pattern of rainfall and evapotranspiration which 
determines the infiltration into and movement of water through the soil. 
Chemicals are leached downward following a rain according to the rate of 
net precipitation, infiltration capacity, and field moisture capacity, but later, 
as evapotranspiration dries out the upper soil horizons, there is a compen
sating upward movement of water and chemical.

In view of the complex structure of ’real world’ leaching field studies are dif
ficult to analyze, and further work is urgently needed. It should aim at a quantification 
of the essential relationships depicted in the above graph model and pay particular atten
tion to anionic substances. An analogous evaluation of R f values for 2,4-D, an anionic 
test substance currently used for comparative leaching experiments (FRÄNZLE, О. 
1982), would in fact not reveal any significant correlation with the amount of organic 
carbon.

As far as cationic substances are concerned or neutral ones as Diuron, the correla
tion with soil organic matter is highly significant (GROVER, R. 1975), and it is possible 
to use laboratory test results to compare the degree of leaching of one compound with 
another. Making appropriate allowance for the fact that leaching in soil coluns, as usual
ly conducted, tends to overestimate the depth of penetration of a compound because 
of saturation flow, but also overlooks the variable fraction trailing behind the peak.
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Depending on desorption rate this trailing fraction may become the main portion under 
field conditions.

Hence an evaluation of soil data by means of formula (2) should be restricted to 
chemicals displaying a neutral or cationic character under real world pH conditions. 
Then, however, the values deduced may contribute to the assessment of the buffer
ing capacity of soils. The corresponding mobility classes show that the environmental 
concentration of a chemical will not only depend on the inherent physical-chemical 
properties and the amount applied, but that it is also greatly influenced by the struc
tures of the biotope in which a biotic system is exposed. Among these structures the 
buffering capacity of soils plays the major role.
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ABSTRACT

The detailed mapping of the distribution of loess and loess-like deposits is a spe
cial task. It is necessary to take into consideration the peculiarities of composition and 
properties of loess, the geographical zonation and local peculiarities of the landscape. 
Loess reacts sensitively to the effects of the geographical environment. Values of poten
tial collapse, relative collapsibility, compressibility and other properties at different hori
zons are of greatest importance, thereby the concept of the engineering stratification of 
loess has been introduced. When prognosing changes of loess after the preriod of con
structions, during the operation of buildings and structures, the authors use principles 
worked out on the basis of empirical data.

According to the principles worked out by POPOV, I.V. et al. 1950 and other 
researchers during engineering-geological mapping (mainly small scale) subordinate 
taxon units are distinguished successively by tectonic, geomorphological and lithological 
features.

Recently, besides theese regional features, it has also become the practice to ac
count for geographical zonal peculiarities of engineering-geological conditions. The 
taxonomic range of geographical zonal units in some cases covers (SERGEEV, E.M. 
1978) a range of regional taxons (double-range cross system of mapping) in other cases it 
relates to a general range of taxons (TROFIMOV, V.T. 1977). The taxonomic classifica
tion of units of engineering-geological mapping is as complex as the classification of 
landscape units. Therefore sometimes it is suggested that a composite system is super
imposed against other taxons and accordingly related to climatical, tectonic and litholo
gical features.

The importance of such a method is clearly seen when mapping the distribution 
of loess rocks covering different tectonic regions.
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In this paper we deal with the detailed mapping of areas of loess and loess-like 
rocks, this calls for a special type of mapping.

In this case the peculiarities of composition and properties of rocks should be 
taken into consideration. It is also necassary to take into account not only the geog
raphical zonation but also the local peculiarities of the landscape.

The engineering-geological mapping of loess has a number of peculiarities con
nected with the instability of loess properties with respect to saturation.

We suggest that the following principles represent the basis of engineering-geolo
gical mapping:

1. Large-scale engineering-geological maps are required as a basis for construc
tion projects. It is true to note that the contents of maps can have a certain 
difference depending on the type of construction (POPOV, I.V. et al. 1950). 
Usually one suggests that a single obligatory method of engineering-geolo
gical mapping is necessary and adequate for all cases (BELYI, L.D. 1964).

Whatever extreme opinions are proposed we find that in the process of engi
neering-geological mapping one has always to take into account some general principles 
enumerated below.

2. The widespread use of I.V. POPOV’s principle of mapping geological forma
tions and geological genetic complexes supplemented with characteristics 
of engineering-geological rocks properties is of great interest. This principle 
takes into account the dependence of the properties of sedimentary rocks 
and associations on the paleogeographical situation at the time of sedimenta
tion. Not ignoring the importance of this mapping principle (especially for 
small-scale maps) we propose that it is insufficient for the mapping of uns
table geological bodies and rocks.

3. We subdivide all the rocks (and more complex geological bodies formed by 
them) in the superficial zone of lithosphere into inert and sensory ones.

The inert rocks (granite, gravel, sand) change but slowly under the influence of 
geological processes. The sensory rocks (loess, frozen rocks) react sensitively to the 
influence of the geographical environment, i.e. to the climate, topography, suface waters 
and organisms.

Therefore sensory rocks like soils are not only a part of the lithosphere, but also 
an inseparable part of the landscape. When working out a method and technique of engi
neering-geological mapping it is necessary to take into account the adaptability of the 
properties of sensory rocks to the present landscape. The properties of sensory rocks are 
changed violently during building operations and the construction process.

4. A landscape often reflects the geological structure of the area, a fact which 
is used in the process of landscape description or landscape geological survey. 
During this survey the airphoto and cosmic-photo interpretation assist in the
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examination of the environment. In the areas of the distribution of sensory 
rocks these methods of investigation make clear the question of the retroac
tive influence of the landscape on these rocks.

It follows from the previous facts that mapping sensory rocks requires a special 
method which will account for the influence of the present geological environment on 
these rocks (KRIGER, N.I. 1953, KRIGER,N.I. -  GRAVE,N. A. 1974).

Loess is a typical sensory geological body. Its collapse properties, porosity and 
easily dissoluble salt content depend on the moisture content of the rock which in its 
turn is a function of the geographical environment (topography, landscape, etc.). For 
example, FIG. 1 shows that the least moisture content and the greatest collapsibility are 
characteristic of loess distributed at the area of the elevated drainage divide. It follows 
from FIG. 2 that at the other region the distribution of collapsibility of loess, potential 
energy reserves and easily dissoluble salts are determined by an availability of a steppe 
climate. There are many such examples.

One can distinguish several types of dependence of the properties of loess and 
loess-like rocks on different factors of the geographical environment:

1. direct dependence, for example, dependence of moisture content on climate,

2. indirect dependence, for example, dependence of collapsibility on topograp
hy, by way of the moisture content of the loess (topography has an influ
ence on moisture content).

3. apparent dependence. FIG. 3 makes it evident that the liquid limit of the 
loess (characteristic of granulometry in the precaucasian region) decreases 
while radiation aridity index increases, this occuring when the intensity of 
chemical weathering decreases. However, the granulometry of the loess was 
formed, on the whole, in the epoch of sedimentation of the dust and cannot 
depend on a recent value of the climate radiation aridity index R/Lr. The 
epoch of sedimentation (pleistocene) differed markedly from the current 
epoch. Observed dependence of the characteristic granulometry can be 
explained by the fact that a trend of distribution of R/Lr values in the epoch 
of loess dust sedimentation was analogous to the recent epoch (increase in 
eastern direction) even though their absolute values could be different. An 
epoch of buried soil formation was characterized by the more hujnid climate 
than the epoch of loess formation and that produced higher values of liquid 
limit of the soil horizon as compared to the loess horizon.

However, in the epoch of sod formation the aridity index increases in the eastern 
direction and values of liquid limit decrease in the same direction (BELYI,L.D. 1964).

In the process of engineering-geological mapping an engineer may be interested 
in different properties of loess and loess-like rocks. Values of potential total collapse of a 
loess stratum as well as relative collapsibility, compressibility and other characteristics 
of rocks at different horizons are of the greatest importance.
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Potential collapse is a property of loess as a system because it depends on the thickness 
of a loess layer.

FIG. 1. Distribution of moisture content and relative collapsibility of loess on the experimental sec
tion near town of Javan (Tajikistan), a = Moisture content of loess, b =  potential collapsi
bility

The total collapse depends on the relative collapsibility of rocks at different 
depths in accordance with moisture content, porosity, strength of structural bonds and 
with distribution of shear strength in the layer. The values of compressibility, shear 
strength, chemical and mineralogical composition, seismic and other properties of loess 
and loess-like rocks are changed at different depths and at different stratigraphical hori
zons.

Though these changes are not great (when the canges are great the rock ceases to 
be loess) they are of great practical importance. Therefore the concept of the engine
ering stratification of loess has been introduced.

When mapping characteristics of composition and properties of loess and loess
like rocks it is recommended that the mappers use average weighted values for all the 
strata of these rocks or for the first 10 metres. Moreover it should be taken into ac
count that properties of the loess-like rocks of the upper 1-2 m usually change to some 
extent in different seasons of a year and sometimes it is expedient to obtain average 
values of characteristics for a depth of from 2 to 12 m.
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The necessary requirement of engineering-geological mapping of loess and other 
sensory rocks and systems is their predicative character. A map of potential collapse 
allows the most valuable predictions to be made. Under water saturation other engine
ering-geological properties of loess rocks are changed (the modulus of deformation dec
reases and the specific cohesion varies). The addition of water to rocks is practically 
inevitable due to leakages from underground pipes and surface channels in areas of 
urban development, and regions of industrial and hydrotechnical construction.

FIG. 2. Moisture content (A) and relative collapsibility (B) of loess deposits in the area of distribu
tion of steppe minor depressions. Experimental section near town of Javan (Tadjikistan). 
Moisture content: 1 =  ( <  12%; 2 =  (12-22%; 3 = ( >  22% minor depression); 4 =  (4-25%, 
area of distribution of pseudokarst). Relative collapsibility: 5 =  (0.01-0.08); 6 =  (<  0.01); 
7 =  (0-0.02); 8 =  (ravine)

When predicting changes of loess rocks after the construction period while the 
operation of building and structures is still in progress the authors take the following 
principles, which are worked out on the basis of empirical data. If at the base of loess 
strate impermeable rocks occur (e.g. clays, compact loess rock) the formation of an 
aquiferous horizon and a ground-water level increase as well as water accumulation in 
building and structure foundations would take place as a result of water loesses from the 
underground pipe network.
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If loess is underlain by a permeable gravel then a water-bearing horizon is not 
formed but the moisture content of the loess rocks increases; the pore water content 
increases to 70-80%. If a reservoir with a large water surface area (one hectare or more) 
is involved then in all cases the pores of the loess rocks will be practically saturated and 
full of water, and thus a new aquiferous horizon is formed (KRIGER, N.I. 1976, KRI— 
GER, N.I. -  KOZHEVNIKOV, A.D. et al. 1978).

Wl
4 0

3 6

3 2 -

2 8

2 4

0 , 5  T o  1 5  2 . 0  2,5 3 , 0  3^5 R/Lr

FIG. 3. Dependence of liquid limit WL of loess on radiation aridity index R/Lr in the North Caucasus.
1,3 =  loess; 2 ,4  =  buried soils

If collapsibility at the construction area can be eliminated by a method of 
soaking, then the deformation modulus and shear strength of the rocks decrease to great 
extent. After the water is drained these parameters increase again. Draining can be de
scribed by the following equation (KRIGER, N.I. — BUINITSKY, V. F. et al. 1978) if 
the reservoir area is large:

W = W0ebt + Wbl

where W — weight moisture, expected at a depth of h; Wbl — natural balance moisutre; 
t — time from arbitrary beginning of reading (preferably 1-2 months after the end of 
soaking, as such a time interval is required for draining of gravitation water); b — an 
empirical paramter; b — f (h); W0 — excess of moisture content over balance moisture 
in the moment of beginning a time reading.

An example of a predictive map of average moisture content of loess rocks of 
10 m thickness in the process of drainage is shown in FIG. 4.

In this article we have considered only the principal problems related to some 
specific features of engineering-geological mapping of loess as a sensory geological for
mation.
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FIG. 2. Map of the depths of groundwater table in Hungary (Average of years 1956-1969)
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In additon to natural parent materials, the land utilization and agrotechniques 
also play important role taking into account the different features of sand soils.

Irrigation is more favourable in the multi-layer humic sand soils than in sand 
mantles, and the effect of fertilizers is different in the various subtypes and varieties of 
sand soils. Thus, the relationship between the peculiarities and fertility of sand soils was 
supposed by authors.

Numerous references are found in the Hungarian literature on the fertility of 
sand soils. Out of them the elaboration of different deep-fertilizing methods are of old 
traditions (ANTAL, J. 1956, EGERSZEGI, S. 1953). In relation with the laminated 
sand melioration numerous results were obtained being useful also for the practice 
(LANG, I. 1957, 1961, LÁNG, I. -  GÁTI F. 1958).

In the studied region previous geomorphological researches are also available 
which also took into account the ground water budget (ERDÉLYI, M. 1955, MOLNÁR, 
В. 1965, RÓNAI, A: et al. 1971, SÜMEGHY, I. 1952, PÉCSI, M. 1959, 1967, 1970, 
PÉCSI М. -  ZENTAY I. -  GEREI L. 1982. URBANCSEK, I. 1963).

GEOMORPHOLOGY

In the opinion of the overwhelming majority of the researchers the Danube- 
Tisza Interfluve is a remnant of the Pleistocene large alluvial fan of the Danube. At least 
from the last interglacial its surface was not affected by the Danube's erosion-accumula
tion activity, thus the surface consists mainly o f loose permeable eolian sediments. Semi
bound sand dunes and extended thin sand mantles alternate with sandy loess and flat 
surfaces covered by loessic sand. In the depressions between the dunes different imper
meable sediments (meadow clay, meadow limestone-dolomite, dolomiticTime-muddy 
loess) are found (FIG. 1).

The deeper strata of the flat alluvial fan are built up of fluviatile sand, sandy 
mud and clay and subordinately eolian sediments, i.e. transformed loess-like deposits 
and blown sand are intercalated. In the last interglacial and in the dry periods of the 
Early Holocene the fluviatile sediments were redeposited by wind to considerable 
measures.

In our recent knowledge, in the last interglacial the Danube was active in its 
recent bed of N-S direction. In the last glacial the formation of blown sand and loess 
was characteristic in the dry surface of the alluvial fan. The prevailing NW wind blow 
out elongated depressions of the same direction from the sand material of the inter
fluve. Locally large-scale dune groups were developed, which rise above extensive flat 
basins by their relative height of 50 to 20 m.

The surface of the Danube-Tisza interfluve is separated into several smaller 
geomorphological districts of different character. Out of them the sand-mantled envi
ronment the sandy loess of the vicinity of Kecskemét falls partly within the studied 
areas. Here the elongated fossil sand dunes are covered by loess in a thickness of 1.5 to 
2.0 m and in the flat oval small basins lying between them a chain of sodic lakes is 
found.
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ABSTRACT

Based on 15 years of experience of the cooperative farm in the studied sand soils 
the following average yields of wheat could be determined:

In blown sands no agricultural cultivation was carried out because of the expec
ted low rentability.

In humous sand soils the average yield of wheat was 2.0-2.6 t/ha in case of medi
um-thick humic layer and 3,0-3,5 t/ha in case of deep humic layer.

In multi-layer humous sand soils the wheat yield exceeded 4 t/ha. Accordingly, 
based on their fertility the sand soils of the cooperative can be classified as follows:

1. Soils of high fertility.
a. multi-layer humous sand soils,
b. sandy chernozem meadow soils.

2. Soils of medium fertility
Humous sands.

3. Soils of low fertility
a. blown sand soils,
b. sand mantle soils

The soil acidity and the depth of groundwater below the surface were found to 
be disadvantageous for soil fertility. When the groundwater table is closer to the sur
face than one metre, this may make roots drown.

Different types of calcareous sand soils cover large areas in the Danube-Tisza In
terfluve of Hungary. The fertility of these sand soils highly differs. Many subtypes and 
varieties are found from the infertile blown sands to the fertile humic sand soils. Then- 
formation has been governed by the ground water budget depending on geomorpholo- 
gical conditions, l.e. their parent materials are responsible for their fertility.
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FIG. 1. Geomorphology of the study area (M.PÉCSI) 1 =  high flood-plain covered by loess mud, 
2 =  low flood-plain with alluvial mud, 3 =  salt affacted clays of the flood-plain, 4 =  peaty 
backwaters and intra-dune depressions, 5 =  filled meander of backwaters, 6 =  meadow clays 
of the high flood-plain, 7 =  bank dunes on the, high flood-plain, 8 =  alluvial fan covered by 
sandv loess, 9 =  longitudinal dunes with loess cover, 10 =  alluvial fan covered by blown-sand 
and cover sand, ll =  salt affected intra-dune depressions with calcareous muds, 12 =  semi
bound surface with sand dunes, 13 =  sand dunes covered by chernozems, 14 =  region of stabi
lized sand dunes, 15 =  deflation depression, 16 =  erosion valley, 17 =  salt affected basins and 
small embanked basins, 18 =  inactive steep bank.
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FIG. 4. Prognosis scheme of the distribution of average values of moisture content of 10 m loess series. 
Experimental section in the town of Doushanbe. Worked out by D.A. TOULABAEV and 
N.I. KRIGER. Isolines of moisture content of loess after the termination of preliminary 
saturation. 1 =  in 0.5 year (experimental data); 2, 3 =  in 5.5 and 10 years (calculated data); 
4 - number of sampling site
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The sand region of Majsa-Dorozsma lies south-southwest of the former. Its regu
lar monotonous ranges of NW-SE strike are varied with the intercepting dolomitic-lime- 
muddy flat depressions of salt affected soils.

According to data from the wells observing the seasonal variation of ground- 
water, in the blown sand area the groundwater table essentially follows the topography 
(FIG. 2).

PHYSICAL, CHEMICAL AND MINERAL PECULIARITIES OF THE
STUDIED SOIL PROFILES (TABLES 1, 2, 3)

To compare the peculiarities and fertility of sand soils, the soil profiles were 
chosen from the sand regions of the cooperative farm in the environs of Szeged. Based 
on the results of the past fifteen years the chief agronomist of the cooperative farm „Pol- 
ish-Hungarian Friendship” marked the fields of low, medium and high fertility.

In this paper not all the profiles but a typical one for each region of different 
fertility will be discussed.

PRIMORDIAL FEATURES OF SAND SOILS FROM THE POINT OF
VIEW OF THEIR FERTILITY (FIG. 3)

In sandy areas of low fertility blown sand soils and sand mantles are found.
B l o w n  s a n d  s o i l .  The land surface is covered by sand dunes and highly endan

gered by deflation. At the time of observation the depth of groundwater table was about 
2.77 m, i.e. the water supply of the soil was not affected by the groundwater. The humic 
horizon is very thin, about 10 cm (in the underlying horizon of 17 cm thickness only 
a small amount of humus is found).

Down to 130 cm the profile does not contain CaC03, thus the degree of Ca- 
supply is insufficient.

Down to 160 cm depth the high sand fraction (92 to 95%) and the low clay frac
tion (2.6 to 3.6%) are responsible for the weak water holding capacity of the soil and 
together with the unfavourable humus conditions for the weak water and nutriment 
storage capacities, as well.

All these agronomically unfavourable features are responsible for the presence of 
primeval grass which can be utilized only as poor grazing land.

H y  d r o m o r p h o u s  s o i l s  o f  s a n d  m a n t l e

The soil consists of a fertile humic horizon overlain by an infertile humus-free 
(raw) sand horizon. Subsequently to its formation in the upper horizon small quantity 
of humus accumulated due to fertilization by organic manure. The sail surface in un
dulating, this relates to the movement of sand before soil strengthening. The ground- 
water table was found at a depth of 1.39 m; this fact considerably improves the water 
budget of the soil. The groundwater, which does not contain harmful salts, exerts advan
tageous impact on soil fertility.
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TABLE 1. Physical and chemical investigations of sandy soils

Depth CaC03 H pH

m % % di'st. w. KC1

0.010 0 1.29 7.8 6.9
0 .1 0 -0 .2 7 0 0.43 7.8 6.9

0 .2 7 -1 .3 0 0 0 7.7 6.7

1 .3 0 -1 .5 0 2.57 0 7.9 -
1 .5 0 -1 .6 0 2.14 0 8.0 -

1 .6 0 -1 .9 4 10.72 0.86 8.4 -
1 .9 4 -2 .7 7 17.15 0 8.6 -

0 -  0.08 0 0.65 7.5 6.7
0 .0 8 -0 .7 9 0 0.21 7.6 6.7

0.79 -  0.96 1.70 0 7.8 6.8

0 .9 6 -1 .3 5 2.56 0 8.1 -

0 -0 .1 7 1.29 0.65 8.1 -
0 .1 7 -0 .2 8 3.00 0.43 8.3 -
0.28 -  0.69 0.86 0 8.0 -
0 .6 9 -1 .3 2 10.29 0 8.5 -

0 -0 .2 4 0 0.43 7.8 6.9
0 .2 4 -0 .4 1 0 0.21 7.6 6.8

0.41 -0 .6 8 0 0.11 7.6 6.8
0.68 -  0.83 0 0.21 7.8 6.9

0 .8 3 -1 .1 2 0 0 8.0 -
1 .12-1 .71 16.12 0 8.5 -

0 - 0.11 0.85 1.51 8.0 —

0.11 -0 .3 7 2.14 1.08 8.0 -
0.37 -  0.86 1.71 0.65 8.3 -
0 .8 6 -1 .0 9 35.15 0 8.5 -
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Mechanical composition Exchangeable

% mgeq/100gr Horizon Type

clay silt loess sand Ca Mg T

3.62 1.60 2.06 92.16 4.88 1.95 13.12 A1
2.54 1.47 0.58 94.77 0.98 0.98 3.86 A2
3.10 0.04 0.23 95.76 _ _ _ c

Weakly humous
2.63 1.25 0.84 94.62 — — — blown-sand
2.63 1.93 0.31 94.82 - - -

13.07 4.06 2.69 79.75 - - -
11.84 3.36 1.64 82.44 - - -

2.73 0.79 0.61 95.17 1.95 0 3.86 A
Hydromorphous

2.48 0.76 0.30 94.90 0.98 0 3.09 CA sandy soils cov-
2.31 0.46 0.54 96.12 0.98 0.98 3.09 CB ered by blown-

3.47 1.14 1.53 93.21 - - - CC

3.53 1.30 0.23 94.43 1.95 0.98 3.86 ASz Hydromorphous
2.78 1.86 1.93 92.65 1.95 0.98 3.86 A humous sandy
3.01 0.92 0.56 94.47 1.95 0 3.09 В soil with deep

humous layer
3.25 1.77 1.81 91.69 — - — C

2.36 1.97 1.03 93.86 0.98 0.98 3.86 A
3.81 0.63 0.81 93.75 - - - В
5.66 1.52 1.72 89.87 1.95 0.98 6.18 CA Humous sandy

soil with more5.41 1.87 2.53 89.54 — — — CB humous layers
4.40 1.13 1.09 92.70 - - - CC
4.74 1.99 1.21 91.76 - - - CC

4.95 1.09 0.77 92.98 2.93 0.98 8.49 ASz
5.50 2.61 0.58 90.48 2.93 0 7.72 A Sandy cherno-
8.73 4.93 1.25 84.97 4.88 0.98 10.81 В zem meadow soil

22.26 7.26 3.95 64.82 - - — C



TABLE 2. Mineralogical composition of clay fractions of sandy soils

Horizon Depth (m) Quartz Feldspar Illite Montmo-
rillonite Chlorite

Illite-
Montmo-
rillonite

Illite-
Chlorite Kaolinite Type

A1
A2

0.0 0 - 0.10 5 2 48 5 15 10 10 5
0 .1 0 -0 .2 7 5 2 48 5 15 10 10 5

c 0.27 -  1.30 5 2 36 10 17 10 15 5 Weakly humous blown-
1.30 -  1.50 5 2 43 10 15 10 10 5 sand
1 .5 0 -  1.60 5 2 28 15 25 10 10 5
1 .6 0 -  1.94 5 2 33 15 20 10 10 5
1 .9 4 -2 .7 7 5 2 30 10 23 10 15 5

A
CA

0.00 -  0.08 
0.08 -  0.79

7
10

3
3

50
47

- 20
20

- 20
20 _ Hydromorphous sandy 

soil covered by blown-
CB 0.79 -  0.96 8 5 37 — 20 — 30 — sand
CC 0 .9 6 -1 .3 5 5 3 42 15 15 - 20 —

ASz
A

0.00 -  0.17 
0 .1 7 -0 .2 8

5
5

2
3

33
33

10
8

20
18

10
18

20
15

- Hydromorphous hu
mous sandy soils with

В 0.28 -  0.69 5 3 40 7 15 15 15 — deep humous layer
C 0 .6 9 -1 .3 2 7 3 40 10 20 10 10 —

A 0.00 -  0.24 5 2 55 10 15 _ 10 3
В 0.24 -  0.41 6 3 35 15 20 — 15 6 Humous sandy soil
CA 0.41 -0 .6 8 5 3 52 10 20 — 10 — with more humous
CB 0.68 -  0.83 8 2 42 10 10 — 20 8 layers
CC 0.83 -  1.12 10 2 43 15 15 - 10 5

ASz
A

0.0 0 - 0.11 5 2 43 _ 25 _ 25 —
0.11 -0 .3 7 5 3 52 — 20 — 20 — Sandy chernozem mead-

В 0.37 -  0.86 5 2 53 — 15 15 10 — ow soil
C 0.86 -  1.09 5 2 48 — 48 15 15 —



TABLE 3. Mineralogical composition of sandy soils

Horizon Depth Quartz Mica
Feld

Potas
sium

spars
Plagio-
clase

Calcite Dolomite Chlorite
Illite-
mont-
morill.

Type

A1
A2
C

0.0 0 - 0.10 
0 .1 0 -0 .2 7  
0.27 -  1.30 
1 .3 0 -  1.50 
1.50 -  1.60 
1.60 -  1.94 
1.94 -  2.77

65
53
57
73
50
51 
39

14
20
17
7

12
11
10

8

5

14
11
18
13
25
11
18

2
2
2
3
8

10
18

6
5

5
6 
6
4
5
6 

10

-
Weakly humous blown- 
sand

A
CA
CB
CC

0.00 -  0.08 
0.08 -  0.79 
0.79 -  0.96 
0.96 -  1.35

61
67
56
60

12
10
9

12

7

4

14
16
26
16

3
3

3
3

6
7
5
6

-

Hydromorphous sandy 
soil covered by blown- 
sand

ASz
A

0.00 -  0.17 
0 .1 7 -0 .2 8

57
55

11
9

5 14
27

2
2

2
2

9
5

- Hydromorphous hu-
В 0.28 -  0.69 67 12 12 2 2 5 mous sandy soil with
C 0.69 -  1.32 47 9 - 16 13 9 6 - deep humous layer

A 0.00 -  0.24 50 11 _ 32 _ _ 7 _

В 0.24 -  0.41 53 10 — 30 — — 7 — Humous sandy soil
CA 0.41 -  0.68 54 18 — 23 — — 5 — with more humous
CB 0.68 -  0.93 50 15 — 28 — — 7 — layers
CC 0.93 -  1.12 57 12 3 18 2 2 6 -

^Sz 0.0 0 - 0.11 54 11 _ 27 2 2 4 —

A 0.11 -  0.37 60 12 — 20 2 2 4 — Sandy chernozem mead-
В 0.37 -  0.86 57 12 — 20 — 3 8 — ow soil
C 0.86 -  1.09 35 14 - 10 28 3 6 4
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The quantity of humus is low, but the thickness of the humic horizon is con
siderably greater than in blown sand soils. The degree of lime supply of the soil is low, 
down to 80 cm it does not contain considerable amounts of calcium carbonate. The 
high sand (95-96%) and low clay (2-3%) fractions are responsible for the low water 
holding capacity. The small amounts of inorganic and organic colloids cause the low 
water and nutriment storage capacities of the soil. Nevertheless, the thicker humic 
horizon (as compared to blown sand soils) and the better water supply produce some
what better fertility in these soils. This accounts for the cultivation of this soil type, but 
the sparsely germinated autumn wheat refers to its unfavourable agronomic features.

The regions of medium fertility are characterized by hydromorphous sand soils 
with deep humic horizons.

H y d r o m o r p h o u s  h u m o u s  s a n d  s o i l  w i t h  d e e p  h u m i c  l a y e r .  The profile is found 
in a flat region lying somewhat lower than its environment. The non-sodaic groundwater 
found at a depth of 130 cm provides good water supply. The quantity of humus is small 
but the humic horizon starting from the surface is deep, i.e. 69 cm. (At the base of the 
humic horizon the small quantity of humus cannot be identified by chemical methods 
but its presence unambiguously be determined.) As compared to the soils enumerated
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FIG. 3. Connection between productivity and types, subtypes of the sandy soils
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above, the degree of lime supply of this soil is better since it contains small quantities 
of carbonic lime just from the surface. The high sand (92-94%) and low clay (about 3%) 
fractions unfavourably affect the water and nutriment storage capacities of this soil. 
The deep humic horizon together with the good water supply exerts advantageous effects 
on soil fertility. This soil can, therefore, be ranked among soils of medium fertility in 
the given farms. This is also indicated by the densely germinated autumn wheat in the 
plot represented by the profile.

In the sand regions of good fertility multilayer humous sand and sandy meadow 
soils were described.

H y d r o m o r p h o u s  m u l t i l a y e r  h u m o u s  s a n d  s o i l .  The soil is found on the top of a 
slightly undulating relief. The depth of groundwater table is 1.70 m which provides 
favourable water supply. In the soil profile three humic horizons occur within one met
re, their thicknesses being 24, 27 and 15 cm, respectively. The three humic horizons in 
these soils highly improve the water and nutriment storage capacities. The degree of lime 
supply is weak since the soil does not contain considerable amounts of calcium carbonate 
down to about 1 m depth. The sand fraction (90 to 94%) refers to the sandy character 
of the soil, but the somewhat higher amount of the clay fraction (2.36 to 5.66%) pro
vides better water and nutriment storage capacities. This is indicated by the 6.18 mg equiva
lent /100 g soil absorption capacity value found in the buried CA horizon.

Consequently, in the multilayer humous sand soils the humic horizons under
lying each other, the somewhat higher quantities of clay and the good water supply 
result in very advantageous features from the agronomic point of view. This statement 
has been supported by the many years’ experiences of the farm.

S a n d y  c h e r n o z e m  m e a d o w  s o i l

The surface of the soil is flat and it Ues somewhat higher than the soils above. 
The depth of the groundwater table is 174 cm, it exerts favourable effect on the soil’s 
water supply and it does not contain harmful salts. The groundwater is of primordial 
significance in the soil formation process and it is the precursor of a meadow soil forma
tion trend. As a result of this trend a thick (86 cm) humic layer was generated.

As compared to the previous soils, its humus content is higher, i.e. 0.65 to 
1.51%. Less intensely, the chernozem soil formation process also occurs, in addition 
to the meadow soil formation trend. In the horizons A and В this process is marked by 
the apparent crumbly structure. The degree of CaC03 supply is somewhat better than 
in case of the former soils since it contains carbonic lime just from the surface though 
in small quantitaties.

In the A and В horizons the sand fractions are somewhat lower than in the other 
soils studied. The amounts of clay fraction is higher in these horizons, they vary be
tween 5 and 8.7%. Due to the intense weathering during the meadow soil formation 
process, the clay fractions generated in thick layers highly improve the water and nutri
ment budget of this soil. The sandy chernozem meadow soil is a good example for the 
control of the soil formation process over soil fertility. In this soil type the deep humic 
horizon, the higher humus content and the considerably higher clay content, further 
the developing crumbly structure as well as the good water supply result in improved
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soil fertility. This statement is supported by the densely germinated autumn wheat by 
the many years’ experience of the farm.

Consequently, in the given area the fertility of sand soils is primarily controlled 
by the factors below:

1. the soil types, subtypes and varieties,
2. the depth of the groundwater table,
3. the number, thickness and humus content of the humic layers,
4. the degree of CaC03 supply of the soils,
5. the quantity of the clay fraction.

CONCLUSION

1. In some soils the upper horizons are free of lime, moreover, locally exchange
able acidity is also shown. This fact may be related to the large-scale leaching 
in the soils.

2. In the profiles basic pH was determined in many cases besides zero lime con
tent. The dissolution of calcite may be responsible for this. This is against the 
conclusion that the adsorbed Ca quantity is low in 100 g soil. Nevertheless, in 
the small amount of clay fraction of the sand soils small quantities of calcium 
may play also an important role.

3. In sand soils humus was determined in relatively small quantities. This phe
nomenon is caused by the aerobic conditions in the upper soil horizons which 
promote the rapid decomposition of humus.

4. In the surficial layers somewhat higher humus content was found also in the 
soils of poorer quality, than in the deeper horizons. This phenomenon can be 
attributed probably to the long-lasting organic fertilization and to the denser 
rootlet development.

5. On the basis of mineral composition alluvial layer of different origin can be 
distinguished.

6. In the mineral composition of the soils quartz and feldspar are predominating. 
The studied sand soils are relatively poor in micas.

7. In the fine disperse fraction illite predominates on the whole. The illite-chlorite 
mixed-layer structure occurs also in considerable amounts. This fact refers 
probably to hydromorphous effects.

8. In the fine disperse fractions of the studied soils the clay minerals of high ad
sorption capacity are present in relatively high amounts. This verifies the sig
nificant role of the fine disperse fraction in the adsorption capacity of these 
soils, i.e. also in their water and nutriment storage capacities, as well. This is 
significant also in the soils of low amounts of fine disperse fraction.

9. The water and nutriment budget of the multi-layer humic sand soils is much 
better than that of the blown and mantle sands. This is caused, in part at least, 
by the higher percentage of illite and montmorillonite in the fine disperse 
fraction.



FERTILITY OF SAND SOILS 303

REFERENCES

ANTAL, J. 1956: Aljtrágyázási és zöld aljtrágyázási kísérletek a Duna-Tisza közén. (Experiments at 
deep manuring and deep green manuring on the Danube-Tisza interfluve). — MTA Agrártud. 
Oszt. Közi. 9. 391-399.

EGERSZEGI, S. 1953: Homokterületeink termőképességének javítása »aljtrágyázással”. (Erhöhung der 
Fruchtbarkeit von Sandböden mittels »Tiefdüngung”.) — Agrokémia és Talajtan, 2. 97-108. 

ERDÉLYI, M. 1955: A Duna-völgy nagyalföldi szakaszának víztároló üledékei. (Die wasserspeichemden 
Sedimente des DonautalesinderGrossenUngarischenTiefebene.)-Hidrol. Közi. 35.5-6.159-169. 

LÁNG, I. 1957: Aljtrágyázott őszi gabonák zöld — levélfelületek és összlevél — festékének vizsgálata. 
(Untersuchung des gesamten Blattgrünhaltes bei Wintergetreide nach Untergrunddüngung.)
— Agrokémia és Talajtan, 6. 69-78.

LÁNG, I. 1961: A réteges homokjavitás hatása a homoki bab terméshozamára és tápanyagfelvételére 
(Einfluss der Sandverbesserung m it Tiefenschichtdüngung auf Ertrag und Nährstoffgehalt 
der Kunbohne.) — Agrokémia és Talajtan, 10.389-404.

LÁNG, I. — GÁTI, F. 1958: A réteges homokjavítás hatása a kukorica ásványi táplálkozására. (Der 
Einfluss der schichtenweisen Sandmelioration auf die mineralische Ernährung des Mais.)
— MTA Agrártud. Oszt. Közi. 14,369-382.

MOLNÁR, В. 1965: Adatok a Duna-Tisza köze fiatal harmadidőszaki és negyedkori rétegeinek tagolá
sához és származásához, nehézásvány összetétel alapján. (Beiträge zur Gliederung und Entste
hung der jungtertiären und quartären Schichten des Donau-Theiss-Zwischenstromlandes auf 
Grund der Schwerminerahenzusammensetzung.) — Földtani Közlöny, 95,217-225.

PÉCSI, M. 1959: A magyarországi Duna völgy kialakulása és felszínalaktana. ( Entwicklung und Mor
phologie des Donautales in Ungarn.) Budapest, Akad. К. 345. (Földrajzi Monográfiák, 3.) 

PÉCSI, M. 1967 a: Bácskai löszös hátság. A domborzat kialakulása és mai képe. (The Bácska Loess 
Ridge. Relief evolution and geomorphology.) -  In: A dunai Alföld. Budapest, Akad. К. 244- 
248. (Magyarország tájföldrajza, 1).

PÉCSI, M. 1967 b: Dunamenti síkság. A domborzat kialakulása és mai képe. (The Danubian Plain. Relief 
evolution and geomorphology.) — In: A dunai Alföld. Budapest. Akad. K. 165-176. (Magyar- 
ország tájföldrajza, 1).

PÉCSI, M. 1967 c: A Duna-Tisza közi hátság. A felszín kialakulása és mai képe. (The Danube-Tisza 
Interfluve. Rehef evolution and geomorphology.) -  In: A dunai Alföld. Budapest, Akad. K. 
214-221 (Magyarország tájföldrajza, 1).

PÉCSI, M. 1970: Geomorphological Regions of Hungary. Budapest. Akad. K. 45. (Studiesin Geography 
in Hungary, 6.)

PÉCSI, M. — ZENTAI, T. — GEREI, L. 1982: Engineering Geology and the Fertility of the Sand Soils 
of the Southern Danube-Tisza Interfluve. — In: Quaternary Studies in Hungary. Budapest, 
Geogr. Res. Inst. Hung. Acad. Sd. 255-269.

RÓNAI, A. et al. 1971: Magyarázó Magyarország 200000-as földtani térképsorozatához. L-34-XIV. 
Kiskunhalas. (Explanation to the 1 to  200 000 geological map series of Hungary. Budapest. 
MÁFI. 358.

SÜMEGHY, J. 1952: Földtani adatok a Duna-Tisza köze északi részéről. (Donées géologjques de la 
partié septentrionale de l ’Entre-deux-fleuve Danube-Tisza.) MÁFI Évi Jel. 1948-ról. 85-96. 

URBANCSEK, I. 1963: PUocén és pleisztocén üledékek földtani színezésének újabb lehetőségei a víz
földtani kutatásban. (New possibilities for geological levelling of Pliocene sediments in the 
geological research.) — Hídról. Közi. 43.5.392-400.

Addresses o f authors:
Prof. Dr. M. Pécsi, Dr. L. Gerei, Mrs. M. Reményi,
Geographical Research Institute, Hungarian Academy of Sciences 
Népköztársaság útja 62. 1062 BUDAPEST — Hungary 
Dr. T. Zentay, Hungarian Geological Survey Institute 
Sóhordó u. 20/b. 6721 SZEGED -  Hungary





M. Pécsi (Ed.):
Lithology and Stratigraphy o f  Loess and Paleosols 

GEOGRAPHICAL RESEARCH INSTITUTE, HUNGARIAN ACADEMY OF SCIENCES
Budapest, 1984

DEPOSITION OF WINDBLOWN DUST IN CENTRAL ARIZONA, USA*

T.L. Péwé

ABSTRACT

Windblown sediments have been deposited in many parts of the world since the 
creation of the continents and probably are of the same antiquitiy on other planets. 
Dust blown from deserts is a common phenomena that occurs with great frequency and 
magnitude in arid and semi-arid areas. Desert dust is often transported hundreds of kilo
meters, although much of the finer material is carried thousands of kilometers. It is 
estimated that wind-blown dust carried from deserts amounts to 500 million tons an
nually.

In the lower Sonoran Desert of Arizona and northern Mexico, the soil is very 
susceptible to deflation, and great quantities of dust are transported locally by dust 
devils. It is becoming increasingly evident that much dust is being transported into and 
within central Arizona, and is of geological importance in the study of soils, origin of 
caliche, and origin of desert varnish. Therefore, a local study was initiated to learn more 
of the characteristics, and especially the rate of deposition, of dust inTempe, Arizona.

PHYSICAL SETTING

G e o l o g y  a n d  g e o g r a p h y

The City of Tempe lies in the Phoenix metropolitan area of central Arizona 
(FIG. 1). It is adjacent to and east of the City of Phoenix in the Salt River valley, one 
of the many basins of the Basin and Range Physiographic Province. Typical fault-block 
mountains in the area project 300 to 1000 m above the basin and are composed of Pre- 
cambrian metamorphic and intrusive rocks and Tertiary volcanic rocks. The essentially 
flat-floored basins are 1 to 100 km across and are filled with silt, sand, and gravel to 
depths of 300 to 2000 m.

* This paper is a condensation and slight modification from Péwé, E.A. -  Péwé, R.H. — Journaux, A. 
— Slatt, R.M., 1981, Desert dust: characteristics and rate of deposition in central Arizona, in Péwé, 
T.L., Ed., Desert dust: origin, characteristics, and effect on man: Geological Society of Amerika 
Special Paper 186,169 -190.
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The sediments in the center of the basin are mainly silt and clay, and silt is also 
an abundant matrix in the coarser colluvial-alluvial sediments on the flanks of the valleys. 
Ephemeral streams are widespread, the major perennial rivers are dammed, and water 
rarely runs in their riverbeds today. The Salt and Gila Rivers had, until recent decades, 
wide, braided active floodplains and were essentially vegetation-free in most areas. At 
present, however, Tamarisk gallica (Salt Cedar) chokes the Gila River floodplain, and the 
lower 2 km or so of the Salt River floodplain.

The largest irrigated agricultural area in Arizona is centered in the Phoenix 
region in the drainage of the Gila and Salt Rivers. About 1855 km of the basin-floor 
area are cultivated, and at various times some bare, tilled soil is exposed in the region 
when not planted in citrus orchards or crops. The cultivated area of the Phoenix region, 
plus those of the Tucson and Yuma regions represent only 3.5% of the 149.230 km2 of 
the sparsely vegetated Arizona desert in the Basin and Range Province, it is evident 
that almost all of the desert area of Arizona is represented by natural areas covered with 
little or no vegetation.

D u s t  s t o r m s

Perhaps the most important aspect of the climate pertinent to this study is the 
dust storm. Although dust is locally generated by thermal winds and is also stirred up by 
actions of man (SUCK, S. et al. 1976, GRAF, J. et al. 1976), most dust is transported

0 20 40 60Km
FIG. 1. Index map showing location 

of Tempe, Arizona, U.S.A.
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and deposited by summmer dust storms. Several dust storms pass through the Phoenix 
area every summer, accompanied by moderate to high winds, and cause a great loss in 
visibility. The blinding dust storm, a real hazard, has resulted in air pollution and loss of 
visibility, which has resulted in many fatal highway accidents (HYERS, A.D. — MAR
CUS, M.G. 1981, BURR1TT -  HYERS, A.D. 1981).

According to IDSO, S.B. et al. (1972) about 50% of the central Arizona dust 
storms are true „haboobs”. A haboob is the legendary dust storm of Khartoum in the 
Sudan and is one of the world’s awesome displays of blowing dust and sand. These great 
dust storms form on the forward edge of cumulonimbus clouds. Strong winds are gen
erated by the outflow of rain-cooled air, at first, dust is blown upward from the ground 
as independent swirls, but it soon develops to form a billowing wall of dust. The leading 
edge of the dust storm bulges forward to form a nose, and the upper surface slopes back 
and soon rises to an elevation of 2000 m to as much as 2500 m (FIG. 2). The haboobs 
in Sudan have an average speed of advance of about 14 m/sec, with the greatest speed 
about 20 m/sec. With the passage of the haboob, the air pressure, temperature, and rela
tive humidity fluctuate considerably. Even though the common term „haboob” is not 
accepted by all workers (TEWFIK, M. 1976, MORALES, C. 1979), the well-known 
euphonious word has been imported to America and will be used in this report.

In Arizona, major dust storms occur that are of the same nature and intensity 
as those in Africa, according to IDSO, S.B. and others (1972). They further state that 
although the American dust storms are not as frequent as the Sudanese haboobs, they 
are equally dramatic. As many as nine major dust storms may strike the Phoenix area 
during the summer, but the average is 3.5/yr. (Storms are listed if visibility dropped to 
less than 800 m). There have been 95 dust storms of this nature recorded over the 
past 27 years at Phoenix Sky Harbor International Airport, 8 km west of the Tempe 
dust collecting site. They generally occur between June 1 and September 15. According 
to INGRAM, R.S. (1972), IDSO, S.B. et al. (1972), and BRAZEL, A.J. and HSU, S. 
(1981), most of these dust storms are caused by downdrafts from decaying stages of 
large thunderstorms that form over the mountain areas southeast of Tucson and north
ern Mexico, or over the Mogollon Rim north of Phoenix, especially during the monsoon 
season of July and August (FIG. 3). The dust storms documented in FIGURE 3 are 
those recorded at the Phoenix airport. Similar dust storms are recorded elsewhere in the 
Phoenix metropolitan area, but may not affect the station of the airport, for example, 
some serious dust storms recorded in Tempe during the study period were not recorded 
at the Phoenix airport. The record at the airport, however, is thought to be typical of 
the Phoenix region.

Most of the dust storms move into Phoenix from the east to the south. INGRAM, 
R.S. (1972) indicated that 69% of the documented dust storms move into Phoenix from 
the east, and about 35% of these dust storms are generated by thunderstorms that de
velop in the area south and east of Tucson. These storms move up the Santa Cruz Valley, 
generally at a rate of 13 to 14 m/sec. About 34% of the storms move in from the east 
and do not necessarily begin near Mexico. Twenty-five percent of the storms come from 
the north or northeast and 6% from the west. The storms that travel from the Santa 
Cruz Valley to the southeast generally arrive in the Phoenix area between 1700 and 2100 
hours, while those from the other directions arrive between 1500 and 1900 hours. A typ-



FIG. 2. Dust cloud, a typical haboob, sweeping over the City of Phoenix, Arizona, from the south, July 16, 1971. The dust is picked up from the desert terrain in 
northern Mexico and southern Arizona. (Photograph by Hamilton McRae) (see IDSO and others 1972).
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ical Arizona haboob that formed southeast of Tucson and moved northwest into the 
Phoenix area on July 16, 1971, has been well-documented by IDSO, S.B. et al. (1972) 
(FIG.2).

DUST IN CENTRAL ARIZONA

The dust used in this study was periodically collected by PÉWÉ, E. A. and PÉ— 
WÉ, T.L. from the roof of a house at 538 E. Fairmont Drive, Tempe, Arizona, for 450 
days from April 22, 1972 to July 2, 1973 (PÉWÉ, T.L. -  PÉWÉ, E.A. -  PÉWÉ, R.M. 
1976). The northfacing half of the roof was used. The roof is composed of rough cedar 
shake shingles and has an area of 131 m . The roof slants slightly, and the minimum 
height above the ground is 3 m.

After the roof was hosed off with 380 L of water, the dust fell on the roof con
tinuously, about every 30 days the dust was washed from the roof and gutters into 
plastic containers with about 230 L of water hosed on the cedar shakes. After the se
diments had settled into containers, the water had been removed, and the dust had 
dried, the quantities and compositions were recorded. Rain fell during some of the col
lecting periods, and this was also caught in plastic containers and added to the total 
water and dust from the roof for the period.

Twice during 1972, the roof has just been cleaned in the morning when a dust 
storm moved in over the area in the early evening. The dust was collected the next 
morning, therefore, we have two collecting periods of one day each that represent de
position of a single dust storm.

Physical properties of the dust

Preliminary statement. The collecting of dust from the roof at periodic intervals 
resulted in 15 samples. The dust samples ranged in weight from 263 g to 1330 g and rep
resent collecting intervals of one to 56 days. The average collecting intervals was 33 
days, not counting the two one-day intervals. Studies were made on the texture, che
mistry, mineralogy, and clay composition of all sample.

Texture. Mechanical analyses (granulometric analyses) of the dust were made at 
the Center for Geomorphology in Caen, France. Analyses were made by sedimentation 
in water. Grains smaller than 20 p were separated by Andresen Pipe; grains larger than 
20 p were separated by sieving. In addition to the mechanical analyses of the dust from 
Tempe, samples of volcanic ash from Fairbanks, Alaska, and loess from Siberia, China 
and New Zealand were also analyzed in the laboratory by the same method to permit 
reliable comparisons.

The windblown dust falls into two major size groups. Very fine-grained material 
is tropospherically sorted dust that moves as an aerosol, that is, a dust that remains sus
pended in the air until brought down by rainfall onto water and land surfaces. This dust 
is < 1 to 10 m in size. The other major group is dust that is transported 1 or 3 km 
upward in the atmosphere by winds of moderately high velocities horizontal distances of
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FIG. 3. Directions and percentage of dust storm entering Phoenix indicated by arrow. (Base map by 
RAISZ; dust storm data from INGRAM, 1972.) Physiographic provinces of Arizona: CP -  
Colorado Plateau, BR -  Basin and Range, TZ -  Transition Zone (HUNT, 1954).
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lto 100 km. Ordinary, windblown dust, volcanic ash, and loess fall into this group, and 
the particles lie mostly between 5 and 50 p.

The windblown desert dust considered in this report is of this second group and 
is well sorted (FIG.4.). Approximately 75% of the dust particles are between 0.05 and 
0.005 mm in diameter. As illustrated in FIGURE 4, this size distribution of particles is 
similar to windblown volcanic ash and loess from various parts of the world. Mechanical 
analyses of the 15 dust samples from Tempe reveal curves that are practically identical 
one with another. Therefore, one general curve is plotted in FIGURE 4.

It has long been known that angular silt grains are characteristic of windblown 
dust (TWENHOFEL,W.H. 1932, p.272, CHARLESWORTH, J.K. 1957, p.513, PÉWE, 
T.L. 1955, p. 721). With the advent of the scanning electron microscope, the nature of 
loess particles was more closely revealed. According to CEGLA, J. — BUCKLEY, T. — 
SMALLEY, I.J. (1971), the scanning electron microscope does support the concept that 
the majority of dust particles are certainly angular. The grains of silt from the dust col
lected in Tempe are also angular, especially the minerals of low specific gravity, such as 
quartz.

1.0 O.S 0.1 O.OS 0.01 0.005 0.001 0.0005 0.0001

D iam eter in m illlm etm e

FIG. 4. Comparison of cummulative-frequence curves of modem, windblown dust from Kansas (SWI- 
NEFORD and FRYE, 1945), Germany (ZEUNER, 1949), and Arizona, and of volcanic ash 
from Fairbanks, Alaska (PEWÉ, 1955) and loess from Siberia. Alaska, Siberia, and Arizona 
samples collected by Troy L. PÉWÉ and analyzed by Center for Geomorphology, CNRS, 
Caen, France.



TABLE 1. Chemical analysis of windblown dust colledted at Tempe, Arizona, U.S.A.*

Sample
No.

SiO ,
7.

A1 0
7.

(T o ta l)

TiO,
7.

MnO
%

CaO
г

MgO
7. ■s Na.O

7.
H_0

7.
lo s s  on 
ig n i t io n

г

1 57.50 11.25 4 .79 0 .73 0 .06 2 .76 3.27 3.02 1 .41 2.03 11.65

2 58.90 11.10 4 .8 4 0 .8 6 0 .07 3 .18 3 .20 2.93 1.60 2.01 10.55

3 56.20 11.40 5 .00 0 .72 0.09 2.16 3 .35 2 .86 1.65 2 .48 14.35

4 61.80 14.35 4 .6 0 0 .8 0 0 .07 1.92 2 .89 2 .56 2 .04 1.79 7 .10

5 60.00 11.65 5.15 0 .88 0.06 3 .70 3 .26 2.72 2 .52 2.33 8 .48

6 59.00 15.00 4 .75 0 .7 4 0 .0 6 1 .74 2.95 2.81 1.87 2.13 8 .64

7 55.80 14.85 4 .7 1 0 .7 6 0 .07 1 .90 2 .54 2 .58 1.89 2.43 11.85

8 60.10 13.30 4 .6 0 0.82 0 .09 1 .40 2 .83 1.77 1 .98 1 .98 11.72

9 58.25 13.62 4 .67 0.77 0 .07 0 .47 3 .4 4 2 .60 2 .08 2.15 11.42

10 54.00 12.95 4 .6 0 0 .72 0 .06 1 .63 3 .44 2 .69 1.93 2 .44 14.20

11 57.60 10.70 4 .39 0.75 0 .07 1.42 2 .80 2 .46 2.01 2.08 13.90

12 56.30 12.55 4 .46 0 .2 4 0 .07 1.69 2 .71 2 .40 2.28 2 .04 14.95

13 56.45 12.06 4 .8 1 0 .73 0 .08 2.31 3 .10 2 .64 2.01 2.08 12.27

14 57.85 13.30 4 .95 0 .77 0 .07 1.93 3 .07 2 .67 1.93 2.09 11.10

15 55.30 12.65 4 .56 0 .7 4 0 .07 1 .84 2.65 2.69 1.87 2 .41 15.10

16 61.60 12.70 4 .67 0 .87 0 .06 2.15 2 .73 2 .66 1.76 1.81 9.00

♦Analyses made a t Center fo r Geomorphology, CNRS, Caen, France
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Chemical composition. All of the 15 samples (and one grab samples from thereof 
gutter in 1974) were analyzed chemically at the Center for Geomorphology of the 
CNRS at Caen, France, under the direction of Andre Journaux. All samples average 
58%-61% Si02 and were essentially of the same chemical composition (TABLE l.)Trace 
elements were not studied, but they are present naturally and also derive from copper 
smelting, agricultural fertilizer, and automobile emissions.

A special analysis was made of the CaCOg content of the dust (TABLE 2). The 
samples ranged from about l%-4% calcium carbonate. As with chemical analyses, 16 
samples were analyzed, 15 of which were taken during the regular study period.

TABLE 2  . PERCENTAGE OF C a C 0 3 IN WINDBLOWN DUST 
COLLECTED AT TE MP E ,  A R I Z O N A ,  U . S . A . *

S a m p l e
N u m b e r

P e r c e n t a g e  
o f  C a C 0 3

1 3 . 8 7

2 2 . 9 8

3 1 . 1 2

4 2 . 4 4

5 3 . 6 7

6 1 . 8 8

7 2 . 3 4

8 1 . 2 2

9 1 . 5 3

1 0 3 . 3 4

11 1 . 2 1

1 2 1 . 4 3

1 3 3 . 0 1

1 4 3 . 1 1

1 5 2 . 1 4

1 6 1 . 9 3

* A n a l y s e s  m a d e  a t  C e n t e r  f o r  G e o m o r p h o l o g y ,  
CNRS ,  C a e n ,  F r a n c e .

Heavy mineral composition. Examination of the heavy minerals in the 16 sam
ples was made by SLATT, R.M. Heavy minerals from washed samples were separated in 
tetrabromoethane (sp. gr. = 2.96). Because samples were small, size fractionation of the 
heavy minerals was not attempted, most of the mineral appeared to fall within the fine-
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sand, coarse-silt size range. The heavy minerals were mounted on glass slides with 
Caedex, and point counts were made on each slide until a total of 100 nonmicaceous 
grains was determined.

Average abundances of heavier minerals are as follows (TABLE 3); A m p h i b o l e :  

common hornblende (19%), tremolite/actinolite (7%), blue-green hornblende (4%), 
brown hornblende (tr), P y r o x e n e : augite/diopside (14%), enstatite (2%), O p a q u e s :  

(40%), E p i d o t e :  epidote (5), zoisite/clinozoisite (4%), O t h e r s :  alerite (2%), apatite (1%), 
sillimanite (1%), pale tourmahne (1%), andalusite (tr), titanite (tr), garnet (tr), fluorite 
(tr), kyanite (tr), monazite (tr), staurolite (tr), green tourmaline (tr).

The wide variety of heavy mineral species in each sample indicates that the 
dust is derived from both igneous and metamorphic rocks. Most grains are fresh, angular 
and commonly euhedral, which along with the several species of unstable heavy miner
als, suggests that sedimentary rocks are not important contributor. These features also 
show that the grains have minimal grain-to-grain impact. Some pyroxene and amphibole 
grains exhibit „cockscomb” solution features. A small number of opaque spherules of 
unknown composition and origin occur in each sample.

Dust deposition

By measuring dust deposition for more than one year in Tempe, it is possible to 
note that the range of dust deposition varies between winter and summer and is greater 
in the summer. Records indicate that in the winter the rate of deposition averages 0.1 to 
0.15 g/m2/day, but in the summer averages 0.2 to 0.4 g/m2/day. The rate of deposition 
ranges from a low of 0.05 g/m2 for 24 hours in the winter to as much as 3.85 g/m2 in 
one hour during a summer dust storm (TABLE 4, FIG.5). Records indicate that the 
amount of dust falling on a square metre of surface for the year April 22,1972, to April 
21, 1973 was 53.9 g. If we were to take the year from July 2, 1972, to July 2, 1973, 
which was the end of the measuring period, the figure would be 54.48 g/m2/yr. So, a 
figure of 54 g/m2/yr in this experiment would be a good average number.

There were no dust storms in Phoenix in 1973 and only three were recorgnized 
in Tempe during the collecting period, although four are listed for Phoenix in the sum
mer of 1972. Also, the precipitation in the Phoenix area during the sampling year was 
higher than the average. The mean annual precipitation is 179 mm/yr, as measured at the 
Phoenix Sky Harbor International Airport, but from April 22, 1972 to April 21, 1973, 
the precipitation was 355 mm (NOAA, 1972; NOAA, 1973). Because of the higher preci
pitation and the slightly lower number of dust storms, it is thought that the amount of 
54 g/m2yr recorded in the 1972-1973 experiment is probably a little below the average.

The average annual desert dust deposition as measured in Israel by Yaalon and 
associates (YAALON,D.H -  DAN,J. 1974; YAALON,D.H. -  GANOR,E. 1975) is 50 to 
200 g/m2. GILE, L.H., HAWLEY, J.W. and GROSSMAN, R.B. (1970) measured desert 
dust that was trapped at elevations of 0.3 and 1 m above the desert floor in south-wes
tern New Mexico for two years. At an elevation of 0.3 m, the deposition rate was 42 to 
164 g/m2/yr, and at an elevation of 1 m, it was 20 to 29 g.



TABLE 4. Amount of windblown dust deposited at Tempe, Arizona, U.S.A. 1972-1973.
Precipitation measured at Sky Harbor International Airport, Phoenix, Arizona

S a m p l i n g  
P e r i o d  N o .

D a t e
1 9 7 2 - 7 3

D a y s  i n  
P e r i  o d

T o t a l  d u s t  
i n  g r a m s

D u s t  i n  
g r a m s / d a y

D u s t  g r /  
n r / d a y

P r e c i p i t a t i o n  
i n  mm

R e m a r k s

1 A p r i l  2 2  
M a y  2 9

3 7 2 6 3 . 1 2 7 . 1 1 0 . 0 5 T r a c e  
2 9  M a y

2 M a y  2 9  
M a y  3 0

1 3 8 1 . 2 9 3 8 1 . 2 9 2 . 8 9 T r a c e  
3 0  M ay

1 8 4 5 - - h u g e  d u s t  s t o r m  2 9  M ay  
1 h o u r  d u r a t i o n

3 M a y  31 
J u l y  2

3 3 3 4 9 . 5 1 1 0 . 5 9 0 . 0 8 4 3 . 2 S e v e r a l  r a i n  s t o r m s

4 J u l y  2 
J u l y  2 7

2 5 1 , 2 2 2 . 2 7 4 8 . 8 9 0 . 3 7 1 8 . 3 Two r a i n  s t o r m s  
O n e  l a r g e  d u s t  s t o r m

5 J u l y  2 8  
J u l y  2 9

1 5 0 8 . 0 1 5 0 8 . 0 1 3 . 8 5 0 S m a l l  d u s t  s t o r m s  
E v e n i n g  2 8 t h

6 J u l y  3 0  
S e p t .  4

3 7 1 , 3 3 0 . 4 2 3 5 . 9 6 0 . 2 7 3 0 . 5 T h r e e  d u s t  s t o r m s  
r e c o r d e d  a t  P h o e n i x  a i r p o r t

7 S e p t .  5 
S e p t .  3 0

2 6 7 2 1 . 0 2 2 7 . 7 3 0 . 2 1 7 . 1

8 O c t .  1 
N o v .  2

3 3 5 0 0 . 3 6 1 5 . 1 6 0 . 1 1 1 1 1 . 8

9 N o v .  3 
D e c .  31

5 6 7 6 8 . 4 1 1 3 . 7 2 0 . 1 0 6 5 . 2

1 0 J a n .  1 
F e b .  3

3 4 2 7 1 . 1 1 7 . 9 3 0 . 0 6 4 . 8

11 F e b .  4 
M a r c h  3

2 8 3 6 7 . 6 8 1 3 . 1 3 0 . 1 0 3 3 . 0

1 2 M a r c h  4  
A p r i l  1

3 2 3 1 2 . 5 4 9 . 7 7 0 . 0 7 4 2 . 9 A p r i l  1 — h i g h  l e v e l  d u s t  f r o m  
C a l i f o r n i a  ( P a l m  S p r i n g s )

1 3 A p r i l  4  
A p r i l  2 9

2 6 2 6 5 . 2 7 1 0 . 2 0 0 . 0 8 0

1 4 A p r i l  3 0  
M ay  2 8

2 9 4 1 4 . 8 0 1 4 . 3 0 0 . 1 1 1 . 8

1 5 M ay  2 9  
J u l y  2

3 5 5 8 8 . 8 2 1 6 . 8 2 0 . 1 3 2 . 5
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Most of the dust is deposited in the summer, the windiest time. Plotting the 
maximum wind velocity per day against dust deposition for the measured period, 
however, fails to reveal any correlation. PÉWÉ, R.H. did find, however, a very rough 
correlation of the average wind velocity per day against the amount of dust deposited. 
Results support the suggestion that the wind is stronger, and there are more windy days, 
in summer than in winter.

It is difficult to visualize 54 g/m^/yr. How much is that for a whole roof, or a 
whole yard, or a whole swimming pool? It is about 2,2 kg/yr for a typical swimming 
pool. Any pool owner in Arizona will readily admit that at least that much „dirt” blows 
into his pool every year. The record for the measured year indicates that 0.54t/ha/yr. 
were deposited in the area.

3 .9

FIG. 5. Amount o f windblown dust deposited at Tempe, Arizona in grams per square metre per day 
for measuring periods of 1 to 56 days from April 22,1972 to July 2,1973.

Although it is extremely speculative to extrapolate to large areas, such figures 
show that in one dust storm 180 t can be deposited within the city limits of Tempe, 
while 2720 t can be deposited in the larger city of Phoenix. For our measured year, 
4500 t were deposited in the area of the city of Tempe, while 14 000 t fell on Phoenix.
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GEOLOGICAL IMPLICATIONS OF THE DUST

Source of the dust

The dust deposited in the Tempe area is strikingly uniform over the year in tex
ture and in chemical and mineralogical composition. It is essentially all mineral matter, 
with little tire rubber or pavement particles, even in the „nondust” season of November 
(GRAF, J. et al. 1976). The heavy mineral analysis indicates a source of metamorphic 
and igneous rocks, with little or no sedimentary rocks. Metamorphic and igneous rocks 
are the predominant rock types in southern Arizona (WILSON, E. D. et al 1969) and 
especially in the Phoenix area (SHERIDAN et al. 1970; SHANK, D.C. — PEWÉ, T.L. 
1973; POPE, C.W. 1974; CHRISTENSON, J.K. -  WELSH, D.G. -  PÉWÉ, T.L. 1978; 
SCHULTEN, C.S. -  BALES, J.T. -  PEWÉ, T.L. 1979).

The analyses suggest that the dust is from the desert terrain, agricultural fields, 
and dry stream courses within about 50 to 200 km of Tempe, although the dust of the 
common haboobs moving in from the southeast is in part from southern Arizona. Even 
so, the soils and rocks southeast of Phoenix are similar in composition to those of the 
Phoenix area.

Quantity of dust

Calculations based on dust accumulation from July 2, 1972 to July 2, 1973, a 
year of perhaps below-normal dust accumulation, indicate by extrapolation 0.54t/ha/yr. 
This is extrapolated to indicate 5 400 t/ha/10000 yr (or 2400 t/a/10000 yr). This is an 
impressive figure but is dwarfed by figures of wind-transported dust on a world-wide 
basis. PROSPERO, J.M. and CARLSON, T.N. (1972) estimated that 23 to 34 million t 
are transported through the longitude of the Barbados each year, and JUDSON, S. 
(1968) calculated that 54 to 330 million t of dust are delivered annually to the world’s 
oceans. PETERSON, S.T. and JUNGE, C.E. (1971.p.312) reported that about 500 milli
on t of windblown dust are derived annually from the continents and primarily origi
nated from arid regions, particularly the Sahara. KES, A.S. and FEDOROVICH, B.A. 
(1976) reported that 20% to 75% of all the sediments on the ocean bottom are made of 
windblown dust.

Where is all the dust that is deposited annually in central Arizona? No loess 
deposits resembling those along the Mississippi, Missouri, Illinois, or Yukon Rivers, or 
those reported from Israel (YAALON, D.H. 1978), are known. Perhaps the source is not 
as localized as in these examples, or perhaps the dust is deposited but spread widely. 
Also, perhaps much of it is retransported by later winds or water in the absence of 
stabilizing grasses and forests, such as is associated with glacial loess deposition.

An enormous amount of clay- and silt-sized particles is present on the basin 
floors in central Arizona. On the flanks of the basins, even the coarser sediments have an 
abundant matrix of clay-silt sized particles — as much as 20% (SHANK, D.C. — PÉWE, 
T.L. 1973; CORDY,G.E. -  HOLWAY, J.V. -  PÉWE, T.L. 1977; CHRISTENSON, G.E.
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— WELSH, D.G. — PÉWÉ, T.L. 1978). Undoubtedly, much or most of these sediments 
is eolian. In many areas, mineralogical studies indicate that much of the silt could not 
come from the adjacent bedrock slopes.

It is possible that some of the CaC03 is leached downward before some of the 
silt is blown farther. Also, much of the clay, manganese, and iron is locked up as desert 
varnish before some of the silt moves on by later winds.

No studies have been made regarding the rate and amount of deposition of 
windblown silt in central Arizona during the Pleistocene, especially in Wisconsin time. 
However, from what is known of conditions today, the desert vegetation was only 
slightly more restricted in Wisconsin time than at present, and much desert remained 
(MARTIN, P.S. — MEHRINGER,P.J. 1965). It is probable that the climate has been 
arid since Tertiary time (SMILEY, T.L., in press). There is little reason to believe that 
the rate and amount of dust deposition were much different that today. KOTTLOWSKI, 
F.E. COOLEY, M.E. and RUHE, R.V. (1965) believed, however, that the windblown 
dust was probably most common around 7000 to 3000 years ago, when conditions 
were drier than now.

Caliche

In the past few years, research on the origin and distribution of caliche has greatly 
increased, especially work on the relationship of the type and distribution of caliche in 
regard to land-use development and planning in the southwestern United States. It has 
become evident that windblown dust is important as a source of CaC03.

Caliche is a near-surface accumulation of CaC03 common to soils of low- and 
middle-latitude and arid and semiarid regions throughout the world. Caliche forms 
primarily as a result of pedogenic processes in the evaporation of water in soil voids. 
Early workers (BLAKE, W.P. 1902, THEIS, C.V. 1936) thought that the water rose 
from the water table below to evaporate and deposit CaC03. Today, it has been de
monstrated that meteoric water percolates downward, carrying CaC03 in solution, but 
is drawn upward (or stopped in its descent) by capillary action resulting from surface 
evaporation. Soil permeability and the amount of rainfall also influence the depth of 
descent. In situ evaporation of this vadose water results in precipitation of CaC03 in 
soil voids. Various features develop as caliche formation progresses with time, from 
incipient discontinuous pebble coatings to continuous pebble coatings to interpebble 
fillings through a formation of a plugged horizon with overlying laminar layers. Well- 
developed caliche results in impermeable, indurated layers (FIG. 6, 7).

It was previously thought that the present source of the CaC03 was from the 
overlying or underlying sediments, although the source of CaC03 in caliche of noncar
bonate sediments was given little consideration. In the past few years, thought has turn
ed to windblown dust as a source for CaC03 in caliche (BROWN, C.NV 1956). GARD
NER, R.G. (1972) showed that there is as much as 80% CaC03 in many calichified soils, 
and as much as two or three times more than can be accommodated in the original void 
space in the parent material. He believed that at least 75% of the CaC03 is from eolian 
dust. LATTMAN, L.H. (1973) believed that the windblown dust was major source for
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the CaC03 in the caliche of southern Nevada. SLACH, K.W. and SMITH, G.P. (1969) 
also supported the eolian origin for the source for the CaC03 in caliche. Other strong 
supporters of eolian origin for the source of carbonate material in the caliche are 
REEVES, C.C. (1970, 1976) for caliche in West Texas and eastern New Mexico, and 
GILE, L.H., PETERSON, F.F. and GROSSMAN, R.B. (1966) for caliche near Las 
Cruces, New Mexico.

FIG. 6. Caliche-split boulder of quartzite on gravel surface of the Sawik Terrace of the Salt River near 
Tempe, Arizona, U.S.A. (Photograph No. 4040 by Troy L. PÉWÉ, September 17, 1977).

Quantitative data on just how much CaC03 is contributed by dust in the United 
States are rare. GILE, L.H., PETERSON, F.F. and GROSSMAN, R.B. (1966) caught 
dust in pans 0.3 m to 1 m above the ground in Las Cruces, New Mexico, for two years, 
and it can be concluded from their data that about 16 to 31 t/ha of carbonate may have
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accumulated per surface acre (36 to 69 t/ha) in the past 10000 years, although locally 
some areas received as much as 6,725 t/ha. WARN and COX (1951) found that at 
Lubbock, Texax, carbonate minerals totalled 5 to 50% of the dust. GOUDIE, A.S. 
(1978). p. 304) cited examples of 20% to 66% CaC03 elsewhere in the world.

FIG. 7. Salt River gravel strongly cemented by caliche. Mesa Terrace, Higley Road near the Salt River,
Mesa, Arizona, U.S.A. (Photograph No. 4717 by Troy L. PÉWÉ, March 12,1983).

Using a figure of 3% for the amount of CaC03 in the dust at Temple, it can be 
calculated that for the period of July 2, 1972, to July 2, 1973, 16.20 kg/ha/yr of CaC03 
was deposited, or 162 t /h a /10000 yr.

Thus, a major contribution of this dust study is the demonstration that consi
derable CaC03 is windblown dust of central Arizona that could form caliche. The fact 
that strongly indurated, calichified, gravelley sediments as much as 10 m thick occur at
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the surface in many areas in central Arizona, and that at depth, additional thick layers 
of caliche exist, it is indeed necessary that considerable amounts of CaC03-bearing dust 
probably was available for a long time and was a main factor in the formation of the 
calichified surfaces that have been present for as much as 2 to 3 m.y. in the area (PÉWÉ, 
T.L. 1978).

Desert varnish

Desert varnish is a black to brown iron-manganese coating that forms on rocks 
and stones in arid regions (HUNT, C.B. 1954). It formerly was thought (MERRILL, G.P. 
1898 and many others) to originate by weathering with the iron-manganese coating 
being obtained from the rock itself. It was later thought that the coating was from 
external sources such as dew, pollen, and rain, because the coating exists on rocks poor 
to entirely lacking in iron and manganese (ENGEL, C.G. — SHARP, R.P. 1958). Re
cently, it has been demonstrated that the iron-manganese coating is at least 70% clay 
minerals, and that the source of these fine-grained particles is in desert dust (POTTER, 
R.M. -  ROSSMAN, G.R. 1977). Later work strongly supports the idea that windblown 
dust is the source of varnish materials (PERRY, R.S. — ADAMS, J.B. 1978; ALLEN,
C.C. 1978; and POTTER, R.M. -  ROSSMAN, G.R. 1979). ELVIDGE, C.D. (1979a) and 
ELVIDGE, C.D. — MOORE, C.B. (1979, 1981) have studied the desert varnish in central 
Arizona. They believe that dust storms deposit fine material on the exposed rock 
surface, after which rain falls to wet the windblown material and set up a varnish reac
tion. The reaction occurs in an alkaline environment where the ferromanganese coat is 
precipitated to cement the clay to the rock surface, thereby forming desert varnish.

Modern workers indicate that windblown clay, iron, and manganese deposited in 
an alkaline environment with some water over a period of a few thousand years are the 
necessary requirements for the formation of desert varnish. We have demonstrated that 
in central Arizona, a location of well-developed desert varnish (ELVIDGE,C.D. 1979b), 
abundant windblown dust is available (5400 t/ha/10000 yr). If 5 % is taken as an average 
amount of the total iron oxides (Fe203-FeO) (TABLE 1), work here indicates that 2.7 g 
FeO are deposited m2/yr, or 270 t FeO/ha/10000 yr (see ELVIDGE, C.D. 1979b. TAB
LES 5, 6 and 11). This is an enormous amount of iron falling on the rocks. Similar cal
culations indicate that if 0.7% of the windblown dust is MnO, then about 0.38 g/m2 /yr 
(3.8 t/ha/10000 yr) of MnO is deposited. C.D. ELVIDGE (oral commun., April, 1979) 
stated that an average heavy desert varnish coat on rocks in central Arizona has 0.5 to 
23 g/m2 of iron and manganese. Our work shown that there seems to be easily sufficient 
iron and manganese deposited annually by windblown dust to form the desert varnish at 
the rate presently hypothesized.
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