


Xch_INTERNATIONAL CONGRESS OF SOIL SCIENCE

" Wageningsn, Tha Natrioriands ¢ :

V.0. Targulian, A.G. Birina, A.V. Kulikev,
T.A. Sokeleve, LK. Tselishcheva

ARRANGEMENT, COMPOSITION AND GENESIS
OF SOD-PALE-PODZOLIC SOIL
_ DERIVED FROM MANTLE LOAMS

MOSCOW-1974:

Scanned from original by ISRIC -~ World Scil Information, as ICsuU
World Data Centre for Soils. The purpose is to make a safe
depository for endangered documents and to make the accrued
information available for consultation, following Fair Use
Guidelines. Every effort is taken to respect Copyright of the
materials within the archives where the identification of the
Copyright holder is clear and, where feasible, to contact the
originators. For questions please contact soil.isric@wur.ni

indicating the item reference number concerned.




9his book presents s short review of the literature concerning
genesis of soils with textural differentiation and a bleached hori-
zon in the profile and formlates the main tasks of genetic investi-
getions of sod-podzolic soils derived from loamy deposits on the '
Russiasn plain. According to these tasks thorough morphological stu-
dies of the soil mass arrangénent have been carried out in a profi-
le of sod-pale-podzolic soil. The studies are based on the idea of
hierarchical macro-,meso=and microorgenization ot the solid phase
of the soil and on the idea of the necessity of continuous and com-
bined investigations of all the levels of arrangement,
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PREPACE

This essay gives a thorough morphological description of sod-
pale-podzolic soil (profile 2-71). The soil is formed from mantle
"loame in the central part of the Klin-Dmitrov Ridge. A short descrip-
tion of this profile is contained in the essay ®Southern taiga of
the Russian plain. Soil of the Klin-Dmitrov Ridge". Chemical charac-
teristics for profile 2-7I will be given in an additional essay.
This booklet was prepared byV.0.Targulian, 4.G.Birina, A.V.Kuli-
kov, L.K.Tselishcheva, staff members of the Department of Soil Geo-
graphy end Geochemistry of Landscapes, the Institute of G'eos‘mph;y
of the USSR Academy of Sciences, and by ToA. Sokolova, staff member
of the Soil Sc:.ence Facult-y, Moscow State University. Scientific -
;editing was made by V.O.Targulian. .
A.D.,Armand, V.P.Belobrov, I.V. Vishnevskaya, R I, Gerasimova,
R.G.Gracheva, G.G.Malinovekaya and I. G.Pobedintseva helped in care
rying out field investigations.
Editing and technical work in preparing this manuscript for pub-
lication were made with the assistance of A L, A.lexsandrovekiy, ¥.I,
Gerasimova, B.F. Ilyichev.




BRIEF REVIEW OF PROBLEM OF GEEESIS OP
TEXTURALLY-DIFPERENTIATED IOAMY SOILS WITH BLEACHED
HOR1ZOX

Sod-podzolic loesmy soils are widely spread in the USSR, especial~
1y in its Buropean part. More or lees similar scils occur frequently
in the temperste huwmid forest aress of northem hemisphere plains
(Central and Western Burope, North America).

Nevertheless, up till mow there are serious divergencies in the
nomenclature, classification and seﬁqtie interpretation of such
soils, Thet is why it seems desirsble to very precisely outline the
renge of problems for discussion. '

Korphology. The soile under consideration are developed on a ho-
mogeneous loamy meterial and dieplay the following diagnostic morpho-
logical characteristics:

I. Shellow horizons of & miwxed grass-needle-leafy fall-off and
forest litter (01,02). ‘

2. The humus horizon (41) is pot deep end comsisis of disperse
dark brown humus (mull type).

3. The light-coloured 42 horizen is more light in texture than
the underlying brown horizons, it has e platy structure and festures
of seasomal reductive phencmens in the form of bluish-rusty motiles
(moist) and rounded ferruginous concretione. The upper part of this
horizon is frequently light brown pale (42,), the lewer part (&2,)
is more bleached and has the highest smount of conmcretioms.

4. Pransitiopal A2B4 (B1&2) horizons are mottled in colour
(brown end whitish) with peculiar wedge-like glosses penetrating in
the lower brown pari of the profile slong fissures.

5. & set of brown hesvy textured Bt horizons. Ped faces,walls of -
pores end fissures are covered with siliceste meinly illuvial .
cutans, In the lowest part of this solum begimning with I50-200
cm gley festures sppear in the form of stripes snd mottles,bluish
and greenish in colour. They are nmot mssociated with ground waters
(the ground water tsble is deep) end result from hindered filtra-

tion and relative siagnation of stmospheric water in the scile

Nomencleture. The existing nomenclature of soils with the descri-
bed properties varies both in the Soviet litersture and in the works
of pedologists of the northern hemisphere.

The most traditional end widely sccepted term for such solls im .
the USSR is "sod-podzolic soile® and its derivatives: sod-pale-podzo-
lie, sod-po&z‘olic with & surface gley, etc. For the western regions
of our country other terms have been suggested and uwed, these are:
brown-peeudopodzolic, paragley soils, podzolozems and otherS. It
should be emphasized that these names designate only partially the



solls with the described profile structure and are applied to soils
with 2z somewhet another combimstion of features.

The nomenclature of soils under discussion used in Europe and
Horth Americe is still more diverse and suffered numerous altere~
tions. The "oldest™ terms that were widely used in the past,but are
now becoming rare are those with the word "podzolic®: gray-brown
podzolic soils (USA), sols podzoliques (Belgium, France),etc. There
are meny pames where the term "podzolic®™ is combined with other
terms indicative of cley migration (without éissoluﬁon) and sur-
face gley,such as:"sols podzoligues lessivés & pseudogley™, “sols

. lessivés dégradds®,"soluri podzolic argilo-illuviale pseudogleice"”,
®illimerized soils™, "podzoluvisols",etc. Some of these terms empha-
size the existence of surface excessive moistening and gleyzation -
Pseudogley-parabraunerde, Peeudogley. Finslly,there is a group of ne-
mes where terms charscterizing substance migretion and gleyzation
are omitted,sxt some selient festures of soil morphology are reflec-

“ted in the soil name. Glossisols (FAO), glossic groups or subgroups
in the alfisol and ultisol orders (USA), Fahlerde may serve ss examp-
les. SRR .

- The terminology being diverse,two gquite different pain trends may
be noted. The first epproach consists im paming the soil in sccordan-
ce with the concept of main soil forming processes, i.e. in sccordan~
ce with the genmetic comception of soil formstion. Accerding %o the
second approsch,the s0il is nemed not on the basis of the gemetic
interpretation of the profile,but on a deéfinite combimation of stab-
le diagnostic properties (combination of horizens,development of
glosses or comcretions,etc.). In this case,gepetic interpretation is

" mot completely left out, but simply is mot involved in the choice of

. the name for & certain type of the profile. In our opinion,the se-

- ‘copd epproach may be interpreted se a choice of codes-symbols snd is
more reasbmeble and prefersble since it provides a correct defimi-

- tion of the term,iis stability end independence of inevitatTy chan-

c.ging genetic copceptions. .

In the present work we use the” combination "aod-yale-podsolic
soil™ as the most traditional term in Soviet pedology which indice-

. tes & complex of certain properties (mull busus horizom,. bleached -

. eluvisl borison with e pale yellow colour in its upper part; profile
- textural differentiation,etc.),rather than e profile formstion pro-
cess. The word "podzol® or ®podzolic® is kuown to have been intro-

© duced by V.V.Dokuchsev ss & folk name. It had no definite soil-

- genetic meaning and was only indicative of the presence of a blea~

' ched horizon ssh-like in g&ppesrance. ,

Gepegis. Perbaps the gréstest mumber of worke in the soil-gene-
tic litersture since 1880°s deals with the problems of genesis of




soils with a texturally differentiated profile and a light-coloured
upper horizon in the humid temperate regions of the northern hemi-
sphere.It was at the onset of soil science that the two mein concepts
were suggested almost simultaneously end independently by Dokuchaev
(1887) end Muller (I887).Working in different regions of Burope, Do=
kuchaev and Miller came to similar conclusions: the typical profile
of loamy soils with a light-coloured upper mineral horizon.is always
formed due to the surface gley process combined with one of two main
eluvial processes: a) removal in solutions; b) removal in suspensions.
Dokuchaev held that both processes could occur in loamy soils,where-
as Miller associated removal in solutions with sandy soils,and that
in suspensions with loamy soils. In fact,the main genetic problems
of the more than 90-year long discussions and searches was briefly
formulated at the very beginning of the developument of soil science.

Since we cannot discuss here the instructive results of the evolu-
tion of the doctrine on the genesis of soils with & bleached upper
horizon amd textural differentiation,we shall restrict ourselves to
briefly cutlining the main stages of this evolution.

I - I880's-1890's. Genesis of these soils is explained by surface
gleyzation,removal of substances both in solutioms and suspensions
without taking into account site corditions (Dokuchaev,Miller).

IT - I890's~19I0's. Formation of the scils under consideration is
explained mainly by surface gleyzation,predominant dissolution of
silicate minerals amd leaching of soluble Si, Al end Fe (Sibirtsev,
Glinka,Stremme). It is interesting to note that because of insuffi-
cient knowledge of loamy podzolic soils the conclusion on the predo-
minant form of leaching in solution was wrongly extrapolated on
these soils from sandy and skeletal podzolic soils investigated maip—
1y in Fennoscandia (Aarnmio,Frosterus and others).

ITI - I920%s. Glinka rejects for the léamy soils the concept of
8i,Al,Fe leaching in solutions and suggests the idea of clay suspen-
sion removal. In the USSR and in msny other countries this concept
is not supported,wheress the idea of leaching in solutions becomes
very popular.

IV - X930's~I%40's. The concept of chemical dissolution of minew
rals in the A2 horizon followed by the removal of its products in
solutions alongside with surface anaerobicsis end gley is rapidly
being developed in the USSR (Gedroitz,Williams,Rede and others).On
the contrary,in Western Burope and in America the concept of clay
suspension leaching (Baldwin,CYine,fubert and others) is being revi-
ved,but without taking into account the initial ideas of Dokuchaev,
¥aller and Glinka,

¥ ~I940%8~I950's, The comcept of chemical decomposition and sub-

stance removel together with surface gley predominates im the USSR



(Rode, Zevalishin,Yarkov). In Westerm and Central Burope the pseudo-
gley and lessivage concepts are developed and expanded (Kubiena,
hubert, Dueheufour,Dudel, Mickenhausen and others).

VIi-I360°s. The concept of the combined effect of surface gley and
clay illuvistion is actively revived in the USSR. The following mo-
tions aere suggested: illimerizetion (Fridland) - synomymoue for les-
sivage and pseudopodzolization (Gerasimov) - to demote the complex
of surface gley {pseudogley) and clay migration in suepensions (les-
sivege). The concept of pseudopodzolization sccording to Geresimov
comprised the combination of modern lessivage and surface gley pro-
cesses with features of paleoprocesses: cryogenic dislocations,perma-
frost degradation,carbonate leaching and decolmatstion. Thus the ge-
nesis of pseudopodzolic soils was explained mot only by the combina-
tion of modern soil forming processes,but else by many-phase coniras-
ting aslterations of the siie conditions during the upper Pleistocene
and Holocene. The concept suggested thet loamy pseudopodzolic scils
ocecur in the temperate regioms of the Central Europe as well as in
the west and south of the forest zone of the USSR,whereae loamy pod-
zolic soils (those formed by way of mineral dissolution in the AZ ho-
rizon and leaching of soluble Si,Al and Pe)are confimed to the cold
boreal taige of northern and north-easternm regions of the USSR.

In Western end Central BEurope,the USA and Canade genetic concépts
of peeudogley end clay illuvistion without dissclution are developed
end detailed.

The present status of the problem of the genesis of loamy soils
with & bleached horizon and textural profile differentiation may be
described in the following way.

It is accepted by the majority of foreign investigators that the
ides of chemical (meid humas) decomposition of silicate minersls in
the upper light-coloured A2 horizons with subsequent leaching of so-
luble products in the form of organomineral compounds into the B ho-
rigons is mainly applicsble to soils on sandy or stony parest mate-
rial (Bloomf:’:,eld,nuchaufour,Stcbbe,ﬁright,the reviews of Muir and
Dudel). Practically in all the foreign soil classifications,both re-
gional and global,scils formed on such rocks and having e lighte
coloured upper horizon amrd B horizon enriched with amorphous Fe and
41 compounds aend fulvie bumus are referred to podzols (spodosols).

In foreign literature the origin of loamy and clayey soils with
& light-coloured horizon snd textural profile ‘differentiation is
interpreted mainly using two comcepts: surface gley (pseudogley)and
elay illuviation in suspensions (lessivage,illimerization,argillu—
vietion) from the A2 into the B horizons. Only for soils with deep
glosses of the light-coloured material penetrating into the brown
textural B horizons is the stage replacement of illuviation of clay




suspensions by the subsequent chewical decompositicn of silicastes
along fissuree and removal of scluble products in solutions considee
red possible. The name suggested for such soils is "podzoluvisels®
{Dudal). The modern status of the problem under discussion in the
USSR is more complicated. As to podzols or podzolic £1-Pe-humus
soils on sands and stomy rocks, the genetic concepiions in the USSR
and abroad are similar. There are no serious divergencies in opinions
on the genesis of these soils. The main profile~forming procese is
considered to be illuviation of the Al-Fe-bumus compounds without or
with & very weak surface gley (Ponomarevs). This main process is ac-
sompanied by the intrascil stage trensformetion of layered silicates,
most iptengive in the A2 horizon,which results is the accumulation
of swelling clay minerals in this horizen (Gradusov,Pargulien,Soko-
lova). Besides,it has been ascertained thei in the B horizons pro-
cesses of desilicetion,ferrugination and aluminization in sidtu occur
(1eaching of 5i0,, RO, RO, with relative accumulation of P3203 and
&1203}. The lower part of the profile featurss the migration of san-
dy-silty~clay suspensions (Targulian, Belousova).

The situation with texturally differentisied soils having a lighi~
coloured horizon on loame and clays which were formerly called ®pode

zolie™ in all the humid sreas of cur couniry is gquite different.

The generally accepted abroad viewpoini on these soils as being for-
med due to surface gleyzation and elay illuviation,was not so popa-
lar in the USSR. How in this country there is 3 btrsad discmssion of
two concephs,slternative gemetically,but iscalized geoprephicslly.
Rather similar to the foreign concepis of pseadogley and lessivege
(argiliuviation) are the ideas of pseudopodzoliszation {Zomn,Reimbam,
and otheré),or podbel-formation (Eornblyum, Liversvsky). Most imper-
tent in the profile diffeventiatiom according to this concepts are:
a) processes of surface gleyzatiom, Pe segregation snd gley migre-
tjon of ferrous compounds accounting for blessching of the A2 horizom,
formation of concretions and profils distribution of amorphous ?e203;
b) processes of clay illuviation which ere responsible for profile
textural differentiation! clay sccusmlation in the form of srgillams
in the B horizon and profile distribution of the total 5.1233.

kccording to this concept,such genesis is typical of soils in bue

mid temperate regions of the forest zome of the USSR under mixed
(conifercus-brogsd-leaved)forests orbroad-leaved forests with an in-
tensive biological eycle. These are pseudopodzolic or brown-pseudo-
podzolic soils with s weakly acid or scid reaction,with & litter
. pich in bases,with mll-t¥ype humus snd impeded internal draimage,so~
metimes with weak superficisl drainsge of largs ereas (plains,flat
slopes and interatresm areas). Howeirer,ae contrary to foreign con-
cepts generslly applicable o soils with texturally differentisted
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prafnee,the Soviet suthors of this concept do not extrapolate ED) on
soils developed in the cold humid regions of Easi-European and Sibe-
rien taiga. Formation of losmy soils with differentisted profiles due
to decomposxtion of minerals and chemical translccation of substane-
ces in solutions (podzolic seils) is supposed 0 be possible here.

In the USSR,alongside with this genetic-geographical conception
there is ancther ome formulated by A.A.Rode in 1937 and smended re-
cently (Rode,Esurichev,Ponomareva), Similar to mosi conceptions, it
attaches much importence to the surface eluvial gley leading o
bleaching of the 42 horizon, formation of concreiions and iron migra-
tion in the profile. However, the main factor of profile textural dif-
ferentiation is considered to be chemical decomposit:on of primery
and secondary silicates in the bleached eluvial A2 horizon and
removal of decomposition products in the form of solutions out of
the horizon. Thus, the fate of ciay silicates in the A2 horizon and
the way of substance leaching are entirely different from the .‘lessi-
vage-—pseudopouzolisation concepts.

Depending on further fate of mineral decomposition products lea-
ched from the A2 horizon the falhn’ng three possible modifications
of the concept under dlscuss:mn are admitied (Rode):

‘ I. Eluvial : the whole profile is involved in the processes o.f mi=
neral decomposition and eluviation of Pe’ and: Al cumpaunds,the latter
are leached out of the solum nthmt ‘being retained in any genetic
horizon; profile’ d;.fferentzation Ag due to surface gley and different
:mtezw;ty of decomposition and eluv:f.atlen (ma::imm in 42 and gradual-—
1y decreasing inm the B horizons), there are mo horizons or clay anﬂ
RZD accumulation in comparison with $he parent rock,

2. Eluvlal—metamorphic: 2 alangside with leaching of the pro&ucts
of mineral decomposition from the AZ herizon beyond the seil profile,
processes of soil metamrphlsm (argilliflcatien) preceed in the B ho-
rizons, they csuse here clay accumulanea in eompanaon with the parent
rock; & clay accumulation horizon may be distingm.abed in the, profile
while there ig no sceumulation of mobile or total Fe203 and Alz 3,
the sesquioxides being completely leached out of the soil.

3. Elovial-illuvial » substsm:es leached Irom the A2 are accumla—
ted in the B horizaas,where soil metamox;nh:w ergillification mEY Pro-
ceed; B horizons illuvial for clay,i'e203 and A1203 88 compared both
. %o the 42 and to the parent rock are definitely disgtinguished in the
- profile.

In the first m modificetions ‘the decisive pracesses slongside
with surface gley are consxdemd 4o be mineral dissolution snd the
‘removal of soluble products out of the solrzm. The importance of clay
auepensmn illuviation in ;rmf:le differentiation is regarded as
. guite insigzz:.f:cant The third mdifiee.ticm holds that profile dif-




ferentiation may be due potn %o chemical and suspeneicnel eluvial-
illuvial probesses.

Tne second concept with all its three modifications is wmore uni-
versal in the geographical aspect and is usually extrapolated on the
major part of humid areas with texturallyfdiffereﬁtiate& soils ha-
ving & bleached horizon. This eoncept is well known in the USSR se
that of podzolization on loamy deposits. 411 soils in humid arees
having 1igh§~coloured norizons {(the soil reaction being zcid) are
classified as podzolie sccording to this concepty they are further
subdivided into lower taxonomic units - subtypes: gley»padzalic,p0d~
golic proper: sod-podzclic,etc. ’

Apart from the two alternmative concepts described, so-called
weombined® concepts are being elaborated recently in the USSR.These
concepts tzke into sccount all the three main groups of processes

causing profile differentistion in joamy soils of humid areas
(surface gley,dissolution of silicate minerals snd removal of solub-
le products, ¢lay transiocatlon in suspensions). ¥.4.Glazovekays
thinks that in the majority of acid loamy soils with a bleached ho-
rizon all the three groups of processes are combined; various de-
grees of surface gley allow 4o refer these soils either to the fami-
iy of “eluvizemic-po&zclic" soils ("podzolozems"),or to that of =acid
surface-gley eluvial soils. F.R.Zaidelman suggests that these soils
e called "podzolie”, but believes that their gepesis i8 domi-
nated by gley processes. 1.P.Gerzsimov considérs the sod-podzolic
soils of the southern taige in the USSR 1o be transitional between
the pseudopo&zolic soils of Western and Central Burcpe and purely
podzolie soils of boreal taige in the norihern part of Bastern BEuro-
pe. The combination of podzolic and pseuéopodzolic features (accor-
ding to‘I.?.Gerasimcv) 3n the group of sod-podzolic soile is related
poth o the present bioclimatic situstion amd Yo the complicated
nistory of these soils which.un&erwent geveral changes af,pcézolic
and pseudopodzelic soil srormation phases during the Holocene.

The existence in the USSR of several viewpoints oD tpe genesis of
joamy S0ils with s bleached horizon has given rige 0 a long dispute

in Soviet seil literature (Gefasimov, Zomm, Bodes 2gidelmen and
others).

Thie discussion in the Soviel Union made cbviocus & number of

fzcts which rendered classification of 1loemy soils with & bleached
orizon more difficult both geneticallyvaaé geographically.lt was
found that seasonal surfece gley (pseudogley) characteristics are inhe-

rent in almost all the goils under discussion {seasonal or steble

gley mottling,F9203 segregation in connretians,etc.} from the nor-
thern taiga tubreaéalesveé«forests.?@atures indicating clay migre=-

$ion in suspensions as well as such eharecteristice ag the stability



of clay composition (less than 0.00I mm) throughout the profile,even
or accumulative profile distributien of non-silicate iron and others
have been found typical of the majority ‘of loamy soils with & blea-
ched horizon both in ”warm“ eutrophic site conditions (soils with
supposedly pseudopodzolic genesz.s) and in "cold® oligotrophic ones
(soils with supposedly purely podszolic genesis).

In this way,a situation arose in which two alternative genetic
concepts are not always confirmed by really different diagnostic pro~
perties of the soil profile. At the same time it became clear that
neither of these concepts alone can comprehengively explain an ac-
tual combination of properties observed in the investigated soil pro-
files. Thus,for instance,the concept of chemical dissolution of mi-
nerals and substance removal in solutions does not explain s frequent
occurrence of illuvial~suspensional phenomena in soils (clay and sile
by cutans in fissures, pores on ped faces). The concept of lessiva~-
ge,on the contrary,does not explain the absence of illuvial mexima
of clasy and total Al 3 in the B as compared to the rock (in the ca-~
se of so0il formation on homogeneous parent material),

The discussion in the USSR made 1t clear that an alternative ap-
proach to the pro‘elem of texturally differentiated loamy soils with
a blesched horizon is not always able to provzde a comprehensive ex-
planation of an actual comblnata.on of featux-es in such soils. Gene-
tic models embodylng such alterpative concepts do not completely cor-
respond to the real objects. Besides,rb becane evident that the diag-
nostic characteriastics chosen to serve as ‘eriteria for solving. the
problem of genesis of losmy texturally different:.ated protiles are
too insufficient and far from being always non-amblguous genet;.cally.
A possible way out of the ex1st1ng s:Ltuatian is to increase the aum-
her of :mdices involved im the genetlc a.nalysls of the prafile,
through a more detailed maaro-.meso-and mcromorphologlcal descz‘:p-
tion together with ' ‘@irferential analytical treatment. 5

Purther investigatlons of" loamy texturally differentlated‘ solls
with - a bleached horizon should ‘be aimed at develop;mg a syntbe'tlc
concept which would use ail f,he poaxtive ideas of the existing hypo- -
theses. Such & concept mst” be based on ‘g - most camprehenslve investi~
gatlon of ‘@oil properties, 1ncluding their ‘hierarchical organlzation
in the 801l profile;om studying elementary soil-fcmng processes |
and their combinatlons,an an snalysis of geographzcal ‘s0il pattems
and soil evolution result:.ng from paleogeographical changes in the
environment. '

In sccordance with this main target, the fallowing tasks were for—
mulated for the investigation of the sod~pale-podzolic soil
a)a detailed investigation end description of the morphogenetic pro-
perties of the s0il profile; b) separation of morphologic components
‘of the soil mése and their analyticel study; ¢) recogniti on,analyeis
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and genetic interpretation of elemenizry (particuler) phenomena and
processes sccounting for the formation of various features in the
soil profile; d) general eptimetion of the nature and combimstion of
elementary soil-forming processes and their role in the profile for-
mation as 8 whole, i.e. generel interpretaticn of soil genesis.

MORPHOLOGICAL STUDY
OF S0D-PALE*-PODZOLIC SOIL (Profile 2-71)

General errangement end methods
- for momhalagical investigation of soil prorile

Proﬁle 2-71 is differen’kiated inte the fallomng groups of hori- '
zons. :
I ‘Opganogenie horivons of litterwfall and litter (01 02}.

. Orgeno-sccumulative end eluvial harizens {41,42) formed in the
upper part of the mantle loam layer,dis‘kingaishad by the absence of
s network of large vertical fissures.

3¢ Mottled and brown deep eluvial-illuvial horizone {AZB'I B142, B1,
B2,B3) elso formed in theof mantle lomme.

The hetaragenelty of the soil mess within these herizozxs is pecus
. liar due to a network of large md deep- vertmal fiseures dissécting
the majority of horizons., The fisaures sre filled with e hetercge-
neous MESS (Figsure infillings-FI) differing from the soil mass bet=-
ween fissures (interfissure mess-I1FN). @he éensity of the fissure net~
work as well as the width of individual fiasures decrease graduslly
with depth. There are seyejral. kindg of fissures. The main fissures
are largest and deepest; they traverse the whole depth of soil hori-
zons and: pcnet:&ate deeper. These fiessures begin "as wide glosses in
the A2BY horiszen and dissect the brown-coloured losm into vertical
"columms® or large prisms. Which are subdivided into genetic soil ho-
rizons (B1A2, B1, B2, etes). Eesiées main flssures,intrahonzon and
interhorizon fissures msy be distinguished,the Tormer, limited by soil
horizons, being larger than exped wvolds.

4. Reddish brown lower soil borizons (IIB3,D, IIB3,D, IIIDI,
1IID2) representing the g:-aﬁual transition of mentle loam to the
underlying rock and the rock’ itself - moraine sandy loam. 4 fissure

¥ The term pale“ in the name of this and snnilar soils of the
USSR literary denoies a Rusmian colour designation "palevays™ corres—
ponding to the following colours in "Munsell soil colour charis™:
very pele-brown (I0 YR 7/3,7/4), pale brown (IO YR 6/3).- light yello=
wish brown (IO YR 6/4, 2.5 Y 6/4), pale—yenow (2.5 % 7/4) end
yellow (2.5 ¥ 7/6).



network is extremely sparse here,the fissures being the contimuation
of the wein and intrahorizon fissures of the above layer.

Pne main principles underlying mrphalagiéal investigatién were
concepts of hierarchical macro-;meso-and ‘microarrangement and dif-
ferentiation of the solid phase of the soil mass,and the need to stu-
dy the chemical and mneralogical composition or the soil and soil
texture in an . mtimate relation with soil arrangement.

This approach to soil investigation im bssed 'on the idess of
Zakharcv. Gemerlmg, Tyulin, Kubiena end especially of Brewer who
elaborated the main ccumepts and nomenclature Poxr ‘the analysis of
so0il profile srrangement (fabric anslysis). We have semewhat ‘modi-
fied this approach and a&apted 4% for the description of intricately
erganized fissured protilea ‘of sad—podzalic ‘8oils on mantle loams.

Our main requzrement was continuity ‘and interrelation of a1l the le-
vels of morphalogmal investigation of soil mass. ‘arrangement, begin-
ning with a visual macmmorphologlsal description of the soil hori-
zon up to the micromorpholegical degeription of the intrapedal mass
and its components (the skeletan,piasma,gnres,new formations).

Followmg sach an appro«ach,we have’ given a mrpholosical and ana-
,lytical &escnp%ien of the eo:.l mass components, :

At 8 visual- mamromommlngzcal ‘level we,tirst of ‘811, ﬂescribed
‘the total megs (TH) of the horizens; bulk TH samples teken for ena-
13:1;:.{:&1 charecteriaation werg repeaﬁ:e&lx averaged. ‘For those. parts -

- of the scil profile where deep. Vertieai :rissures az-e disti::ctly de=
veloped (from 4281 to IIID harizon), the TM af each horizon was ‘sepa-
rated into g}@w and ¥ 8-FI.Both ‘eom~

: prments were described separé 1y nat only on the vertical walls of

- the soil pit,but in the volum ' the horizqnt 1 croes sections ma-
‘de for each horizon. In&ividual mr and FI Banp kee in each horizan i
were taken for the analyeia. : o
. Within the TM or IFM of each horﬁm p_ggl_s_&qg_wmjg_s_} of various

levels of camplexity,composing the: IFY were distinguished and -des-
'cri’bed. BRCPO-5 Meso-and mmmorpholog:cal]y’ Spec:.al attention

.. was paid to the description of ‘simple prinary (minimal) peds end | 'I:o

- the *%ype of thelr arra.ngament imao moye enm,plicateﬂ secandary and.
tertiary peds. » )

In the primary peds of the m the fullowi.ng cmponenta were des- o

eribed meacmorphelcgically. mtra;ge&al mas (m) and g Eed Eurfac

et el

B mecmarphological soil deacription is a v:.aual field d.escrip~
tioni a mesumorphological descript:.on is maede in the field under 8 bi-
nocular and mcludes description of ‘natural intact ‘surfaces of 801l
mass and its sections’ (vertical ang homzoutal), & micmorphological
: deecript:lan involves soil mass thin sections. i
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together with cut: {fiime, cTUSLE, comtings) of different origih
and composition.Cutans oo the surfaces of composite peds were inves-
tigated as well. IPM and cutams on different ped faces were separa-
ted in the field with the help of a binocular and collected for the
analybical treatment. : :

¥e havé investigated iz thin sections ¢ a) IPW— the skeleton and
plasma, organic remains, pores, new formations; cutans oﬁ skeleton
grains and pore wallsi b) surfaces of primary {simple) peds and the
composition of cutang on thems ¢) apedal mabterial; d) surfaces of
composite peds and-cutans on them. '

In fissure infillings (FI) with the help of macro-,meso-and micro-
morphology we have described the character of prevailing seil mass
and its arrangement (apedal, pedal, cutanic vertically sﬁratified,
stc.) as well as the type of cutan interstratification in Tissures,
ste. Samples of FI were callscted in the field visually and with the
nelp of a binccular both in the whole mass and separate cutans
(sandyvsilty skeletans, argillans, ferric-manganic cutans). Details
of the FI fabric such as composition and fabric of vavrious cutans,
orientation patterm of their iﬁgredients, kind of contacts between
stratified cutans, contacts between T sad IFM, were investigated in
thin sections.

Soil environment and macromorphological descripticn

The most eleveted and dissected cemtral part of the Klim-Dmitrov
Ridge. The Moscow-Yaroslavl highway,I07 ks north-east of Moséow.The
sbaclute height is about 220 m. .

Ain undulating hilly area dissected by deep valleys of small ri-
vers and streams; slopes of variable gradiea%st)fhe upper parts of
hills are either convex-round-shaped (well drained) or level (poorly
drained),usually gently sloping; middle and lower parts of =mlopes
are dissected by young {active) or OVeTRIOWN gullies of waris
depth. The microrelief on watersheds is weakly proncusos
consists of gentle overgrown nollows of srosional origin,
around tree stems and shallow microdepressions.

The profile is located on the vevel upper part of & hill gently
_sioping (gradient sbout 2°7) east-south-ésstward. The kill-top and
hillsides are overlzin by a wsntls of brown.and reddish-brown heavy
ilocams [so-called manile or losgs=1ike loams ). 8

Ppis loamy material is dissesied into columnar strauctural units
by a net of vertical and‘ineliﬁaﬁ fimsures. The origin of these fis-
sures is offen attributed to the periglacial conditions of the for-
matien of mantle ioams. This is consistent with the occurrence of a
net of relic cryogenmic wedges and large blocks fafwing a polygonal




pattern within the ares of extemsive distribution of mantle loams.
In addition to these large structural elements,however,the loams are
dissected into smaller structural units by a demse net of cracks .
which are deep and relatively thin (I-I0 cm). The genesis of these
fissures bis not clear,but they are thought to bave been formed du-
ring the later peijiud of time as they commonly superimpose the poly-
gonal network of large wedges and blocks. The fissures are probably
polygenetic in nmature and formed partly under periglacial econditions
and partly during the whole Holocene due o0 the processes of 1eaéhing,
shrinkage,desiccation or freezing. In addition-to fissures inherited
from the parent materizl, there &re some contemporary fissures in
the profile; this process seems t0 be active mowadays.

The thiclkness of mantle loams in theipmfils and near the sampling
site ranges from 2 to 3 m. , ; '

Hentle loems are underlain by red brown bouldery moraine deposits.
Hear the upper boundary these deposits are partly rewsshed snd mized
with mantle losms. There are ‘some features of cryoturbations at the
contact between moraine deposits and mantle loams. & fine texture of
the‘le&ms results in imperfect drsinage and hence in the appearance
of some gley features in the lower part of the solum (ﬂeeper than
I.5-2 m). Ground water on the watersheds is  found at a great depth
(I0-20 m) and does not affect the hydrological regime of the profile
studied.

The vegetation is bimh-spmce forest with asp and maple, ‘the
ground cover is represented by oxalis and some herbacecus plants.Do=-
minant tree speciesg in the first storey are Picea exelss and Betula
pendula which mske up about 55% and 45% of stems,respectively,with
sparse trees of Populus tremula. The main height of the first storey
ig 20-25 m; the age of the oldest spruce and birch trees is sbout
70-90 years. The second gtorey consists of Acer platancides, Alnus
incapa, Sorbus aucuparia and sparse Quercus robur: Under the tree
stend there is & storey formed by Corylus avellans, 2-3 m high.
Shrubs are represented by rare specimens of Rubus idseus. The total
density of canopy is about 0.8. The herbaceous scil-covering which
makes 65% imcludes the dominant gresses: isperula cdorate, Galeobdo-
lon luveum and Oxalis acetosella. Other species are also common:
Pulmonaria obscura, Majenthemum bifolium, Assrum eurcpasum sAegopo~
diuve podagraria, Stellaria holostea, Convallaris majalis, Aguga rep-
tens. Gramineous plants are represented by Hilium effusum and Calima-
grostis aruodinacesa. Mosses cover about 0.I% of the sbil surface and
comis‘c of Dicranun polycetum, Muivm affine and Eylocomium prolife-
Tum.
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01 oI cn‘ Very ‘dark brom (IO m 2/2) m:st ntter-fall cens:.s— a7

ting of weakly to ‘moderately decomposed leaves, needles and small’
fhranches of treea,leaves and stalks of grasses whieh }mve con= ;
served theu original form, but changa& their eolour, leoss,ﬁ.- :
nely stratified. cgprol:.tea may be oacasiona}.ly fmmd ‘between ‘
~1ay¢rs, of 1eaveg, ‘They consist of ‘brown (I0 TR 4/3) mo;s’c ‘mine~
ral fine earth; locally fungal mycelium can be found,roots are =
absent: abript, smooth or wavy boanéary .
1-2 o - Dark brown (10 YR 3/2, 3/3) moist forest htter cons:.s— k
ting of moderately decompesed scraps of leaves, needles and
grass Stalks,rather Yarge amount of wea.kly decomposed raw plant

: remmns {small: ’arancbes},; c¢innsmonic decomposed amorphous - orga= -

“nic mess binding the plant remains. S’cmctureless friablesthe
organic mess contains amby coprolites as well as almost ape-—
dal soil material;very dark gray or very dark grayish brown
(I0- R 3/1, 2/2) with occasional bleached quartz and teldspar
grains. The whole mass of the homzon is: deasely interiaced by
coarse,mediun’ and £ine roots. Clear +WAVY boumlary.
2-IT cm . Very dark gray (I0 YR 3/I, 3/2) noist,with numerous me-
dium mottles of a yellowish brown colour (IO YR 5/4) with clear

- boundaries; sandy loam, Weak fine crumby,friable; mumercus pores;

occasional soft fine spherical conmcretioms, black red in colour;

abundant roots; pierced by earthworm holes with brown and black

cap’rnli"bes,“ locally numerous charcoals occur;abrupt wavy boundary.
II—Z‘? cm - Brown (T0 YR 5/5}, moist,with fine rTounded very dark
grayiah brown (10 ¥R 3/2) mottles with a elear bounderys sandy
loah; weak to moderate thin plaby; friable; many fide crevice-
like poresifew sphericsl soft and bard browm to almost black
coneretions: common finé and medium roots; meny earthworm holes
with dark brown coprolites; abmgt wary “poundary.

213 27-33 ¢ Pale ‘brown (I0 TR 6/3, 5/3),moist,many suall and me-

b2,

dium yellowish brown (IO YR 5/%, 4/4) mottles with clear bounda-
ries.:In texture;structure and pemsity sunlar To ?hg fahaveelying
horizoni many roundsd hard concretions €1-3 me in dlameter),
brown,red and ‘a}.aak'abrupf: Wavy boxmdam,lwally 1rregular,so—
metimes the horizon becomes very thin and almost disappears.
33=42 cm- ?he borizon is &iscontmugﬁs and may not be traced ot

all the walls of the profile. Light brownish ETEY (40TR 6/2);

moist. mazw coarse and aeéx.tm faint mottles &f gray:.sh brm

¢ Here and mrther the hor:,ztm dep‘ah has been determined &as a
mean of IQO—ISO ‘measurements made on-the walls of a large soil
profile ('bhe Perime‘her of the pmf:r.a,e 8 sbout I5-25 m).



: (Io ) 5/2)@910&1' with wmse boundaries, tine and medium
“brown (7.5 TR 5/6, 4/4) mottles with sharp boundaries are. few.
Sandy loam to loamy sand uoderate-stmng,medium—platy. soft when
B cmshed in the hand and rather compact in its natural state.Many

“fine and mediun pares,horizontal exped crevice-like and bead-
1like predominate tubular’ pores oceur. Soft rounded cencretions .

(0.2 2=1.5 mm in diameter) »brown, reddish brown and black; roots

‘are scarce mnnly fine rocts may be fmmd. ‘rare earthworn holes
: wlth coprolitesy abmpt wavy,locaily«-:.rregular boundary.

1:231 42-5T cm Hottled trensitional noxst ‘horizon with alternation

. of hght brownish gray;pale brown or ‘brown (IO ¥R 6/2,6/3,5/3)
~mtt1es oceupying 60-80 per ceat of the section and of reddish
“prown or browa (5 TR Af4, 8/6; 7.5 ¥R. #/8) mottles occupying
larger aress in the lower part of the horizon. Light-coloured

. ‘zones. are aandy 1oamy,moderate,fine—medium plat’y,friable or firm.
‘Brown zonee are loamy of heavy loany,strong fine-medium subangu-

Clar block;f (nuc:.fom),mre conpact. Hany exped pores of diffe-

- rent size and sbape. S.nped ‘pores are more numerous in light- =

coloured zones' the amom of ‘concretions decreases’ rapidly as
compare& o “the previcms hcrizon,concretions are small (less ,

. than I mm: in dxameter).hard dark brown or ‘black rounded. Rare
g arthwom holes nth coprolites few mots ‘with predominance of
fine. ones; ew 5rave1 and small boulders.CIeu 1oca.11;v wavy 'tmux:z--f
- dary.’

B’!AZ 51-60 em-. Hottled in colour,discoatinnous locally replaced by’

A2B1 horizoh ar:«d even 'by AZ horizons Differs Lrom Aam by the

g predominance of brown mottles over light-colaured ones. Agamst

& brown (7.5 R 4/4) background malding up 60-80 per cent of the
» area,lmght-calaured mottlea (10 ¥R 7/2,7/3) woist,in the . form of

- vertical cracks or wedges (slosses) are distinguiahed. Light-

coloured. f:.ssure infxllings are sandy 1oamy or: loamy sandy,stmc- }

o tureless or plat:y,friable. Brown =258 is loamy,moderate fine and

B1

‘med:nm blccky, mable or compact. m; exyed pores varying in

size and shape, crevice—like vertmal and horizontal ones px-edo-
minatmg, mped pores are }.ess mxmerous. Canrenons are rare,
they are small,rouadeﬁ blaek and dark red; few fine earthworm

" holes with' brawn or 1ight s:-ay copmliteswfev Line and medium
,,roots single thick mots' tew sravel and mn boulders. Gradu-
‘al irregular, Tocally w&vy bmmdary ]

160-87 om Re&ézsh broen to dark bmwn {5 !R Mlv 7 5YR 4/4),

‘moist:,nth ligh% gray (2. 5% 9/2; 10IR 7/2,2/33 vertical and

P obligue fissures crossing the horizon. PI is sandy silty,usually
‘ wbmctureless.with ‘#ingle brown peds-!entliers" Brown IFM is
lw,noamte

‘gtroag zm nﬁm mbaasnlar blocm (peés




B246

" gre slightly fmsthe total mass is frisble)s many exped crevi-

ce-like pores and tubular inped pores. Few fine hard and soft
concretions in clusters; they ave rounded and irreguler,black

o .dark brown. Very few fine and medium roots; very few gravel

and small boulders; gradual wevy boundary.

87~140 cm Brown (IO YR 4/4; 4335 7.5 YR S5/4; 4/4) wmoist,with
vertical light gray,very pale brown (2.5 Y 7/2; I0 IR 8/3)and
pele brown (IO TR &/3; 7.5 IR 6/2) stripes (fissures). FI is

represented by vertical stratification of light-coloured sandy,

greenish blue silty»leamy;s.txl dark brown argillaceous cutans.
Brown IF¥ is loamy;strong angular blocky prismatic; peds are
weakly firm,the total mess is frisble; many fine crevice-like
exped and tubular inped pores? few hard and soft dark concre-
tions of i’rregula:- shape forming clusters; very few fine roots,
more numercus in Tissures; occasional rock fragments and smail
boulders occury gradual wavy boundery.

B2,%8 I40-167 en  Brown (7.5 IR 5/4,5/6),moist, locelly with a red-

ssh hue {5 YR 4/4) and some small greenish grey and pale green
(567 €/1, 5/I3 58 7/2) rounded or oval gleyed mottles and
1ight gray (IO YR 7/I; 7/2),0live gray,greenish gray (5 Y &/2;
5 G 4/I) and yellowish brown stripes along vertical fissures.
The texture of stripes varies from loamy sapdy to loamy. Brown
IFH is loamy,moderste medium ¢ coarse,angular blocky,prismatic,
rarely coarse platy. slightly sticky and 'slightly plasticifew
small black and black brown soft and hard concretions of roun-
ded and irregular shape. Roots are rare within peds and common
in fissures,fine roots prevail; very few gravel and small boul-
ders; gradual wavy boundary. -

B3, tg 167-207 cm Yellowish brown (I0 IR 5/4: 5/6% /B),moist, fine

and medium,rounded or elongated greenish gray (5 6Y 5/1),gray-
ish brown(I0 IR 5/2) and brown (7.5 IR &/4 3 I0 YR 4&/4)mottles
asre common. Their boundaries are diffuse or clear. Heavy loamy,
weak to moderate medium snd coarse prismatic,sticky,slightly
plastic,hardly bresks down into peds.Rare exped crevice-like
pores,meny fine and medium tubular inped pores. Few small soft
and hard ii‘regu}ar concretions,black end dark brown,in the form
of clusters. Very few fine inped roots,in Fissures fine and me-
dium Poots are common. Single gravel apd small boulders.Clear
wevy boundary.mey be traced by sn increase in the content of
rock fregments,gravel and boulders. : .

IIB3,tg 207-234 cu Streng browa (7.5 YR 5/6),moist,locally with &

reddish hue (5 YR 4/4),with medium rounded grayish brown
(IC TR 5/2),gleyed greenish gray (2.5 ¥ 5/2; 5 GY 5/I) and fine
rusty (7.5 IR 5/8) mottlee.heswy loamy; wesk to moderate,



coarse prismatic; weakly plastic,with rare exped crevice-like
pores.Insignificant or ‘mediun amount of black,soft and hard,
irregular in shepe small concretions. Pew fine roots;rock
fragments,gravel and small boulders are more numercus than in
the previous horizon but their amount is less than 5 per cent
of the section aree. They are weakly weathered,rounded and sub-
angular,with the prevailing size of I-3 mm. Clear,locally gra-
dual boundary,irregular or discontinuous. The horizon is dis-
continuous and may be interrupted wu:h wedges of B}qtg or

- IIB3gD.

11555 234-275 cm Reddish brown with large yellowish red {5 Ir
4/6) and brown (7.5 YR 4/4; 5/6) motties, yloamy,with rock frag-
ments,gravel and small boulders (larger than in the 1I83,%g
hcmzon),weak indistinct coarse prismatic or angular blocky
structure; weakly stlcq,nonplastic firm; medium {small) pum-
per of fine tubular inped pores,few crevxce-—likze ‘exped pores;
clusters of few fine u,sua.lly s0ft, black and black brown irre-
gular concretions. Fine roats are sparse in tubular pores and
nore numerous in fissures. Stony mclus1ans of various rocks,
angular and rounde&,slightly weathered compesing 5 per cent of
s0il volume. Abrupt to clear bcmndam,discontinuous and irre~
‘gular; the horizon is not traced op all sides of the pit.

1IB3,D 27%-208 cn ﬂetemgeneeus in composition and colour.Yellaw:.sh
red (5 IR 4/6) moist loany mter:.al with a cons:.derable admix~
$ure of red noraine loam enriched w:.th rock fragments and” gra- -
vel prevails. On this background hrge brown (7.5 YR 4/4) loa-
ny stoneless zones {mantle loam) alternate with red (5 ¥R 4/8;
2.5 YR 4/6) stony sandy loe.my gones of the underlymg red IIID
'Ja:;er, compact, weakly coarse,angular blotkw,vea}dy st:.cky ang
weakly plastics m‘sh rare BATTOW exped crvevzce»llke and fine

pubular inped pores. Horizontal. and inclined striated red
brown domains weakly cemented by iron oxides with a dark brown
clay band in the ceptre ocour in this hérizon. In elose proxi-
mity to them there are large rounded segregations (relic litho-
penic comcrebions?) with red yellow and yellow concentric
rings (such segrega’clons are extremely rare in horizon IIEBBD)
Pedogenic concretions are scarce »they are small,soft black,ir= ~
regular in shape and form clusters;fine inped roots are very
few,but in fissures they form locally a dense network; gravel

snd fragments of Hard rocks oceur: they ere weakly weathered
snd poorly rounded.Near the lower boundary of the IIBB D hor;u-
zontal lens-like mottles +5-I5 cm long emd I-5 cm thick can be
observed. Trey are loamy,bluish gray (5 B 5/I; 5 Y 5/I) in the
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F i g 1. Schematic arawing of fhe'sdilrﬁ&éé;i'ﬁngen{en‘(in ~
the sod-pale-podzolic so0il profile by macro- and micromorph-
ological data. legend is given on the reverse side of the page



Legent to fig.]. I.Plasma: 1 = isotropic,conteining humus;2 - blea-
ched isotropics 3 = brown scaly; 4 - brown scaly-fibrous. II. Intra-
pedal mase (IPM): 5 = the 1eé.St changed part; 6 — zome of bleaching
and eluviation; 7 - zome of :.mpregnation by 1ron—humus compounds.
11T, Cubtans on scele‘bon ‘greins; on ped :L’aces, in pores and fissures:
8 = bleached whitish and ligzt—gz-ay sandy; 9 = bleached ‘light-gray
and light-brown sandy—silty, 10 - gleyed bluish—greeniah sa.ndy—sil—
+ty and silty-clayey; 11 = brown a.nd dark—brown hvmus &nd humuse
claeyeys 12 = yellow and red=brown iron—h‘«mms, 13 - yellow-—red and
black-red iron—manganese. IV, 44 = bleached sand;v—sz.lty apedal WASE.
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periphery and argillaceous aark brewn (7.5 TR 3/2; 10 IR &/24
4/3) in the centre of the lenses. The amount of stones and
sand in these leunses is much lower than in the enclosing massi
we have called them in the field “clay trape',because it is
possible that they sceumulate clay arriving in guspensions
slopg fissures at the 1ithologicsl contact. The boundary of
the IIBB,J.\ worizon with the lower TTID horizon varies: it is
usually abrupt,rarely gradual and osccasionaly broken.

The whole zone of the contact of mantle loans with the
underlying red sandy moraine joam is extremely heterogensous,
the boundaries are irregular. The 1I83,D and TIBZ,D horizons
are morphologically interpreted as & gradual yransition from
the "pure" mantle loam to the moraine losm (appearance of red
hue esnd Tock debris). At the saue time direct iluvasion of the
prown mantle loam in the form of wedges into red moraine loam
is observed. These wedges (sbout I m thick) break the IIB55D,
lIB34D and TIIDY horizons and reach the 1TID2 horizon; they
nave abrupt noundaries,dark brown clay cutanic fringes and
are usually non-gleyed. Where the boundary is wavy,the transi-
pion . is more gradual and some large detached plots of the um-
aerlying materisl are ipneluded in the ghove mass (paleocryoge-
nic swellingl. Lens-like gleyed pottles are ususlly restric~
ted to the mentle loam,to even and wavy boundaries and do not
penetrate into red moraine loam. ’

The entire hramsitional zone has meny indicesof mixing,dis-
ruption ef borizons,wedge-like structures and may be probably
regarded as & zone of paleoccryogenic phenomena which accompa=
nied the process of deposition of brown mantle 1loams on the
surface of red moraine loams. o
298-400 cm. Red (2.5 ¥R 4/63 3/6) moist,gravelly sandy moraine
ioam with vertical and norizontal strong brown (7.5 YR 5/63
5/8) sandy and 10&@-5@&3 interstratificaﬁion;iﬂ the upper
weakly angular plocky indistinct peds, frisbles in the lower
part,'struc*mreless Loamy sand. Very few pores,mainly £ine
tubular ones,crevice-like pores are rare. Fine rooks are rare
in the horizon but they form a dense network in the fissuresi
few Praguents and gravel of werious hard rocks,more oF less
weathered and rounded. Avrupt wavy boundary to- the underlying

ITIOZ..

Heso-and micromorphology® (Fig.1)

2-11 cm & networx of large fissures is sbsent,the horizon

» The rolpur of goil mass,a:ampanmts is given for mois® samples
and was detergined in the field.
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consists only of primary peds and apedal so0il mass.
Primary peds - fine rounded subanguler ‘crumbs.

I) IP¥ - very dark gray (I0 YR 3/I; 3/2), yellowish brown in
coprolites (I0 YR 5/4). Skeleton ~ quartz and feldspar grains,
sandy~-silty, weakly to moderately rounded,bleached; plasma is
isotropic, ferruginous-humus~argilleceous,its colour varies from
almost black (&ispersed humus prevails) to yellowish brown
(ferruginous-clay plasma); rare fine concretions smainly black-
red in colour,humis-ferruginous with mcluded skeleton grainsg
organic residues are represented by numerous charred particles
and plant residues with a various degree of decomposition;pores

‘are absent or very rara;y cutans are absent.

2) Ped faces are similar to IPM,cutans are absent; somebimes
plasma adaaceni: Yo the ped faces is humus—enriched and forms
rounded clots.

Secondary pe'ds',-abseiat. \

4pedal material - simlar to IP¥; skeleton grains
of the apedal material are in many cases 1ighﬁer in colour.
1I-27 cm. A network of large fissures is absent,the horizon
consists of primary and secondary platy peds.

Primary peds - fine lens~like plates.

1) IPM - brown (IO YR 5/3); quartz-feldspar skeleton grains,
fine sandy~-silty,weakly to moderately rounded,grains touch one
another; Qlasma is isotroplc fine silty—arglllaceous with an
admixture of dispersed orgsnic material and iron hydroxides;
brown and black rounaed concretions: w:.th 1ndistmct limits, mi-
neral grains are not visible in them because of - the dark colour;

organic resz,dues occur in the form of numerous fine charred par-
ticles and rare plant remains dlsplaying various degrees of de~
composi‘hlan. gores are absent,only very rare fine rounded pores
ocour; cutans ‘ave absent both on pore walls azxd skeleton . grains,
the latter have bleached su.rfaces. . : ]
2)Ped surfaces: the upper surface is weakly conc&ve light-
coloured (I0 YR 6/3; 5/3), IPM is depleted of'clay plasma end
also colourmg bunus and iron hyaroxmes as compared to the
central part of the ped; the lower surface is darker (7.5 ¥R
5/4%; 4/4). IP¥ near the lower ped surface is coloured witk hu-

- mus-ferruginous compounds, besides ‘them dark surfaoes of con-

cretions protrude here attnbntmg a darker colour to this
ped surface. .
Secondary yeds 3 mediumorfineplatescomposed
of several prmary plates. ‘ A

~“The upper surfaces of secondary plates are covered wWith fie
ne discontinuous (IO YR 6/3) light-coloured skeletams. Their
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grains are similar to those of IP¥ in composition,but are ligh-
ter in colour and more densely pecked. Skelebans superimpose
frequently the contacts petween primary peds and penetrate in-
to the vertical pores between them. In such cases the skele-
tans are the thickest,their grains are most densely packed amd
perfeetly sorted. ‘fhe lower gurfaces of secondary plates lack
cutans and are composed of the mosaic of pu‘mary peds surfaces.

A2,n 27-33 cm The total’ horizon amngemt is close to that of
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the 321 horuon. EO )
Priwmary pe d 8 = ma,i.n.].’y fine plates,few fine isometriec
(nuciform) peds. S :
I) IP¥ of platy peds - b:-own,pele brown (IO YR 5/3; 6/3);
IPM of isometric peds - yellowish brown (I0 YR 5/4; 4/4);
skeleton is similar to that of th.e 424 horizon; plasma is fi-
ne silty-argillaceous with fine mottles; light gray plots are
leached of irom hydroxides,ars isotropxc,coni;am gray disper-
sed humus,brown plots a':ge ‘enriched with ircn hydroxides,are
locally weakly anisotropici many dark red,slmost black and
brown concretions of varicus size and shape,they consist of
skeleton grains cemented with bumus-iron compounds and iron
hydroxides; wvery dark eomp}ect concretions with an abrupt boun~
dary with IPY were described as well as less compact ones, the
1&1:1‘:@: display a weaker degree of segregatioh and have diffu~
se trsnsition to IPM; organic residues are represented by finme
charred particles; rounded fine pores,usually cutan-free;lo-
cally discontinuous weaxdy snzsotropx.c argillans with an ad-
‘mixture of lmmus—temginous substances oceur.
"2) Primsry and secondery ped surfaces. are similer to those

described in the 424 borizon.

3342 cm A metwork of large Tissures is gbsent,the horizon
arrangement repeats that of 424 and A2;n horizons; the light-
coloured mass with a distinet platy structure predominates,se-
parate “outliers® of brown mass with a rounded-subsmgular and

* isometric (auciform) structure are distinguished.

Prineary pedavzn lisht-coloured
‘mass = fine and medium plates.

1) IPM - light brownish gray,grayish brown (I0 YR 6/2;5/2)
sandy loamy; qna.rtz-feldspér skelebton grains,weakly to modera-
tely rounded,distinctly predomimate over plasma: plasma is fi-
ne silty-argillaceous;isotropic with a minimom content of irom
hydroxides and clay in the whole profile: subangular separa-
tions of anisctz‘-@pie‘ ¢lay plasma not related to voids occur,
Plasma 6f central parts of the peds may have & dark grayish
hue due %o fine dark husus clots. Concretions : fine,rounded ,




sometimes irregular,less frequemt than in the A2¢n horizon,si-
milar to the above described in fabric,but with a more abrupt
boundary with IPM; orgenic residues- fine subangular charred
particles; few rounded pgkres; no cutans.

2) Ped faces ¢ IPH édjacgnt to the upper ped surface is
light-coloured (I0 IR 7/2) as compared with the central part of
the ped; the lower ped surface is brown or dark brown (I0 YR
5/%; 4/3) due to impregnation with humus-ferruginous substances
and outcroping clusters of concretions.

Secondery peds in 1ight-ooloured
ma s s - platy,consisting of primary pla;bes. Their Lpper sur-
face is covered with = light gray (10 ¥R 7/2) continuous or bro-
ken skeletan,superimposing contacts between primary peds. It
consists of fine sandy-silty,quartz~feldspar densely packed
grains which have no cutans and are light-écoloured or even
bvleached. The lower surface -has no ‘cutans and is composeﬂ. of
the mosaic of primary. plate suz-faces.

Primary peds. in brown mass-‘fine,pla—
4y and isometric,rounded and subangular having an abrupt to dif-
- fuse boundary with the light-coloured mass.

I) IP¥ - brown (7.5 YR 5/63 4/4) loam;y,skeleton has the same
composition as that of light-coloured mass; plasma - brown ar-
glllaceous a.msotropic,of indistinet scaly fabrzc ennched with
iron hydroxldes. The total plasma content is greater than in
the light-coloured peds, few fine concretions similar to those
of the light-coloured mass, organic residues- fine anguler char-
red particles. rounded and irregular pores; cutans on pore
walls are almost black,argulaceous humus—enriched :Laotropic
and red brown fermgmous—arg:.llaceous amsotropic falcate., . o

) Ped_surfaces; near the ugger surfaces of some brown peda
jazl is llg}rb-coloured and forms a diffuse tramsition to the
. bleached enclosing mass; the lower surfaces are red brown due
+0 impregnation with iron hydroxldes.
Secondary peds . "in brown mass—are
éither sbsent(in small brown plots)or are medium to thick platy
(in large brown plots). :

Ped surfaces resemble the surfaces of secondary peds of the '
light-coloured mass,but the upper surfaces bear less bleached
skeletans conbaining fine clots of anisotropic clay ‘and disper-
ged dark gray humus.

Apedel material -is ‘morphologically analogous
to the IPM of light-coloured platy peds.




A2B1 42-5I cm, & metwork of large fissures is well developed,the

2¢

whole mass is easily separated info IF¥ and FI. Two types of
IFM may be distinguished according to its structural organiza-
tion : light-coloured and brown ones with a let of transitional
varieties. : -
Primary peds of light-coloured

I P M ~ fine and medium plates with & cencave upper surface and
a convex lower surface.

Secondary peds of light-coloured

I F M - medium plates composed of primary omes.

Primary and secondary peds with their surfaces are similar
in morpholegy and fabric to the light coloursd platy mass of
the ~A22 horizon.

Primary peds of browan IFH¥-nediun and
fine isometric nuciform,with weakly rounded faces.

1) IPM - reddish brown (5 YR &4/4; 4/6) heavy loamy; skelebton
is similar to that of the A2 hoi‘izons; plasma is reddish brown
snd brown,argillaceous,anisobropic,scaly with an adnixture of
iron hydroxides; concretions: vare,fine,black,irtegular in sha-
pe; many pores; rounded and irregular ones prevailj grain cutanms
are argillaceons or ferri-argillaceous; pore walls are enriched
with ¢lay,iron hydroxides end humus in the form of anisotropic
falcate cutans. )

2) Ped surfaces : the IPM adjacent to the upper ped surface
is depleted of plasma and is lighter in colour as coumpared with
the central part,while near the lower ped surface it is inten-
sely coloured (5 YR #/33 3/2; 7.5 YR 4/2) by iron-huwmus substan-
cesy lateral ped faces {and sometimes the Upper ones) &rs cove-
red with dark brown anisotropic scaly-fibrous argillans.
Secondary peds ef brown IFU- thick
and medium plates composed of isometric primary peds.

Ped surfaces ! on the upper ped surfacs very pale brown
(I0 IR 7/3%) Tine sandy—siltj’,broken or continuous skeletans
occur,they consist of densely packed guartz-feldspar grains
with a low amount of clay plasma,usuail“ in the forw of grain
cutans,they are also enriched with fine clots of dark gray dis-

persed humus.

The lower ped surfaces lack cutans.
Apedal materiel betwesn brown ped
in composition to IPH,but depleted of clay :
Skeleton grains are coated with broken grain argillaus,plasmz
is light-coloured,argillaceous,with & scaly 7




B142 51-60 em A network of large vertical fissures distinctly di-
vides the horizon into brown IFM and bleached FI.
Primary peds of brown IFH - fine and
medium isometric nuciform peds with a flat upper surface and a
slightly convex lower one. Primary peds pear fissures are weak-
1y platy and have rounded faces,

I) IP¥ - dark brown (7.5 IR 4/4) heavy loamy with very fine
colour mottling consisting of more brown (plasma-enriched) and
light-coloured (depleted of plasma) . microzones; the skele-
%on is similar in shape and composition td that of the A2 hori-
zon,but all the grains are brown; plasma is brown fine s8ilty-

- argillaceous,anisotropic with a scaly fabric and abundant clay
separations; few concretions with the predominance of fine
dark opaque onés; organic residues occur in the form of fine
charred particles; few pores, mainly rounded; anisotropic fal-

" cate argillans,dark or black red surround the concretions or
fill fine pores; larger pores contain isotropic fine silty
cutang rich in humus,

2) Ped surfaces : the upper ped surfaces are coated with ve-
ry fine dark brown (I0 ¥R 5/3; 4/3; 7.5 YR 4/3) broken or con-
tinuous argillans which are anisotropic,falcate and are enri-
ched with fire silt and humus; on many peds these arsgillans
are replaced by more dark c¢lay-humus-ferruginous cutans. IPM
adjacent to the upper ped Surface (under the argillans) is fre=
quently light-coloured and depleted of clay plasma as compared
to the central part of the ped interior. The lower ped surfaces
are coated with reddish brown (5 YR 4/3; 4/4) clay-humus-ferru~
ginous cutans. The lateral ped faces in the central part of IFM
(far from large Tissures) either have no cutans or are coated
with fine dark brown cley cutans.,

In-I¥¥ zones adjacent to large fissures primary peds are
swaller and have diffuse limits; instead of dark clay afd hu-
mia~ferrugineus cutens the uppers;lower and lateral ped faces
are covered with light~coloured quartz—feldspér skeletans law-
cking clay plasma or with grayish brown silty-argillaceous
thick anisotropic cutans (on lateral faces).

Secondary pedsg of "brown IF ¥~ medium
and thick unstable plates, the ugner surfaces of secondary peds
carry white and pale brown (IO YR 8/2; &/35 7/239/3) thick bro-
¥en or continucus skeletans consisting of densely packed

quartz and feldspar grains with bleached surfaces lacking any
grain cutans. These skeletans superimpose the surfaces of pri-
‘mary peds and contacts between them and penetrate into vertical




exped pores. The thickness of light-coloured skeletans on se~
condexry peds of brown IFM increases considerably near fissures
and becomes almost egual to the thickness of the peds.

The lower faces of secondary peds lack their own cutans end are
composed of the mosgic of primary ped lower surfaces and . cmt~ .
crops of scelebans along exped crevice-like poress - '
Apedal meterial is representedbybrownishgray
sandy loamy mess similar to the light-coloured IPM of the A2
borizons; skeleton predeminates over the plasma,the grains
being light-coloured and densely packed; plasma is isotropic
enriched in fine silt; few dark red conmcretions: fine charred
particles. ' :

B1 6087 cm. The horizon is distinetly differentiated into IFM and
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: pounds.

FI.

Primary peds of IFM - fine and medium,anguiar,iso~
netric (nuci:form) sometimes thick plsty with distinct lateral
faces.

I IPM—reddlsh browa (5 !R 4745 7.5 IR 4/4), loamy skeleton
consists of quartz and feldspar grams is fine sandy to siltys
plasmz is 'brown, argillaceous enisotropic with a scaly fabric:
few coneretions are weakly segresated,black and dark Drown, ire
regnla:r with indistinct 1limits; orgamc mauter - fine charred
particles' Eores - :fina rounded and oval sirregulars cutans -
fine brown grain argillans and brown falcate vold argillans lo-
cally emriched wzth iron hyd.rondes and/or fine humus psrticles..

2) Ped surfaces ¢ primary peds are completely enveloped in
fine broken or continuocus reddish brown (5 YR 4/434/3) falcate
argillans, their colour is sometimes darker om & lower ped sur-
face (5 YR 3/4) due to an adlsmture of humus-:ferrugmeas come
Secondary peds of medivn and thick plates
composed of isometric px-imary peds.

Ped surfaces : on the upper ped surfac there is a patch;y or
broken qusrtz-feldspar skeletan with en admixture of fine bumus
particles,:.t is light gray (10 YR 7/2) or very pals brown

(I0 ¥R 7/337/4) skeleton grains are bleachsd &nd light-coloured,
only few of them have fime clay films; this skeletan superimpo-
ses the contacts between primary peds composing the secondary

plate and is lying either on the argillans of primary peds or

directly on their IPM. The lower and latersl surfaces are cove- -

_red by pabtchy nsht-coloured skeletans. -

Tertiazry peds—mediumpmmﬁthshghﬂymmded
upper surfaces..



B24t

Ped surfaces : the upper and lower surfaces are composed of se-
condary ped surfaces; the Vertical faces ¢f the prisms in the
central parts of the IFH are coated with fine continuous red-
dish brown (5 YR 4/4; 4/3) argillans,nearer to fissures very
pale brown (IO YR 7/4) and light gray (IO YR 7/23 2.5 Y 7/2)
skeletans show up. They superimpose the contacts between the
vertical faces of primary and secondary peds which compose the
prisms.

87-I40 cm. The horizon is distinctly diiferennated into IFM
and FI. The IFM is homogeneous in eolour,!:_omposztmn and arran-
gement.

 Primary peds o £ Iﬂaref:.nenedznmandcoarse

isometric (nuciform) with sharp faces.

I) IP¥ - brown (IO YR 4/4. 4f/3s 7.5 TR 4/4; 5/4) moist,hea=
vy loamy; skeleton is the same as above; plasma is brown,argil-
laceous,anisotropic with a scaly fabric; rare concretions =
soft with diffuse boundaries; meny pores which are mainly roun-
ded and irregular; cutans : hght brown,very fine anisotropic
grain argllla.ns, on fine pore walls - reddish brown or dark
brown anisotropic falcate argillans, on large pore walls - ani-
sotropic arg;.llans with an admixture of fine silty material and
fine humus part.zcles. in the largest pores the described clay
cutans are interstratlﬁed with lzght-coloured skeletans con-

© sisting of coarse silty densely packed mineral graing without

any coatings. Sometmes there are narrow zones in argzllans
which are enriched \nth iron hydroxides (fgrri-arg;llans).
_.2) Ped surface - the upper, lower and lateral ped surfaces

~are covered with very Tine reddish brown and brown (5 YR 4/4;

3/43 7.5 ¥R 4/4) continuous anlsotrople argillans with a falca-
te fa’crxc. Below them & narrow light~coloured IPM band poor in
plasma can beé seen. Arglllans on the upper ped surfaces near
large fissures are sometmes supermposed by 1ight-coloured
broken skeleta.ns.~ : :
Secondary peds - fine and medium,rarely coarse
pr:.sms, sometimes « thick plates. :

'I) Ped surfaces : the upper and iower surfaces of secondary

péds in the central pazft of the IF¥ do not havek their own cu~
tans and are composed of corresponding surfaces of primary peds
There are broken light-coloured cutans over argillans on the
lateral surfaces. They are loamy and light brownish or pinkish
gray (I0 YR 6/2i 5 YR 6/2) in the central part of the IFM and
consist of skeleton grains and of the light brown clay-fine
silty anisotropic plasma. Nearer to large fissures,these cutans
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" are replaced by = sandy-silty very pale brown (IO ¥R 8/3) ske-

Bzztg

: 331175

letans with an olive or light-gray }me (5 ¥ 86/2; 2.5 Y 7/2) of
weak gleyzation.

I140-167 cm.  The horzzon is dinstinctly dlfferent.xated inte
brmm—mettleé IF¥ and light-coloured FI.

Pr'mary peds of IFY - coarse angular isomet-
rie (nuciform)s medium and coarse prismetic,rarely - thick
platy.

"I) TPM - mottled: against the backzround of brown {5 TR
4/4; 7.5 YR 5/45 5/6) loamy mass there ave rounded greenish
sray ( 5 6Y 6/I; 5/I3 5 Y 6/137/2) gleyed mottles around tubu-
lar pores; skeleton is the same as in the A2,8I and B2 hori-
zons; plasma in brown IPH is light brown argillaceous,anisot-
ropic with a scaly fabric; gleyed IPM mottles around pores ars
peor in plasma; the remaining plasma is light~coloured,with a
fivrous and flow-fibrous fabric; rounded and irregular opague
concretions occur in the form of clusters,among them fine

lack concretions prevail,larger ones,reddish brown in colour,
are rare. Many fine rounded and oval pores. Grain argillans
are fine light brown anisotropic,continuouvs in brown IP¥ and
broken in gleyed mottles. Several types of cutans are intrica~
tely interstratified on pore walls: a) dark brown or dark red-
dish brown (7.5 IR 3/2; 5 YR 3/2) anisotropic falcate srgile
lzns;b) brown or pale brown fine silty—éia;{ anisotropic cutans;
¢) grayish greenish fine sandy—silty cutans without plasma and
with rare clay films on. skeleton grains. Occas:mnally cutans
completely £ill the pore..

2) Ped gurfsces: the upper and lower ped surfaces in the
central part of IFM carry very fime patchy brown (7.5 YR 5/6;
5/4) argillans restricted to depressions, outerops of tubular
pores and horizontal Foot holes. The vertical surfaces are o
vered with continuous dark brown argillans.

On vertical ped surfaces in IPM zones adjacent %o large fis-
sures the follcwmg types of cutans are interstratified:

a) light gray (I0 IR 7/I‘ 2/2) skeletans, b) light greenish
grey (5 GY 5/I) loamy cutanss ¢) light yellowish brown (I0 TR
6/4) tine silty cutens; 4) dark brown argillans.,
167207 cn. The horizon is differentiated into finely mottled
yellow brown IF¥ and Ilght-coloured Fl.
Primary pedbs of IFM: nedzumandcosrsepmsms.

I) IP¥-yellowish brown (I0 YR 5/4:5/8; 4/4) and brown (7.5

¥R 4/4) loamy with pumerous fine elive gray ( 5°Y 5/1;5/2)

3¢

gleyed mottles around tubvlar pores. Between gley mottles and



dark brown IPE¥ a compact grayisb brown (I0 TR 5/2) ring-like
zone is ffrequently distinguished; gkeleton is rether similar
o that of the above horizons,but contains some rare larger
non-rounded quartz grains; plasma in brown IFM is light brown
pipe silty argillaceous anisotropic,scaly in fabric,becoming
flow-fibrous near pores and planes; gley mottles are  deple-
ted of plasma; few fine irregular black and dark brown concre-
tions,both soft and hard occurring in clusters. Numerous pores
with the predominance of rounded bubuler ones. Fine yellowish
brown anisotropic grain argillans,contintious in brown IFM and
proken in gley mottles. Three types of cutans on pore walls:
a) brown falcste anisotropic argillans and ferri-argillans
with an sdmixture of bumus particles and fine silts b) greenish
gray silty cubans; &) black red ferri-manganic cutens.
2) Ped surfaces : the upper and lower surfaces are cutan -
free. On the vertical faces of prisms in the central part of
IPH there are dark reddish,grey end reddish brown (5 YR 4/2;
4/3) asnisotropic argillans or gleyed contimucus gray end olive
gray loamy cutans (5 Y 5/I3 5 ¥ 5/2). In the vicinity of fis-
sures these cutans are superimposed by patchy or broken light-
coloured (IO YR 7/2: 7/%) skeletans. )
11}332tg 207-23%4 cm. The horizon is distinctly differentiated into
yellowish brown mottled IFM and light-coloured FI.
Primary peds of IPM: coarse prisms with in-
distinet horizontal surfaces and clear vertical walls.
I) IPM - mottled: sgainst the yellow- or reddish brown
(7.5 YR 5/63 5 IR 4/4) background rounded or oval greenish
gray gleyed mottles (5 GY 5/1) ovcur. The bulk of the skeleton
is the same ss sbove,but an admixture of rock fregments repre-
sented by non-rounded grains of gquartz,feldspars,dark basic
rocks, quartzite,sandstones, etc. appears.Plasma in brown IFY is
light brown argillaceous snisotropic with & scaly fabric,beco-
ming large scaly and fibrous nesr coarse mineral grains.Bleg~
ched gleyed zopes are  depleted of cley plasma; plesma in
these zones is light-coloursd and scaly in febric. Fine black
brown and black concretions form clustérs. Many fine snd mediug
rounded end irregular pores. Cubans s on the skeleton grains
of browa IF¥ znd in gley aotiles - Pfine yellow continuocus enis
sotroplec ‘e 113.31:5, on fine pore wells - red brown falcate ar-
mllans with zn azdmizture of fine silty materials in large po-
res - mtﬁrstz-athzcatmn of brown arvlllaceous a.nd dark red
opaque ferri~-manganic cutans.
} P2d surfsces. The horizontal ped surffaces lack cutans.

Q
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T Ene vertical walls are covered with & cont;moua reddish brown
(5 ¥R 3/4; 4/3);7.5 TR 5/4) argillan,or more rarely with a dus-
ky red or etrong brown (2.5 YR 3/0; 3/2; 7.5 YR 5/8) ferri-
menganic broken cuten with & dull fine scaly surface.

115350 234-273 cm. The horizon is differentiated inio reddish brown
IFE snd light-coloured FI. A fissure nmetwork is rare.
Primary peds of IPFHare indistinet coarse pris-
matic or angular blocky.

I} IPK is yellowish red or brown (5 ¥R 4{5 T:5 YR 4/4;
5/6) with rare light-coloured gley moitles around pores,skelé-
toun ie the same as in the IIB3, horizon; plasma is lighi brown
argillacequs,with a scaly fabric end fise clots; fine black
concretions occur in clusters; many pores,fine and wmedium,roun-
ded 2nd irregular ones prevail; ¢utang : continuous anisctropic
grain argillans or ferrl‘arga.nans‘ brown anisotropic void ar-
gillans,. hlack-red void fern-argxllans. Clay with & fibrous
fabric ocours subcutanlcally nesr some fine pores.

2) Ped gurfaces. The horizontal surfaces lack cutans.The la-
teral surfaces are covered with reddish brown (5 YR 4/3) aniso-
tropie a.rginans with silty laminae; broken or continmous yello-
wish red and dark reé.dmh brown (5 YR 5/6; 3/4; 2.5 YR 2/4)
ferri-manganic cutans with dull scaly surfaces are rare.

IIB34D 273—298 [ N ‘.i!he horiwn is heterogeneous in colam- and tex-
ture. :

?rinary ped s-veryeoarse angular blocky.

I) IPM is heterogemecus : egeinst the main yellowish red -

(5 YR 4/6) gravelly losmy background there sre ved (5 YR 4/8-
2.5 IR 4/6) mottles of graveny sandy Ioam,bmwn mottles of
silty loem and bluish gley mottles around. tubular pores. In
‘brown somes of IPK gg__gm is the seme as in the 11332 and
IIB}BD horizone; g}ggg is brown ﬁne 8ilty-»argille.ceous.aniso-
tropic,with & scaly or short-fihz-uus fabnc~ many pores with
the predominsnce of coarse irregular ones; very few fine red
brown c_o_gc_z__’e_t_igx_:g with diffuse bmmdaries, cutans : brown ani-
sotropic grain argillens and reddish brown falcate anisotropic
_veld argillans. In red and red brown zones of IPK the skeleton
consigts of sandy weekly to moderately rounded grains of

guartz and feldsparg plasma is red brown argillaceous, anisotro- .
pic scaly ené collected in cloie; no ‘coneretionsg; few mainly -
rounded pores: cutans ¢ thick reddish brown enisotropic grein

. argillans and rare fine anisetropic void argillens. i

In gleyed zones of IFM neer the eon,tact with the moreine
loam the skeleton ie the same ms in brown zones,but mineral
graine are blesched; plasma is light brown argillzcecus, anisos .




tropic,fine scaly,almost "dotted“; no concretions; org
remains: fine charred particles; few pores (rounded), cutans:
whitish brown broken grain arglllans,light brown anisotropic
void argillans.

+2) Ped surfaces: cutans cccur only on lateral surfaces;
thick and medium brown (7.5 YR 5/4; 4/4) ergillene ere commen
for brown zones~offthefhcrizon,mofe rarely - black ( 5 YR 2/1;
I0 YR 2/1) or, dark red ferri-manganic cutans with dull surfa-
ces; stratification of dark reddish brown (5 YR 3/2) argillans
end lighter (5 YR 4/4; 4/6) clay cutans-with sand and silt
admlxture is observed within dark end dark-brown zones of the

horizon. .
IIIDﬁ 298~400 ‘cm.. The horzzoa is differentlated into bright brown IFM
and rare fine fissures with red brown Fl.
"Primary peds of IFHM: weakly developed coarse
angular blocks. -
1) IPM-IF#: homogeneous red sandy loamy, skeleton consists
of coerse sandy angular grains of quertz and feldspar,cracks
~on their surfacesicontaip amorphous substance or fine disper-
se clay; plasma is red brown,anisotropic,argillaceous,with a
scaly fabric. and fine clots; no concretions, few pores with
_rounded ones prevaillng. Cutans: continnous fine and medium

sotrﬂplc grain and v01d argillans.
2)Ped surfeces,Cutans occur only on the lateral surfaces.

Three types of cutans are distinguished: a) dark brown argil-
lans; b) almost black manganic and humus argillens; ¢)patchy
: black red or yellow red ferri—manganic cutans.i“

EAIE RESULTS OF ¥ESO-AND MICROHORPHOLOGICAL
STUDIES OF SOD~PALE’PODZOLIC ‘S0IL

Interfissure mase (IFN)

&he general pedsl arrangement of the IFM,including peds ¢ of va-
rious orders, has been found to regularly change throughout the pro-
file.

Organic horizons {01, 02) are structureless or weakly layered
(1eaf fall and compaction of the forest litter)., The humus horizon
(A1) is weskly aggregated; only primary peds = fine crumbs bound by
humus are Tormed in Al.

A group of eluvial horizons (82, 42,5 and bleached zones of the
19BT) are characterized by two levels of platy structures primsry
fine platy peds compose secondary medium platy peds. The size (thick~
nese) of individual plates incresses downwapd the profile from the

A21and A2, $6 the A2BI.




__Brown-coloured horizons in the middle part of the solum (B142,3%,
;BZTt)'hava the most campliaateﬁ'arrangemeht of soil material; primary
peds are represented vy isecmetric subangular blocks {polyhedrons,nu-
ciform agg:egates). Primery peds compose secondary plsty or prisma-
tic pedé which sometimes make up COarse prismatic tertiary peds.

In the bottom of the solvm (B34tg - 1IB3D) the structursl arrange=
ment becomes less complicated: gnly primery coerse or medium prisma-
tic peds are usually pronounced. In some places blocks composing pris-
matic peds are visible. The degree of aggregation &ecréases and the
size of peds increases &ownithefprofile,prismatia peds being replaced
with coarse blocky gﬁee. In’ the ITID norizen soil material is essen-
$ially structureless and the woil is ssperated into supercoarse blocks

by sparse fine fissures.

Inbrapedal mass (IRM)

Proportion of ekeleton and plasﬁa, The IPW in the 41,42 and in
hleached zomes of the A2B1 an& B142 35 essentiakly devoid of plasma,
hence skeleton grains touch one another with their faces and cOrners.

- Ppere is & considersble inorease in plasma in the BIAZ, B4, B2,
B3, IIB3D end 1IID horizons, skeléton graing are spbedded in plasma

and isolated. ) )

Tne skeleton. In ihe ﬁager part of the solom, from the surface
up to the IIB3D,the’skelstsﬁ in IPﬁ and in apedal material iB TEpré-
sented by pine-sandy snd siliy weakly snd moderately rounded grains
of quartz,felds?ars snd quartz-feldsper metamorphic rosks, Flakes
of muscovite and biotite and grains of amphibcle,epiéake*garnet,ilme-
nite,etc. can be found in negligiblé amounts. A congideratle simila«
rity in‘siae,campgsition and degree of rounding of skelejon grains
throughout the profile iﬁdigates‘%hat the soil studied has been de~
rived from the nomogeneous. parent mantle loam. '

The 11532 apd IIBB3B norizons disp}ay some features of 3ithologi~
cal discontinuity: smguler coarse-sandy { 70.25 mm and 71 mm) queris
and feldsper grains and fragments of basic igneous rocks,quartzite
and sandstons appear in thesse norizons. There is an increase in
these grains and decrease in the plasms content in the ITID horizon,
the skeleton being represented py a mixture of non-rounded graing of
various rocks znd minerals whieh are specific for moraine loams.

Surface of skeleton grains. In the A1, A2 znd $n the bleached
zones of the A2BI =nd BIAZ horizéns the surface of skeleton grains
ig cuten-free and in some pléces bleached and corroded. In the pale
brovwn A24 norizon part of skeleton grains are 1ight~brown,but there
are po cutans on their surfaces. :

' Ip brown-coloured horizons (starting from the brown zones in the
4284 to IIID) skeleton grains in brown IPM sre coabed with brown snd



yellow-brown fine anisotropic argillans and ferri-argillams.

Such a micromorphological differentiation of the surfaces of ske-
leton grains testifies to the eluviation of the IPM in the A1-A2B1
horizons. Grain argillans in these horizons have been subjected to
éispersion, washing out and probably %o partisl dissolution; suspen=~
siong and solutions are lezched from the IPM of the eluvial horizons,

Plasma. The major components of plasma in &l1 the horizons are
clay minerals and fine particles of guartz and feldspars; dispersed
gray organic substances and iron hydroxides are present almost every-
where in variable smounts. )

The quantity of plasme in the IPM is distinctly differentiated
throughout the profile : the lowest amount of plesmae is found in
the 41-A2B13 it increases downward from the B1A2 to IIB3D and decrea-
ses again in the IIID horizon.

The proportion of plasma compoments varies regularly within the
profile. In the upper eluvial horizons (M'._Aam') slightly coloured
isotropic fine silty argillaceous plasma predominates with en admiz-
ture of gray disperse humus and iron hydroxides.

The micrbscgpicaliy observed isotropy of the plasms in these ho-~
rizops is associated with the loss of the finest silicate clay mine-
rals and with the éispersidn of their individual particles,i.e. with
the total eluviation from these horizons. The silicate phase of the
optically isotropic plasme is cheracterized by random orientation
of individual particles and does not form domains with &'
wutual orientatien of particles.

In the AT this fme~51lty-srglllaceons isotropic plasme is en-
riched with dispersed humus accumulated in situ and attrivuting the
dark-gray and gray colours to the plasma, In the Az,‘ and &2111 hori-
zons isotropic plasma is poorer in bumus,but it is light-brown colou-
red due to the presyence of iron hydroxides. The most pronounced loss
of silicate clays,iron hydroxides and disperse bumus is typical of
the A2 and the bleached zones of the A2B1. -

Brown~-coloured horizoms (B142, B4, B2, B3 and deeper) conbain
mainly brown snisotropic plasma,morphologically uniform. It has a
higher content of silicate clays and iron hydroxides and is poorer
in fine-silty particles of quartz and feldspars. The plasma is main-
1y scaly in fabric. Plasma scales are micro&ggx'egates of individual
mubuelly oriented clay particles; at the same time the scales them-
selves display random orientation. Such & fabric is also typical of
the plasma of the ‘parent mantle loams which suggests that the major
part of IPM brown plasma in the B has been inherited from the parent
material and hes not been essentie.lly rearranged in the course of
pedogenesis. '
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TIn reddish-brown zones o! the TIRZD and IIE plasm:a is rerl—colou- i

red,scely and enriched inm iron hydroxides. .

Inped voids (IPM ai’ S-matrix sdjacent ko ores and pors znflll' :
Inped voids in the 41, A2 and in bieached ‘zones of the A2B1 are spar-
se; usually they dre fine and rounded. There are ne cutans within i
voids snd on their walls. ‘l‘he IPM adjacent 4o vo::.ds doés not essen- -
tially differ from that of the rest of the prisary ped P which is
evidence of the total frontal eluviatian from these har:.zons., The
processes of leaching are uperatlve in the entzre IPM of eluvial ho- ;
rizons (A’i A2 AZB"), includlns bath voids and sreas proximate to g
-voids, '

The TFPH of the brown zones of the A2:B1 B1a2, B'l is much nore po—
rous than that of the 4%, A2. There sre numerous voids, vertical -
tubular ones predominate. IPM in the proximity of voids is 1ot chan-
ged. Brown peds in the 42B1 and BIA2 contain many black and red-black
isotropic cutans which have khe largest amount of nrga;nie matvter and
iron hydroxides: brown and red-brown anlsotmplc falcate. argillans
with an admixturs ef “humis and drow oxides and a cont.muous oriedtaw:
tion pattern &re nob so eemm:m. ‘Larger voids combain sometimes fine-
sxlty isotiropic cubans enriched in zmmus.

In the BT the amount of argazuc matter and j_ron hydrexides m
void cubans decreasea. In this hom.zon predeminate: reddzsh-brown &ni=
sotrpic argillans which are only locally enr:.cheé in. humus and irom.

In the 321 IPE becomes still ‘Bore porous, 1arge tubular voids ap=
pear. The IPM around veids s ha:rd..y altered. Inflllmg of voids with
cutans in this horizon 15 s%ill more ccmpllcated. Fine pore walls are
coated with red&:.sh—-brown arg:.llsns smz.lar to those in the Bi In
coarser pores brows arglllaﬁs contain fme-sxl’sy part:.cles of guartz,; .
feldspars end small e:hmed particles. ln the .‘Largest pores brown ape
gillans sre interstratifieé ‘with bleached sksletans of illuvzabsus—
pensionai origin. Thin~ isotropic &ark—rea iron»lmmus cutans may some=
‘times occuf in ‘such mterstrahfmatmns‘ ) :

fme amount af inped tubuls.r vertical pores in the B22tg and B}.itg
dces not decrease and may even mcz-ease locally. 45 distinst from
the overlying B1 and 3211; there are greenish-—gr&y blmsh and light-

~brown lzght-calsured mnndushape& tubular sones of gleyeé and eluvia-
T ted IPM around wids in the Bzztg and 331453 hemzens. They pierce

primery peds mnd are esgecially pmnuunced by e:on.trast with the brosm
IPY so that gpecific b’mial'pbrown mottlmg is profuced on the cross-
sections Skaletcm g”a.ms m gieye& zones are light-coloured anﬁ

’usually Jsck ergillans,the IPE is low in argillscecus plasma.

The reaas.ning plasma is @bamcherized by gley (greemshugray} com
Tours an& f:bms or saalyuﬁmas fahric which indicates that it




bas ‘veen reoriented as compareé vith the aca.ly glasma of the 'brown
“zones of the IPM, In the B2 f;g and 851tg different kinds of cutans
are repeatedly mterstrat:.ﬁed within voids ¢ a) dark-brown or red-
brown anisotropic falcate argillans with an admixture of dark dis-

i 'perse& humus; - b) grayish—greenlsh fme-—sandy—snty skeletans without
ey grain amglllans' ¢) ‘brown: or light-brown: fine-silty-argillaceous
ecutansy 4) black or. black—red mangamc-iron isotropic cutans. Blea-
" ched gleyed s:.lty ‘skeletans -and brown argillans are usually the thie .
l.ckest in such mterstrat:.flcatmns.

’ In the IIBE»_,tg,j IIB}BB 11334}3 and IIIB the nu:nber of inped voids
. gradually &ecreases,gleying and - eluv:.atmn of-the IPM become  less
pronaunced, interstratificatiaa of dark—red—brom anisotropic falca~
" te argillans and red-black isotmplc manganic~1ron wtans predonina
$es within voids in these bonzons. ;

Thus inped voids manlfest a complicated picture of migration and
sccumalation of substances whxch is not entu-ely consistent wzth
macrodifferentiation of substances in horizons and with microdifferen-
tiation “of skeleton grains and plasma in the IPM. In the A1-A2B4
voids" serve only an channels. through whitch ‘substances are eluviated.
Inped voids in the A2B1 (hrown zones), B1A2 and B accumulate clay,
humus, iron hydroxldes and their compoundss; in the’ 3211: and especial-
1y in the Baztg and B}1t"g accumulatlon of sandy»s;lty material high

in Sioz and low in Feao‘,? and A1203 takes place which is comparable
with the accunmlabmn of clay;humus and iron hydroxides. Some eluvia-
tion of argillaceous plasma and reduced iron compounds océurs along
voids in the Bzétg - IIBthg. In the iIB}BD =111D cl‘ay,humus iron
and menganese hydroxides are found to accumulate in the inped vo:.ds.
.“Concretions. The &% contams sparse rounded iron-humus black-red
concratlons which pomts to predomnantly oxidizmg condlt:.ons in
this horizen. The A2 and bleached zones. in the 42B4 contam the ma-
ximum amount of concret:.ons. ‘In these horizons round hard black,dark—
red and dark~brown concretions praiommate. The:y are high in iron
bydroxides,organic matter and manganese. The main part of concretions
however,consists of silicate material enrlched with cementing humus-
’manganm-ferrngmous comnaunds. The abimda.nce of concretions in the
32«&231 suggests the ‘idea of ‘regular alternat:.on -of periods when wa-
. ‘gerlogging produces reduct;ve conditions with perwds of dessication
j:'accompanied by. ox:.dation. Surface reductlon and- season&l gleyifa.ca- wr
“gion take. place in spring éuring the Snow. meltmg,in ‘this period fer—
E pous compounds are subjected to the locahzatlon into -concretions
within the hor:.zon. Respect:wely blu:l.sh and rusty-blm.sh mottles in-
' @icating seasona.l gley:.ficatien ‘appear in the s0il mass ef these hori-
fzcms An sprmg and disappear in summer. :
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" In brown zones of the AZB1, B142 and B4 the amount of concretions
' sharply decreases; in these zones irregular black concretions are
found which are softer thaen rounded ones.

The lower horizons Ba.tt, B3tg, IIB3D combtain many soft irregular
black manganic concretions ~ccurring in clusters,The clusters are
distinetly visible sgainst the background of the brown IPM. Such
clusters are perfanent centres of within-horizon localization of ¥n
and Fe hydroxides; they are especielly evident im bhorizons with tubu-
lar and striated gleyification along voids and fissures (Bagtg, B3tg).

In the IIB3D apart from concretions deseribed sbove,there are aslso
pacro~and microzones cemented with iron and manganic compounds. These
zones are associated withgleﬁficatiaﬁ and oxidation at the litholo-
gical contact of different sediments. Beither segregation nor cemen-
tation have been found in the IIID herizon.

ug segregation and cementation are merkers of two zones of ex-
cessive superficial moistening - reduction -gleyification: the upper
zone (42 horizon) associated with reguler snow melting in sprimg and
the lower zone CBeztg - TIB3D hafimzs) characterized by impeded
intrescil percolation of atmespheric moisture and stagnation of mois-
ture above the lithelogical cobtact.

Prim’ geﬂy surfaces

Ped faces (walls of exped woids) as well as inped voids are most
sengitive indicators of substance migration within the profile. It
is these surfaces that are washed with gravidsticrnsl moisture trans-
porting soluble and suspended substances. Thereﬁ:‘oz‘e,the gtudy of dife-
ferences between ped surfaces and IPH and alge their changes within
the solum are of prime importance for understanding the regularities
of migration snd sccumulabion of substances in the profile.

In the A1 the surfaces of crumby peds do not differ from the IFH,
the former may be only slightly higher in huwus. &s o the AQ.;-—B’!A&
here eluviation is more vigorous along the upper faces of platy peds
as compared with ped intericrs; therefore these surfaces are still
more blesched and form microZones poorer in humus,iron hydroxides,
clayey plasma and relatively higher in strongly blesched skeleton
grains:. On the co:ztrm, the ‘lower surfaces of ‘platy peds exhibit darke
gray,dark-brown or dark-ved IPH microzones emriched in dispersed hu-
mus,iron hydroxides and sometimes in brown argillacecus plasma.

Thus primary peds - plates in the 42 - BIAZ manifest & microprofi-
le in their vertical cross-sechion: the upper side is an eluviated
microzope; the central part is least changsed and the lower side is of
illuvial character. :

In the B1, B2,% and B2,tg brown primary peds - blocks are coated



with continuous dark-brown falcate anisctropic argillans which seem
to.be of illuvial origin. In the BIA2 and BI these argillans on the
ugper ped faces usually contain fine-silty quartz grains and organic
particles,whereas lower ped surfaces are enriched 1n humic-iron
reddish-coloured compounds. . .

The most uniform fine continuous falcate argillans costing peds -

bloks are typical of the B2,tg. In the BZeﬁg horizon continuous
argillans remain only on vertical ped surfaces; on horizontal ped
faces. they occur only in the proximity of the outlets of tubular
inped voids. Below the BEatg within B31tg - IITD,there are no cutans
on horizontal ped faces; only vertical ped faces are coated with
humus-argillsceous dark-brown and black red bumus~manganic-iron cu-
tans interstratified with rare ollve—gray gleyed silty asrgillaceous
cutans. The area of- ped faces coated with iron-menganic¢ cutans in-
creases with depth. )

Thus the morphoiogy of primary ped surfaces allows to obtain a
more precise picture of migration and differemtiation of substances
through exped voids. )

In the A2 and A2B14 some indications ef additional microeluviation
from the upper parts of the peds and microilluviation of humus and
iron into their lower parts are manlfested against the general elu-

~viation background. )

The processes of illuvial accumalation of clay material on all
ped faces predominate within the BIA2, BA, B24t and B2,tg, clay ac-
cumulation on horizontal ped faces becoming weaker with depth.

In the B3tg, IIBSD and IIID no illuvial accunulation of clay ma-
terial on horizontal ped faceés has been observed, As translocatlon
of molsture suspensions and solutions takes place mainly along ver-
tical ped faces it is on these faces that illuvial accumulation of
clay end fine silt is pronounced as well as precipitation of hnmus,
iron and anganese hycroxmdes from solutlons.

Secondary ped surfaces

In horizons from A21 up to B24t where secondary peds are represen~
ted by plates,borizontal surfaces of secondary peds are of prime in-
terest.Vertical ped surfaces in these horizons are weskly pronocunced.

Tre upper faces of secondary peds are usually coated with blea-
ched skeletans superimposed on primary ped surfaces and junctions
snd penetrating into short vertical pores between primary plates.
Such skeletans usually consist of fine sandy—SWIty bleached grains
of quartz and feldspars with an admixture of gray humus and fine
charred particles. The location and morphological features of these
skeletans point Yo their allochtonous origin with respect to the




IPE of primary peds. It is obvious that they are illuvial skeletans
consisting of material which has bsen translocated as suspensions
from upper horizems.

These bleached skeletans are most markedly pronounced on the up-
per surfaces of secondary plates in brown parts of the A2B4, Bia2
and B where they are superimposed. on dark-brown argillans coating
primary peds-blocks. Such a combination of cutans shows. that illu-
vial accumulation of substances proceeded in two stages: in the
first stage clayey meterisl sccumulated on the Surfaces of primary
peds: in the second,sandy-silty material built up on secondary ped
surfaces.

Up from these borizons towards Aaz, 424 and down to BZIt bleached
skeletans become less obvicus: they decrease in area and thickness
and in the degree of skeleton grainm bleaching. In the A2 this pheno-
menor is related to the superficial location of these horizons which
enables translocation of sandy and silty suspensions within the hori
zon only.The B2.% is located too deep and therefore sandy end silty
suspensionsg hardly penetrete here through horizontal exped voids.

Below the B24% there are no cubaps on the horizontal faces of se-
condary peds. Cubans on the vertical faces of secondary and tertiary
peds are well pronounced only within the B1, Ba,tt, Baztg where these
peds are represented by prisms. In the BI blegched skeletans predo-
minate,whersas in the B4t they are mterstratzfled with grayish-
.brown and greenish silty-clayey cubans; brown argillens appear only
in the Bzztg. In the lower horizons the s0il mass is not arranged
into secondary peds. :

Fissures and fissure infillj

The majority of vertical fissures appesrs below the £2 horizons
The average number of fissures and their awérage width on vertical
and korizotntal cross-sections of the solum are shown in Fig.2, Hori-
zontal cross-sections display a distinct genmersl polygonal pattern.

Fissuring of sod-podzolic soils on mantle loams is g widely
spread phepomencn,but its genésis is mot yet quite clear. Many in-
vestigators ave of the opinion that 2iss'ures &evelopksyngenéncally

with mantle loam formeticsn {contracticn - dyying of the loems) or are
the epigenetic wesult of palescryogenic fissuring after the deposi-
tion of mantle losms but before 'bhe beginnming of the proper Holoce-
nic humid-fc-rest so0il formation. The largest and 'deepest fissures

in soil pmflles are probably inherited from the parent material.
But at the same time one can hardly deny the possibility of appea—
rance of new fissures during recent (Bolocenic) soil formation,i.e.
fissures of pedologic origin,
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Fig.2. Average muber and average width of fissures in the

sod-pale-podzolic soil, profile 2-74, (Countings And measurement

~ were made both on vertical and horizontal sections)
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The properties of fissure infilling (PI) do not change down the
soil profile with the same regularity and distinctness,as the IFM;
nevertheless investigation of a great number of fissures reveales a
guite definite FI differentiation with depth. It does not completely
coincide with the IF¥ horizon differentistion for which reason it
seems more convenient to describe it as one consistent system of zo-
nes (from the upper horizons down the solum) differing both in the
nature of FI and the number and width of fissures.

Fissure zope I,embracing A2B1 and B142. Wide, freguently wedge-like

fissures form a rounded-polygonal patbtern on z horizontal cr rysSs-sec-
tion. They are filled mainly with apedsl or weakly platy whitish
ay zandy materisl (FI) enclosing separate brown "outliers™ -~ iso-

o

a9

ic or platy peds similar to the peds of the surrounding brown IF¥,

mELE
Tnere is no cutanic orientation of the bleached mass along fissure
walls,

Trhe blesched FI consisis of densely packed,cutan-fres skeleton

grains represented by guartz and feldspars. There are many charred
plent residues in the FIS zones of enrichment in gray dispersed humus
and 1ight brown indistineily scely plasma oceur. Brown peds-IFY out-

iers cccurring in the centres of fissubes of FI have indistinct
light=-coloured limits and their peripheral pavts are poor in plasma,
so they are gradually eluviated and transformed into sandy FI. Near
fissure limits transition to the brown IFE is dxffuse, some brown
peds of the IFH are éestrsyed and transformed into light-coloured
apedsl FI. Along fissure walls groups of browz peds are "cut®™ from
the fissure walls and included inte the FI. Such peds are usually
subangalar and weakly eluviated, Fissure walls are locally covered
with isotropic bumus-ferruginous cutans. ~

The morphology of FI and its contact with IFY¥ in the AZBI and B142

suggest that in the first fissure zone fissure infilling is of com=
rlex origin imvolving the following processes : a) eluviation (remo-
val of argillaceous plasma, sccumulation of the bleached skeleton)i
b) sinking and £illing up of the bleached mass of the upper horizons;
¢) migration and accumulation of suspensions of bleached sandy~-silty
material and rew humus arriving from A1-42; 4) transzt migration and,
o a smaller extent,accumulation of clay snspensxens and humus~ferru-
ginous compounds.

Pissures in this zone are aggressive towerds the,brown»IFﬁ:‘theyA 
are enlarged st the expense of eluviation of IFM zomes adjacent to
fissures zund of the brown outliers - peds enclésed in the FI,

Pissure zone IT,embracing Bi. and upper part of B2,t .~ This zone is
in many respects similar to the ope previously described. Fissures are
numerous,but they are narrower and their shape changes: imstead of

. |.nc
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wedge-like fissures crevice-like ones begin to dom:n_nate. Similar to
zone I, FI consists mainly of apedal material amd /or indistinct ver-
tical plates. The soil materisl is weakly porous,whitish gray with
frequent inclusion of brown IFM "outliers™.

The composition of the light-coloured FI is the same as above:
guartz-feldspar cubtan-free skeleton grains predominate. The number
of zones enriched in light or reddish brown fibrous scaly clay-fine
8ilty plasma,dark gray organic matter and charréd particles is grea-
ter. There is no distinet cutanic orientafion along fissure walls
except for the local occurrence of red brown isotropic humus-ferru-
ginous and weakly snisotropic humus-argillaceous cutans m FI pores
and on the boundary between PI and IFN.

Brown outliers within light-coloured FI are more subangular and
have more distinct limits than the outliers of zome I which points
t0 weaker eluviation and bleaching in zone II. The same feabtures are
characteristic of the contact between the light-coloured FI and
brown IFK along fissure walls. The “aggression" of a Tissure wall
into brown IFM is mainly reslized by illuviation of the light-colou-
red sandy-silty mass from the fissure into exped crevice-like pores
of the IFM. The light-coloured material from a fissure penetrates
into the brown IF¥ forming deep “sprouts™ growing from the fissure
wall -and merging gradually inte the light-coloured skeletans on IFN
ped faces. Some brown peds adjacent to Tissures are "cut” of the
IFH and included inte the fissure. Direct eluviation along fissure
walls is of secondary igportance.

The light-coloured FI of fissure zone II is apparently of an il-
luviel-suspensional origin. It is meinly the skeletal material of
the upper horizons 42, A2B1 which are eluviated,poor in plasma and
grain argillans and lack a water-stable structure. This material is
translecated in the state of suspensions and forms light-coloured
¥I in fissure zone II. Very important are brown material eluviation
processes occurring along and within fissures directly in this zone
resulting in residual bleached or light-coloured material. Another
possibility of erigination of 1ight»cbloured material -~ simple sin-
king from above is not entirely ruled out,althongh it seems to be
weak.

4s a whole,fissure zone II is chsracterized by the predominance
of illuvial accumilation of suspensions which bring sapdy-silty ma-
terial already eluviated,rich in 8i0, (quartz) end poor in R203,from
the 42 and A2B" horizons. dccumulation of the material from clay sus-
pensions and humus-iron solutions is more vigorous than in the Pfirst
zone,but is still of secondary importence in the formation of FI.

43




Fissure zone III embracing lower part of B‘E:,!'i:,I whole 822t5 and
zpper part of E3.te. Here,fissures become still marrower and form an

angular polygonal pattern onm the horizontal cross-section.

Fissure infilling features a distinct cubanic orientation slong
fissure walls snd eonsisis of severai typves of wvertical interstrati-
fied cutans; "cubting® of brown IFH peds from fissure walls and their
inclusion inte FI is rare. Fissure infilling is composed mainly of
greenish-zray gleyed and light brown silty loamy cutans consisting
mainly of silty light-coloured quartz~feldspar graine with an admix-
ture of bleached light gray coarse scaly argillaceous plasma. The
whitish gray sandy-coarse silby material characteristic of the ¥T of
the first two zones is less sbundant hers and forms rather rare and
most blesched skeletans. Quarts and feldspar grains are leached
weaker than in the zbove lying fissure zones, falcate ergillaceous
light yellow cutans occur on the skeleton grains.

The pumber and thickness of grgillaceous dark brown and red brown
anisotropic cutans of fluidal anéd falcate shape with & distinet cop-
tinuwous orientation pettern increase in this zone. Argillans are re-
pestedly interstratified with gleyed silty and light-coloured sandy
cutans. Dark brown argilians usually cover the fissure wall proper
at the contact with the IFM., 4 grayish pele brown or bluish-greenish
trensitional zone with elements of pedal fabric is formed in the
fisgure zone‘adjaﬁc‘ené to the brown IFM of the B2 and B3 horizons,
This zone,changed because of its proximity to the fissure,is light~
coloured,depleted in irom hydroxides and vather enmriched im pale
brown clay. Such transitionsl zones between ITH and PI are ap_éaren‘tly
formed from the material of brown IF¥ in situ (unlike FI cutans) due
t6 iron réductian,gieﬁfication and removal and’ to illuviation of
clay brought along the Pissures into the contact pale brown zone.

The morphology and genesis of FI in this zone are radically dif-
ferent From those of zones I and II.' The "agaression® of fissure
walls into the IFW with cutting and stz%seqilent eluviztion and de~
struction of bréwm peds within fisbures almost ceases here,being
replaced by costing of the Pissure walls with illuvial-suspensionsl
argillans and near-fissuve IFM gloyification with iron leaching and
accumulation of the illuviated clay penstrating in the fissure walls.

Pissure infilling proger is formed through processss of clay and
silt migration in suspensions and their illuvial accumulation in the
form of distinct vertical interstratified cutans within fissures,
Migration and sccumulation of sandy-coarse silty s,ﬁspénsiyans are
much weaker. In this way,the i‘lluviated‘material‘is heterogeneous; :
" 1elay enriched in"REQ3,2}san§yf-sil‘%y,main1y quartz-feldspar m&terial,
rich in 530, eluvisted and removed in suspensions. This zone is




also noted for the appearance of distinet within-fissure gleyfica~
tion of cutans which contributes to iron reduction and its removal
along fissures and thus establishes a within-Tissure eluvial-gley
regine.

Fissure zone IV embracing lower part of BSqta,IIBBEtg and IIBﬁ D,
Fissures become narrower; their number is smaller in the upper part
of the zonme as compared with the lower one. FI is composed mainly of
interstratified bluish-greenish gleyed loamy avd dark brown argilla-
ececus and ¢lay-humus cutans. The clay substance of these cutans is
fine dispersed,has a distinct stream-like {fividal) Pabric and high
birefringence. In gleyed cutans,clay is light-coloured or gray-gree-
nish,in dark brown cutams it is enriched in humus snd irom. Black
red apd red yellow patchy isotropic. ferruginous-manganic cutans ape-
pesr among mainly silicate cutans of this zome. In the central part
of fissures very few fine sandy-silty light-coloured cutans occur
with a scaly argillacecus plasma and clay films on skeleton grains.
Browp IFE outliers are absent within fissures,while the IFM adjacent
to fissures is locally light~coloured and gleyed,depleted in iron
and enriched im clay.

There is a comsiderable accumulation of fine dispersed loamy-
argillaceous. suspension material in this fissure zone as well as .
gleyification aslong some of the cutans. accompanied by eluvial-gley
iron leaching. At the same time oxidized irom and manganese accumu-
lation from solutions proceeds similteneously here.

Bissure zone ¥ embracing IIB}#I} and IIID. Fissures here are the
narrovest, they are filled with mainly dark brown,sometimes black
brown mmus-argillaceou.s cutans,consisting of the fipest dispersed
claj material and dark dispersed bumus. Bluish-greenish gley loamy
cutans are very rare,but the proportion of isctropic manganic ferru-
ginous cutans, black red or bright yellow in colour, increases. Fissu-
re lipits are distinct,the red brown IFN adjacent to f:.ssures is not
gleyed. T

The FI of this zone is formed due b0 ¢ a) illuvial accumulation
of the finest silicate argillaceous materisl brought in suspensions:
b) accumulation of bumus brought in solutions and prebably in suspen-
sions.in combinations with clay minerals; c¢) oxidized iron and man-
ganese accumzlation probably related to ‘contact phenomens in the zo-
A ne of lithologicel discontibuity.

Summing up the description of fissures in the investigated profi-
le,a rother complicated but a Gistinet differemtiation of substences
£3illing the fissures sbould be emphasized. The IFM horizons do not
coincide with the zones of PI, so thst the "¥FI profile® proves to be
~replaced far downwards ag compared with the IFM profile : the FI zo-
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nes enriched in light-coloured, 8102 and quartz-containing sibstances,
occur in those IFM horizons,where bleaching and eluviation decrease
or stop whatsoever,being replaced by clay illuviation along ped fa-
ces (BI, B24%, B22tg). FI zones sccumulating clay,iron,manganese and
humus are situated in the IFM horizons with a decrease or even ab-
sence of illuvial accumulation of these soil components (IIB}ztg,
TIB3D, IIID). Comparing the average width of fissures within the pro-
file and their average number (Fig.2) it may be concluded that the
maximnal "capacity"” of observed nowadays fissures acting as accumula=
tors of the illuviated suspension material is claracteristic of fiss-
ure zones II and ITIT, i.¢. of depth 60-140(180) cm. It is here that
the relation between the average number and mean width of fissures
is optimal. The "capacity" of fissures falls considerably with depth
because  of the decrease of their mean width.

CONCLUSION

This work is devoted to macro,-meso~and micromorphological study
of sod-pale-podzolic soil which has revealed a complex combination
of various elementary processes forming individual profile horizons
and the entire profile. It has been found that all (or almost all)
horizons in the profile studied consist of meso-and microlocal re-.
gions (meso-and microzones) which exhibit features of different pro-
cesses which at first sight may appear even incompatible. The combi-
nation of the morphological features of migration and transformation
of substances in various meso-and microzones of horizons and their
profile distribution are given in the general diagram of Fig.3.

4 detailed morphological investigation seems to us to appreciably
increase the number of features and corresponding elementary pro-
¢cesses which should be used for constructing a genetic model of for-
mation of sod-podzolic soils on mantle loams.
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