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PREFACE

The present volume is the second from the series of momnographs
and Mongolian dissertations which are issued in the frame of
Geographical Studies of the Institute of Geography and Spatial
Organiization, Polish Academy of Scienees. The first volume was devoted
to the problem of vertieal differentiation of physico-gesgraphical
phenomena in the Khamgai Mts. The seeond one is eoneerned with the
small Sant valley, situated on the southerm margin of the Khangai,
where in the years 1974—=1875 eoneentrated investigations were &arried
out dealing with the envirenment typology and the eeurse of present-day
proeesses.

The Polish-Mongolian expeditions to the Khamgai Mts, initiated and
led by the Department of Geomorphology and Hydrology of Maoumtains
and Uplands of the Institute of Geography and Spatial Organization of
the Polish Academy of Sclences, were being realized in co-operation with
the Institute of Geography and Permafrost of the Mongolian Academy
of Sciences.

We wish to express our sincere acknowledgements to the expedition
leader — associate professor Kazimierz Klimek and to all Polish and
Mongolian colleagues who have contributed to the origin of the present
work.

The tramslations into English were done by Miss Elzbieta
Chrzanowska, Dr Grace Claire-Dgbrowska, Dt Sylwia Gilewska, Mrs
Jadwiga Targosz and Miss Jagoda Sienkiewicz. Miss Anna Eo$§ trans-
lated the Summary into Russian, the drawings have been made by
Mrs Maria Klimek and in technieal eleberation helped Miss Anna Bgben
and Miss Krystyma Rycerz.

To all these persons we wish to express our cerdial thanks

Leszallc Sttarkel
Alojlyy Kswatitiavsii



TMPEJVIC/IOBHUE

Hacrosmmit ToM fBNseTCS BTOPHIM TOMOM M3 CEpUM MOHIOMBTKAX MOHOIpa-
¢mil n Hay4HbiX TPYJOB, KOTOPbIE NOSBAAIOTCA B pamxax [eorpadpuuwecimx paboT
UHcTuTyTa reorpadpum M TeppuTOopmaibHol opranusauwm [lofibCkod axKagemuu
Hayk. [lepBbitt TOM 6bisi OoCBAWEH Apo6ieme BePTUKAABHON 30HAMBHOCTH PHUIUKO-
-reorpaipn«eckux sBneHuil B ropax Xauraih. O6cyxfaetea HeGofibiiag AOAMHA
CaHT, pacriofiowentas Ha 1OXHOI oxpawee Xatras, Fae B 1974—1975 rogax fipo-
BOAMAWCL KOHLEHTPUPOBAKkBIE MCCNEAOBAHWA TMROAOFMW CPeAbt ¥ XORA €OBpe-
MeHHBIX FPOLECCOB.

VHMLUMATOPOM M DPYKOBOAWTEAEM MOABCKO-MOHIOMECHKNK SKCOeAwHMYd Obu1
Otpen reomoponormu M rufponormm rop M BO3BbileHHOCTeN WMHCTMTYTa re-
orpadum M TeppuTOpuanbuol opranusauwm [ToAbCkoM akafeMmu Hayk. Jkcne-
AuiiuK GbliM peanu3oBaHbi COBMECTHO ¢ MHCTUTYTOM reorpadwu ¥ Mep3noto-
BefeHus MOHFOMLCKOW aKafemurt Hayk.

Mb! BbICKa3biBaEM Hallly GnarofapHOCTe PYKOBOAMTENO SKCNeAUUMM [OL,.
A-p Kasumexy Knumexy, a Taike BCEM MOHIONBCKUM M TMONBCKUM TOBapUUIAM,
38 TO, 4TO OHM CMOCOGCTBOBANW CO3AAHMIO HACTORALIErO TOMA.

Tekcr Ha axrnwuvickuit a3ik nepesein Dfvnbeta Xkanoncka, A-p [peit Knep-
-flombpomcka, A-p CusbBusa I'uiescka, SIAsura Taprout, Aroga Cenkesuy. Pe-
3l0Me fiepeBefeHbl Ha PyccKui f3bik AHHOM J1oCh, prCYHKM Bbifofinuna Mapus
Knumex a fipu Texkudeckoit ob6pabGotwe TexcTa riomorasim AuHa Bembew, Kpbi-
6ThiHa Philigi.

BceM YRAOMsHYTbiM AMLAM BbICKA3HIBAEM Hally CepfiedHyi0 GnarogapHoCThb.

Jlewex Cmapienb
Anoiizse [KoranskoBeku



INTRODUCTION

THE BOUNDARY POSITION OF THE SANT VALLEY

by
Lesvzek Stgavkel

The Sant valley lies in the southermnmost part of the Khangai. This
mountain range stretches 700 km from east to west in the very heart
of Mongolia which experiemces continentality of climate. This is
charactetized by severe winters (mean January temperatures of —2ZHBT
are frecorded at the mountain margin, the absolute minlmum being
—4850), aaidl thee stummeats Heae caan Bie ssinprisiglly Hutt. THe reean Jilly
temperature is +U3°C, but an absolute maximum of +32°C has been
observed at 2000 m asl.

The middle latitudes, from 46° to 48° N, here are a region of strongest
thermal and precipitation gradients. These give rise to distinctive changes
in the index of drymess belng accompanied by changes in hydrological
conditions and in vegetation and soil zones. It is for this reason that
within this zone dry areas come into contact with the permafrost zone
and dry steppes merge with the forest steppe (Starkel 1980) dependent
on the local conditions such as climate, ground etec. Variations in water
deficit and availability of water for both soil formation and plant growth
control the mesaie structure of the geo- and ecosystems within the
tramsitional zenes.

In the Khangai range rising to heights of 3500—4000 m asl. the
gradient strength is increased by the asymmetry of opposite mountain
slopes. At the same time the Khangai has a clear vertical arrangement
of natural environmental factors being different from that found in
other mountain massifs of Central Asia (Murzayev 1952; Darzhgotov
and Kowalkowski 1979; vide Geograpphded! Studlées No. 136, 1980). The
most spectaeular feature is the disappearance of the forest belt on the
southern slope of the Khangai. The fmajor cause of this is the
convergence of beundaries between the temperatuie-contialled upper
tree line at 2600—=2700 m asl. and the meisture-dependent lower tree
line abeut 2000 m asl.
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Fig. 1. Location of the Sant valley in the southern Khangai
? — rivers; 2 — lsefiypses; 8 — rmain fidges; 4 — foresis; 5 — the Samt eatenment; 6 —
base camp and meteorological station in summer, 1974—1975; 7 — villages

The Sant valley covers 3 km? It is carved onto the seuthern
margin of the Khangai which rises from the Beay@m-Nuwurin-khotnor
Basin (fig. 1). The Sant valley is part of the Tsagan-Turutuin-gol
drainage basin and lles between 2020 m asl. (in the Tsagan-Turutuin-gol
valley floor) and 2718 m asl. (en the ridge abeve the valley head). The
area consists of a monetonous series of granite and gramodiorite. There
are well developed physico-geegraphical belts (the southernmmost extent
of the forest-steppe belt at 2100—2650 m asl.), and very strong comtrasts
in Beth merphogenctic processes and eeosystems due to slepe aspeet
(phet. 1). These eentrasts are determined By wide variatiens in the
fadiational Balanee of the nerth- and seuth-tacing slopes.
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Wroctawska Drukarmia Naukowa, naktad 1400 egz.
Fig. 2. Topographicall map of the Sant valley elaborated by R. Zapelski

Zaklad Narodowy im. Ossolifiskich Wydawnictwo Polskiej Akademii Nauk 1980

(1875). isohypses at 10 m intervalls. Signs indicate forest patches, individual trees, rocky slopes and points of detailed mieasurements
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AIM AND METHOD OF WORK
by

Leszek SStiel

In the summer seasons of 1974—1975 investigations were carried out
by the joint Polish-Mongolian Physico-Geographicall Expedition to the
Tsagan-Turutwiin-gol drainage basin in the southerh Khamgai. This
expedition was orfganized by the Department of Physical Geegraphy,
Institute of Geography and Spatial Organization, Polish Aeademy of
Sciences in Krakow aeting in 6o-operation with the Institute of
Geography and Qeeeryology, Mengelian Academy 6f Seiences in Ulan
Bater.

Work has been partially concentrated in the Sant valley. This was
selected for the detailed exarnination of the variations in geo- and
ecosystemns which are asymrettically disposed on opposite sides of the
valley lying at the boundaries between the forest-steppe and dry steppe
Zones.

Surveys were undertaken for the purpose of wunderstanding:

1) the typological aspects of the climatically and structurally
determined contrasts, together with the mechanism of morphogenetic
processes;

2) the evolution of the natural environment under the influence of
climatic changes, and

3) the degree of environmental tramsformations under the impact
of man.

It was also the aim of studies to outline the value of habitats for
practical purposes.

Survey was undertakem under the direction of L. Starkel (in 1974)
and of A. Kowalkowski (in 1975). At first a detailed topographical map
of the Sant valley was completed by R. Zapolski, 1975, (fig. 2) on the
scale of 1:110 000. This was the base map for other detailed special
maps including the geomorpiallogical map (Starkel 1975), soil map
(Kowalkowskii and Lomborinchen 1975), map showing the morphogenetic
processes (Pekala 1975), plant ecommunities (Pacyna 1980), habitats
(Kowalkewski and Paeyna 1977) ete. Furthemmore, the structure of slope
sheets, soil ecatenas and processes have been deterfained by survey
aleng a line run aeress the Sant valley — figure 3 * (Kewalkowski et al.
1977).

Studies of morphogenetic processes were related to data obtained from
a station being situated at 2055 m asl., where the Sant valley joins the
Tsagan-Turutwin-gol valley. Measurements here were taken of the

* Figures 3, 7, 10, 12, 14, 15, 22, 26 are placed at the end of the wolume.
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radiational balance, air and ground temperatures, precipitatiom amounts,
anemologic conditions etc. (Avirmid and NiediwiedZ 1975; BrzeZniak
1977). In the Sant valley (comp. fig. 3) data have been collected on the
microclimate: air and soil temperatunses, alr hutnidity, precipitation
amounts (Niedzwiedz et al. 1975; later studies by Brzezniak and Sroka);
on infiltration and overland flow (Shupik 1975); on morphoegenic
processes ineluding physical weathetimg, waste fall, eengelifluetien and
slope wash (Pekala 1975; Pekala and Zietara 1977); en the predustien
of biemass (Paeyna 1980). Field werk has been made by assistance of
A. Gledzifiski, R. Lemberinecheh and 8. Ryehel. The present authers
thank them eerdially fer s-eperation.

In April 10—20, 1976, W. Froehlich, J. Stupik and T. Baasan (1977)
have collected additional data on temperatute, snow and hydrological
conditions as well as morphogenetic processes prevailing in the Sant
valley during the thaw season (Froehlich, Stupik 1977a, b).

Concentration of special putpose studies in a small area and
simultaneous observation of various environmental factors at the same
point mmade it possible te understand the mechanism of various
phenomemna, to recognize the sequence of catenas and evolutionary
systems, and even to reconstruet their developmental tendencies
(Kowalkewski and Paeyna 1977; Kowalkowski et al. 1977).

Field observations are included in two unpuhblished volumes of
"Reports on the joint Polish-Mongolian Physico-Geogtaphical Expedition
to the Khangai” and in a few published papers dealing with both
methods employed and results obtained in the Sant valley (comp. Refer-
ences). The present velume, whieh provides further unpublished data,
is a synthesis of studies in the dynamiies, typology and evelution of the
natural environment of the Sant valley,



COMPONENTS OF NATURAL ENVIRONMENT

CLIMATE
by
Eliigiinsz Brzadéiiak amdl Tadbteasz N idibSiiinds

GENERAL FEATURES OF MICROCLIMATE

The situation of the Sant valley in the marginal zone of the southern
Khangai has a bearing on contrasts among phenomena and processes
(climate included) which ocecur on that territory. They find reflection
in a clear thermal zone arrangement, differentiation between N- and
S-facing slopes and a femporary-spatial changeability of all climmatic
elements and indices.

The territory of the Sant valley lies in the vicinity of the soufthern
border of the midcontinental Khangai—Khubsugul climatic region with
cool and very cool winters (Badarch 1971), where the mean temperatures
of January are —IFT tio —Z5C and the absdlte mimimum drops emen
to —H0C. The meoan fir tenperature of July does mott exossdl 155T
and annual precipitation totals oscillate between 250 and 400 mm (fig. 4).
South from the Khangai there occurs tramsition to the Gobi climmatic
region — strongly continental with a cool winter. As regards
agroclimate, Gungaadash (1971) places the investigated area in the
Khangai—Khubsugul mountainous region, with a temperate cool climmate
(mean annual air termperature lower than —4°C) and a comsiderable
precipitation — up te 400 mm (fig. 4).

The zone differentiation of climatic conditions corresponds to their
vertical changeability. This regularity finds expression in thermic zones
delimited on the southern slope of the Khangai (Brzezniak and Niedzwiedz
1980). According to these data, the Sant valley lies within 3 zones, whose
upper border is defined by the July isotherm +3°C, being at the same
time the upper timberline. The lower part of the valley, up to 2100 m
asl., belongs to the steppe belt (the mean of July over 13°C), the area
frem 2100 to 2400 m asl. lies in the lower forest-steppe belt i.e. the
faean of July is 13—11°C), whilst the parts at the altitude 2400—2700 m
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Fig. 4. Climatic diagram for Galuut

1 — mean monthly afr temperature; 2 — absolute maximum of air temperature; $ — athsolure

minimura of air temperature; 4 — meah ronthly totals of precipitation; 5 — diurnal maxi-

murn ot rainfall; 6 — diurnal maximum depth of snew eever; 7 — duratioh of the fhermal
winter; 8 — frost pertod (average dates of the last and first frost oecurrenees)

asl. belong to the upper forest-steppe belt (the mean of July within the
range of 9—11°C).

A pecullar character of climatic conditions of the described area
becomes visible in variability of indices which exerplify a degree of
climate drymess. D. 1. Shashko’s hurmidity index caleulated by Badarch
(1971), which represents the relation of preeipitation total te air saturation
defieit total, assumes the value 0.45 in the seutherm Khangai, whieh
eenstitutes a berderline between a sufficiently humid zenie and an
insuffieiently humid zene. The value ef this index deelines very quickly
towards the seuth. N. 1. tvanev's humidity index (Kalesnik 1964), whieh
expresses the ratio of preecipitation te potential evaperatiom, assumes
values under 25%, eharacteristic of the dry peried (April, May,
Oecteber). The annual value of this index is 479, whieh allews us te
aseribe this area to weakly Rumid steppe territorirs. I the light of
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Syelaninov’s hydrothermal index (Chromov, Mamotova 1963), in the
summer half-year ones does not observe a deficit of humidity so necessary
for plant vegetatiom, on the Khangai territory. Only in May the value
of this index drops to 1.2, thus approaching a value typical of
after-draught months. To the south of this region the index values fall
below 1.0, which is a testimony of an obvious humidity deficit.

Specific conditions of atmospheric circulation influence mostly the
formation of climate in the studied area. In the winter half-year the
centre of an extemsive Siberian anticyclone persists over the western
Mongolia. It causes small cloudiness, high air drymess, insignificant
atmosphetic precipitation, and mostly thin, though long-lasting, snow
cover. High radiation from the earth leads to strong cooling of the
near-ground air layer, owing to whieh there arise temperature inversions
which cause that the temperature in the QGaluut regien in January
Is 45°C lower than it would result frem geographic parameters of the
situation of the station. Abselute minima of temperature in winter reaech
—48T (Caaling), wHeess ith Tewatales and Arnaiiiedt, il msre opesn
plaees, 337 to —33B°C.

In the winter period there occur weak winds, predominantly local,
and — according to data from the Khuzhirt station — calms comsfiitute
over 40% of all measurments. Highest wind velocities, linked to
appearance of dust storms, happen in spring (April—May), in connection
with a violent vanishing of the Siberian anticyclone and beginnings of
activity of eyclones which arrive mainly from the north.

In summer, weather remains predominantly under the influence of
thermic low pressure centres travelling from N—W and N. The
near-ground winds from these directions are also dominant. They
become strongly modified in the Khangai by the local mountain and
valley circulation (Avirmid et al. 1976). Favourable conditions of thermic
convention, especially in the mmountain areas, lead to development of
big eloudiness and passing showers, and —together with frontal zones —
even to lenger rainy periods.

INFLUX OF RADIATION

The annual sunshine totals in the Central Asia are c. 3000 h
(Chromov 1969). For the mountainous Khangai region these values
(based on data from the Khuzhirt and Tsetserleg statioms) run from 2680
to 2731 h (Climatic Amuadl of Mongalizon... 1971). The annual course is
characterized by low variability of monthly totals from March to October,
when sunshine values oscillate between 225 and 300 h. (tab. 1). In
femaining months, thanks to the Asiatic anticyclone centre persisting
ever Mongoelia, monthly totals do not drop below 100—150 h. In
gomparison with mean leng-run values, the time of sunshine at the



Table 1. The values of the chosen climatic elements in the vicinlty of Sant valley

* after Climticic Amwmalal... 1971.
*s after Badacrch 1972,

http://rcin.org.pl
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outlet of the Sant valley in July 1974 and 1975 was slightly shorter
(7—16 h of difference), i.e. 237 and 234 h respectively.

Throughout the year the horizontal surface at Galuut receives c.
136 keal/cm? of global radiation (Badarch 1972). In particular months
this amount changes from 4,2 kecallem® in December to 18.2 kcal/em?
in June, these belng the highest values for the Mongolian regions outside
the Gobi region. The annual total of net radiation 6n the southern fringe
of the Khangai is 40—41 keal/ler? and dreps to 30—38 keal/em? on the
nerthern side of the meuntain ridge. Negative values of net radiatien
eeeur in the peried September—February, maximum values (plus) —
iR July (8.5 keallem?).

THERMIC CONDITIONS

The many-year mean annual air temperature in the Khamgai region
runs from =53° (Galuut) to 0.3° (Arwajkheer) in the southern part and
from =26 (Khuzhirt) to —0.1° (Tsetserleg) in the north. Differences
among its values are conditioned by influence of the mountain range.
As the result, temperatutes in the Khangai (Galuut) are lower than
their counterparts from the stations on the northern slope (T'setserleg,
Khuzhirt) and in the direet vieinity of the mountains (Avwajkhear)
over the whole year. Quantitative variations of January (ti), July (tvi)
and annual (tp) temperatwies, dependent on altitude asl. (H), latitude
(@) and lengitude (%), ean be defined by empirical fermulae, computed
6A the Basis of data frem 30 mewerdliogical statiens:

ti = 28.3 + 0.0008 H — 1.36%p + 0.118),
# = 0702, Bes = 35;
tyn = 62.2 — 0.0070 H — 0.64Bp — 0,042,
F =097, B =11
tx = 25.0 — 0.0018 H — 0.66%p + 0.076X,
F=0677, Be =24

(r — multiple correlation coefficient, B, — standard error of estimation).
Low values of the correlation coefficient for January and the whole
year result from disturbamce of thermiic relations by strong temperature
inversions in winter. Pwriods of occurrence of extreme values of air
temperature are typiecal of the continental climate of the moderate zone,
i.e. mean faximurm temperatutes oceuf iA July and mean minimurm in
January (fig. 4, tab. 1).

A different distribution in time and space characterizes mean diurnal
amplitudes of alr temperatute. Highest contrasts among thermic
relationships were registered at Khuzhirt (13.3—17.6°C, mean 16.2°C),
and, despite a considerable uplifting asl., at Galuut situated in an
intermontane basin (12.8—16.8°C, mean 15.2°C).

2 — Environment of the Samt
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The feature typical of the investigated area is a long-lasting thermic
winter (Galuut — 201 days), on the average from 1 October to 21 April.
Spring (t > 5°C) — the therfmic vegetative period begins in the middle
of May. The period with diurnal mean temperatures over 10°C (73 days)
lasts from 8 Jume t6 19 August. There is a complete lack of thermic
sumrer. The vegetative period lasts 124 days and ends in the mid-
-September. Sums of temperatures over 10°C are enly 850°C, dropping
doewn to 0 at 2500 m asl. (Brzezniak 1977).

On the fringe of the southern Khangai first frosts happen at the
turn of August and September, while the last ones in the first decade
of Jume. Duration of the frostless period (d) is connected with the mean
minimum temperature of May (twin. V):

d=9949 tgi, v + 91, B = 6 days; r = 0.909

(Bes. — standard error of estimation and r — correlation coefficient).

The southerm fringe of the Khamgai, with numerous imitermontane
basins, has the shortest period free of frosts (Galuut — 64 days). In the
northern regions this period can be prolonged to 102—109 days (Tset-
serleg, Shaamar).

PRECIPITATION AND SNOW COVER

On the southern foreland of the Khamgai the annual precipitation
totals are 240—280 mm, increasing over 400 mm and probably more
in the mountain interior. From September to March monthly precipitation
totals do not exceed 10 mm. Precipitation from 3 summer months
(June—August) constitutes 67% of the annual total. The diuwrnal
precipitation maximum at Galuut is 60 mm as registered in May 1964.
In rernaining years of the interval 1956—1975 maximum diurnal totals
of preeipitation ranged from 15 to 40 mm. Yearly there are 78 days
with precipitation at Galuut, 45% of which constitute days with
precipitation in the ferm of snow (September—May). The snow cover
in the Bayankhomgor provinee persists for 7 months (September—April),
its average thickness reaching 7 em in Mareh (BNMAU-YN Uls ... 1977).
At Galuut the mean annual total ef snew days is 117, but in the
meuntain areas thiekness of snew eever exeeeds 15—20 ecm (Bedarch
1971), and in seme plaees ean reach even 1 m, at the same time
ig?;i;g@iﬂg guielk sublimation en S-faeing slepes (Freehlich and Shipik

8):

THE DYNAMICS OF CLIMATIC PHENOMENA IN MULTI-YEAR PERIODS

We can demonstrate the characteristics of climatic phenomena
variability on the basis of mean temperatures and precipitation totals
for July registered in 1957—1975 (Galuut).
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Mean annual air temperatures ranged from —&4Ciin 19880 too —22%°C
in 1962 and 1963. 1974 year displayed the temperature highet by 0.1°C,
whereas 1975 — 0.4°C lower than the multi-year mean temperatiire.
Temperatures of July ran under the multi-year total (13.1°C) in
1962—1966 and 1971—1973. The highest mean July temperatute iA the
investigated period (15.3°C) eceurred in 1970. July 1974 had a shightly
lower temperature (14.7°C), but still it was the seeond warmest July
in the deseribed 19 years’ peried. On the other hand, in July 1875 the
fnean air temperature was lewer than en the average By 0.7°€ (fig. §).
In eemparison with the Galuut station, the mean temperature ef July
at the basal station was 0.3°C lewer in 1974 and 0.2°C higher iR 1975.

Fig. 5. The march of selected climatic elements in July at Galuut over the period
1957—1975: air temperature (tvfy), totals of precipitation (Pyn) and hydrothermal
index of Selyaninov (Wj)
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In the morphometrically diversified Sant valley mean temperatures of
July oscillated between 13.6 and 8.6°C at the highest point of the
valley.

Annual totals of precipitation ran from 172 mm (1967 and 1969)
to 455 mm (1964), the many-year mean equallizing 241 mm. 1974 and
1975 had annual totals lower than on the average, constituting 98 and
95% of its value, respectively. Atmosphetic preeipitation in July during
the last 10 years’ period exhibited some tendency to deerease. In
1966—1975 their totals exeeeded the many-year rmean (78 rmm) only
3 times (1968, 1971, 1972). Extreme values ranged from 29 mm (1962)
to 134 mm (1959). The precipitation of July 1974 and 1975 elearly
departed from the mean leng-run totals and eonstituted 58 and 78%
of the average total. 1n the same period the precipitation of July at
the basal statien (at the Sant valley meuth) fade 229% (1974) and
1i5% (1675) of the Galuut precipitation total. inside the valley —
aceerding te measurements exeeuted By NiedZwiedz et al. (197 —
as mueh as 123—i39% ot precipitation fell in relation te the basal
station (fig: 6):

In the years 1974 and 1975, despite similar precipitation totals,
essential differences could be noticed in the annual course. The 1974

—

l
I

Fig. 6. The march of air temperature () and monthly totals of precipitatiom (P)
at Galuut during the period December 1973—Fetwuary 1976
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summer was preceded by a very strong draught in May and Jume, and
the highest precipitation fell on August. In the 1975 summer monthly
precipitation totals were lower than in the analogous season of 1974
and preceded by snowfalls in April, exceptionally abundant for Men=
golian conditions. They brought about retention of high ameount of
humidity in the ground after thaws in the last deeade of April
(Froehlich and Stupik 1977 a).

In the light of Syelaninov’s hydrothetmmic coefficient for July, which
reflects a complex influence of temperature and precipitation on
supplying plants with water, It follows that during 19 years this index
dropped 3 times below 0.1, l.e. after-drought conditions (1962, 1970,
1974). The humidity execess (index value over 3.0) teok plaee in July
1959 and 1964,

THE RELIEF

by

Lestzék  SStaniel

The Sant valley is the lowermast left-bank side-valley Iin the
mountaimous Tsagan-Turuttuin-gol drainage basin (fig. 1), Farther
downvalley the Khangai Mts are separated from the pledmont basins
by a scarp, 300—400 m high.

The Sant valley heads west of the mountain top of 2718 m asl. and
attains a length of 3580 m. It ends at 2020 m asl. at the Tsagan-
-Turutwiin-gol valley floor level (fig. 2, phot. 1).

The Sant valley includes three minor parts aligned SEE—NWW and
NE—SW changing to SSW—NNE at the valley mouth. The valley is
drained episodically. The valley-sides are dissected by one larger valley
and a few small chutes of corrasional type. The Sant valley increases
in depth from 100 to 250 m and becomes markedly shallower at its end.

The catchment examined is on granite and gramodiorite. This is
a Permo-Carboniferous synorogenic intrusion (Marinov 1973) which
has been tectonically disturbed in Tertiary times. The fine- and
medium grained granite contains large amounts of plagioclase and is
well jointed. The most important joints run 155° (with a nearly vertical
dip), 70° (with southward dips of 50—60°) and 50—60° (with narthwest-
ward dips of about 15°). The former directions control the course
of valleys, ridges and tors standing above the summit areas_LhoeherwyTrw
direction is reflected in the presence of sloping rock Wl ef
-structural type on northwest-facing slopes (fig. 3). R

L0) VR @nic*
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The Sant valley (fig. 7) comprises four contrasting landferm assembla-
ges which correspond to the four fain relief elements ineluding the
summit areas, south-facing slopes, nerth-facing slepes and the
valley-fleer (Starkel 1975). Ridges rising te 27280 m asl. abeve the
Sant valley shew steps which deseend towards the majer valley dfrained
by the Tsagan-Turutunrgll. 1h the summit area distinet flattenings
are found at altitudes of 2550—2500 m and 2440—2360 m asl.

On the ridges there occur flat eryoplanation benches and ferraees.
The benches with a thin debris cover attain widths of 50 m. Above the
platforms rise frost-riven e¢liffs and joint-eontrolled tors, 5—=10 M
high. The now inaetive cryoplanation terraces are better developed 6n
the north-facing slopes than on the south-faeing ones. The benehes
are less well developed on the seuthern ridge where steep and reeky
slopes oceur in the valley heads (phet. 2, 8, 4). Slepe asymmetry i§
a typieal feature of the Sant valley. This asymmetry may be strueturally
determined (fig. 8; phet. 2, 5, 6, 7).

The short, south-facing slope attains lengths of 300—400 m and
is concave in plan. The free face (20—35°) is dissected by chutes of
corrasional type, and single tors and blockfields are found there. The
gently inelined scree slope (12—15°) has both gravitational—proluvial
fans and convex blockstreams. These forms differ by size and degree of
preservation in the upper and lower parts of the Sant valley. 1n its
upper part the stepped blockfields are associated with wide chutes less
than 1 m deep being occupied by deluvia. These lead down ifito fans,
and single reek-fragments may reaeh the valley floor. In the lower
part of the Sant valley whieh is marked by inereased slope inelination
and a greater depth the steep secree slope is dissected by chiites a few
metres deep. These centain boulders being seasenally in metion. The
6hutes lead down to the new inaetive bleckstreams with strongly marked
toes whieh may lie in the valley fleer, or even streteh downvalley for
several tens of metres.

In contrast to the south-facing slope, the north-facing slope,
300—750 m long, is slightly convex with gradients rising from 10—18°
It is dissected by wide and shallow chutes which aligned the gravita-
tional tramsport of masses. The upper slope is often a sloping rock face
of pene-structural type.

Downslope the cover sheets increase in thickness independent of
gradients. In the lower part of the Sant valley the slope is clearly
steeper (20—25°) than in the upper portion.

In general, the valley axis is not aligned with the major joints,
although some valley portions are oriented 70° and 155°,

In long profile the valley floor is stepped (fig. 9; phot. 8, 8). The
uppermost part which reaches down to 2400 m asl. is irregular, with
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gradients up to 20%. The broad and shallow niche in the valley head
passes into a pan-like depression, up to 50 m wide, which contains
colluvia. These are overlain by deluvia in the valley axis. Below the pan
gradients increase rapidly to 40%, and there occur steps, 20 m high,
consisting of rock debris. The material was supplied by blodkstreams
from the south-tacing slope. At altitudes of between 2300 and 2100 m
the valley floor is irregular in long profile. The valley has locally a gently
inclined (about 8%) floor, which may be as much as 50 m wide and
represent a surface of accumulation. Such flat-floored valley widen-
ings alternate with steps. These appear to be pseudo-gaps with shallow

Fig. 9. The geodetic profile along the axis of the Sant valley, elaborated by
R. Zapolski

(to 1 m) marginal channels in the toes ot blockstreaims. In the lowermost
part, the valley floor passes into a young gully being eroded in both
the cryopediment and roek-eut terraces with a gravel and sand veneer
in the major valley. The gully having an irregular long profile with
gradients up to 10° reaches the level of the floed plain in the Tsagan-
-Turutuiit-gol valley. 1t appears that the fleer of the Sant valley is
clearly hanging at the level of the above eryopediment which passes
valleywards inte the Pleistocene teriaces of the Tsagan-Turutuin-gel
(Starkel et al. 1875).

The major feature of the Sant valley is the siructure-controlled
slope asymmetry. The slope aspect contrasts produced comntrasting
climatic conditions throughout the Quaternary. These in turh produeed
contrasting assemblages of both past and present-day proeesses being
reflected in the mesolandforms.
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SHEETS

by
Abyjzy Konetidivoiiski, Karrineierz Pgladda, Lesekek Sdaikel
BASIC FACTORS INFLUENCING SHEET FORMATION

The sheets in the Sant valley are effects of cryogenic weathering of
granodiorite under cold continental climatic conditions. The comirasting
climates were the major cause of contrasting processes associated with
permatrost, of thermal weatherimg, and of both transportation and
deposition in the particular morphogenetic units of the Sant valley
(Starkel 1975; Pekala 1975; Kowalkewski et al. 1977). These faeters
controlled the primary variatiens of beth lithelegy and genesis of the
varieus sheets. On the inherited features superifhposed are the secomd-
ary Heleeene features. In the Sant valley the Basie genetie types ef
sheets are as fellews (fig: 10):

1) waste covers;

2) eluviated (blocky, residual) sheets;

3) colluvial sheets including taluses and congelifluction materials
of varying grain size;

4) deluvial and proluvial sheets and

5) alluvial sheets.

LITHOLOGIC AND GENETIC TYPES OF SHEETS

Om the interffllivess. Both waste covers and congelifluction
deposits have been formed on the Pleistocene cryoplanation terraces
and benches. At the foot of rising tors and terrace scarps rest blocky
weathering products and taluses. The cryoplanation terrace flats are
made up of cryogenic, twofold, brown clayey with block and clayey
with scree sheets being underlain by dry permafrost (Kowalkowski 1975).
The periglacial twofold sheets include usually the upper Bwvt horizon,
30—40 em deep, with sorted boulders. This horizon grades rapidly
downward into the brown waste Bv, which consists of blocks, scree
and abundant skeletal partieles (fig. 11, prof. 009). The Bwt horizon
with reliet hurug aeeufiulation is disturbed by pattermed ground forms
ineluding sorted pelygons. These are now being renewed during the
wetter $€38618.

Granullar and granular-scree weatherimg products are found on the
cryoplanation terraces and benches which developed on the narrow
southern ridge rising abruptly form the sub-Khamgai basin. In the
topmost part these are predominantly Holocene chestnut, arid climate
waste eevers as well as eluviated sheets and taluses overlying the



Phot. by K. Pedele
Phot. 1. General view of the Sant valley. Blockfields and scree on the S-facing slope; the ferests and meadows on the N-faeing
ones. 1n valley boitoras well marked frents of the aetive earth-¢rbbwis flows



Phot. 2. Southern ridge with northern slepes smeethed by selifluction. €ryenia-
nation benches at the base of roeks

Phot. 3. Residual tors with distinet systems of joints: In the background <&atral
Khangai ridge



Phat. by K. Fekela

Phot. 4. Relict tors and cryoplanatiom bench on the S-facing slope, developed in
gramitic rocks with nearly vertical jointimg. The rich steppe vegetation on the
thick chernozem

Pihot. by K. FRielae

Phot. 5. Northern slope with patches of permafrost and larch forest in the
zone of tramsversal section, investigated in detail (fig. 8). In the bottom
active earth-defris flow



PROL 6 Southern slope ecovered by bloek and seree. At the base covered by deluvia. Near the recky Fidge small pateh
Popuuss tremudda woodland
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Fig. 11. Mechanical composition of the sheet deposits on the eryoplanation $erraee
(profile 009), on the S-facing (profile 004) and N-facing (profile Ol) slopes

Fractions: 1 — > 1.0 mm; 2 — 1.0—0.1 mm; 3 — 0.1—0.02 mm; 4 — 0.02—0.002 mm; 5 — below
0.002 mm

Pleistocene sheets (phot. 3). Spaces amid the fallen bloeks comtain
fine-grained waste and soil material. The high percentage of silf-size
particles (fig. 11) indicates an admixture of brown waste produets.

Om the north-faciimg slopess. In contrast te the meone-
tonous summit areas, the mid- and lower parts of the feist and comvex
slope carry twofold sheets whieh differ greatly by ramge of beth
thickness and grain size. The Bv series made up of grus and seree is
thickest on the lower slope, but it disappears on the upper slepe. The
older Bvt herizon shows traces of a Holoecene ehestaut weathering and
has been partially altered by denudation. It attains 10—T70 em depths
(fig. 11). The upper slope whieh exhibits leeally slabs of roek is eovered
with eontemporary chestiut seree and grus waste 6evers varying ifi
thiekness from a few to several seeres of eentimetres (fig. 8, prof. 015,
016; pheot. 11, 12),

Om the south-facimg slopess. On the opposite dry and
concave slope the sheets differ by lithology and genesis because of the
greater dynamics of morphogenetic processes. The upper slope including
narrow cryoplanation benches is mantled with blocks and residual
blocky-seree waste covers. The free face with tors bears a blecky waste
and taluses (phet. 3,5). Spaees are filled with modera chestnut waste
products and seil matetialls. These contain silt derived by wind from
the eryoplanation terraces. The mid-slepe earries blecks and scree grus
materials of the reliet blockstreams that extend dewn te the valley fleer
(Starkel 1975; Pekala 1975). Amidst the bleckstreams a thin sheet of
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chestnut grus and scree is found. This is being affected either by creep
or by wash (fig. 11, prof. 004).

The footslope is on granular deluvia with a fine soil material (phot.
10, 13). This is produced by recent thermal disintegration of blocks, by
chestnut weathering under extrernely continental microclimatic condi-
tions (Pekala and Zietara 1977) and by accelerated slope denudation due
to burrowing activities of animals and to grazing of cattle and horses
(Kowalkowski 1977).

Im the valley flowor. The Sant valley fills consist of both
colluvial and deluvial-proluwial deposits. The colluvia are old block-
streams formed of block and clay. These are moved down the south-
-facing slopes and partially extended downvalley (phot. 8, 9). In the upper
part of the valley these matetials are aetively in motion aleng the foot of
the north-facing slope. In the lower part of the valley the fines are
being removed by episodie rainwater. In places accumulations of blocks
account for the steps in long profile. They also built up the valley floor.
The eluviated fine particles aceumulated in depressions betweem the
bulging fronts of blockstreams (Kowalkowski et al. 1977). Tewards the
top inereased coarseness of deluvia is eften observed. This is accom-
panied By a deereased huraus eentent. The twofold eompesition of the
sheets being typieal of the periglaeial envirenment indieates leng dura-
tion of various proecesses of denudatiom under ehanging elimatie eendi-
tions. 1A the fine-grained Bvt horizen hufus 6ee6urs dewn the whele
profile ta 80 em depth. This herizon eentains larger ameunts ef silt
particles below the nerth-facing slepe than belew the seuth-facing slepe,
where larger ameunts of skeletal partieles tend te eeeur (fig. 1i;
phet. 14).

At the valley mouth alluvial fan deposits of differing grain size
rest on the 8—10 m terrace of the Tsagan-Turutwim-gml River. This
terrace bears coarse gravel and sand over the rock-cut bench (Starkel
et al. 1975). The floor of the major valley is made up of both gravel
and fine-grained overbank facies.

In the Sant valley there is a certain sequence of Quaternary sheets,
which are not identically disposed on opposite sides of the valley. The
catenas result from both past processes and modern alterations. The
type of sheet controls the mosaics of soil and vegetation covers.

SOILS
by
Albjjzy Kokoalidaovski

The structure of the soil profile, as well as the properties and
distribution of the soils in Sant valley, reflect the features of the granite
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and gramodiorite wastes of different ages (Kowalkowski 1975: Kowal-
kowski and Lomborinchen 1975; Kowalkowski et al. 1977). The mosale
pattern and the soil catenas of this valley are detertnined by the mosaic
pattern of a series of sheets of different origin, granulation and soil
thickness, depending upon the exposure and location in the slope profile
and the valley bottom, upon the extreme diversities of the lecal air
and soil microclimates (Niedzwiedz et al. 1975: Froehlich et al. 1877),
and upen the influenee of local mountain-valley air cireulation (Awirmid
and Niediwiedz 1975) resulting in loeal desiceation of the aif and the
surface seil layers.

PARENT MATERIAL OF SOIL

In Sant valley, on the cryoplanation terraces and on both north- and
west-facing slopes, the bipartial cryogenic brown wastes of granodiorites
have been preserved, typical of the cryohumid envirenment (Kowal-
kowski 1975). At the top there is a fine-granular Bvt cover 10—40 em
thick, composed of 21.6—49.5% of floatable parts, 33.0—49.0% eof very
fine sand fraetien and 1.4—9.1% of skeletal parts (tab. 2, prof. 009, 010,
011, 012, 018 and 014; phet. 11, 12). This eever grades sharply, theugh
irreguladly, te a series of slope eryogenie Bv brewn waste of different
thiekness and differentiated granular strueture. This series, iR the bed-
roek ever solid roeks, is peer in fleatable parts — frem 187 to 3.4
and silt fraetien — frem 23.5 te 4.0%, while being rieh i sand fraetien
and beulders of a varying degree of weathering (tab. 2).

The cryogenic waste in the lower and central parts of the north-fac-
ing slope has a low sorption capacity (Th), ranging from 3.7 to 5.6 me
per 100 g of soll, which Is linked with a low degree of the parent rock
disintegration. The content of organic carbon in the above material vary-
ing from 0.24 to 1.09%, on the average 0.59% (tab. 4), is typical of the
soll environment in the mountain-continental tundia in Khangai (Ko-
walkowski 1977).

Young, stony chestnut wastes occur on the upper parts of both narth-
and west-facing slopes, as well as throughout the south- and east-facing
slopes (phot. 15). The wastes in question are of a small thickness and
contain a lot of skeletal parts, from 22.5 to 40.7%, less fine sand, from
276 to 16.9% and few floatable parts — from 17.1 te 6.7% (tab. 2, prof.
004, 005, 006, 007 and 016). The wastes mentioned above show the fea-
tures of both thermal-bleek and granular disintegration (Froehlich et al.
1977; Pekala and Zietara 1977). At present, they undeigo degradation
resulting in the eenstant rejuvenation of the soil profile. Relatively high
Th-value, ranging frem 5.8 to 7.8 me per 100 g of seil, encountered in
the wastes, i§ due te the humus admixtuie, the latter being an indicator
of the simultaneeusly eperating seil fermation preeesses.



Table 2. More important indices of grain size

http://rcin.org.pl




cd. tab. 2

On the other hand, in the valley bottom, on the older stratified de-
luvia, the granular structure wheteof is similar to that of the miltigra-
nular slope series at northerh exposure, there occur the thiek deluvia
containing fine granular soil rmaterial (tab. 2; fig. 12, prof. 001 and 002;
phot. 13, 14).

CHARACTERISTIC OF SOIL TYPES

Contemporary soils show a set of inherited features of the formation
phase of the Bvt cover on the surface of the slope Bv series in the
cryohumid environment as well as younger, contemporary processes
of thermal disintegration and slope denudation of the eryearid environ-
ment.

Contemporary processes of physical and blochemical transformations
are associated with the desiccation of climate, which has continued for
the last 2—4 thousand years (Kriger 1962; Stepanov 1975; Golubieva
1976; Vipper et al. 1976). During this period, there have formed, in the
depressions, frequently on the substrate of fossile ehernozems, series of
laminated deluvia and preluvia with the content of erganie substanees
diminishing towards the surfaee. In the lewer part dominate alfernate
coarse- and fine-grained sediments. At the tep of the seil, the rhythmie
nature of the sediments dwindles away (Kewalkowski et al. 1877).

The soil distribution is depicted in figure 8, while the characteristic
of the soils is shown in the tables 2, 3 and 4.

SOILS OF CRYOPLANATION SURFACES AND OF THE NORTH-FACING SLOPE

The soils developed from the bipartial series of the periglacial wastes,
outline the range of the relict brown soils, the thick mountain cher-
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nozems showing the properties of young chestnut soils as well as of the
contemporary dark chestnut noncaleareous soils of different thickness
(phot. 10). These soils are charactetized, in the A horizon, by a low spe-
cific gravity from 191 to 2.58, on the average 2.43 G/em3, as well as by
a bulk density from 0.89 to 1.32, on the average 1.02 g/ml, their porosity
amounting from 51.2 to 64.7%. They have a high capillary water capa-
city exceeding 85% of water pores. This is conneeted with a high humus
content, from 7.10 to 12.86%, 6n the average 8.62%.

The high specific gravity in the wastes, ranges from 2.38 to 2.65
G/cmd, on the average 2.52 G/em?}, while the bulk density — from 1.41
to 1.66 g/ml, on the average 1.50 g/ml. On the other hand, the total po-
rosity is low, despite the occurrence of the permafiost, and amounts
from 37.2 to 46.8%, on the average 40.5%, the water capaeity being
about 60% of total perosity. The sofption eapaeity of the A herizens is
frelatively lew, from 7.4 te 15.7 me per 100 g of seil. The degree of basie
cation saturation at a fairly high aeidity is alse lew and ameunts frem
42.9 to 65.6%, on the average 56.9%. The serption eapaeity in Bv he-
rizens of the substrate deereases to 8.7—8.1 me, oA the average — 6.0
me per 100 g of seil, while the degree of the basie eation saturatien
slightly inereases frem 38.7 te 75.2%, en the average 56.5% (fig. 18).
The Rumus esntent diminishes rapidly with the depth belew A herizen,
attaining on the average 0.93%.

SOILS OF THE S- AND E-FACING SLOPES

The above soils are formed mainly from the denuded Bv wastes as
well as the contemporary wastes of a profile corresponding to that of
the poorly developed mountain light chestnut soil of a small or medium
thickness. In A horizon, having few organic substamces — from 2.84 to
7.62, on the average 4.79%, both the specific gravity — from 2.72 to
290, on the average 2.84 G/em? and the bulk density — from 121 to
1.44, on the average 1.32 g/ml, are high. Despite the low total porosity
ot this horizon, of 49.7—57.7, on the average 53.5%, its capillary water
capaeity is high and exceeds 86% of the total porosity.

In the shallow Bv wastes, under the A horizon a few centimeters
thick, the specific gravity is still higher, on the average 2.90 G/cm?,
whereas both the density (on the average 1.43 g/ml) and the total poro-
sity (on the average 50.7%) are low; the capillary water capacity being
relatively lew — ofi the average 31.3%, which accounts for the poor ca-
paeity of these soils t6 aecumulate water,

The relatively high organic matter content throughout the profile,
which in the Bv horizon amounts to 1.41% on the average, comstitutes
an indicator of the accumulative character of the waste-soil materials.
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Fig. 13. Exchangeable cation composition and sorption capacity of soils in different
soil profiles of S-slope (profile 005), valley bottom (001) and N-slope (@lil)

- cat? 2 — MgT% 3 — R 4 — et 5 — somlion capadity Th we/100 g of soil; 6 base sa-
turation degree W%

The high degree of basic cation saturation — from 49.9 to 77.5%, on
the average 67.2% and 73.15% respectively In A and Bv horizons, at the
sorption capacity simllar to that on the north slope, indicates the xero-
tleermiic conditions and the domination of evaporation over precipitation
(fig. 13).

VALLEY BOTTOM

There occur mainly thick and very thick mountain deluvial
chernozems (phot. 14) developed from the old materials from wetter
period, as well as chestnut soils developed from younger slope wash and
proluvial sediments (phot. 10, 13), the specific gravity wheieof is (in
A horizon) 2.26—2.61, on the average 2.49 G/em3, and the bulk density:
0.77—1.19, on the average 1.09 g/ml. The above values are higher than
in the soils on the slope of northern exposure and lower than in the
soils of the southerh expeosure. The total porosity varies from 49.3 to
78.6%, on the average 56.8%. The capillary water capaeity, on the ether
hand is lew: frem 26.9 te 56.8%, on the average 43.6%. The ergahie
matter eontent in the A horizon, on the average 8.6%, is similar te that
of the seils en the slope of nerthera exposure; at the 40—80 em depth,
hewever, it still ameunts to 5.2% on the average. Only in the loewest
of the Bv layers, partly within the range of the permafrost, the erganie



36

matter content attains its minimurm value of 0.49%, which is typical ef
the tundra weatherimgs. The high sorption capaeity, from 11.4 te 25.3,
on the average 17.6 me per 100 g of soil, indicates a high degree of
hurnification of the organic matter under conditions of basic cation sa-
turation from 525 to 100%, on the average 70.2%. The deeper layers
have Th-values similar to those of eryogenie wastes, oA the average 6.2
me per 100 g of soil, with a high degree of base saturation frem 71.5 te
100%. 1t is in these seils where the proeess of alkalization is taking
place (fig. 8 and 18).

The sorption properties in the protile constitute the direet indicator
of both the pedogenic transtormations of the waste covers inherited from
the cooler climate and the waste cover now being formed (tab. 4). The
quantitative composition of the exchangeable cations Caa>N=>Mg>K
in the waste underground as well as the Ca>Na>K>Ng in the surface
soil horizons of both the valley bottom and the slope of nerthern expe-
sure, is typical of the eryoarid eonditions. The quantitative eompeosition
of the exchangeable eations on the slope of southern expoesure is similar
to those mentioned above.

The relict features of the Sant valley soils and ot the relatively young
cryoarid contemporary phase, is corroborated by the lack in them of
carbonate horizon and/or by the presence of its rudiments on the dry,
intensely insolated parts of the slopes. It is solely on the small surfaces
protected against denudation that there oeccur soils having a thinh CaCOj;
hotizon. This feature along with the relatively low basie exchangeable
cation saturation, testify to the pessibility of the leaching type of water
régime, on the nerth slope and eryoplanation terfaces in particulae. This
process is being hindered by a high ecapillary water ecapacity, especially
after the spring desieecation of seils.

The network of cryogenic polygon structures and the overlaid desic-
cation crevices in the Bvt cover witness to the periods of higher soil
moisturization.

ALTITUDINAL SOIL ZONALITY

The set of Sant valley soils belongs to the southerm arid sector of
humido-acidic type and remains within the soil zonal structure of the
southern Khangai slope (Kowalkowski 1980). In addition, on the naorth-
-facing part of the crest that closes the Sant valley from the north, at
the altitude of 2420—2710 m, including the near-crest cryoplanation
terteees, there occur extemsive reliet cryogenic chermozems (Haase et al.
1964: Kowalkowski and Lomborinchen 1975). In these solls, particularly
under forestless eonditions, the features of chestaut soll formation can
be observed, conneeted with the centemporary arid climate. The thick
deluvia and proluvia of brown ehernozems in the lower part of that
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slope, at the altitude of 2320—2420 m, have been transformed into nom-
calcareous dark chestnut soils. It is the dark chestnut soils that dermimate
on the northermn exposure of the Sant valley crest. The islands of the
relict brown soils preserved among the above dark chestaut soils and
situated in the lower part of that crest, as well as the islands of nen-
calecareous chernozems situated in the central and upper part of the
crest and having the features of chestnut soils are indieative eof the
southern reaeh of the influenees of eryohumid envirenment. Confempo-=
fary proeesses of pedegenesis on that slepe eharaeterize the dark ehest-
Aut seils en the nenealeareous Brown eryohumid wastes, and shallew,
young dark ehestaut seils A the Aear-erest part.

The southern slope is intensely desiccated. Its inclination of 18 to
22° and the intense processes of thermic rock disintegration favour the
formation of poorly developed soils with the features ot light chestnut
soils of the arid steppe, simllar to those of a semi-desert. It is, then, the
soll altitudinal zone whieh constitutes a far-to-the-North feaching ele-
ment of the arid-type stfueture of the soil altitudinal zone in Seuth
Khangai Highland.

In connection with the tramsient nature of the types of zonality and
the diversity of soll age in Sant valley as well as in the swrrounding
areas, both the soll type zonation and the altitude zones are not outlin-
ed distinetly.

VEGETATION

by
Amaa Paazgyna

The vegetation of the Sant valley is representative of the lower ridges
of the southern aspect of the Central Khangai. The terrninal situation
of the Sant valley and the proximity of warm dry valleys as well as the
desiccating effect of the southerly winds blowing from them (Awirmid
et al. 1976) influence both the flora and the plant eommmunities.

Detailed botanical studies were made in the Sant-valley for the flor-
istic and phytesociological elaboration of the valley. In this region about
90 phytosociological records were made by the Braun—Blanquet method.
Only a selected few of these have been included in the present paper
in order to charaeterize the mere important eommmunities.

The distributiion of the plant communities in the Sant valley is shown
on a map (fig. 14).

The vascular plant flora of the Sant valley includes 270—300 spe-
cles 1. As compared with the data for the Khamgai Mts as a whole (1455

t Some of the more difficult genera (Astegghiys, Festweq, Saliiy, PdRetetiiils,
Anterizisgia, Taeaczacam) have not yet been definitively elaberated.
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species, Grubov 1955) this number is extremely modest, but the situation
and smallness of the region should be borne in mind. A number of steppe
species encroaching from the south upon the bottoms of the wide valleys
at a small distance into the heart of the mountains do not reach the
lateral valleys on account of the change in the microclimate. There are
no riverine habitats (willow thicket and gravels) in the valley bettoms,
ner any speeies associated with these. The poverty of the higlh-meuni-
ain flera is eaused by the relatively small height of the peak elesing
the valley and the absenee of terraing over 3000 m abeve sea level in
the immediate neighbeurheed:

As on the southern aspect of the Khamgai, families characteristic of
the Eurosiberian region are dominant in the flora of the Sant valley:
Compmsstaee, Gramiiweae, Cypsregeeae, Papilansteeee, Ramuwcideezae, Ca-
ryepitylHorsme and Rosaceae. On the level of the genera, however, the
proportions differ. Such genera as Anteemisisia, Kolbresstg, Astreddgoas, CDoy-
tropits, as well as Pedinilégids and Alliim (less numerously represented
in the boreal regions) are of great importance here. According to fhe
latest investigations (Karamysheva, Banzrageh 1977) the Sant valley is
ineluded in the Seuth Khangai lew-tnederate moeuntain distriet, the
southern Khangai steppe sub-provimee, the Khangai meuntain-steppe
provinee and the Euroasiatic steppe region (the Central Asiatie sub-
=FRgion).

With a difference of ¢. 700 m in height, three vertical zones of vege-
tation may be distinguished in the Sant valley, two in only fragmentary
form (phot. 1, 2, 5, 6). As in the whole of the Southern Khamgai, this is
an arid vertical zone system of the Southern Khamgai type (Karamy-
sheva, Banzragch 1977; Pacyna 1980).

The Sant valley vegetation system includes three vertical zones:

a) steppe up to 2100 m above sea level;

b) forest-steppe (mountain steppes and woods in the termmimology of
Yunatov 1950), 2100—2600 (2650) m above sea level;

¢) high-mountain vertical zone, over 2600 (2650) m above sea level
(fig. 14).

The steppe vertiicall zome in the Sant valley is fragmentary.
It occupies a small area in the valley bottom, near the outlet into the
Tsagan-Turutwiin-gol valley. It is represented by Anttemisisia frigigida—Siti-
pa Krnytwiiii steppe.

The forest-steppe verticall zome occupies a comsiderable
part of the Sant valley. The general prevalenee of mountain steppes,
with the exeeption of small weoded areas on slopes with a mnerthern
exposure, i§ its eharaecteristie feature (phet. 5).

The general data on the forest-steppe vertical zone (and on the step-
pes) on the southern slope of the Central Khangai have been given in
the volume on altitudinal zonallty in the Khangai Mts (Pacyna 1980).
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The asymmetry of the slope gives rise to separate habitats, involv-
ing the differentiation of the plant communities (Kowalkowski, Pacyna
1977). Larch forest and mountain meadow steppe are the natural com-
munities on slopes with a northerh exposure.

Mountain larch forest of the pseudo-taiga type (Korotkov 1976, Pa-
cyna 1980) in the Sant valley is restricted to a few small stands (phot.
2, 5; fig. 14). The floristic composition is shown in the phyteseciological
records (tab. 5). Record 1 shows the natural forest, undisturbed by man,
at its upper limit of occurrence; records 2 and 3 the coeval (6. 40 years),
rather younhg, dense woods; records 4 and 5 weods with a conepy cover
decreasing until park-like weedland appears (reeord 6). The larehes, the
only eempenent of the stand in the Sant valley, do net attain any &on-
siderable height, averaging enly a few metres (¢ff - thah. 59).

The physiognomical features of the forest depend on the habitat con-
ditions prevailing on the slope. In damp places the stand is dense and
the herb layer richer in mesophilous species (Poa sibiritau Roshev., Trol~
lins astatiiss L., Getraniiwnn pseddhssbbiaenem J. Meyer). On aeccount of
the deep shade cast by the trees the herb layer is charactetized by its
density (steppe speecies are light-lovimg) of iA extreme ocases it is
eompletely absent. The seil is then eevered with a thiek layer of
deeaying lareh needles and a few messes or liehens. tn drier plaees,
hewever, the ferest is en the whele mere epen (the eanepy eever is
60—70 per eent) and lets mere light through, s that the Rerb layer
is rieher and denser. In the driest patehes, of a park-like eharaeter
(reeerd 6), the absence of Poe sibiwita Heshev., a mesephyte whieh
appears in all the ether reeerds, is Rotewsrthy.

The species Pediauliaids rullenss Steph., Potanitida nisen L. and So-
guisoriim: offfidiwditis L. are decldedly more numerous than in the other
stands. A nurmber of species charactefistic of the mountain meadow
steppes appear only in this stand (e.g. Heliiostichton Sehadliasnmm (Hack).
Kitag.), but are absent in places with a denser canepy cover.

Conforming to the general regularity of occurrence of high mountain
species in the more highly situated forest patches (Pacyna 1980), these
are also found in the Sant valley at the upper limit of the forest (e.g.
Hedyggaurirm inanodiseom Turez., record 1),

As in the whole of the Southern Khamgai, the forest does not reach
the bottom of the valley (Yunatov 1950; Pacyna 1980). The lower limit
of the forest patch situated lowest in the Sant valley lies at a height of
2300 m above sea level.

The climatic upper forest limit has been preserved fragmentarily
only in those parts of the valley under the peak, at an altitude of 2650
. The concave form of the slope (phet. 2,4) may play a benefieial rele
here. In other places the upper forest limit is markedly lewered te
a height ef 6. 25600 m and is partly ef an anthrepRgenic eharaeter. The
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Table 5. Forests



Rosa aeieularis Lindl.

Ranuneculus pedatifidus Sm.
Chamaenerion angushijolivm (L.) Seop.
Oxyuaiiss sirobitacea Bge.

b

Mosses'

Riytiddirm  rugosum (Hedw.) Kindb.
Abietinedlla histricosa (Mitt.) Broth.
Torrela toriosa (R. Hedw.) Limpr.
Torteila fagills (Hook,. et Wils.) Limpr,
Tortilla ruralis var. hirsura (Vent.) Par.

Adbecomnilum patusive var, imbrieatum B.S.G.

Polilia eruda (Hedw.) Lindb.
Swelblowictum eonveluium (Hedw.) B. Beauv.
Lichens!

Peltigera horizontalis (Huds.) Baumg.
Peltigera canina (L.) Willd.

Peltigera rufescens (Weis.) Humb,

Parmefia vagans Nyl.

Cladonia pysififiiea (L.) Fr.

Cladonia eoniseraca (Flk.) Vain.
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Record 12, Libanofis condénsala (L.) Crantz., Dianthus superbus L., Draba subamplexicaulis C.A.M.,
MW strictumm Schrad., Sitene jemidseensis Willd., Ervigeron sp., Umbelliferae indct. Record 2.
Thlaspi cochleariforme DC., Laithyius humilis Fisch., PotentiWa sp. 1.2, Riveum sp. Recerd 4. Tha-
lierruin ioadititiom L., Polygonum alopeeuroides Turez., Galium bereale L. Record 6. Polygenum
angustifolium Pall., Cerastium caespitosum Gilib., Thalietrum pelaloideum L., Geniiana maerephy-
Na Pall. 1.2, Carex pediformis C.A.M., Dracocephalum grandifforum L., Rumex acelosa L., He-
lictowvicon Seheffionum (Haek.) Kitag., H. mengelieum (Roshev.) Henr., Kobresia &apilliformis
Ivaneva, Zuiva pumpeltiana (Seribn.) Tzvel. Oxyliepis §p., Delphinium sp.

Localities: All records were made in the Sant valley on the left slope

t «x¥ — presence of species in records without giving their abundance and sociability
* The symbol #+* has been camitted

absence of permafrost in the shallow stony solls (Kowalkowski, Lombo-
rinchen 1975) may also have an adverse influence on the upper part ot
the slope, as well as the action ot the dry southerly winds sweeping
over the peak.

In the Sant valley the woodland region is often disturbed by the
activities of man (felling, burning or excessive pastuting). According to
the local inhabitants, mueh larger herds were pastured in this terrain
before the revolution of 1921 than later. They also recalled forest fires,
of which evidenee was found in the form of charceal in the seil. 1a
places, whieh are now treeless, many stumps of felled trees are found.
Onee destroyed, it is very diffieult to restore the pseude-taiiga type of
forest in a dry elimate (Kerotkev 1976). This may be seen 6n the left
slepe ef the valley, near its eutlet (phet. 9). 1n spite of the wnehanged
aspeet and leeatien iA relation te the ferested area, it is new péerma-
nently treeliess, exeept for a few single survivers. As a result ef seil
erosion it has eeme t8 resemble the steny seuth-tacing flank. The de-



Table 6. Mountain steppes



Leontopodiam ochroleucum Beauv. s. 1.
Rhodiofa rosea L.

PotentiWa cfr. sericea L.

Pedicularis abrotanifolia M. B.
Thermopsis lanceolata R. Br.
Dontostemon integrifolius (L.) C.A.M.
Rbeum sp.

Galium verum L.

Campanula Turezaninovii Fed.
Dianthus versicolor Fisch.,

Silene jemisseetisis Willd.

Orostachys malacophylla (Pall.) Fisch.
Silene repens Patr.

Linun baicalense Juz.

Awidlymotuss obovaius (Ldb.) 1. Johnst.
Peucedanum hystrix Bge.

Thymus gobieus Tscherm.
Umibelliferae indet.

Festuca Kryloviama Reverd.
PotentiWa nivea L.

Senecio campester (Retz.) DC.
HMnemone crinita Juz.

Carex melananthaeformis Litw.
Pedicularis rubens Steph.

Rumwex acetosa L.

Scorzomera radiata Fisch.

Delphinium dissectum Huth
Androsace incana Lam.

Arenaria capillaris Poir.

Carex pedifformiis C.A.M.

MWswn prostratuum Trev.

Cotoneaster melanocarpa Lodd.
Gentiana pseudoagquatica Kush.

Carex Korshinskyi Kom.

Avemititn changalca Krasch.
Weronica eiliata Fisch.

Aremitiia pycrovthiza Ldb.



Carex duriuseula C.A.M.

Panzeria lanata (L.) Bge.
Swelaria dichoroma L.

Porentilla viseesa G. Den
Avemisin santelinifolia Turez.

b

Mosses?

Hypmam voucherl Lesq.

Bryum caespilicium Hedw.
Didywodon Figiculus Hedw.
Tortella ifegilles (Hook. et Wils.) Limpr
Lichenst

Parmefia vagans Nyl.

Pelvigera rufescens (Wies.) Humb.
Physeia muscigena (Ach.) Nyl.
Cladonia pysifihiea (L.) Ft.

Cetraria cucullata (Bell.) Ach.

Record |%. Carex amgurensis Fr. Schmidt. 2.2, Zwna pumpelliana (Scribn.) Tzvel. 1.2. Cerastium arvense L. 1.2, Aconivim barbatum Pers., Alllum
prostrarum Trev., Chamaenerion angustifolium (L.) Scop., Crepis erocea (Lam.) Babck., Dendranthema Zawadikiii (Herb.) Tzvel., Dianthus superbus L.,
Genliana macrophylla Pall., Geranium pseudosibiricum J. Meyer, Hedysarum inundatum Turcz., Larix sibirica Ldb., Myesolits asiatiea Schisch k. et
Scrg., Pedieularis veriicillata L., Poa sibiriea Roshev., Polygenum viviparum L., Resa aeieularis Lindl., Wicia muliieaulis Ldb., Erigeron sp., Gentiana
§p., Compeositae indet. Reeord 2. Pedicularis achilleifolia Steph. 2.2, Erysimum alraicum C.A.M., Schizonepeia multifida (L.) Brig., Alfiuw leueocephalum
Turez., Serraila marginala Tauseh., Draba lanceslaia Reyle, Carex sp. 1.2, Potentitla sp. Record 3. Polygonum alopecuroides Tutez. 3.2, Kobresia filifolia
(Turez.) C.B. Claike 3.3, Eritrichium Fupesire Bge., Gentiana azurea Bge., Saxifga sibiFiea L., Sllarianstiroea Bge., Oxyiropis sp. Record 4. Mednianiin-
gana L. 1.2, Pedieularis myriophiyla Ball., Linaria aeviiloba Fiseh., Heleropappus altaieus (Willd.) Nevopokr. Reeord 5. Leymus seealinns (Geergi)
Tavel. 1.2, Aviemisia grauea Pall. 1.2, Agrosiis Trinii Turez., Poieniiifa §p., OXyuRPK sp. Record 6. Sibbaldianve adpressa (Bge.) Juz. 1.3, Chamaerhe-
dos erecka (L.) Bge.. Svipa Krylevii Reshev., Bupleurum sp. Ressrd 7. Chamasrhedss aliaiea (Laxm.) Bge., Andresace Twrezaninevii Ereyn., Thesium
iongifolivm Turez., Polgntilta sp.; Asiragalus mengalicys Bge.
Localities: All records were made In the Sant valley, records 1.2 and 3 on the left slope, records 4 and 5 on the valley bottorm, recotd 6 on
the deluvial fan, records 7 and 8 on the right slope

t 4x™ — presence of species in records without giving their abundance and swciaibility.
t The symbol “+* has been cmitted.



forestation of the slope has also caused changes in the microclimatic
conditions. All this leads to the degradation of the habitat and renders
it difficult for trees to return.

The treeless parts of the slope are occupied by mountainh meadow
steppe (a mesophilous variant of mountain steppe). This is a very colour-
ful community, rich in species with beautiful flowers (table 8, records
1—3). Besides typical steppe grasses such as Kerlbrita evisimisa (L.) Pers.
and Poa atemuwéde Trin., which play a smaller part here than in the dry
steppe, Festicen lemensiis Drob., a speeies eharactefistiic of the mountain
steppes, and Heliinirigotion Schadllaguiom (Haek.) Kitag., a mesoxerophyte
characteristiec of mountain meadow steppes, are of impertanee. The con-
tributiion 6f Aumerous mesophytes and xeromesophytes, which do not
appear if any other type of steppe eemmunity, is Very éeharaeteristic.
The individual patehes of meuntain readew steppe are fairly varied.
Their merpholegy and speeies eempesition depend en 1seal humidity
eonditions and the Reight abeve sea level.

The opposite slope of the valley, with the southerm aspect, has un-
favourable conditions for the development of vegetation on account of
the hydrothermal régime and the soil cover (cf. chapter ,Soils”). It is
occupied by dry mountain steppe variants with a cover dropping to
under 50 per cent. The deluvial fans at the foot of the slope are the
driest habitat in the valley. They are covered by dry mountain steppe
with sparse lew vegetation dominated by xerophytes (tab. 6, record
6; phet. 10).

The higher reaches of the slope are occupied by stony mountain
steppe (Pacyna 1980). This forms a mosaic of stands of various high dry
mountain steppe variants, depending on the habitat (phot. 16, 18). A char-
acteristic part is played by cushion like and caespitose xerophytes
(Oxyjtepisis nimnss Turez., O. tragecantbhiddes Fisch., Chamaerhbddos dlita-
lca (Laxm.) Bge.)). In particularly stony places, where almost hallf the
area is covered with bouldets, there occur patches of the predominant
shrubs: Dasiphares fruiiéesse (L.) Rydb., Spibasse fiextosae Fisch., Costonea-
sterr maihnoseappa Lodd. (tab. 6, records 7 and 8). The more fertile and
damper parts of the slope near the summit form better conditions for
the development of vegetation (Kowalkowski and Pacyna 1977). A small
area is oecupied by groves of Populliss trermidda, and a nurmbet of meso-
phileus species (Anemone eFimitn Juz., Camgamidde Tuhezeaiiadbii Fed.)
appear if a Aarrew strip near the summit (phet. 17).

The asymmetry of the valley slope also results in the formation and
distribution of plant community in the valley bottom. The part of the
valley bed adjacent to the slope facing north is by nature cooler and
damper. Terrains with permafrost are occupied by humid mountain
readow with Agnastids Triniii Turcz., Sangpiseobba offfuiiediss L., and Pe-
lygeniun alopexuwsiddes Turez. This community is characterized by the
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very dense herbage as well as by the domination of mesophilous meadow
species.

Record no. 63a. 29 VIII 1975. Sant valley, altitude 2410 m above sea level,
exposure W, inclination 2° area of record 100 m?, coverage of vascular plants

100%,, coverage of mosses 90%, height of the herbage to 15 cm (the inflorescences
to 60 cm).

roidbes Turcz. 3.2, Pobmitilla amsehina L. 2.2, Antéenmsiaia tanuoedfifclia L. 2.2, RRmexs
acetnsa L. 1.2, Dasijhoea foutiiemsa (L) Rydb. 13, Camex emsifftiia Turcz. 12,
Ranmucutus pedhtfiifidus Sm. 1.2, Swtilddria dathmicea Willd. L1, Ewgphasisia Sgyeits-
chitiooivii Govor. L1, Pogmitilla mallififida L. 1.1, Campx meleonoththfoefismis Litw. 2
C. emmwisis C.A.M., Kabeeisia fillifbkia (Turcz) C. B. Clarke, Fedsitwaa rubrea L.,
Fesitwaa Kmjdowmitna Reverd., Kuptlemia critttgda (L.) Pers.,, Himrmgbldoe glattrea Trin.,
Homdtemm brewisobiatatum (Trim) Link, Poa prattesisis L. Mosses: Bryasm ppeeuto-
triigeetram (Hedw.) Gaertm., Meyer et Schreb. 5.5.

A mountain steppe variant with Venanidea incanar L., Galiim veatim
L. and Leentoppodiem ochralbewomm Beauv. 8.1, overgrows those places
in which there is no permafrost.

The swampy solifluction lobe with a shallower active layer (Kowal-
kowski and Lomborinchen 1975), reinforced with water from the nerih-
ern deellvity, 18 occupied by marshy meadow with Primidda sibiriea
Jacq. and Ligalboiéa sibinizm (L.) Cass. This is a specific community, rare
in the Khangai. A dominant role is played by species of wet habitats
(Carex micnagjtothin Whibg., C. ensiffiléa Tuiez.,, C. emewss C.AM.,,

Junoiss trigllumiss L.), while Prinulda sibiviten Jaeq. decides the colouring
of the community (phot. 5).

Record no. 9. 24 VI 1974. Sant valley, solifluction lobe in the bottom of
valley, altitude 2400 m above sea level, exposure SWW, inclination 2°, area of
record 500 m% coverage of vascular plants 90%, coverage of messes 20%.

Campx emsifpbitia Turcz. 4.3, C. emawisis C.A.M. 4.3, C. mitrpgiddrhin Whihg. 2.3,
Katbreeia Belbaddii (All) Degl. 2.2, Jueoas trigglumsis L. 2.2, Pollggonmm vivippaim
L. 2.2, Rammociubus psaudbhintadus Schrenk. 2.2, Pritmida sibifitea Jaew. 2.1, Iijpw-
laritn sibiftéea (L.) Cass. 1.2, Salix caevita Vill. 2.2, Albppecuwsus bragihypissivhys M.B.
Kobeeisia filigbtia (Tutez) C.B. Clabke., Cerasstim cawpitosum Gilib., Dialtia nesre-
rosu L., Fesitgea rubea L., Geritdama pwdgequepiistica Kush., Pedicvlddsis thigis L.,
Peditedadsis sp., Poa pruitassa Kerotky, Potwwillila amesiinag L., P. Absaa L., Poea:
tWpa sp., Primwlda farinesa L., Renwsdubus 5p., Rumeéxr aedtssa L., SEwpavirba
efffetanlitis L., Trigjosbivin palssiisis L. Messes: Todebna forteeda (R. Hedw) Limpr,
T. Wagdhins (Hesk et Wils) Limpr., Boyiim ceesbitivium HedW., CarkpRpbdieeiiys
ehyenbrimus (Bid) Kanda:

Dry mountain steppe variants overgrow the arid part of the valley
bed without permafrost abutting on the right slope. At lower altitudes

t The symbol "+ has been miitted.



47

this is a steppe with Agronygeon cristaitsrm (L) Gaertn., Gentitawa dédeqis-
bemss L. f., Thallattwmm petailodgdemm L. (tab. 6, reeord 5), and higher there
is mountain steppe with Lewreppdidinm ochialruceinm Beauv. s, 1. (fab. 6,
record 4).

The high moumtaiim vertiicall zome occupies a small area
in that part of the valley near the summit.

Here only a lower high mountain sub-zone has been formed (Pacyna
1980), with Kaliresita high mountain meadows (record 75).

Record, no. 75. 12 VIII 1975. Sant valley, the slope of the peak 2718 m above
sea level, altitude 2635 m above sea level, exposure NW, inclination 30°, area of
record 500 m?, coverage of vascular plants 85%, coverage of mosses and lichens
20%, height of the herbage to 15 cm, height of the infloresecences to 40 cm.

Kabreeisia Belltadidii (All) Degl. 3.2, Camexx rugeebtisis Bell. 2.2, Helelfototi¢tion
Sdtebibiumum (Hack) Kitag. 2.2, Fesitwaa lemmmisis Drob. 2.2, Sanygtisisdeba offiticinelis
L. 22, Pobggonwum alepsetoidides Turez. 2.2, Camppawala Twezaawiwivii Fed. 2.2,
Anthosaeice Bunggenma Schischk. et Bobr. 2.2, Pilbggesiizis wanggbbiea (Tukez) Griseb.
1.2, Polyggowum wispptram L. 1.2, Caiexr pediigorinis C.AM. 1.2, Genltadna dedaoniions
L. £ 12, Leonioppdidtum ochedteadum Beauv. §1. 1.2, Agter alpmwas L. 1.2, Aheenivia
eapitltosis Poir. 1.2, Poa atgewdldta Tein. 1.2, Kedeetia eFigtida (L) Pers. 1.8, AQ9HGS
Trinbii Tuiez. 1.3, Allivem lsedee L.3, Adowatfce WidRa LA, MEBWMYne cFiiia
Jez., AntEmisia efr. MyWShEMRya Bge, A. ieselieflia L., Cavr muesHAME
Tukez, Ewpss pobyttha Tukd, BasppRtre FuilR®sa (L) Rydd, BinibHus o8-
eolr Fiseh., Driva lancebtina Reyle, Eviisbhitm Fipslee Bge, Galinm YWHim ki
Eeniiana azurea Bge., 6. WARPEBHAIa Balh, IHs ARWHIGH, BAML, KOYPeG. coRAIl:
formsis tvaneva, Eatke sivites Bdb., BWNpabrys MRleBbria (Bath) Fiseh, d?h%
Ills sEbiattea BEe., PAUWPBHUMLm ATy BB, BasEr RUditeHGe b
earlss myioebRlgua  Ball, Bilm  ARGHISUIO W, BN, PORMIRG RMSE. L
Bulsadilng amRi%Ra &HF&} Nz, PR 3658 b 3340A% SHSE. b sed78:
AP FalMda FiSeh, SRElo CamRsSHer (REIZ) BE. SURDGe SMISSOMINs Wl{ij{?l-. 85:
S65: Hypwim SUprelofBiime HEAW. BIWMIYbn FOditts HEQW. LiCheRs: cvl¥ilna
BWﬁ@ta &13 E‘E‘.’, Bﬁ%‘iﬂﬁa %%%aanﬁs Wi

High mountain species dominate in this community: Kolbressea Blierdii
(All) Degl. and Carer rugesttiss Bell, while Ptirgressies mwengolica
(Turcz.) Griseb. and Amiipsscee Bungpemna Schischk. et Bobr. alse play
a large part. The dry climate causes a numerous group of species ¢lir-
acteristic of the mountain steppes to appear (e.g. Anenadida cogpilliaris
Poir., Carex pediffomisis C.A M., Galiarm vemum L., Heliititichbon Ssdiel-
lianwm (Hack.) Kitag). Poa attmatda Trin. and Keebrida cristatea (L.),
common speeies in the flat steppes, also occur here fairly frequently.
As compared with the damper high mountain terrains in the vieinity
of the ain ridge of the Khamgaii, the high mountain meadows in the
Sant valley have a larger proportion of steppe elements (cf. Pacyna
1980).

8 The symbol “+" has been omitted.



THE DYNAMICS OF ENVIRONMENT

PROCESSES OF ENERGY EXCHANGE
by
Eligiins> Bratickk amdl Taibemsz Nidibtivimds

Investigations of meso- and microclimatic diversifications were car-
ried out in the summer periods: 21 Jume—31 July 1974 (Avirmid and
Niedzwiedz 1975, NiedzwiedZ et al. 1975) and 14 July—23 August 1975
(Avirmid et al. 1976), as well as at the close of the winter period —
10—19 April 1976 (Froehlich and Stupik 1977a).

The base station was located at the mouth of the Sant valley on a flat
terrace lifted 29 m over the bottom of the Tsagan-Turutwin-gol valley.
The co-ordinates of the station are as follows: @= 46° 50' N, ) = 100°
05' E, H;, = 2055 m asl. At this station observations were conducted
every 3 h, ineluding all basic meteotological elements and measurements
of the radiation balance components: direct, diffused, global and reflect-
ed radiation, as well as net radiation of soil surface (fig. 3).

In the tramsverse profile of the Sant valley, which ran across S- and
N-facing slopes, 15 series of patrol measurements of air temperature
and humidity of the near-ground layer were executed with the help of
an aspiration psychrometer (Assmann’s type). At the altitude 2470 m
asl. on a S-facing slope, a N-facing afforested slope, and a peak 2719 m
asl. extreme temperatures of ground surface were measured. In addition,
a diurnal course of temperature 20 cm above the ground was measured
during 7 days (17—23 April 1975). At the same points measurement
of the near-groumd temperature and investigations of snow cover dif-
ferentiation were carried out from 12 to 18 April 1976 (Froehlich and
Stupik 1977a).

A diversified relief of the Sant valley determines occurremce of me-
so- and microclimatic differences. The vertical extemsion (2000—2700 m
asl.) causes the mean July temperatures to lower from 13.6 to 8.6°C
(the mean gradient is 0.71°C/100 m). In winter reign inversion canditions.
The lower part of the drainage basin (2000—2300 m asl.) lies in a cold
air pool with absolute minimum temperatures dropping down to =48T.
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The warmest zone occurs probably on valley slopes 2500—2600 m asl.

The east-west direction of the valley is responsible for the highest
contrasts of the slopes climate. Values of direct radiation for 12 o'clock
in July were mathematiically computed depending on aspect and incli-
nation, assuming that 1 cm? of horizontal surface receives 1 cal of
energy per minute (Stcherbam 1968). On the S-facing slope, whose
inclination belongs to the Interval 17—35°, the global radiation is
1.06—1.09 cal/em?- min (fig. 8). Values of direct radiation, which oscillate
from 0.71 to 0.72 cal/em? - miin, cange dlso an a livmited sedle (@ig. 15).

The global radiation at the Sant valley bottom is 1.04—1.06
cal/cm? «miim, wheress the direct radiztion is QFF—OET clliom? -smim.
On the N-facing slope the global radiation is considerably lower tham the
comparative one at the valley bottom, i.e. 0.88—0.97 cal/cm? «mim, the
inclination being of the order of 11—20°. A similar relationship holds in
the case of direct radiation, whose values run from 0.51 to
0.59 cal/em? - min. An average diffierentiation of the global radiation i
July 1974 (at noon) is represented on the map (fig. 15). It runs from
0.73 cal/er? miin o stesp marts of the Moy slgpe (B—F") to
1.09 cal/em?-min 6n the oppesite slope. A vielent deerease of amount ef
delivered heat occurs at the foot of the N-facing slepe. At neen e. 7%
of glebal radiation eensists of diffused radiation. Over the steppe surfaee
28% of radiation undeigoes reflection. Hewever, the laek of data whieh
would eeneern a spatial differentiation of albede values in the Sant
drainage Basin prevents us frem making a detailed spatial analysis of net
radiation. it fellows frem measurerents earried eut at the bBase statien
that the net radiation at neen makes e. 5804 ot glebal radiation. Aeserd-
ing te Beresneva’s investigations (1976) pertermed 8R the ReFth-eastern
slope of the Khangah, the gleBal radiation teials in July reesived By
slepes 20° in inelination are frem 13.3 keal/eme fof N i8 143 keal/em?
fer 8 expesure. The greatest diversification Beesfies prensumced in
winter. The respeetive values for December are 0.08—7.4 keal/emz An-
Aual tetals range frem 93 8 154 keal/emz Aeccording i0 Seviet studies,
menthly tetals of net E%QEQEEBB for N- and S-faeiAg slepes (38%) fuA
from 6.3 i8 7.3 keal/em: in July:

Differences in magnitudes of received solar energy determine a de-
gree of heatimg and cooling of ground surface. According to data from
July 1974 (NiediwiedZ et al. 1975), the mean maximurh temperatute of
ground surface on a S-facing slope reached 41°C, whereas it was lower
by 14°C (on the average) on an afforested N-faeing slope. At night the
S-facing slope, devoid of a derise plant cover, was eooled mere sirongly,
so that ground frosts occurred in eonsequemce (dewn to —11PW). THe
mean diurnal amplitude of temperature at the ground surface was 38
and 23°C, respeetively. Interdependrnies between the maximum tem-
perature of ground surface en the S-faeing slepe (is) and the N-faeing

4 — Environment ot the Sant
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slope (ty) in the summer period on the one hand and the data from the
base station at the outlet of the Sant valley (tg) on the other, can be
expressed by the following formulae:

ts =074 tp + 74, Ber. = 4.8, 1 =084,

ty = 0.64 ts + 2.7, Be. =31, r =087

The minimum temperatures at the ground surface on the investigated
slopes can also be evaluated on the basis of the base station data sup-
ported by the egquations:

ts = 0.76 t — 0.9, Ber. = 18, r = 0.70;

tnw = 094 tp — 03, Bes. = 16, r = 0.81.

where B, indicates a standard error of estimation and r — correlation
coefficient. Apart from aspect, values of temperature at the ground sur-
face in the Sant valley are strongly influenced by altitude asl. With
growing altitude, the maximurm temperature of ground surface drops
down to 1.6°C/100 m. The vertical gradient of minimum temperature is
considerably smaller — 0.39°C/100 m. A much greater microclimatie
differentiation shotild be expeeted in the winter period, as shown by
W. Froehlieh’s and J. Stupik’s results (1977a). At the end of the 1976
winter (April) snew eever which eecurred on a N=faeing slepe in the
Sant eatehment basin was 6. 40 em thick, while a 8-faeing slepe was
deveid of snew. Big differences in inselation and a esntrastive different-
iation of bedroek eaused that the ground surface en the S-faeing siepe
was heated to ever 30°C, the temperature en the oppesite slepe being
gee _(f;‘qg.- i6). Dreps of the ground surface termperature attaied —2BE
at hight.

Depending on a weather type, differences in soll temperature at the
5 cm depth on the slopes under investigation ranged from 7 to 15°C
in the summer 1974. Such great contrasts are related not only to a lower
delivery of heat on the northern slope, but also to a cooling influence
of melting permafrost. At the valley bottom and on the N-facing slope
one could observe patches of permatrost at the depth below 130—140 cm
and in some places already at 90 em (Kowalkowski et al. 1977).

Big thermic differences became marked also in the near-groumd air
layer. Results of measurements of extreme temperatures 5 cm above
the ground have been compared in the table 7. The highest maximum
temperatutes at this level occurred on a S-facing slope. The Sant valley
bottora possesses specific microelimatic conditions, e.g. night drops of
temperature in August 1975 attained even —GAINT. Very Wiy thertiie
contrasts happemed alse on an intraferest elearing on a northern slope.
Diversification of temperature at the level of 20 em in the investigated
profile is represented by figure 8C. The analysis of the diurnal course
of temperature at this height in the peried 6f 17—=23 August 1975 peints
to persistance of differences of the erder 1.5—4.0°C during 24 h. The
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Fig. 16. Weather conditions and snow melt during the period 10—18 Apkil, 1§76,
in the Sant valley and its vicinity (accerding to Froehlich et al. 1877)

1 = mean air temperature; 2 — minimum temperature at the ground surface; 3 — air

temperature amplitude: 4—7 — temperature amplitude at the ground surface; 4 = S-lope in

Sant valley, 5 — N-slope in Sant valley, 6 — ground surface in the basin, 7 — jee surface
in the basin



52

Table 7. Extreme values of air temperature (in °Q) on the 5 cm level above the soil surface
during the period 18-23 VIII 1975

sharpest division in values of all climatic elements is visible at the foot
of the N-facing slope.

The characteristics of energy and thermic delivery in the Sant valley
presented above allow us to state close connections which hold between
magnitude of radiation and temperature and are modified by the in-
fluence of local conditions. The S-facing slope, which receives the high-
est amounts of energy (on the analyzed profile), can be charactetized by
the highest temperatutes on all investigated levels. Simultameously, this
Is an area with the biggest thermie contrasts in the system day—hight.
The N-faeing slope reeeives less solar energy, particularly in winter when
at noontime it composes less than 30% of energy reaehing the heorizent-
al surfaee, whereas it eonstitutes over 200% of energy on the eppesite
slepe. The faeter whieh limits heating 6f ground surface on the N-fae-
ing slepe in.summer is retention of a large part ef selar radiation by
teee erowns and shallow eecurrence of permafrost. These differenees in
guantity of delivered heat determine net enly differentiation ef air tem-
peratuke, But alse ameunt of evaperation, rate 6f sAeW eover disAppeas-
anee and — what fellows = the seil water balanee (phet. 19).

WATER CIRCULATION
by
Janueyy Stuik
WNTROPYCTION

The investigations carried out in the second half of June and in July
1974 (Stupik 1975; NiediwiedZ et al. 1975) and in April 1976 (Froehlich
and Stupik 1977 a; Froehlich et al. 1977) allow us to present the areal
pattern of moisture in the asymmettical Sant valley (fig. 3). Comditions
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of infiltration were estimated in 72 points on the soil surface and at
the depth of 20 cm. Precipitation totals were recorded in 6 peints, and
snow thickness and density was measufed in the last phase of winter
on a N-facing slope. Overland flow was observed in 42 peints, while
potential evaporation in 2 points on N= and S-faeing slepes.

INFILTRATION CONDITIONS

Infiltration capacity, measured with a cylinder infiltrometer, is little
differentiated spatially. It amounts to 0.8—0.9 in the Sant valley
bottom, 1.5—3.0 on N-facing slopes, 1.5—3.9 on S-facing slopes and
1.1—3.8 mm/min on N—E slopes (Stupik 1975). Peremeability of waste
covers is, as a rule, higher at the depth of 20 em. Spatial differentiation
of infiltration conditions is reflected in rainy water distributien.

RECEIPTS OF WATER

Areal variability of rainfall is similar over the whole catchment
basin (NiedZwiedz et al. 1975). In the 1974 summer, the highest yield of
rain amounted to 33 mm/12 h, 11.5 mm/3 h, 7.2 mm/l h and 0.27 mm/
min. In the 1976 winter the highest diurnal snowfall reached 44 mm
of water layer (Froehlich et al. 1977). Just after the snowfall the snew
becomes distributed evenly over the basin area. Quiek snew-rmelt oA the
S-faeing slope, even in the middle of winter (fig. 16), eauses, HOWever,
that with ineoming of the melt-period the snew eever extent is Righly
differentiated (Froehlieh et al. 1977) and limited by the valley axis
parallel to latitude (phet. 1§). Snew eever persists enly en the N-faeing
slope. Its thiekness in April 1976, i.e. in the last stage ef winter, was
40 em (phet. 20), and the tetal water eguivalent ef snew — 107 mem. This
thiek snew mantle had aeeumulated sinee autumm, Beth frem preeipita-
tien and deflatien (Freehlich et al. 1§77).

Continuous accumulation of snow cover on the northerm slope and
quick snow melt on the southern one in the depth of winter is stimmulat-
ed by heat radiation balance (cf. fig. 8, 15). This difference in snow
cover retention reaches its maximurm at the beginning of the melt pe-
riod. Thus in diversification of water reeceipts one ought to detect the
cause of storage of a bigger amount of moisture in waste covers on the
N-faeing slope and at the valley floor. This could have created an im-
pulse fer permafrost origin and eertainly conditions its present existen-
ge. Permafrest in turh — being an impermeable layer — facilitates hold-
ing of meisture shallew undef groeund.

WATER DISTRIBUTION

Rain and melt water distribution happens through eévapefranspira-
tion, infiltration and surface run-off. Magnitudes of overland flow on
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slopes with soil cover in summer are similar, irrespective of the vege-
tation type (Slupik 1975). In July 1974 it was less than 0.1 mm. Only
on bare rock surfaces out of 103 mm of rain 9—23 mm of water layer
flowed away, with the max. intensity 0.3 U/s, ducing a rainfall 0.27
mm/min in yield. Higher frequeney and intensity of everland flow ean
be observed on the S-faeing slope, berieath walls and stones. Traces of
this concentration flow vanish before reaehing the valley fleer. 1n een-
sequence, the distance of everland flew is sherter tham the slepe length,
and the surfaee eeneentrated run-off frem the Sant basin to the Tsa-
gan-Turutiuif-@ol fiver ean take place enly as a result of a éatastrophie
event. In summer 1974, even a rainfall exeeeding 30 mra did net ereate
any rum-off iR the valley fleer (Stupik 1875).

In the melt-petiod the overland flow can be higher only on a N-ex-
posed slope, as pointed by high water content in snow, an abrupt course
of melting and frozen ground (Froehlich et al. 1977). In such a situation
one noted an increased overland flow on N-facing slopes, both in the
semi-arid zone (Vodogretskyi, Krestovskyi 1975) and in the Canadian
arctic (Landals, Don Gill 1972). Part of melt waters soaks into the soil
and restores permafrost resources, while its excess forms subsurface
flow over the thawing aetive layer. The flow happens yeatly as high
moisture of the valley bottom in the part near the N-faeing slope, and
exceptionally (as was the case in the early summer 1975), ereates run-
-off in the valley bettom, gradually fading away near its meuth.

Potential evaporation was measured with an evaporimeter of Piche
type. In July 1974 maximum diurnal values reached 11.2 mm on a S-fac-
ing slope and 7.0 mm on a N-facing one. Minima were 0.6 and 0.4 mm,
respectively. Losses of water due to the sublimation are 0.1—0.2
mm/24 h on the N slope. On the S-facing slope sublimation intensity
is considerably larger, as indicate vanishing of snow cover, without any
traces of water flow.

WATER CIRCULATION DURING THE YEAR

The S-facing slope is dry throughout the year and possibilities of
transpiration are restricted to a short time after rainfalls, when moisture
resources become absorbed by a thin near-surface soil layer, without
reaching a ground water level. Blagoobraztsov (1964) confirms conclu-
slons about the lack of ground water recharge from precipitation in the
Ala-Tau Mts, and Ming-Ko Woo (1976) about the lack of response of
a ground water level on slopes without snow durihg the melt-period.
Despite good permealbility of soil, deeper layers remain dry because of
shortages of precipitation in relation to evaporatiom, the more so, be-
cause the lack of meisture in winter cannot be eompensated by summer
precipitation.
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The N-facing slope is much more humid, owing mainly to show cover
accumulation during the winter. Melt waters facilitate growth of vegeta-
tion before a complete thawing of the active layer, for the rise of capil-
lary water from deeper soil layers is as yet impossible (Froehlich and
Slupik 1977 b). According to big changes of preeipitation tetals frem
year to year, soil moisture after the raelt-tife céan be very small, as e.g.
in 1974, or very big, e.g. in 1975, but usually sufficient for plant grewth
(fig. 17).

o —
—
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Fig. 17. Mean monthly air temperatures and precipitation totals at Galuut (2160 m
asl) for the period 1960—1969, for the years 1974, 1975 and for January—March
1976 (according to Froehlich and Slupik 1977a)

Presence of permafrost on the N-facing slope and in the Sant valley
floor plays an indirect role in water circulation, restricting percolation
of rain or melt water into soil and favouring persistance of high soil
moisture in the active layer after rainfalls and melt-petiod. Depth of
freezing corresponds at least to depth of thawing in the yearly cycle
(Gavrilova 1974). This means that permafrost does not tend to degrada-
tion, and water eireulates within the active layer. This can be proved by
lack of permanent springs and icings in the Sant valley in winter and
by a quick response of water circulation to rainfalls and show-melt,
typical of supra-permafrost waters in the aetive layer (Ming-Ke Weo
1976). A periedieal moisture exeess en the oefie hand, and lew seil tem-
perature eenneected with the eeeurrence of permafrest en the other, de
net ereate eptimum eenditions for grewth of tree roets, because of fe:
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duction of an absorbed water amount by plant roots. Thus, the over-
ground portions of plants may be physiologically dryed. While the
active layer is thawing, water becomes gradually passed to the root zone.
Roots grow in breadth, as the growth deep into ground Is hindered by
permafrost (ef. Brown and Pewé 1973).

The valley bottomn, fed with water from the N-facing slope, is the
most humid in segments adjoining this slope. In other spots it is drier
and in the mouth section devoid of permanent surface and subsurface
fun-off. It indicated the laek of alimentation of the Tsagan-Turu-
tuin-gol river from the Sant valley.

TYPES OF WATER CIRCULATION

All discussed relations compose a type of water circulatiom in the
Sant catchment basin. Water receipts from rainfalls resemble one an-
other over the entire catchment basin, evaporation of the S-facing slope
being much higher. The mechamnism of water cycle on both slopes is sti-
mmulated by heat radiation and differs in water cycle quickness after
rain or snowfalls. A very short (some days only) time of ecirculation on
the S slope ean be contrasted with a greatly elongated period of rain-
=waters storage on the N slope and in the valley floor. Remaining slopes
represent intermediate indiees of water eyele.

PRESENT-DAY SOIL PROCESSES

by
Alyjyy Kokimikaowsdki

Contemporary soil catenas of Sant valley are closely connected with
the covers formed by the cryogenic wastes of different ages. The proces-
ses of transport, exchange and accumulatiomn, occurring in the respective
relief elements, show, however, quite different features. Both the direc-
tion and the intensity of the above proeesses depend upon the exposure,
surface gradient as well as the altitude, while their arid character in-
tensifies toewards the outlet of Sant valley inte Tsagan-Turutuin-gol
valley.

CLIMATO-OROGRAPHIC CONDITIONING OF CONTEMPORARY PROCESSES

In the lower part of the drainage basin, up to 2000—2300 m asl,,
situated within thermal inversions, and particularly on the south-facing
slope having poor vegetation (Kowalkowski and Pacyna 1977), as well
as wide diurnal temperature extremes, and, at the same time, remaining
snowless and extremely dry in winter, there occur at ptesent imtense
processes of soil profile transtorration as a result of both granular ther-
mic disintegration and gravitational tramnsport (Pekala 1975). The elec-



Phtt. by A. PRegma

Phot. 7. N-facing slope in the upper portion of valley. The pene-structural rocky
slope with intensive processes of creepimg, slope-wash and deflation. lsolated
trees at the upper margim of the larch forest

Piot. by A. PBagma

Phot. 8. Lower valley segment with the Pleistocene debris avalamches on the
S-facing slope. These blocks create steps in the valley floor. Between them wide
plains covered by thick deluvia. In moister furrows dark dense vegetatiom cover



Phot. by L. SSerknl

Phot. 9. Lower segment of the Sant valley bottora with fronts of debris avalanches
derived from the southerm slope, inherited from the cooler climate. At the front
steppe meadow with Iiris

Piodt. by A. PRagma
Phot. 10. Dry steppe of the base of southerm slope covered by fine gramitic scree



Phot. by A. Kottmlkhsevski

Phot. 11. Mountain dark chestnut soil

of medium thickness developed on the

congelifluctional sheets of the N-facing
slope — soil profile 013

Prot. by L. SGiakkel

Phot. 12. Dark chestnut soil very thick

with larch forest patches, developed

on the covers of the northerm slope —
soil profile alil



Phot. by L. Stiekel

Phot. 13. Light chestnut soil formed in

the thick deluvial—proluviall deposits

at the base of S-facing slope — soil
profile 003

Phoot. by L. SSinkel

Phot. 14. Mountain chernozem very

thick in the valley bottom, developed

in the active layer on the soliffluctional

and deluvial deposits — soil profile
001
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tron-miznescopic analysis of the quartz grains has corroborated the do-
mination of the thermal disintegration forms with simultaneous low
intensity of the processes of chemical weatherimg accompanied by the
occurremce of silica coatings typical of the dry climate (Kowalkowski
and Mycielska-Dowgiatio 1980).

The intense washing off, deflation, debris flows combined with the
accumulation processes result both in constant rejuwvenation of soils as
well as in their stony content. As a result of the excess of evaporation
over precipitation the bases accumulate in upper horizon in the soil
profile, partially in the form of poorly developed carbonate layer, while
the drymess of the soil climate favours a rapid mineralization of the
organie debris.

The central part of the valley, up to 2600 m asl. is considerably wet-
ter and warmer (Niedzwiedz et al. 1975), the northern slope in particu-
lar. Large water supplies that accumulate during the winter half-year
in the form of snow or frost active layer intensify the physico-sitnuc-

22 — 24 JUNE 1974, tPC]
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tural and the chemical transformatiions. The above processes are mo-
derated in spring and summer, under the shelter of the forest-grassland
plant communmiities that protest the soils against direct insolation as well
as surface denudation.

Rapid freezing of the stony-loamy soil gives rise to the formation of
the so-called dry soil-cryon (Targuljan 1974; Volkovincer 1975) and
does not yield the phenomena of cryoturibatiion, solifluction and thixo-
tropy.

The permafrost with an active layer down to 60—150 cm (fig. 18)
enhamces both the chemical agressiveness of the soil solutions and the
intensity of the tramslocation of the dissolved mineral compounds and
orgamic matter. During the dry periods the latter migrates towards the
evaporation surface in the upper warmer part of the profile, while
during the rain periods it is earried by the drainage water towards the
bottorn of the valley. Illustrative of the above phenoraena is the inverse
felationship between the water eontent and the temperature found in
the frozen ground and in the surface layer subjeeted te the inselatien
(fig: 19, prof. 001, 002; phet. 14). The maxirau meisture eentent ebserved
at 40—125 em depth in the seils, in this part of the valley bettem that

Fig. 19. Relation between soil temperature and water content in the active layer
of permafrost
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adjoins to the north-facing slope, can be regarded as a result of the
tramsit draining from this slope. Natriurh saturated dBvt and dBv layers
in the soil along the axis of the valley bottom result alse from this
process (prof. 001; tab. 8).

In the soils of the more humid and cool upper part of the valley,
over 2600 m asl., there occur the processes of the mechamical and
chemical disintegration of rocks and wastes along with the local
aggradation of the soil profile or washing out the products of these
processes. There prevail here, aecording to the Stepanov’s eriteria
(Stepanov 1975), the hydrotherihall eonditions mest faveurable te the
hurus accumulation in the shallow soils which frequently are formed
immediately on the selid reeks.

EFFECT OF EXPOSURE UPON CONTEMPORARY SOIL PROCESSES

Conditioned by sharp microclimatological contrasts the differences
in the processes of exchange, tramsport and accumulation on the opposite,
northera and southern slopes (referred to as zonal slopes by Bykov,
1954), produce in the soils different features of the order of altitudinal
zones. The set of soll asymmetry indicators inecludes: sorption capacity,
degree of basic cation saturation, hufus eontent and C/N ratio (fig. 8,20).

In the near-crest parts of the north- and east-facing slopes the
shallow soils, developed from young contemporary cryogenic wastes, show
a low degree of bases saturation (phot. 15). This is brought about by the
continual leaching away the bases from the permeable skeletal soils
(tab. 8, prot. 014, 015 and 016). The differences in the basic cation
saturation on the slopes of both northern and southern exposure, being
respectively from 50.0 to 56.9% and from 50.0 to 76.8%, are associated

Fig. 20. Relation between organic carbon content C amd sorbtion volume Th
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with the different types of the water régime (tab. 8). Generally speaking,
however, at a relatively low sorption capaeity, ranging frem 7.76 to 25.3
me per 100 g of soll, there occur, in the soil-serption eomplex, very lew
amounts of magnesiurh and potassiufm: respeetively from 2.0 to 4.8 and
from 0.7 to 108% of the sorption capaeity, aleng with econsiderable
biogenie accumulation of the abeve eations in the upper layers. The
scareity of the above eompenents as well as that of ealeiurn, is preBably
dependent upen the mineral eerpesition of the granedierite reeks. The
features of biegenie aeeumulation that everlaps the series of the slope
sheets, are foeund alse in the distribution ef titamiumh, eopper and lead
in the seil prefile (fig. 20).

The increased quantity of natrium, in relation to Mg*2 and K%, in
the sorption complex in the soils of both slopes, testifies to the arid
character of the mesoclimate. The intra-30il water eifeulates, for a peried
towards the evaporation surfaee and fer another towards the frozen
bottora part whieh results in the inereased ameunt of natriura iR the
lewer part of the soil profile.

Differentiated hydrothermal conditions as well as migration of
mineral compounds result from the differences in both quality and
quantity of the humus. As a rule, there is a simple relationship between
the humus content and the sorption capacity, the latter being one of
the soil quality indicators (Fig. 21). However, the aeid hurmus in wetter,
leached soils in the near-erest part of the north slope, as well as the
huraus base-saturated in the soils in the valley bottora do not comiply
with the above pattern. Mofe pronoumeed, however, are the relations
between the huraus quantity and gquality, expressed as the C/N ratio,
and the same applies to the relations between the serption eapaeity and
the age of beth the parent roek and the seil (fig. 21). The reliet meuntain
efyogenic ehernozerns 6f the eryoplanation terraees, the yeunger
meuntain dark ehestaut seils developed from the brown, 6ryegenie
weathered materials, as well as the peligenetie meuntain dark ehestaut
ehernezems 6A the slepe of nerthern expesure are fieh in Rumus, the
latter being te a high degree saturated with basie eations aRd Raving
high §st&% eapaeity. The deluvial ehernozeras in the bettem ef the
valley shew the distinet eonnection with the seils mentioned abeve,
theugh their sorptien eapaeity is mueh Righer.

Along the lower edge of the northern slope there extend browm soils
having low humus content and low sorption capacity. The above cold-
-climate soil has been preserved and exists in the valley zone receiving
the least amount of thermal energy (cf. chapter “Processes of energy
exchange™) under hydrothermal conditions unfavourable for the
development of ehestrut soils.

The denuded and relatively young dark chestnut soils in the upper
part of both northern and eastern slopes, as well as soils in the cemtral
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Fig. 21. Soil complexes of the Sant valley in the evolutionary sequence based on
the relationship between orgamic carbon, the degree of basic cation satwration
and altitude above sea level

Evolutionary ~soll! s&juence: f = mountain cianczems aid dark chéstnut sotly 2 = nivun
tain dark chestnut cryohumid soils; 3 — mountain light chestnut eryo-arid seoils, poorly
developed; ¢ — mountain chernozems; § — mountain brown soils

part of the slope, contain different amounts of humus. The above soils,
however, appear to have low sorption capacity that approximates the
Th value characteriistic of the thermiic waste of granodierite.

The degree of basic cation saturation in the BvtA and Bv horizons
in the soil catenas of a cross-section of the Sant valley, increases from
the relatively wet and leached soils in the near-crest part of the northern
slope across the valley bottom te the dry soils of the near-erest part of
the southern slope (fig. 20). The above saturation degree constitutes an
indicator adequately illustrating the contemperary diversity of water
felations in the soils, from the permafrost-evaporative ones on the slopes
of nerthern and eastern expesure to the evaperative seils en the slopes
of seuthern and western expesure.

The set of soil-forming factors operatimg in the individual topo-
graphical units have brought about the development of the mosaics of
soils with retardiive, regressive or transgressive features.

The Sant valley soils could be arramged in 5 sequences on definite
morphological units, which depend upon the altitude, humus content
and degree of cation saturation (fig. 8), and this confirms the validity of
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the assumed classification (Kowalkowski and Lomborinchen 1975).
Against the background of the distinct soll groups the possibility arises
of their chrono-historical classification that takes account of the cycles
of the soil cover changes (Vreeken 1975).

GEOMORPHIC PROCESSES AND THE PRESENT-DAY RELIEF
TRANSFORMATION

by
Karnineierz Pegladda andd Tadleusz Zi¢tmra

A type of covers, together with morphology and climatic conditions
of slopes differentiated as to exposition and height, determines the
dynamies of areal variability of geomorphological processes (fig. 22:
phet. 1—10),

Processes of physical weathering on dry S-facing slopes take the
form of exfoliation and microgelivation. Macrogelivation, influenced by
frost, becomes visible over 2500 m and in zones of occurrence of
permafrost patches. Changes of weather conditions, and especially of
intensity and distribution of atmospheric precipitation, influence the
course and dynammies of weathering. Snowless winters and relatively arid
summers lead to formation of fine regolith under the influence of
exfoliation and grainy falls. Falling of weatherihg mantle was observed
during violent summer hailsterms (Pekala and Zigtara 1977). During
snewy winters, en S-faeing slepes (where snew melts a eouple of hours
after snewfalls), physical weathering i alse intense (Froeehlieh et al.
1977). Snew-melt water freezes in fissures, thus produeing grain and
bleek deeompesition 6f reeks.

Table 9. Physical weathering (accumulatiom at the feet of rocky walls)

Yearly average for 1000 years* 0.1

¢ Calculated from the volume of a talus cone covering fossil flora.

Falling in the wet 1975 summer, measured at the foot of rockwalls,
was twice as big as in the 1974 summer characterized by low precipitation
(tab. 9). The measurements made during the 1974 and 1975 expeditions
demonstrated that rock surfaces can retreat with the velocity over
0.1 mm/yr, which corresponds to the amount of grain talus accumulation
over 1000 yrs (Kowalkowski et al. 1977),
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Relict terraces and cryoplanatiom shelves on the watershed are
presently modelled mainly by frost heaving, niveoeolian processes, and
physical weathering. These forms are nowadays transformed by weather-
ing, slope wash, deflation, and eollan aecumulation (phet. 2, 3, 4).
Microgelivation and eolian corrasion eut off large stones (Pekala 1975;
Kowalkowski et al. 1977).

Relict block streams in upper sections of S-facing slopes have under-
gone stabilization due to permafrost vanishing and drying. Yet,
considering temperature, precipitation variability and high steepness of
slopes, these streams are ifi an unstable balance.

On the S-exposed slopes the dominant phenomena are: weathering of
block covers and creeping caused by needle ice, mechanical piping, and
strong water saturation of fine matetial during winter thaws and spring
snow-melt (Froehlich and Slupik 1977a). Grainy weathering mantles
become degraded as a result of slope wash and deflatien. Deluvial
accumulation predominates in lower sections. Herds of farm animals as
well as marmots (Marmota marmoday) have a eonsiderable share if
degradation of S-faecing slopes (Kowalkewski et al. 1977; phet. 21).

N-facing slopes, due to higher water content and occurrence of
permafrost patches, have loamy-debris covers which undergo creeping
(tab. 10). It is creeping of the salifluctional type which affects soil covers
with sod (phot. 7), even on interforest clearings. Upper sections of
N-facing slopes are covered with a thin regolith and modelled by slope
wash and deflation (Pekala and Zietara 1977).

Table 10. Soil creep on the N-facing slope

The Sant valley floor is shaped by a complex of processes which
lead to constant filling with deluvial-colluvial material, delivered mainly
from S-facing slopes and partly from lower sections of opposite slopes.
Petiodically, covers in the valley floor are set in motion locally by
solifluction and washing out by water erosion following heavy summer
downpotrs (Starkel 1975, Kowalkowski et al. 1977). A pecullar form of
ereeping at the valley bottom are active earth-flows with changeable
dynamies of motion (fig. 23: phot. 1, 3). Under favourable humidity
eonditions brought abeut by heavy snewfalls and summer precipitation,
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movements of earth-flows reach 4—7 em/yr (Pekala and Zigtara 1977).
Those active loamy debris lobes are washed or dissected by shallew
erosional furrows with surfacial waters. Simultaneously, wet depressions
and niche hellows at the base of lebes are infilled with fine material
washed dewn mestly from S-faeing slepes. Selifluction flews situated
down valley at the valley fleer (under 2300 m asl.) are AW AOR-ative,
but ean beeerme aetivated in faveurable Rumidity €onditions.

L L)

Fig. 23. Earth flow over the frozen ground down valley of the basie eress-seetion,
in the valley bottom

1 — older debris at the margin ot flow: 2 — individual lobes: 3 — thufuss: 4 ~ total rade
and direction of movement in meters between 27 Vi 1674 and 27 Vi 1975

A clear asymmetry of processes transforming land-ieliRf and eolder
covers becomes pronounced in the Sant valley (Kewalkowski et al. 1977).
Shelves and eryeplanation terraces are reliets of a mere Rumid elimate.
Weathering-solifluctional block covers whieh fantle steeper coneave
S-facing slopes, suffer exfoliation and microgelivation and are washed
by surfacial and in-soil watets. The foot and lower sections of these
slopes are accreted mainly with deluvial material.

Gentler, convex N-facing slopes in lower deforested sections are
modified by creeping, with the participation of permafrost. In forest
communities one did riot observe any more iftense processes. The upper
sections, however, are shaped by slope wash and deflation.

Ep.sodic accumulation of deluvia and colluvia takes place at the
valley bottom, whereas solifluction and frost-heaving — in zones with
a higher water comtent.

Na:ural processes, particularly gravitational tramdlecations of cowers,
are hastened by man’s economic activity, i.e. mainly through forest-
-cleartnce and overgrazing. Herds of farm animals provoke a mechanical
removal of soil covers.

5 — Environment of the Sanmt



TYPOLOGY AND EVOLUTION

ELEMENTS OF THE PAST AND PRESENT-DAY TENDENCIES

by
Algizy Komntilbowiski, Kaainerz Pelotda amdl Lewzek Sttaiel

Manifold asymmetry of natural phenomena and processes in the
Sant valley is of a complex origin. The beginning of it should be sought
in the system of joint ecraks in granites and gramodiorites, which deter-
mines a bigger inclination of the S-facing slope (Starkel 1975). Climatie
asymretey, varying in time, overlaps with a struetural one. It is
registered i slope forms, in stfueture and texture of eovers, seils and
present-day proeesses (Kowalkewski et al. 1977). It is net a simple
asymmetry, known to us from territories of Eurepe, Siberia of Canada
(¢f. Kennedy 1§76). Riehter et al. (1863) assume as typieal of a eeld
and dry elimate the se-ealled warm asymmetey, i.e. presence of a gentler
and mere aetive N:-expesed slepe (with permafrost) and a steeper,
undereut appesite slope.

Yet, the Sant valley’s slopes, though apparently compatible with this
arrangement, have at the same time a concave profile of a steep southern
slope and a slightly convex one of a gentle slope (phot. 1,5).

EVOLUTION IN A COOLER (MORE HUMID) CLIMATE

At the threshold of the last cold period, the Sant valley displayed
already a structurally outlined asymmetry of slopes and a stable contrast
of the energetic balance of the opposing slopes. From that time originate
principal relief elements on interfluves and slopes, as well as parts of
forms at the valley bottom. Cryoplanatiom terraces and shelves under
ridge rocks, now crumbling to pieces, bear witness to descent of the
cryoplanation “belt” down to ca 2400 m asl. (Pekala 1976; Starkel 1975).
Soils rich in humus (the type of mountain cryogenic chermozem) have
been preserved on them. The southern slope, probably reacher in water
content and with considerable temperature oscillations in summer, was
a place of block-fields and talus debris creation. The latter slide down



67

periodically as debris avalanches as far as the valley floor, dameing it
along several reaches (fig. 7; phot. 8, 9). Soils rich in humus were
formed in depressions among blocks on this slope (Kowalkowski et al.
1977). On the other hand, the N-facing slope melted rarely and was
comparatively little active, which is marked in preservation of its
goricave-cofivex profile with the cryogenic brownh waste series. This
nearbottorn eonvexity was linked up te shifts of the valley fleer axis
under the evershaded slope by episodie bloek sireams frem the S slepe.
Reliet brown seils, preserved in lewer parts ef the N slepe, reveal
a eénaraeter of elimate in the eeld peried.

TRANSFORMATION OF RELIEF AND SOILS IN THE HOLOCENE

Warming in the Holocene led to permafrost retreat and checking of
gravitatiional processes on warm S slopes. The chesthut process over-
lapped on older soils under conditions of constant removal of fine
material and intensification of thermie weathering. Cryeplanation
terraces also ceased to evolve and their degradatiom was set in motion
(under 2700 m asl.). Material, washed away from slopes, was gathered
at their feet, filling alse irregularities in the lengitudinal prefile ef the
Sant betterm. The N-exposed slope proved te be mere aetive in eengelif-
luetional fevements abeve the frezen bedroek. Intensity of these
proeesses must have been lew, sinee it enabled lareh forests to eneirele
slopes and ehestiut seils to develep iR the leamy-debris selifluetien

-

Fig. 24. Profile of cover deposits at the foot of a relict tor on the nothern slope
of the Sant valley (by K. Pekala after Kowalkowski et al. 1977)
1 = preséni-day seil (paracnernezém); 2 — éhareeal ReFiZon: $ — granite granular RoriZon
(grit); 4 — dated peat iR a slity layer with ah admixture ek gramite gHi; 5 = seil; 6 =
loam with debris with dated ehaicoal; 7 — elayey loeam with fine debris; 8 — elayey blocky
cover
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deposits. Higher water content made leaching processes possible in the
active layer, which — with time — led to a clearly distinet physiee-
-chemical character of soils in the valley fleer beneath both slopes.

The upper Holocene had a marked tendemcy to increased aridity
of climate, which found reflection in accumulation of grain regolith under
rock walls (fig. 24). This tendency has been going on at least througheut
the last millennium. It was paralllelled by accelerated soil erosion €6n-
nected with overgrazing and forest elearamee. This 6an be proved By
a discovery of primitive iron-blast furnaces, covered with deluvia, 1 km
from the valley mouth. Their ehareeal was dated on 1670 + 86 yrs BB
in Hannever (Kewalkowski et al. 1977). Man's aetivity alse explains
presenee 6f 2—3 m thiek deluvia at the feet of slepes and in valley
bottoms, supericapesed oA well-developed soils of chernozem and ehestaut
type. The deluvia profiles shew alse inerease of a material fraetien (ahd
Rumus deerease) in the Uppermest paris, which indieate an advaneing
degradation of seils IR Upper parts ot slopes.

TENDENCIES OF RELIEF DEVELOPMENT

The present-day processes of water and mineral-orgamnic matter
circulation are highly unstable. Thus, one can talk, similarly to eother
semi-arid tertitoties, about “unstable equilibrium™. In the eondition of
water defleit, to which ecosystems adapted themselves, minor oscillations
of energy or water delivery cause disturibaices, registered as imtensity
of different processes (varying yearly). That is why for example in 1975
activization of proecesses was observed net enly in a better rieh in water
(solifluction), but alse en a “dry” slope (washing). Oseillations of perma-
frost limit may alse eeeur in partieular years (Gravis 1974). Despite
these eseillations, ene ean talk abeut general tendemeies of the present-

Fig. 25. Tendemcies of morphological changes of valley sides (with the sheets as
the backgroumdl) types of sheet; the broken line shows the tendency of relief
transformation (explanatioms see figure 10)
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-day relief evolution. 1t is based on the lack of ridge forms’ transferma-
tion in the forest-steppe vertical belt, growing of a conecave profile of
warmn slopes, downworn in lower sections by deluvial eovers, and levelling
of all irregularities in valley floors. Northern slopes are slightly lewered
in upper sections; beneath aeccumulates material (fig. 25). Reekwalls de
Aot retieat, oA the eentrary they are mantled with mieregelivation
produets. Applying the traditional geemerpholiogical and pedelegieal
termiinology, as propesed By Oilier (1976), we ean state that the § slepe
eatena displays a presently weakemed tendency ie slepe backwearing,
whilst the N slepe eatena — t8 doWAWeaFiAg:

EVOLUTIONAL TYPES OF SOILS’ SEQUENCE

Tendencies present in climatic changes from the close of the
Pleistocene up till now have been clearly registered in the soils’ sequence
on slopes. Rellct and fossil features of cold environment, together with
overlying features of younger, warmer and drier phases, allew us to
distinguish 5 basie evelutional sequenees of seils in the Sant valley,
related to some definite forms of relief:

L. The reliectt typee. Soils of an old climate, preserved wninter-
ruptedly, functioning in changed conditions. Mountain chernozems of
the periglacial environment can be found on non-active cryoplanation
surfaces and in rock fissures, and cryogenic brown soils in the lower
part of the N-facing slope. Permafrost in the bedrock of these solls is
a factor preserving features of the soils and buffering all actlvity of the
present-day arid clitmate;

2. The relict-tramsfformattiioom typee. Features of a
changing environment overlap with a full soll profile. On the N-facing
slope features of the chestnut process related to a dry continental climate
overlie the upper part of the profile of inherited cryogenic brown soils
developed from solifluction 2-part covers. Permatrost slows down a rate
of the chestnut soils eveolution:;

3. The aggradattiiom tympee. The primary soil profile changes
into a fossil state due to accumulatiom of soil and waste deluvial on
them, successionally tramsformed into soils with features corresponding
to the recent local climatic conditions. In the valley floor there are:
a) mountain chernozems — very thick, salty with permafrost, developed
from soil deluvia; b) bog-gley soils-cryohumiid (with permafrost) overly-
ing solifluction series of brown waste covers and hummus-tich soils
developed from them in the periglacial environment;

4 The degradattiiom typee. Periodical processes of denudation
or continuous ones with a very low intensity produce an essential short-
ening of the soil profile with a simultaneous overlapping of speecific soll
features typical of a given environment. In the near-ridge part of the
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N slope the soils are: a) dark chestnut — low thick, stony and fieh
in acidic organic substance, or b) light chesthut — low or mederately
thick, stony, constantly denuded and related te the present-day enviren:
ment. Weathering mantle of the former Pleistecene envirenment Rave
been completely denuded;

5. The degradattiioom—accumullattiiom typgee. The most
complex, embracing middle reaches of the S-facing slope. Relict degraded
brown and chernozern soils from the ecold period undeflie younger miero-
gelivation produects displaced along the slope, with the chesthut process
developing on them.

TYPOLOGY AND ASYMMETRY OF GEOECOSYSTEMS

by
Albjizy Koaedldodvski, Amra Pacyma amdl Leszek Stenkel

EXPOSURE AND ASYMMETRY

Neither rocks of granite-grandiorite intrusion, nor the macroclimate
determine an intermal differentiation of fumctionally related geo- and
ecosystems In the Sant valley, since the dominant environmental factors
are here: exposure, inclination and altitude (both above sea and valley
floor level), which jointly deterrnine diversification of the energy and
matter ecireulation balance. Present-day processes add new elements to
features of relief, covers and soils inherited from the past. What results
are rosaie arrangements of geoecosystems (fig. 26), whieh — in eonnee-
tien with a different radiation and water balanee of N- and S-exposed
slepes — ferm sharply diversified systems of eatenas on the valley
slopes and fleer (Kewalkewski and Paeyna 1§77).

Whereas on the S-exposed slope has developed water deficit (high
insolatiom), reflected in soil aridity increasing down the slope, xero-
phylisation of mountain steppes and in increasing tramsport of regolith,
the leaching processes predominate on the N-facing slope, where the
water régime favours development of forest and meadow mountain
steppe. Both catenas of the opposing slopes meet at the valley bottom,
which is supplied with deluvia from S slopes and with dissolved salts
and water from N slopes (fig. 27). At the same time in the system of
slope eatenas one ean notice reflection of complexity of habitats, i.e.
vertical zonality and intervalley transformation of belts. The upper
timber-line is visible en the N slope, over 2600 m asl. Yet, the inversional
valley bottem is deveid of forest, and a streteh of the Areenisicia fitigdie—
Ssu leryyiii steppe (related to the dry steppe Belt) enereaehes inte
the valley eutiet (phet. 8, 9).
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The intravallley tramsformation finds reflection in drying of near-
-ridge parts of slopes (exposed to south winds) and in thermic imversion
at the valley bottom. This hinders development of forest commmunities,
and also stimulates appearamce of permafrost that tramsgresses over to
an adjoining part of the N-facing slope.

THE CATENA OF THE N-FACING SLOPE

The gentle northerm slope, where thickness of covers and soils,
humidity, and also density of plant communities increase downwards,
is an example of a slope with a mild theramic régime, without drastic
water deficits. Two sections can be distinguished on the slope — the
upper and the middle-lower — with different tendencies of physico-
-chemical transtormations related inseparably to water circulation.

The upper section can be defined as the degradation—washed geoeco-
system with a continuous slow degradation of the meadow mountain
steppe. Carrying away of mineral regolith and orgamic soil material
occurs through surfacial rum-off and throughflow. As a result, shallow
chestnut soils, rich in acidic humus substamces, have evolved on shallow
debris covers (phot. 15).

The middle-lower section of the northern slope is the suprapermafrost
tramsitic endopercolation geoecosystem of the forest—steppe. Water
flowing through solifluction covers carries mineral and organic com-
ponents down the slope, under conditions a simultaneous transformation
of upper layers of relict brown regolith into chestnut soils. Water is
partly stored in permafrost, which constitutes a screen for waters
flowing te the valley floor and a source of humidity in dry seasons for
the lareh forest and meadow mouAtain steppe. The forest, here comnected
with permafrost, proteets the slope against insolation, checks melting
of snow eover, diminishes denudation and favours alluvial processes
(phet. §, 20).

The accumulative geoecosystem of an adjoining narrow zone of the
valey floor is linked up to the N slope catena. This zone is rich in
water, partially from permafrost, which—in turm—conditions creation
of active solifluction and development of wet mountain meadows
favourable to the evolution of solls rich in organie substance.

THE CATENA OF THE S-FACING SLOPES

The concave southern slopes characteristic features are extreme
thermic conditions and a sharp water deficit. Only on the ridge cryo-
planation shelves sheltered by occur water conditions more favourable
to evolution of soils enriched in orgamic substance and of more abundant
vegetation, including mesophilous species and even patches of the
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Popullss tremulda woodland. In the profile of this slope one can also
distinguish 2 sections — the upper and the lower one — with distinet
features. Here water conditions aet also as a differentiating eriterion,
but — considering the lack of permafrost — they depend mostly oA
physieo-water features of weathering manties and seils (phet. 6, 16, 17).

The upper, steep slope section exemplifies the eluwvial—degradation
geoecosystem with vegetation of the stony mountain steppe (tab. 6,
record 7, 8). If the xerophilous vegetation is not too dense, coarsegralned
regolith favours denudation both as slope wash or creeping and a period-
jcal washing of soil regolith covers. Also, weakly developed chestnut
soils come here into existeriee.

Only on under-ridige shelves and in depressions among blocks relict
brown regolith and chernozems from the eold period have been pre-
served, overlain by features of the arid chestAut process. Higher sail
fertility and overshadewing are eenduetive to develepment of bBushy
vegetation elusters (Cofoneaster marnosaippe Lodd. and othes, tab. 6,
record 7).

The lower slope section, which forms foothills covered with deluvia
filling depressions among older debris lobes, is the aggradation ecosystem
of dry mountain steppe. In this zone the highest registered maximum
temperatutes and lack of water, which washes grainy regolith only
episodieally during rainstorims, promotes development of poer vegetation
of dry meuntain steppes (tab. 6, reeord 6). Despite a eonsiderable thick-
ness of deluvial eovers, ehestiut soils are shallow, with weakly marked
features of salinity in the lower part of the prefile.

Towards the valley bottom occure tramsitiom to the aggradation—
evaporation geoecosystemn, where waters enriched in easily migrating
mineral compounds, among others from the N slope, bring about soil
salinity and development of an abundant rountain steppe (tab. 6,
record 5). Thus, the dry part of the bottom is supplied both with coarse-
grained material from the dry slope and water containing salts from the
opposite slope.

In the longitudinal valley profile the catena of habitats has also been
formed. It consists of altermating reaches with bigger inclinations, com-
posed of bloeky step (fig. 9, 26) — relicts of the Pleistocene debris
avalanches and flat sections, slightly inclined and filled with thick soil
deluvia. The mosaies of plant communities develop on them, diversified
in the tramsverse and lengitudinal valley profiles. Depending on humid-
ity, the meuntain steppes intertwine with wet mountaih meadows
(phet. B), and even with marshy fmeuntain fmeadows (phot. 5) on active
solifluetion lebes. AR additional variation of plant eemmunities can be
observed with a growing altitude abeve sea level.

The contrast between catenas of mountain slopes in the Sant valley
is an example of a climatic asymmetry known from many mountain



Phait. by A. Kodalkibowsski

Phot. 15. Thin chestnut soil developed

on the weathered bedrock in the

uppermast part of the northerm slope
— soil profile 016

Piot. by A. PRagma

Phot. 16. Dense vegetation in the

humid rocky joints in the wppermost
part of the dry southern slope



Phwt. by A. PRagma
Phot. 17. Small Populus tremula forest on the block fields of the southerm slope



Pirot. by A. PRegna

Phot. 18. Upper part of the southern slope with rich vegetation fellewing fillings
with deep soils

Piot. by J. SBigpik
Phot. 19. Role of exposition in the snow cover patterm day after heavy snewfall
in April 1976



Pixag. by J. S&iypik

Phot. 20. The firn-like snow cover deposited in the winter 1975/76 on the nerthern
slope is overlying by 22 cm thick layer of new snow — cf. photo 10

Phot. by L. SGtafel

Phot. 21. Hollow made by Mamata mamorta and the removed debris up to 20 ecm
in diameter. Lower part of the southern slope
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Fig. 27. Physical explanatiom of the catenas of opposite valley sides

I — permatrost; 2 — subsurface runoft with predominamce of chemical denudatiomn (CH):

3 — overland flow with prevailing slope wash and gravitation (M), at the base deposition of

deluvla (D); 4 — evaporation of the soil water and tendemcy to formation of saline soils:
5 — larch forest

massifs located in continental climates (e.g. Haase et al. 1964; Hollermann
1973; Starkel 1980). The Sant valley represemnts, however, an area with
particular extremes of topoclimate where dry and snowless slopes with
high évapotranspiratiion contrast with slopes with permafrost and snew
in winter (fig. 27). They condition the formation of definite mosaies of
plant eommunities and intensity of biochemieal processes (Keowalkowski
and Pacyna 1877).

The stability of discussed habitats is variegated. The most stable are
the forest and meadow mountain steppe ecosystems on the gentle, shady
N slope. The least stabile and vulnerable to high oscillations of water
content and to degradation are lower reaches of S-facing slopes, poorly
fixed by vegetation of the dry mountain steppe. One can observe here
as well the greatest transformation due to man’s activity, and especially
evergrazing. It aetivates a lengitudinal tramsportatiion of grainy regolith
within the S slope eatena. On the ether hand, forest eommunities on
the N slope suffered a eonsiderable restrietion caused by elearimgs, which
6an be proved — ameng ethers — by stumps of eut trees whieh eceupy
an area larger than the present-day ferest patehes.

PRODUCTIVITY AND UTILIZATION OF HABITATS
by
Algijyy Konodildwsbiski andl Amwma Peagyma
The habitats of the Sant valley are distinguished by a variegated

stability depending on hydrothermal conditions. Their composition,
structure, productivity and other blio-geo-cenotic charactetiistics are not
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stable. They are subjected to acute seasonal fluctuations. Man's activity
Is especially able to cause harmful changes In the vegetation and seil
cover in a short time. Thus, the productivity of plant commumities in
various habitats of the Sant valley depends on a number of factors. The
investigations here described concerned exelusively the determimation of
the maximum state of biomass, whieh in the case of a number of eom-
faunities approximately corresponds te theif produetivity. In fest eom-
funities investigated there dees net oeecuf an aecumulation of the
biehass frem the preeeding growing seasens. It is enly in the steny
meuntain steppe that shrubs eesur Aumerously. In that eemmunity the
productivity was estimated en the basis 6f the mest reeent grewth
which was separated frem the perennial parts. The results ef the studies
perfermed in 1975 whieh was a faveurable, humid year sheuld be ana-

Table 11. Humus content in the soils of particular habitats
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lysed with adequate carefulness, because the value of the biomass
produced in the particular habitats in dry years may be still meore
differentiated.

The mass of humus accumulated in solls (tab. 11) is an impertant
indicator of the intensity of the biological eireulation of substance and
productivity of the habitat. The pronounced asymfetry and the influenee
of altitude on the amount of the content of humus in soeil is also marked
here. On a south-facing slope the amount of humus aeeumulated in the
0—40 e layer increases from 9,5 kg/m2 (in the lewer, dry part of the
slope) to over 26 kg/m® (in its upper, mere humid part). Similar ten-
deneies are shewn by the total eentent of Rurmus ameunting frem 12 te
41 kgim®, whieh is eonnested with the aceumulabion of Rurus in the
lewer part of the profile belew 40 em inereasing with the Reight abeve
sea level.

On the other hand, the amount of humus is higher on the slope
exposed to the north. In the 0—40 cm layer it grows with the increase
of height above sea level from 17.5 kg/m? to 35.4 kg/m?®. The total comtent
of humus amountimg from 17.5 to 25.8 kg/m? is greater in the lower
part of that slope, and also points to its aeccumulation especially in the
0—40 em layer. The soils eccurring there are distinguished by a moder-
ate bielogieal thickness whieh is eonneeted with the presence of the
permafrost in the substratum. The real content of humus in the upper
denuded part of the slope expoesed nerthwards (prof. 014, 015, 018) is
small. A similar, but mere proneuncedly rarked phenomenoh OCEUFs
in degraded and rejuvenated seils ef the seuth-facing slope (e.g. profile
007).

At the valley bottom and on the cryoplanation shelves there are
chernozems containing from 25.7 to 29.5 kg/m? of humus in the 0—40 cm
layer, as well as in the upper, more moist parts of the slopes. The total
content of hurnus in the soll protfile Is high, from 39 to 52 kg/mi.

The presence of the permafrost at the bottom of the valley as well
as in the lower part of the slope exposed to the north entails a greater
accumulation of hurmus (prof. 002, 010 and 013). The stimulating influence
of the waters of permafrost origin on the growth of plants finds a cor-
roboration here.

Besides humidity it is the biological factor which exercises an
essential influence on the amount of plant biomass, i.e. the activity of
fungi and bacteria manifested in the creation of fairy rings in the com-
munity of the mountain steppe with Lemntoppdidimm ochrelbiccum. Ko-
walkowski et al. (1980) established In the year 1975 an essential differ-
entiation of the chermical composition of the above-groumd parts of
Festicen lemensids. Within a fairy ring there is 1.8-times more nitrogen,
1.8-times mofe iron, and 1.5-times more potassium and phosphorus than
outside the ring.
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Because of their numerous occurrence, fairy rings exercise a deciding
influence upon the dynarmics of the development of plant communities
and solls of the dry mountain steppe.

The production of the above-ground phytomass is comparatively small
in the Sant valley. The maximum amount of the biomass (tab. 12) in
July and August of the year 1975 varies frem 153.3 g/m? in the driest
habitats to 293 g/m? in the wettest habitats. This is 2 to 3.8-times more
than in the desert plant communities at the Bulgan station (Gerdeyeva
and Kazantseva 1977). The least biomass eceurs in the dry steppe €6m-
funity, whieh develops on the seuth-facing slepe, and the greatest at
the bottom of the valley in the habitats ef a wet meuntain meadew and
meuntain steppe With AgnaRylebn erisaitin and Cewisdka deeawAteRs.

Table 12. Maximal standing crop of various plants communities in the Sant valley in 1975

* In Tsagan-Turutuin-gol walley.

The ash content of the phytomass Is high, and oscillates from 7.2 to
12.9%. According to Kovda (1971) these values are typical of dry steppes
and saline soils. With the inereasing aridity they grow in extreme cases
to exceed 78% in relation to the wettest habitat in the Sant valley. The
differentiated ehemieal eomposition o6f the phytomass (tab. 13) testifles
to the highly mosaie-=like type ef the plant eommunities. It has no pro-
Aeunced relations with habitat eenditions. It results from the uniformity
of the parent reeks of seils all ever the area of the valley, and from
the varying degree of their weathering and denudation depending on
the expesure, age of the weathered materiah, rainfall waters and their
acedmuhation and migratien. The eensiderable esntent of petassium iA
the phytemass and the lew concentration of caleium and magnesium are
daubtiess results of these facters:

The amount of mineral components contained in the plant cover



$ As in table 12

Plant

As in table 12,

Table 13. Chemical composition of above-ground parts of plants

Table 14. Mineral components of above-ground parts of plants

kg/sq m area of soil

Ash
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and calculated per area unit (tab. 14) is of major impertanee as an indi-
cator. In the dry habitats of the mountain steppe the quantities ef
mineral components in the phytomass are the least. As the meisture ef
habitats grows, the more alimentary components available in seils are
taken from them; consequently, the intensity of their eireulation in the
soil-plant systera grows. It is enly aluminium which shews a reverse
tendeney.

In the Sant valley, the habitats of the highest produetivity occupy
small areas at its bottom. The stony mountainous south-facing steppe
with deep soils is also distinguished by a high produectivity. The status
of the blomass, in spite of the great looseness of vegetation, is decided
upon by the percentage of the particular large perennial plants (Rbewm
8p., Valkriawa offlivhedlds, Sargpisesbba offiiinediis, Powiithiae visews)). The
major part of the valley is oceupied by dry habitats of a mueh lesser
produetivity.

The habitats of the Sant valley are limited in their economic utility
because of overgrazing and the exploitation of wood from forested areas.
Their low natural stability is differentiated: it is the least on slopes
exposed to solar radiation and covered with sparse vegetation. Their
weak resistance to pressure on the side of man, and their great suscep-
tibility to changes caused by soll erosion, are the main factors limiting
the chances to steer the exploitation of these habitats.
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NPUPOAHAN CPEJA AOJIMHBLI CAHT (IOXKHBIfI XAHIA)

Pe3iome
BBEJIEHME

Bropo# ToMm, 3aknovalougait pe3ynbTaTel MccnegoBannit Moxrononomcxolf ¢gusuxo-reorpa-
¢uyeckodt akcneguuuu, apnsercs (usluko-reorpafprreckoli Monorpadnelt HeGonbmo# cyxodt go-
nurbl CaHT Ha 10XHOM Kpae XaHras, Bnajatowed B gomnny Tcaraw-Typytyww-ron (puc. 1). Jo-
nura CaHT MOBEPXHOCTHIO B 3 KM? NEXHT Ha BbicoTe 20202718 M H.y. M., B 30HE, Ifje Yepeqy-
toTcs 6Ge3BOAHbIC TEPPUTOPUH M TEPPHTOPHH MHOrONETHEH MEp3NOTHl, CyXol CTenu M necocrens,
a OfHOBpPEMEHHO NpUGAMXKAIOTCA APYr K APYrY 2 TPaHMUbLI 30HBI JIECOCTENH: BepxHAs, oGycmo-
BEHHA TEPMIAYECKM M HUXKHAR — BAaXHasA. B gonwwe pe3ko OOO3HAYAETCH aCHMMETPHA CKJIO-
HOB, 00yc/nOBNEHHan pasnW4HbLIM pPagMalMOHHbIM Ganawcom (puc. 8).

Jletom B 1974 u 1975 rogax NpoBOAMMMCHL NOAPOOHBIE MccnegoBaHusi MOHTOMO-NONIBCKOH
du3mko-reorpaihruecxolf skcneguuued, opraHM3oOBaHHON B paMKax COTpymHmiecTsa mexgy V-
CTUTYTOM reorpadMM ¥ TeppMTOpHanbHOW opranusauywm I[Tommckot akagemuum Hayk, OTgenom
reomoptonorum u ruaporpapuu B Kpaxose u MucTuTyTOM reorpadmm u reokpuonormn (Mep-
3noroseaeHua) MoOHronuCkoW akageMuu Hayk B Ynan-Barope. [Jommxa Caur Gbuta o6nekToM
noapoOGHBIX HccneJOBaHMM aCUMMETPHM U BepTHUKANMBHON 30HAMBHOCTH GU3HKO-reorpaduueckux
ABJIeHWA KaK B TMNOMOIAYECKOM M 3BOJIIOLMOHHOM acCNeKTe, Tak M B OTHOINEHWH MEXaHH3Ma npo-
yeccoB. CTapammcs OAHOBPEMEHHO M3YYHTh PONb M3IMEHEHME KIMMaTa M [eSTeNLHOCTH YenoBeKa,
a TaKKe OLEHHTb IKCIUIYATALMOHHYIO MPUTrOAHOCTL MECTOOOUTAHMIA.

Ha ocHoBe TOonorpadmweckux chemox GaccetHa B macwrtabe 1:10000 (puc. 2) cocraBneHb!
KapThl paga 3jieMeHTOB. IIpOBOAMMNCE KNMMATHYECKWE M MIPOMOIITIECKHE M3MEPeHHA, a3 TaKXe
M3MEPEHHS NOYBEHHBIX W TreOMOPHOMVIHRCKIK NPOLECCOB BAONL NonepeyHoro npodums (puc.
3, 8). Onu Gbinu nononHeHs! HabnoaeHwaMA B BeCeHHu#t nepuos (anpens 1976 r.).

3NEMEHTHI NPUPOAHON CPEAbI

Knumar

Ha ioxHOM cknoHe XaHraa Ha6niogawtca GoNblume KOHTPACTHI NOKa3aTene# CyXoCTH M KOH=
THHEHTaNM3Ma knumata. OQHOBPEMEHHO 3[eCh BENMYMHA MNPUTOKA CONHEYHOM 3HEpPrMM BLICOKA
u gocturaet 135 xunokanopuit/cm2fron. BenuunHa rogoBoro paguaLlHOHHOTO Gasiamca COCTaBnseT
41 xunoxanoput/cM®. CpefHSA rofoBas TEMNEpaTypsl BO3AYXa B MEXTODHBIX KOT/IOBHHAX HUKE
—BC (. 4). Tegmmmenkan N MTRbkeeres 2001 s, 2 Moy, Ges SENOPoSEeE TITHN®
64 pus. Togoseie CymMMbl OCAAKOB COCTABARIOT 240 ~280 MM, CyTOuHbIH MaxcuMym — 60 MM.
67% ropaoBodt CyMMBI OCAKOB COCTABNAIOT OCAAKWM Tpex NeTHmx MecsaueB (WIOHb—aBrycT).

MOoUIHOCTL CHeXHOro MOKpPOBa HEBENMKA, B CPEAHEM AOXOAWT A0 7 CM, NPUYEM YHCIO JHeH

CO CHEXHLIM NMOKPOBOM npesbitiaeT 117. Bbiiu NPOBEACHbI XaPaKTEPHTTHKH TEeMNEpaTypel H ocajl-
KoB B Hione B 19571975 roaax (puc. 5).
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Penved) mecTHOCTH

Tepputopna Bogoc6Opa NMOCTpOEHa IPaHUTAMM W TpaHOAUOpATaNW NEPMOKAPOOHTKON HH=
Tpy3un. CucTema TpewmH C¢ HanpaeneHuem 155°, 70° u 50—60° oTpawxaeTca B PACHONOWEHUU
JONWH M aCUMMETPUK CKJIOHOB (ceBepHbli Gonee monorui neHecTpykTypubili Cknom). OTAefibHO
U3y4¥anuch XpeGTbl ¢ KPHONMAHALMOHHBLIMM TeppacaMM, CKIOHBI U GHO aonuukK (puc. 7, 8). FOx-
HbiYt ckon — 6onee KpyToi (20—35°), BOrHyThiM, MOKPLIT YACTHYHO KAMEHHOWN POCCHINGIO, & B HUN-
Heit yacTH 3aMepluMMN KaMEHHbIMI NoToKaMKU. CKNOH C ceBepHOW 3kcnosuuwedi ¢ BOSPACTAIOLIUM
yknoHom (10—18°) oget conuMOKUMOHHBIMA NOoKposamu. OCb AHA AONMHBLI O6NAfaeT CTyfieH=
yaTbiM npotunem. /THO JONUHBI COCTOMT U3 CTYNEHEH, COKEHHBIX U3 OGNOMOUHOIO MATEPHANS,
pa3fieneHHbIX MOHMKEHUAMM, 3aNOMHEHHBIMK AemoBueM (puc. 9). OCOGEHHOCTbIO AOMMMBY ABfif=
eTca e€ acUMMETpua, OOyCnoBNEHHAA €€ CTPYKTYPHbIMH M KAMMATMYECKUMn YepTamu (ieHeTo-
LIeHOBbIE ME30- M MUKPOGHOPMBL, & Takke GOoPMbl, PA3BUBAIOLIMECH B HACTOALIEE BPEMS),

IMokpoBHbie 06pazoBaHus

MokpoBHbie 06pa3oBaHMA AB/IAIOTCH PE3yNbTaTOM BbIBETPUBAHMA W CK/IOHOBBIX MPOLECCOB,
NPOXOOSAUEAX B YC/IOBMSIX XOAOAHOTO KOHTHHEHTaneHOre kaumarta (puc. 10, LEL). Ha sepiuuHax
npeo61afaloT NOKPOBLI, C/IOXKEHHBIE NPOAYKTAMM BbiBETPUBAHMA (Ha KPAONNAHALUMOHHLIX Tep-
pacax) u pe3ujyanbHble NOKPOBbI — OCHINK HA CK/IOHAX CKAMIbHBIX OCTAHUOB. MIHOrAa OHM COCTOST
13 ABYX FOPH3OHTOB C pa3fe/sloOMMH WX PeNUKTOBbIMH Gypbimm nousamu. CKAOHBI C CeBEPHOH
JKCMO3MLUMENH B BepxHe 4YacCTM MOKPLITHI TOHKMM [AErpagUupOBAHHBIM MNOKPOBOM, COXEHHbIM
NpOAyKTaMHM BbLIBETPUBAHMA, HUXe HAG/MOAaeTcA ABYCIOMHOCTL TAMHUCTO-OGNOMDUHMEIX COMH-
(riokymonHBIX NOKPOBOB. CKAOHBI C IOXHOM 3KCno3uuwmeld MOKpbiTHI B GOnee BLICOKOH 4ACTH
KPYNHOOG/IOMOMHBING MOKPOBAMM, TONMBKO B KOTNOBHHAX HAXOANTCH DPe3UfiyanbHuie NPOAYKTHI
BbIBETPHBaHMA ropHbIX nopoA. Huxe, Bo3ne 3amepimmx NOTOKOB OGNOMOYHOrO MaTepuana s3aje-
raeT 3epHUCTHIA Aeniopwii 3HauuTeNLHON MoupnocTn (puc. 8). Ha Ane BO3ne KO/MMIOBMA, B HUXHEHR
YacTH JerpagMpoBaHHOIO, B BepXHeH 4acTM — MONOAOID, NEXUT NEeCYAHUCTO-NbINEBOH ACMOBU,

IMoyBbl

Mo3an4HOCTL U KaTeHbl MOYB OGYC/MOBNEHbI MUHEPANbHLIMIA MOKPOBAMM PA3HOTO TEHCINUCX
MEXaHH4eCKOro COCTaBa ¥ MOLIHOCTH, A TaKKe KOHTPACTHOCTbI® MUKPOKNTUMATOB M BOAHbIX
ycnosuit (puc. [15). MatepunckuM MaTepHanom SBAAIOTCA KPHUOTEHHbIE KOPbl BHIBETPUBAHUSA
(tabs. 2, 3). Ha kpuoniaHauymommsXx BLIPABHHBANWAX M HA CEBEPHOM CK/IOHE HAGNIOAAKTCA pe-
JIMKTOBbIe Gypble MOYBBI U YEPHO3EMBbI C HANMOXEHHbLIMM Ha HUX MPUIHAKAMM COBPEMEHHBIX FIPO-
ueccos o6pa3zoBaHMsl KaluTaHOBLIX NMouB. Ha cknowax ¢ 10XHOW 3KCMo3wuwed npeobnajalor cse-
T/IO-KAWTAMOBHIE 1OYBbI, YAaCTO AerpaAupOBAHHLIC, HUXKE KO AHY AOMWMHbLI MepexopasuiMe B Katl-
TaHoBble [Je/moBuanbibie. Ha gHe AOAMMBI Npeo6najaloT AeNiOBHANBLHLIE YEPHO3EMbl, 4acTo
TIOKPLITHIE KALWTAHOBLIMA MO4YBAMHM, PAa3BUTLIMA HA Gonee MOMOMLIX AENIOBUAX.

Ha npnnomenmbix TaGmawax ¥ PUCYHKAx NOAPOGHO NpeAcTABNEH MeXaHWMECKMH COCTaB,
tu3anyeckne ceodictBa nous U COpoLMOHHLIE CBORCTBA (Tabn. 2—4). B fonuue CaHT 3aMeTHa Bbi-
COTHasA 30HaNLHOCTL NO4B. B BepxHe# yacTH HAGNIOAATCA PENUKTOBBIE KPUOTEHHbIE HEPHOIEMbI,
NpeBpalLaioNMECH B KALITAHOBBLIE M04BbY, fpeobnajarougme Huxe 2500 M H.y. M. Ha 10XHbIX
CYXHX CK/IOHax CBeT/IO-KAlUTAHOBLIE MOMBbI MPUHAANEKAT YXKE K NOuBAM Cyxol crenu.

PacTuTensHbil MOKPOB

Ha ocrose dnopmcimuecknx W PUTOCOLMOIIMHRIMNK UEEAeaoBanvi (fipoBeaerst oK. 90
tuTocoumonomprTtNX CoEMOK) Gbit BblAEMeHbI 3 PACTUTEAbHbIC 30HbI (PUC. I4): cTereld, neco-



ctenedt M BbicokoropHoli 30HbI. [lpeacTaBuTeneM 30Hb! CTenedt sAB/ASETCS MQMLIHHO-KOBA/ILHAN
ctenb. 30Ha cTeneit HaGmopaeTca y BbIXOAa AONMMHBL. Bonbllas 4acTb JONMHBI NEXUT B 30HE Je-
coctenu (sensu FOHaTtoB 1950).

ACHMMETpPHA CK/IOHOB [JO/MHBI OCYCNOB/IMBAET KOHTPACT B OOpa3oBaHMM [PACTUTE/IbHbIX
coo0WEecTs Ha NPOTHBONOMOKMLX CKNIOoHaX. Ha ck/ioHax ¢ cesepHOM akcnosuumed wabmopgaercs
MO3aM4HOCTDb MATEH FOPHOTO NCEBAOTAEXKHOrO JIMCTBUHHUYHOrO neca (Tabn. 5) U nyroBeiX rOPHbLIX
ctene# (Tabn. 6). Ha cknoxe ¢ t0XxHOM 3Kno3uLuel pa3sBUBAETCH KAMEHHCTas ropuas crenb (Taén.
6). AcUMMETpMA CKJIOHOB OOYC/NOBNMBaeT Takxke pasHoOOpasue COOOIIECTB HA AHE ONUHBI—
BnaxxHbe nyra (cbéMka 63a) U nyrosble ropHble CTenu BGAM3M CK/IOHA C CEBEPHOM IKCIO3MLMeH
U Cyxue cTeny BGAU3M CK/IOHA C 10XKHOR IKkcmosuLMed. BolcokoropHas 30Ha Ha CK.toHax nuka 2718
M 3aHATa KOGpe3esbiMM NyraMu.

ANHAMMKA CPEJbl

[Mpoueccy! meproobmenHa

Ha ocHOBaHMM pe3ynbTATOB CTALMOHAPHBIX U MATPYNbHLIX WIMEPEHWIt JaHA XAPAKTepUCTUKA
nNpuTOKa CONHewHOW 3Hepruwm (puc. L5), a TaKkxe TepMUKM npuseMmHoro cnos (puc. 16, Tabn. 7).
Mpyu aHanu3e NpUHATb BO BHUMAaHKUE Te (AKTOPbl, KOTOPblE B 3HAYUTENLHOM CTeneHu mpeaonpe-
[ensoT KOHTPACTHOCTL KAWMATa, SBAAIOTCA Pe3yNbTATOM MECTHbIX YCAOBMH, T.e. MQMOSMLWA,
HAaKNOH, BUJ PACTUTENbLHOrD MOKPOBA, A NPU UIMEPEHWAX TeMMepaTypbl, JONONHUTENBHO BbICOTA
Ha[, ypOBHEM MOpSi. YCTaHOBMEHA TECHas CBA3b MEXAY BEAMHUHON U3NyYEHUR U TeMnepaTypol.
IMoBepXHOCTb IOXHOTO CKAOHA MonyvaeT Ha 2009% 6ONble CONHEUHOW SHEPruu, Yem ropu3OH-
TanbHas, W Ha Helt OblnM OTMEuYEHb!I TEMNEPATYPbl CaMble BbICOKHE U3 HAOMOMEHHLIX HA BCEH WC-
cnepyemoli TeppuTopum. CeBepHbie XE€ CKAOHbI MOMYHAOT MeHblie 309 CONHEMHOW IHEpruu
nony4yaeMoli rOpU3OHTAMLNOM NOBEPXHOCTHIO. Takas GONblIas PA3HULLA B KOAWYECTBE MONYYEH-
HOTo Tenna o6ycNOBNMBAET 3HAYMTENbHbIE KONEOAHUA TEMilepaTypnt Kak B rOOBOM, TaK U B Cy-
TOYHOM Xxofe. Pe3koe U3MEHEHHE BEMUUMHBI MEPeYUCNIEHHBIX €/IEMEHTOB KauMmata HabnonaeTcs
BAONb HWKHEW YaCTH 3aNEeCeHHOTO CEBEPHOrO CKJIOHA.

BJIATOOBOPOT B BACCEMHE PEKU CAHT

XapaxkTepmcTuka B/1aroo60pota OCHOBAHA HA WCCNEAOBAHMAX AOXKAEBBIX OCA/KOB, CHEX-
HOro noKpoBa, UCMaApeHUN, uudmnbfpauuu BOAbl U MOBEPXHOCTHOrO CTOKA B UIOHE U UiIO/E 1974
roda, a Takxe B afpene 1976 rofa. CyMMma OCaAKOB MAR0 UIMEHAGTCA HA TeppuTopww Beero 6ac-
ceiiHa, HO pe3Ko MeHseTcR W3 roAa B roR (pue. 7). Mexanusm Braroo6opota Ha CKAOHAX CTu-
MyAvpyeica GafaHcom u3fydenusn (pue. 15). MOBEPXHOETHLMI 6TOK HOEUT MeETHIll XAPAKTEP.
BuifeAeHst ABAa TuAa Bfaro666poTa: o4eHb KOPOTKWH, HPOABHIKARUUMACH TORBKE HESKOALKS
Auel Ha iNHbIX 6KABHAX, M 6BAee ARVTeRbHbIA NEPUBA PeTeHHMM ATMOCHRPHLX BOA, 608AKHEH:
HeW & fiuTakKueM MHOFoneTHeH MEP3A6TSL A TakKe 3HAYUTEABHOH PoAbIS TPAHCAUPAUMY HA 6KA6-
HA% € GBBEPHBW JKEMB3UHVEH W HA AHE ABAMHBI

COBpeMeHHble MOYBEHHbIE NMPOLIECCh!

Mousoo6pasoparemsisie NPOLIECCH! O0YCNOBNUBACT KAUMAT U Oporpadwa. B HiudkHel wacTu
6acceiiHa (mo 2300 M H.y. M.) npeoOnajaeT 3epHUCTAA TEPMMUECKas AEIUHTErpauma U nosepx-
HOCTHBI TPAHCNOPT, a TaKXKe MOACAYUBAHME U aKKYMYNALUA Lienodedt B BepxHel YacTu mpodmas.
Buiwe 2300 M H.y. M. (puc. 18) HanuuKe MEP3NOTbI HA CEBEPHOM CKAOHE Y HA AHe AoNwHbL (CoH
AKTMBHOWM Mep3NoTel A0 150 cM) CnOCOGCTBYeT BbIMbIBAHUIO PACTBOPUMBIX MUHEPANbHbIX CY6-
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CTaHmMit BHM3 CKAOHA W 3acOfeHuto Gosee Cyxoid vacTu AHA. Ha CkRoHe € IOXHOM IKEHOIMLMeH
H3IMEHeHWEe MOYB 3ABMCUT OT MOBEPXHOCTHOFO CMbiBA. ITokasaTeAmMn acuMMeTpum fIoMB ABAR-
10Tes UX copOuvOHHAs EMKOCTe, CTefieHb HachitueHus LLBAOMMbIMK KATUOHAMU, COABPHARMR fY:
Myea U oTnoweHua CiN (pue. 20; Ta6s. 8). Ouu ABARIOTCH OTPANEHUEM PA3AVYHOID THIA BOANHSFS
Ganamca fi64B. B ERfdi & STt SOPIIYIOTER MOIHKH TOHS € REMITOBEIMMN, RATRECEHRINN N TPAE:
FPECEUBHBIMU GBOHETEAMMU:

PenbeooGpasyiomme npoueccsl ¥ COBpeMeHHOe npeotpasopauue GHopm

Bup, nOKpOBOB, MECTHbI KIUMAT U penbed) CKIOHOB ONPeAentioT AUHAMEAKY, & TAKKE AOKA/Ab-
Hbl€ Pa3v4MA NPoLeccoB (PUC. 22). Pu3nveckoe BbIBETPUBAHWE HA 1OXKHBIX CKIOHAX HOGUT Xapak-
Tep akcdonuauum U MUKporenusauwmn. Mukporenusauvs Habmogaetea sbitie 2500 M. M3mepeius
oTnafiaHus CBUAETENLCTBYIOT 06 Temne OTCTynauus cTeH riopsaka 0,1 MM/FoA (Tabr. 9). TopHbie
BepuMHbl GOPMHMPYIOTCA B HACTORWIEE BPEMA CMbIBOM M AedAsumedt. Ha 1owHbix ckiowax fpe-
o6nafaloT Npouecch! CMNOA3aHUA U Cyddosum, a Takke pesynbTaTht AeATeneHOCTH Cypkos. Ha
CeBEpHOM CK/IOHE MEANEHHOE CMION3AHUE U XUMWuecKas AEHYAALWUs, A fipn 6TCYTCTBMM pacTUTENib=
HOCTH TaKXe CMbiB ¥ Aednauus (Tabn. 10). Ha Aue AOAMHbI HAPRAY ¢ AKKYMYRAuWed APOAYKTOR
QenoBUANBLHOTO CMbiBAa MPOMEXOAUT TeueHue MaTepuana fio fiOBEPXHOCTH MEP3AGFO FPYHTA
(puc. 23). EcTecTBeHHbIE fPOUGCCh YCKOPEHb! XO3nWCTBEHHOW AeATE/bHOCTLIO 4eAoBEKA (4pes-
MepHbilt Bbiflac CKOTa # Bbipybka sieca).

THUITOJIOTUA U IBOMNOLMUA

OnemMeHTHI npouuioro ¥ COspeMcHMas TEeHACHLMUA u3MeHeHu

Donmua CaHr Ha rpaHMue MocnegHero Xo0AHOrO MepUoAa OTAMHARACH CTPYKTYPHO 06Y-
C/IOBMEHHOV acUMMeTpneli CKIOHOB i MOCTOAHMbIM KOHTAKTOM B MX JHepreTmyeckom Ganamce.
Hepeiicteyroume yxe fAeicTOLEHOBbIE KPHOMAAHALWONKHBIE TEPPachl CAYCKAIOTCA A0 OKO/AO
2400 M H.Yy. M. Ha #x coxpaHuines OCTaTKK KPHOTeHHbIX 4€PHO3EMOB. MAe#cToueHOBLIE 10-
Toki OGROMOMHOFO MaTepuana Ha 1OMHOM GKioHe 3aFpomMaxaanv AHO U foApesanwu APOTUBO-
fiofoXkbIV EKAOH 6 BOFHYTO-Bbiftyit/ibiM ﬂp@@uﬂém-. B rofeuexe Mep3feta eoxpakitiacs F6ibKe
Ha €eBEPHOM 6K/OHe € AATHAMW Aeea, 3aMRARVAMCE FpaBuTanvoHkHbie fpeLectsl. Bofee AKTUB-
HbiM Bbift 6eBEPHBIH ciAcH. HaBRvoAATH 06WEAS TeHABKUWS ¥ 66PA3BBAHU KALLITAHOREX FBYS:
OeylileHne KAHMATA B F6EABAHEM ThieHHEABTUYU MPOARAMRTEH B B6PAICRARMY MEMKEOEAOMEHHE
fleKpeBeB (pue. 24). OAHOBPEMEHHOR BbiHACAHUS 6KBTA X KOPYERAHUE AGEA YBEAWUWAV PSS
fe4B (A8HIGBUH 2—3 M MBIMHBETY). fipotecer! APBUCXBARIMNE B HACTORIIEE BPEMS BEAYT K HAY-
GorbLiM USMRHRHUAM HA BEPHINHAX, K CAABOMY HOHIBKEHUIS CEREPHBIS CKABHBR U YREAWYSHIS
MotioeT#h BKPBEOR ¥ HBAHBMUS 1B3iHEX EKABHBE (Bue: 25): B CEKBEHHUY 3BOMOHYY HB4E MOKHS
BhiAeAITE 5 THAGE: PEAVKTORE!Y, BEHHHS%ZHQWE@UQBWM AFFPAdAOHEBIY, AGTPAAA-
HUBHHBIM, 7 TAIBKE ASPAARHHORHG-AHPIARUOHIEIY:

Tunonorus U aCUMMETPHA TeO3IKOCHCTEM

Ha 10X%HOM CK/10He 06GpasoBancs MpH BLHICOKOH MHEOMALIMM ACHULUT BOAbI, OTpaxkaloulitcs
B Bo3pacTatouieli BHU3 10 CKOHY APUAHOCTH FOPHBIX CTEMEH H OUB, a TAKKE B YROIHIETHOUWIEMCS
nepeHoce NPoAyKTOB BbiBETPHBAHMA FOPHbIX MOPOA. Ha CeBEPHOM e CK/AOHe MpH Hanvuuu Mep-
3710THI U BOAHOTO XO3slcTBa, CO3AAIOLICID BOIMOXHOCTL PA3BUTHR fECA H JiyFOBOW FOPHOW cTenu,
npeo6afaloT fpoueccs! Bbilliefaunsakus. OBGe ckAOHOBbIC KATEHb! BCTPEUYAIOTCA HA AHE AOMMILI,
[OKpKIBAEMOM AC/IOBHEM C 1OXKHOFO CK/iOHA, A TAKKE fIUTAEMOM COffAMK # BOAOH C CEBEPHbIX
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cKnoHOB (puc. 26,27). OAHOBPEMEHHO B PACMOJIOKEHHWM KATEH HAOIOAAETCA 3aBUCMMOCTHL OT Bbl-
COTHOHR 30HANBHOCTH MeCcToOOMTammMii M BHyTpuaonmunol eé TpaHchopmaumum (puc. 8). IToaTomy
NPOUCXOAUT HANONKEHWEe TPaHHl] CyxOlt CTenu ¥ BepXHed rpaHMI{bi neca HA CUCTEMY CKJIOHOBBIX
KaTeH. KOHTpacT kaTeH AONMHBI CaHT ABASETCH NPUMEPOM KNUMATMECKON acUMMETpHm C OCOo-
6bIMH 3KCTPEMaNbHbIMM BeNTHYUHAMH. DKOCHCTEMbl OTNHUYAKOTCA PA3HOM CTAGMABLHOCTHIO U MO-
DATAMBOCTHIO K npeobpaxkeHuio ux yenosekoM. HauGonee mojaTAMBbLIME K M3MEHEHMSM ABASA-
I0TC MECTOOOMTAHWMA CYXOR CTenu B HWUXKHUX YYACTKAX HOXHBIX CKIOHOB.

NpoAyKTHBHOCTL U IKCIUIYATALMOHHAR MPUTOJHOCTL BECTOOOUTAHUM

IpoAYKTUMBHOCTE MECTOOGMTaHMIt AONUHbI CAHT HEMOCTOMHHAS, OHA MOABEPraeTcH Kose-
6aHusAM, MOTOMY De3yNbTATbl UCCAEOBAHMM, MPOBEACHHLIX NETOM BAaXHOro 1975 roaa, HYXHO
paccMaTpUBaTh C OCTOPOXHOCTbIO. 3amac ryMyca B MOMBE IOWHOFO CKAOHA Konebnercs B 40 cm
cnoe oT 9,5 40 26 kr/M®, Ha ceBepHOM cxiIoke OT 17,5 fo 35,4 xr/m2 (Ta6n. 11) npu BbICOKOH nenennb-
HocTH 7—13%. O nectpore cOOOLIECTB CBUAETENHCTBYET TaKke pasHooOpasmsddi xumuueckuit
COCTAB PACTMTeNbHON MacCht (Tabn. 13). KonmuecTBO MUHEpafibhbix KOMMNOHEHTOB, COAEPXka-
MMXCA B PACTEHMAX CYXOH cTenu, NOka3aHO HA Tabnuue 14. CamMO# BbICOKOH MPOAYKTUBHOCTHLIO
061aal0T MecTOOOUTaHMA HA AHE AOAWHBL, & TaKXe GOraThie BOAOH MOHMKEHHA HA HOXKHOM CKMO-
He. He6onbimoe conpoTvnnenwe Npeccuu \efioBeKa 4 NOAATAMBOCTL K H3MEHEHUSM NOA BAMAHUEM

3pO3uM MOYB SABASIOTCA TNABHbIMK (AKTOpaMu, OrFPaHW4MBAIOWMMW PYKOBOACTBO IKCIIyaTa-
uueit nsecroobuTaHUi.



Fig. 3. Sites of detailed studies and measurements in the Sant valley

1 — basic meteorological station; 2 — microclimatic and rainfall measurement sites; 3 —
run-off and snow cover along a line run acress; 5 — soil profiles for the cross section
temperature, air temperature and humildity, water Infiltration and a phytosociological survey
infiltration and slope wash by use of plastic bags; 7 — experiments with slope wash
and soil creep rates; 9 — plastic nets for measurimg the rates of scree transport onm talus

weathering at the base of rock walls; 11 — measurement of texture of rock debris; 12 —
gramiitic rocks.

other rain gauge stations; 4 — measurements of surfacial
along which studies of soil propentikes, permafrost
were made; 6 — other slopes with measurements of
measurements; 8 — profiles for measuning congelifluction
cones; 10 — plastic nets for measuring the rate of

phytesociological survey; 13 — dip amd strike of
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Fig. 7. Geomorphological map of the Sant valley (by. Starkel 1975)

A. Denudatiomall landforms: 1 — rock walls; 2 — rock steps; 3 — rocky crests; 4 — tors and
similar features; 5 — rounded ridges; 8 — cryoplanation terrace plains; 7 — terrace edges;
8 — cryopediments; 9 — small shallow flat-foored valleys dissecting the valley-sides; 10 —
corrasionall valleys; ii — echutes containing deluvia; 12 — steep slopes with bloek fielas;
is — steep slopes bearing granular eluvia with some bloeks; i4 — gentle slepe modelied
by econgelifluetion; i — zones ot deflation; 18 — sralll erosional ehanies. B. Aggradatienal
landterms: 17 — bleekstreams: 18 — tife debris lebes; 19 — frent ot debris ramparts; 20 =
active cengelitiuction lebes with thuturs; 21 = granular sheets ot deluviah and preluvial
origin; 22 = elder terrace -‘surtaees; 23 — older alluvial fans; 2¢ = proluvial plains;
25 — active proluvial fans
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Fig. 10. Sheets of the Sant valley (by K. Pekala)

I — bedrock (walls and rocky floors); 2 — loamy-blocky and loamy-scree sheets with re-

lict, moumntaim chernozems; 3 — granular and granular-scree residual covers; # — blocky

and scree residual covers; 5 — blocky and scree-granul congeliflucti heets; 6 — scree

and granular talus sheets; 7 — loamy-scree congelifiuction sheets; 8 — scree-granular resi-

dual covers; 9 — loamy-scree colluvia of active earth-debris streams; 0 — loamy and gra-

nular deluvia and proluvia; 11 — loamy-scree and granular deluvial sheets overlying the
Pleistocene alluvia; 12 — fluvial gravels and sands
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Fig. 12. Soil map of the Sant valley (after Kowalkowski, Lomborinchem 1975,
slightly changed)
1 — hydromorphic and stony light chestnut alluvial soils on the permafrost; 2 — llttgenic
and automorphic soils ot pedimenmt, 2.1. — scree soils of residual hills, 2.2, — light chesfmut
calcareous and stony soils of different thickmess; 3 — montaneous lltho- and automorphie
soils, 3.1. — automorphie and cryogenic soils of the valley bottom, 3.1.1. — dark chestnut
deluvial soils, 3.1.2. — arid deluvial chermozems very thick, 3.1.3. — semiarid and cryohumid
very thick chernozems and peaty gley soils; 3.2. — automorphie and cryogenic mountain
solls of N-tacing slopes, 3.2.1. — brown soils on the permafrost, 3.2.2. — thick dark chestmut
stony soils on the permafrost, 3.2.3. — thick dark chestnut stony soils, 3.2.4. — thick cher-
nozems, 3.2.5. — thin light chestnut stony soils; 3.3. — automotphic and lithogenic mountain
soils ot S-facing slopes, 3.3.i. — thick dark chestnut stony, 3.3.2. — denuded thin light chest-
nut stony, 3.3.3. — deluvial and proluvial thick stony; 3.4 — lithogenic and eryogenic moun-
tain soil ot intertluves, 3.4.1. — thick stony chermozems, 3.4.2. — thick dark chesthut stony,
3.43. — thin light chestnut stony and roeky (denuded)
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Fig. 14. Vegetation map (by A. Pacyna)

1 — larch forest; 2 — larch torest margin with high mountain species (Gentiana algitha amd
Piitggodistis mongiodida) ; 3 — Popldus tréemila woodland; 4 — Antemisia fritgdda — Sifpa Kegy-
lovii steppe; 5 — meadow mountain steppe; 6 — meadow mountain steppe variant with
Poliggonmum algpecusidides, Samgistybaba offftrinalis, Leondppidium odhoblewoum s.l. and Kobre-
sia sp.; 7 — meadow mountain steppe variant with Veronica incana, Galiium wvermm and
Leunmapysiveium ociretlemwoum 8.1.; 8 — dry mountain steppe with Agrppwyron crissesatam and
Gentianha decumbens; 9 — dry moumntaim steppe with Leonwapgbeium odietlewoum s.1.; 10 —
tramsitionall eommumity between stony mmountain steppe and meadow fountain Steppe; i1 —
siony fountaih steppe; 12 — stony mountainh Steppe, variant with tall forbs; i8 — steny
moumntaiih steppe, variant with Puissstidla sp.; 14 — open mountaih Bteppe on the deluvial
fans; i3 — moumntaih steppe, variant ot the valley terraee edges; 16 — humid mountaih mead-
ow; 17 — rmharshy foumtaih feadew: 18 — high Mountaih fmeadows; 19 — eomruhity Wit
Iris digimis; 20 — anthropogenicallly ehanged patehes of steppe and fmountaih steppe (places
of perfhanent eneamprent); 21 — patehes of steppe and meadow markedly changed by
pasturing; 22 — seecenidary eommumities of stony moutain steppe o6n a stony siope (origiat-
ing frem erosion ot the slope atter forest devastation)
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Fig. 15. Map showing global radiation (cal/cm®smin) in July, 1974, at 12*° in the
Sant valley
1 — microclimatic station; 2 — measurement points with permanent microclimatic otbserva-

tlons; 3 — points of measurements em rouée; 4 — radiation above 108 calem?’. min; § — ra-
diation below 0.90 cal/cm®! min
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Fig. 22. Map of contemporary morphogenetic processes (accordimg to Pekala 1975)

I. Ridges and cryoplanation terrace flats: 1 — Belt of higher ridges. Processes: micro- and
macrogelivation, aeolian processes, washing. congellturbation., frost segregatiom, congeliflue-
tion; 2 — belt ot lower ridges. Processes: physical weathering. washing, aeolian processes;

II. North-facing slopes: 3 — steep rocky slopes extending above the forest limit (2500—2700

m asl.), cryogenic pr (creep, congelifluction), physical weathering, washing; 4 — steep

slopes with clayey-debris sheets. Processes: congelifluction, creep of sheets, washing: § —

slopes with a meadow vegetation. Processes: washing. congeliturbatiom, Iinfluence of cattle

breeding; 6 — steep scree slopes. Processes: frost weatherning, slow congelifluction creep,

washing; 7 — forested slopes with relict congelifluction lobes locally active, leaching; & —
forested slopes with a dense vegetation — only leaching;

III. South-facing slopes: 9 — slopes with block fields. Processes: extoliation, subcutaneous

erosion, slumping of blocks, washing; 10 — slopes with block streams in the corrasional

chutes, Processes: physical weathering., creep, corrasion, subcutaneous erosion; ii — older

generation of bloek sheets. Processes: subcutaneous erosion, washimg, microgellvation; 2 —

slopes with prevalence of granular weathering residues. Processes: washing, roek sliding,

aeolian processes; i$ — upper seetions of the ocorrasional chutes. Processes: eorrasion, wash-
ing; i4 — deluvial glaeis. Processes: washing, aeoliah and zeogenle precésses;

IV. The Sant valley bottom: 15 — accurnulation of deluvia and proluvia; 16 — denuded
congelifiuction lobes. Processes: physical weathering, corrasiom;

V. Terraces in the Tsagan-Turwtuin-gol valley: 17 — terrace, 30—40 m high. Processes: aeolian,

washing or accurmwiation of proluvia; 18 — flat surfaces of terrace, 830—40 m high and sub-

slope zones. Processes: aeolian proecesses, washihg, acourawlation of cones; 19 — terrace ed-

ges, 30—40 m high. Processes: gravitational (zoogenle and anthropogenic), aeolian, siope

wash; 20 — low terraces. Processes: linear and lateral erosion, frost heaving; 21 — ravins
with linear erosion; 22 — occurrence of animal burrows in granular debris
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Fig. 26. Map of habitats in the Sant valley (according to Kowalkowski and Pa-
cyna 1977)

1 — habitat of a Sifpa-Adertésnisia steppe on light-chestnut, deluvial and stony soils that de-
veloped on pediments up o 2100 m asl.; 2 — habitat of moumtaim dry steppe on primitive
stony and rocky. denudied, mountain light chestnut soils and accurnullatiom fans occurring on
S- and SW-facing slopes up to 2500 m asl.; 3 — habitat of mountain steppe on rocky, de-
nuded, dark chestnut soils and primitive light chestnut soils of accumullatiom fans occurring
on SW- and S-facing slopes at 2540 m asl.; 4 — habitat of luxuriamt mountaim steppe on
deluvial mountain chermozems which developed in the valley bottom nearby the S-facing slope;
§ — habitat of mountain larch forest on thicker brown, dark chestnut soils and chhernozem,
denuded, cryogenic mountaim soils, partly underilaim by permafrost and stone, om N-facing
slopes at betweem 2100 and 2620 m asl.; 6 — habitat of moumntaim larch-sod forest on shallow
dark-chestnut soils and denuded stony chernozems underilaim by permafrost along the crest
line of the northerm slopes extending up to 2500 m asl. and exposed to dry southerm winds;
7 — habitat of moist mountain meadows on deluvial permafrost free mountain cihernozems
occurring in the valley bottorm which is overshadowed by the N-tacing slope; 8 — habitat
of meist mountain being flooded periodically, on deluvial moumtain chernozems underlain
by permafrost in the valley bottorm nearby the N-facing slope; 9 — habitat ot marshy
mountaim meadows in the valley bottoms in sites of subsurtace and surtace rum-oft, on
swampy-gley soils underlaim by permafrost; 10 — habitat of subalpine grasslamds on moun-
tain dark chestnut parachernozems and alpine cryogemic chermozems, on landslides and cryo-
planation surfaces terrace flats occurring from 2400 to 2700 m asl.; 1i — habitat ot the va-
rlant of subalpine grasslands on mountain primitive dark chestnut parachernozems and on
shallow cryogenic parachernozems developed in sheltered SW-facing slopes and on cryopla-
nation terrace flats at altitudes of 2600—2700 m asl,
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