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PREFACE

The scientific co-operation of the Institute of Geography and Spatial
Organization. Polish Academy of Sciences, with the Institute of Geo-
graphy and Geocryology, Mongolian Academy of Sciences, resulted in the
Polish-Mongolian Physico-Geographical Expedition to the Khangai Mts
(Mongolia) in the summer seasons of 1974 and 1975. The expedition was
led by Kazimierz Klimek.

Important contributions were made by the expedition members to
the understandiing of natural environmental conditions prevailing in the
southern part of the Khangai Mts, where few studies of this kind have
as yet been made. Some of the results of geological, geamorphological,
climatologiicall, hydrological and pedological research have already been
discussed. Most of the articles were published in the Bulltéitin of the
Polidh Acartenry of Sciencees, 1975 and 1977. The present collection is
the first out of a set of volumes of Geograppivialal Siwikes devoted to
selected physiographic problems in Mongolia.

This book to which numerous authors have contributed was elabo-
rated editorially in the Department of Geomorphology and Hydrology
of the Mountains and Uplands, Polish Academy of Sciences in Cracow.
We would like to express our thanks to Dr. Sylwia Gilewska for the
tramslation of the book and critical comments. Dr. Grace Claiire-Ddlarow-
ska and Prof. Dr. Tomasz Komormicki helped us in tramslation of two
chapters (on vegetation and soils). We are indebted to Mrs. Maria Klim-
kowa for the drawing of figures and editorial assistance.

Kaezitmeerz Kidimek
Leszzik SStenfkel



NPEAWUCNOBUE

B pamkax HayyHOro COTpyAHHMYECTBa Mexay WHCTUTYTOM reorpacdmm Teppu-
TopransHol opraHusauwnm Tlonbckoit' akasemmm Hayk u WHCTUTYTOM reorpadum
MU reokpuonornm (MepsnoTomegenna) AkageMumum Hayk Mouronmckod HapoaHoit
Pecny6nvkn, B feTumx cesonax 1974 u 1975 roaos B ropax Xauraa (MoHronms)
pabotana MouHrono-nomsckas (GUIKKO-reorpadhnieckas JKCNEAnLUs, PykoBOAU-
TefieM KOTOpOW Obifi Kasnmex Kaumex.

YuyacTHnkn JKCneauuMu BHEC/IMN 3HAYMTENbHBIM BK/1ag B H3y4YeHHE l'llpllpO]J,HOﬁ
cpeapt €1a6o ewi€ UccaeoBaHHOIO HOXKHOTO CKAOHa XaHras. HekoTopwie pesynb-
TATbl MCCMEAOBaHWIi B O6GnacTu reoforuu, reoMopdonormn, KIUMATONOIAM, TU-
ApOROIMK M MOYBOBEAEHHA ObLNK ONMYONMKOBAHBI B HECKO/IbKMX CTATBAX, I/IABHBLIM
o6pa3om B Bionnetene Tonbekod akaaemmmu Hayk 3a 1975 u 1977 rr. Hacroawmii
ToM [eorpadpsiecknx TPYAOB OTKpbIBAET Cepuid ny6auxaumit, MOCBALLEHHBIX
u3bparHbiM fipo6ieMamM @usmueckoit reorpadun MOHroAMM.

KHMl‘a, B KOTOpOﬁ NPUHUMANO YYaCTHe MHOro aBTOpOB, 6bina MOAroTOBJIEHA
K neyatu B OTaene reoMoponorum U rufiposiorMn rop u Bo3BbilBEHHOCTEH WH-
CTHTyTa reorpadmm ¥ TeppuTOpmaNLHO# opranmsauwm IlonbCko#i akageMmm Hayk
B Kpakose.

Mb! BbipaxaeM Hamy 6naropapHocTh O-p CunbBum ['mneBckod 3a mMepeBof
KHUTK U KpUTHYecKme 3ameqaHms, a Takxe a-p [peiic Knep-JdomGpescxoii u npod.
Tomamly KoOMOpHAKOMY, KOTOpbie NepeBenn ABE [aBbl — O PACTUTENLHOCTH
M nousax. Ml Takxke oueHb 0643aHbl MarmcTpy Mapwu KnumkoBo#d 3a Buimon-
HeHHe UAAICTpaumi M NOMOWL B NMOATOTOBKE KHMIM K MEYaTH.

Karuwee Kaumex
JTewrex Crrrapiens



KAZIMIERZ KLIMEK

I. MAJOR PHYSICO-GEOGRAPHIICAL FEATURES
OF THE SOUTHERN SLOPE OF THE KHANGAI MOUNTAINS

The Khangai Mountains are lying at the boundaries between two
large structural-orographical units; the mountains of East and South
Siberia and the plains of Central Asia (Aleksandrovskaya et al. 1964).

The main Khangai ridge extends about 700 km southeastward. It
reaches on average 3000—3500 m asl., the elevation of Otgontengrii, the
highest peak, is 4031 m asl. (fig. 1). The undulating Seouth-Khangai
Upland borders the Khangai Mountains from the south. It is cdharacte-

Fig. 1. Position of the Khamgai Mts

I = plains-plateaws ana rift valley betiems situated belew 1000 m asl.: 2 — wndulating
plateaus and piedmonts extemdimg betweem 1000 and 1500 m asl.; 3 — moumtains and uplands
rising above 2000 m asl.
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rized by hills rising from 1500 m asl. at the margin of the Gobi to 2700 m
asl. at the foot of the Khangai (fig. 2). Mountains of intermediate height
form a wide belt on the northern side of the main Khangai ridge. Only
the Tarbagatai range (3238 m asl.) and the Bulnayn range (2600 m asl.)
attain higher elevations there.

The high relief of the southern Khangai reaching 1500 m over a dis-
tance of 40—60 km accounts for this clear orographic line in central
Mongolia.

The Khangai Mountains, together with the northern piedmont com-
prise an elliptical tectonic block which is the western continuation of
a larger unit referred to as the Khangai—Kheni®i (or Momgelitan—Trans-
baikaliam) fold system (fig. 3; Sonenschein 1973; Fillipova et al. 1973).
This is a synclinoriumm which contains thick series of Devonian and
Carboniferous sediments interbedded with continental veoleanic and clastic
rocks of Permian age. Numerous post-orogenic granite—diorite intru-
sions of either Lower or Upper Paleozoiec age are assoeciated with the
ruch deformed sediments. The western part of the Khamgai Bleek is
alse bordered for econsiderable distances by gramitie roeks. The yeunger
strata eonsist of basalt eaps and flows. These are ferming the summit
areas and are alse exposed in the valleys. The eldest basalt is dated at
7=12 millien years. The yeunger basalt is Heleeene (Kezhevhikev et al.
1970; Kerina et al. 1974).

In the Khangai Block and in the southerly Baydrak Block mumerous
tectonic disturbamces caused their subdivision into minor umits. These
dislocations were initiated at the turm of the Juressic and the Cretaceous
(Khasin 1973). The present tectonic relief of the area discussed dates from
the Pliocene and the Quaternary (Khasin and Selivanov 1973). At that
time the southerm part of the planated Khamgai Block was faulted and
divided into smaller blocks, some of which rise to considerable heights.
At present remnamnts of this undulating Cretaceous—Lowet Tertiary pla-
nation surface are well preserved on the major watershed of the Khangai
and in the South-Khangai Upland as well.
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Fig. 3. Sketch showing the geological structure of the Khamgai Block
(according to L. P. Sonenschein 1973)

1 — Jurassic sedimentary series; 2 — Jurassic volcanic series; 3 — Permian deposits; 4 —

upper part of Khangai series; 5 — lower part of Khangsii series; 6 — Lower Carboniferous

deposits; 7 — Paleozoic sedimentany-wadloanic deposits; 8 — Lower Paleozoic sandy-shale

depasiits; 9 — Lower Cambriam deposits; 10 — Younger Mesozoic gramitoides; 11 — Upper

Palleozoic Khahgai granodiorite; 12 — Upper Paleozoic gramitic rocks; 13 — basalt cap; 14 —
fault lines

The southern slope of the Khamgai is a very clear structural-paleo-
geographical and geomorpiwlegical boundary. This is the expressiom of
a major fracture of the earth’s crust. At the foot of the Khangai this frac-
ture separates two tectonic-structural units of varying geological history
and of varying structure. The tectomic zone was still active durimg the
Pleistocene, and evidence suggests that tectomic movements are taking
place at the present day (Klimek and Rotnicki 1977).

During the Pliocene and the Quaternary the southerm border of the
Khangai Block was affected by intense tectonic movements which pro-
duced a high local relief attaiming 1500 m. This is typical of the moun-
tainous border of central Asia.

Many of the height differences are locally reduced by the Sowth-Khan-
gai Upland, and for this reason the southern slope of the Khamgai is
similar orographiically to the borders of the Khentei Mts and the Khub-
sugul Mts. The high relief of the southern Khangai is iespomsible for the
genetic varieties of the second-order relief features. The sumenit areas
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were fashioned by glacial and cryogenic processes. In the imtermediate
part fluvial processes were dominant, whereas fluvial and eolian sedi-
mentation took place at the foot of the mountains.

Because of the ‘“massive” appearamce and high relief the southern
slope of the Khangai reflects closely the boundary between South Siberia
and Central Asia. This boundary is expressed in changes of the climatical,
hydielogical, soil and geobotamical conditions. Within this boundary
zone the mountainous landscapes of South Siberia merge with the
plains—plateau landscapes of the Gobi.

The Khangai lies within the temperate latitude climatic zone. The
southern slope of the Khangai is the boundary between the cool confi-
nental mountain climates (with the charaectetistic belt-like arrangement
of thermal and molsture conditions) and the extremely continental tem-
perate warm climates of the Gobi (with zonal variations of thermal and
molsture conditions). At the foet of the moeuntains the continentality of
elimate is refleeted ehiefly in the large diurhal and annual temperature
ramges, in the low air humidity and the low ameunts ef preeipitatien
(240—280 mm) eeneentrated in the shert summer (eomp. ehapter 1V).
The high and eentrasting relief of the Khamgai faveurs the ocewfrence
of prohounced temperature inversions, s that severe elimatie conditions
are feund ef the seuthern meuntain slepe. 1A the feuntain fereland
Righ mean menthly terperatuies are reeerded (Galuut experiemees tem-
peratures abeve 18°C), But the mean annual aif temperature here is
= PEC. THE GALSE A€ e 10 Wiier tamperatures. i January ttefipre
Fatures fall to —3R€, the ahsale mimiiuR haky —448CC.

The almost complete lack of snow and cloud cover during the long
auturmm—wiiniter—spriimg  season favours both radiation and cooling of
the ground. The heat loss cannot be balanced by summer warmith, so that
discontinuous permafrost occurs in this area (Gravis 1974). Permafrost
here reaches its southernmast limit (46°30° ¢) in the northern hemisphere.
Patches of permafrost are found on north-facing slopes, and the cover of
permafrost becomes more complete at higher altitudes. Permafiost also
undetlies valley floors and tectonic basins where the presence of frozen
ground is controlled by the presence of ground water in the loose la-
custrine and alluvial fills.

The severe climatic conditions are the major factors controlling hy-
drological conditions, soils, vegetation and morphogenetic processes
occurring in the southermn Khangal.

Along the central Khangai ridge runs the Continental Divide between
the drainage basins of the Arctic Ocean and the endoreic areas of Cen-
tral Asia. On the southern side of the central Khangai ridge the degree
of continentality increases with increasing altitude. Precipitation amounts
decline, while mean air temperatures and evaporation values iricrease
(comp. chapter IV). In the summit area precipitation exceeds evapora-
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tion, so that a stream network can develop and surplus water is supplied
to lower areas (Dauksza and Soja 1977). In the lower part of the southern
Khangaii, evaporation exceeds precipitation and there are surface water
limitatioms. This area is drained by transitional streams which carry
water gained on the ridges and feed it into the mountain foreland. In
summet, thawing permafrost and rainwater floods cause locally greater
ground moisture.

In the southerm Khamgazi, soil formation was influenced by changes
of both climate and plant commumities with time. These factors were
complicated by altitude, slope aspect and type of bedrock. Camseguently
there occurs a great variety of soil types. These include primitive brown
soils (structure ground)), mountaim brown soils and mountain chernozem
affected by congelifluction as well as dark chestnut soils. Light chestnut
soils are found at the foot of the mountains (comp. chapter VI).

The southern slope of the Khamgai is the boundary zone between two
geobotanical provinces: the Euro-Asiatic province and the Central Asiatic
province (Grubov 1955) referred to as the mountaimous forest-steppe
“Khangai” province and the desert-steppe “Gobi” province (Yunatov
1974). Patches of a boreal vegetation with Lawix sibiiitéea and Pimuss sitigirica
which occur commonly in the northern Khangai here reach their south-
ernmost limits. In the southerm foreland of the Khamgaii steppes are
widespread. These belong to the Mongolian—Gobi formation with Ahie-
migitn and Stippa (Likicheva 1964).

Because of the marked continentality of climate and high local relief
(to 1500 m) a continental variety of the altitudinal zones of wvegetation
here is found (comp. chapter VIIL). A charactetiistic feature of the sowthern
slopes of both the Khangai Mts and the Khent®i Mts Is the occurremce of
a forest—steppe belt. At the same altitude there occur either patches
of larch forests or dry mountain steppes dependent on the orientation
of slopes (either facing north or south).

In the Khangai the varying tectonic and paleoclimatic conditions are
responsible for the production of various assemblages of landforms, sedi-
ments and weathering products being different from the present ones.
At the present time there is a tendemecy for the inherited landscapes to
become adjusted by exogenic processes to the actual conditions.

Because of marked height differences such elements of the geograph-
ical environment as climate, water and plant cover tend to change
rapidly with increasing elevations. Typical high-mountaimous tundra
landscapes with perpetual snow patches thus may occur within sight with
semi-desert landscapes.



KAZIMIERZ KLIMEK, RADNARIN LOMBORINCHEN, LESZEK STARKEL

II. HISTORICAL REVIEW OF PHYSICO-GEOGRAPHICAL
INVESTIGATIONS IN THE KHANGAI MOUNTAINS

The wide mountain valleys with good pastures easy of access may
explain why the nomads have lived in the Khamgai from early times,
although climatic conditions have been severe. The Khamgai has been
open to invasions of the Hums, the Turks and the Mongols (Gumilov
1960, 1967). To the east of the Khangai Karakorum the capital of the
ancient Mongolian imperium was lying. The early nomadic tribes knew
very well the physique of this mountain massif. At present herdsmen also
know where to build camps within reach of the water and pastures hav-
ing eptimur climatie eomnditions.

The first information about the physical features of this area was
provided, during the thirteenth century, by Marco Polo, Piano Carpini
and other explorers, but the systematic geographical investigations of
Mongolia (and of the Khamgai Mts) began no earlier tham in the nine-
teenth cemtury.

PREVIOUS INVESTIGATIONS OF THE NATURAL ENVIRONMENT

In the second half of the nineteenth century the Russian Geographical
Society began a systematic survey of the natural environment of Central
Asia. Research was also extended to Mongolia. The first explorers to
undertake physico-geopraphical problems of the Khangai were M. V. Pe-
vtsov, N. M. Przewallski, G. N. Potanim, J. G. Gronno and P. K. Kozlov.
These drew attention to the present belt-like distribution of emviren-
mental conditions and to the occurrence of former valley glaciations and
lake level oscillations. The history of vegetation in this area wasg also
studied.

Intense physico-geographical research began in 1921 with the creation
of both the Mongolian People’s Republic and the Mongolian Cammijttee
of Science, to be followed by the foundation of the first University in
this country (1942). During this time-span many Soviet and joint Soviet—
Mongolian expeditions were working in different parts of Mongolia
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and made notable geological and biological contributiioms. It is not possible
to mention here all names of those who completed maps, monographs,
reports and other contributions on the Khangai. Results of work were
synthesiized by Murzayev on physical geography (1952), by Kuznetsov
on hydrology (1968), by Marinov and collaborators on geology (1973),
by Selivanov on geomorphology (1972), by Gravis and collaborators on
geocryology (1974), by Badarch on climatology (1971) and by Yunatov
on the vegetatiom cover (1950). These syntheses provide general infor-
mation about the evolution of the Khangai Mts and their geographiecal
environment as well.,

In the present study, of particular significance were the outstanding
investigations of the vertical distribution patterns of natural phenomena,
especially the works by Gravis on permafrost (1974) and by Karamysheva
and Banzragch on vegetation (1977).

By about 1950 the need for more detailed study became apparent,
and research of small areas was initiated. The development of physico-
-geographical investigations was connected with the foundation of the
Mongolian Academy of Sciences. At the same time the demamd arose
for both recognition and evaluation of the natural resources for economic
purposes. Foreigh scientists are being invited to aet in eo-operation with
the young Institute of Geography, Mengolian Aecadery of Seieniees.

In the past two decades two internatiomal expeditions were under-
taken to carry out complex detailed studies of small areas situated in
the southern Khamgai. In 1960 the German geographets sent their expe-
dition to the Tsagan-Turufwiin-gol drainage basin. Haase, Richter and
Barthel from Leipzig have examined in detail the relief, soil, frost
action processes and plant cover in a small valley adjaeent te the Sant
valley in which the Polish-Mongolian expedition was working in 1974—
1975. The above mentioned authors dealt with the physico-geographieal
zoning of various phenomena on the northerh and southerh slopes of
the Khangai. The belts recognized are as fellows: the seree belt (Frost-
sehutizoir), the alpine and subalpine belt, the meuntain ferest-steppe belt
and the steppe belt (Haase et al. 1964). Various ecotopes were delimited
within the slepe eatenas. Attention was drawn to the dependemee of ha-
bitats upen permafrost eecurrence which in turh appears te be eontrelled
by slepe aspeet. A eharacteristic feature of rmountains having a eonti-
nental elimate is slepe asymmetry; the nerth-facing slepe is smeether
than the eppesite ene (Richter et al. 1963).

THE JOINT POLISH—MONGOLIAN EXPEDITION
The Polish-Mongolian physico-geographicsal expedition to the Khangai

Mts was organized by the Department of Physical Geograpiy, Institute
of Geography and Spatial Organmizatiom, Polish Academy of Sciences in



16

Krakow acting in co-operation with the Institute of Geography and Geo-
cryology, Mongolian Academy of Sciences in Ulan Bator. The expedition
was led by Kazimierz Klimek. Principal work was made in the sowthern
Khangai during two summer seasons (June—Augusi)), In 1974—1975. Stu-
dies were completed in April, 1976. A detailed report on the first Polish-
-Mongelian expedition to the Khangai was published in 1976 (Klimmek
et al. 1976).

This expedition included twenty Poles (17 scientific workers and
3 technicians) and three Mongols.

It was the aim of research (1) to gain a complex knowledge of the
physico-geographical environment in the Uldzeitu-gol catchment, and (2)
to outline the value of environmental resources for the economiec de-
velopment of this region.

The need for accurate data has resulted in the simultaneous studies
of all components of the natural environment. Thus information on the
interrelationships between these components was obtained in a short time.
Various aspects of Quaternary geomorphology and paleography and of
climatology, hydrelogy, pedology and botany have also been stiidied.

The study area extends from the central Khamgai ridge down to the
sub-Khamgai tectonic basins and exceeds 2100 k> Sinee detailed topo-
graphical maps were lacking, in 1974 field work was carried out primarily
along tramsects from the sumenit areas to the valley floors and aleng the
major valley. Furthetmoie, climatic and hydiolegical phenemena and
morphogenetic processes were currently measuied in a few sites. The
methods used in Mongolia have been worked eut in the Pelish Car-
pathians. In 1975 studies were eencentrated mestly on the altitudinal
zoning of various natural envirenmental facters.

In 1974—1975 four teams were working In different parts of the
study area. These were as follows:

1. The main camp, together with a meteotological station and a stream
gauging point was established at Mandal (at 2055 m asl.). This is within
the steppe belt, where the Tsagan-Turutuin-gol river emerges from the
Khangai Mts. Geomonpinlugiicell, hydiellegical, pedological and betanical
investigations were made in the camp’s surroundiings, in the Tsagen-Tu-
rutuim-gol valley and in the nearby Sant valley.

2. The Sant valley situated at heights of abeut 2100—2700 rm asl.
is 3 km? in area. It is carved into the mountain rmargin within the ferest-
-steppe belt. Detailed investigations here were carried out under the
direction of L. Starkel (in 1974) and of A. Kewalkowski (in 1975). An
accurate topographical map produced during this time as well as obser-
vations eompleted in spring made it pessible te selve the problem of Beth
slope eatenas and nerth-south asymmetry. Result of researeh will be pub-
lished under separate eever in Geegjr@blalal Stidies, Ne. 137.

3. Within the belt of high-mountain meadows a meteorological station
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(at 2650 m asl.) and a stream gauging point was established in the Olen-
-nuur valley in 1975. Geomorphollogical, hydrologieal, geobotanieal and
soil surveys were undertaken at higher levels in the Khamgai and in the
glacially modified valleys.

4. Within the dry steppe belt another meteotological station (at
1950 m asl.) and gauging point was established in the Bayan-Nwurin-khot-
gor Basin in 1974—1975. At the “Basin” station studies were comeerned
essentially with geemorphological problems of beth the teetonie sub-
-Khangai basins and the South-Khangai Upland searp.

The preliminary results of research are given in two manuscript vo-
lumes entitled “Report on research” (1975, 1976), and about 30 original
contributions to the physico-geographical problems of the study areas
were published in Balléétin of the Polish Acatbemny of Scineess, 1975, 1977.

Within the field of geomorphology and paleogeography, Polish imves-
tigations support the views of other workers (Kozhevnikov et al. 1970)
that extensive planation surfaces are associated with the suramit areas of
the Khangai (Starkel et al. 1975). The nature of the last glaciation and its
extent in the Khangai was recognized by Klimek and Sugar (1975) and
by Klimek (1977). In the mountain foreland large lakes are regarded as
having been formed contemporaneously with the last Pleistocene valley
glaciers (Klimek and Sugar 1975; Klimek and Rotnieki 1977). It was
found that the mid-Holoeene warming of elimate wag foellowed by
a cooler and drier phase. This began abeut 2000 yts B. P. ((Kewalkewski
et al. 1977). At higher levels extending abeve 2700 m asl. very asetive
eryegenie proeesses produee eryeplanation terraces on the slepes (Starkel
et al. 1975). The rate of present-eay slope processes was determined in
the marginal part of the meuntains (Kewalkewski 1977; Pekala 197§;
Pekala and Zietara 1977) and during the interesting thaw seasen (Fre-
ehlich and Stupik 1977).

Within the field of climatology, summer air temperatures were cor-
related along a vertical profile in the mountains (Brzeiniak 1977), and
diurnal variations of various climatic elements in summer were recog-
nized at the foot of the mountains (Avirmid and NiediwiedZ 1975).

Research revealed that hydrological phenomena are distributed zo-
nally and belt-like on the southern slope of the Khamgai. It was found
that there is a certain sequence of areas which differ in precipitation—
evaporation ratios, i.e. from P> E to P <<E (Dauksza and Soja 1977).
The way in which water is received by the Tsagan-Tukutuingol river
has been determined and the amount of suspended lead in summer
measuied (Froehlich and Sugar 1975; Froehlieh et al. 1975). Beth eccur-
rence and disappearamee of widespread ieings was observed iA $pring
(Froehlich and Stupik 1977).

Pedological studies revealed the presence of various soil types. Va-
riations in both physical and chemical properties of the solls allowed

2 — Vertical Zonality..,
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different catenas to be delimited. These depend on slope aspect and alti-
tude (Kowalkowski 1975, 1977; Kowalkowski and Lomborinchem 1975).
Numerous catenas show relict features. These are the effect of past con-
trasting climates controlling the processes of denudation.

Geobotamnical studies lead to the recognition of several hundired spe-
cies of plants. Furthermore, different types of habitats were distinguished
and related to other environmental factors in the rnargimal part of the
mountains (Kowalkowski and Pacyna 1977).

In the published contributions various physico-geographiical problems
of the study areas are discussed. In the present volume a broader cha-
ractetistics of the natutal environment of the southerm Khamgai is attempt-
ed by taking height-dependent changes as well as continentality of cli-
mate fully into account.



KAZIMIERZ KLIMEK

III. RELIEF AND PALEOGEOGRAPHY OF THE SOUTHERN
KHANGAI MOUNTAINS

Relief is important in controlling local variations of other emvirom-
mental components within a mountain region because of high local relief
and varying slope aspect.

RELIEF AND PALEOGEOGRAPHY OF THE SOUTHERN KHANGAI

Within the Uldzeitu-gol drainage basin the southern slope of the
Khangaii occupies a belt, 40—60 km wide. This area may be subdivided
into two minor zones which owe their present nature to contrasting com-
ditions of the past.

The intermal zone, 10—20 km wide, comprises extensive flat surfaces
which have been dissected by deep glacial cirques and U-shaped glacial
troughs (fig. 4). These surfaces occur at three levels being constant in
height (fig. 5). The highest surface forms a plateau on the major water-
shed, where it rises to about 3400 m asl. This plateau includes both flat-
tenings, up to 5 km long and 1—1.5 km across, and conical residuals, up
to 100 m high. In places the watetshed plateau grades slightly into the
lower, subwateished plateau which reaches 3100—3300 m asl. This flat
surfaece attains widths of 5—10 km. Deep valleys and glaeier cirques
have divided it inte smaller isolated patehes which may extend ever an
area 3 kin by 5 km. At their euter margin, these flattenings give way
to broad mountain ridges (fig. 4). 1n general, the sub-wateished surface
has a relative relief of the erder of 100—150 m.

The high valley-side flattenings (2650—2850 m asl) are clearly de-
veloped along the Tsagan-Turutwiin-gol valley (fig. 4). They are also
found at the margin of the tectonic Bayan-Nuurim-iioigor Basin. These
flattenings are most extensive in the interior of the moumfains, Where
the Barun Anag, Dund Anag and Dzun Anag valleys join, individual
patches of the high valley-side flattenings may extend over an area 4 km
by 8 km. This surface shows a clearly tramsvetse slope towards the ineised
Tsagan-Tutuituin-goll valley, but it dees net dip towards the meuntain
makgin.
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Fig. 4. Major features of relief of the southerm Khamgai in the Tsagmm-Turutuin-
-gol drainage hasin

1 — remnants of planation surfaces, a — upper watershed planatiom, b — lower watershed pla-

nation: 2 — residual hills rising above the upper watershed plateau; 3 — high valley-side

flattenings, 4 — upper edges ot both glacial cirques and formerly glaciated valleys; 5 —
axes of fluvial valleys ‘

On the outer margins of the slightly sloping planation surfaces series
of cryoplanation terraces have developed.

Within the internal zone of the Khangai the valley network shape
is rectangular. The valleys trend southeast and southwest. For the most
part they were modified by glaciers. Glacial cirques, 1—2 km across and
200—450 m deep, lie at 2900—3100 m asl. (Klimek 1977). These may be
damrmed either by a rock lip or by recessional moraines. Glacial cirques
pass into typical glacial troughs, 1.5—2 km wide and 300—500 m deep.
The larger glacial troughs ray attain lengths of 14—18 km, the smaller
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{1] At D )

Fig. 5. Planation surfaces developed on the southerm slope of the Khangal

fa — upper watershed pianation; Ib — lower watershed planation; 2 — high valley-side ilat-
tenings

troughs are 5—7 km long. Along the walls of the troughs lateral moraine
ridges are lying at 200—250 m above the floor. Downvallley, at the ter-
minal of the former glaciers, lateral moraines may merge with parallel,
crescent-shaped frontal moraimes. Recessional moraines oecur only in the
uppettnost parts of the glacial troughs.

The extermal zone of the Khangai is up to 20 km wide. The initial
slope of the Khangai has been deeply eroded into several isolated minor
mountain groups, and for this reason steep-sided ridges here are the most
important feature (fig. 4). Remnants of the sub-wateished planation sur-
face (3100—3200 m asl) can be followed for several kilometies on the
broad (to 1000 m) ridges. To the south this surface breaks off suddenly
on the steep searp of the Khamgai which rises abruptly from the tectenie
basins. Within the external zone of the Khamgaii, the high valley-side
flattenings (2600—2800 rm asll.) are generally well preserved in the summit
areas of the lower moeuntain groups. The surfaee discussed does net slope
tewards the feuntain fmargin. Te the west of the Tsagan-Turutuin-gel
valley, this surfaee is wide-spread on the less disseeted berder of the
teetonie Bayan-Nuurin-iihoiger Basin. Probably the flattened areas if
the Seuth-Khangai Upland, which extends in frent of the moumiling, 6an
be eorrelated te the high valley-side flattenings diseussed. These are,
Rewever, pesrly preserved aleng the Uldzeitu-gol george.

Within the extermal zone the east-west trending valleys have asym-
metrnical sides (Starkel 1975). North-facing slopes are straight in plan,
whilst the steeper opposite slopes are concave in plan with occasional
scarps and rock cliffs. The floors of the major valleys at 2100—2200 m
asl. are up to 1000 m wide. Around Mandal three rock-cut tertaces with
a gravel veneer are identified on the Tsagan-Turutwin-gel river at 8—
15 m, 20 m and 30 m (Starkel et al. 1975). The lowest tertace is very
well preserved on the left bank of the stiream. This tertace can be traced
downstreamh te the Bayan-Nuunim-khotgor Basin (Klimek 1977). Beoth
alluvial fan deposits and slope deluvia rest on the terrace surface along
the searp feet.
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Where the Khangai rises abruptly from the tectomic basims, small
alluvial fans tend to occur at the outlets of the funnel-shaped minor val-
leys. In places the southerm slope of the Khamgai passes umiformly into
a number of outliers above which the escarpment of the South-Khangai
Upland is rising.

SUMMIT FEATURES SUPPORTING GEOMORPHOLOGICAL DATING

No correlation deposits are preserved in the Khamgai Mts, and for
this reason it is not possible to date the surfaces considered. The only
evidence are Lower Cretaceous fine-grained deposits with coal seams
occurring nearby Khutshirt to the east of the mountaims as well as sand
and silt series of the same age which survived in the Orkhon graben.
These indicate that what is now the Khangai at that time was a levelled
surface only slightly rising above the surroundiings. According to Soviet
workers (Kozhevnikov et al. 1970; Selivanov 1972; Khasin 1973) Tertiary
tectonic disturbance of block type has been responsible for initiating the
rmountain rassif. Thus the Cretaceous—Lower Tertiary planation surface
has been raised. At present its relies are preserved in the suramit areas
of the Khangai at altitudes of 3000—3500 m asl. These areas have basalt
eaps of Upper Tertlary age (Kozhevhikev et al. 1970). On the nerthern
side of the eentral Khamgai ridge exposures iA the glaeial eirque walls
revealed that the basalt eap is 30—400 m thiek and rests en Beth higher
and lewer watershed plateaus being separated By a gentle slepe. This
may suggest lew rates of tectonie uplift of the eentral Khamgai ridge
during the Upper Tertiary. The fest extensive uplift eeeurted prebably
during the Quaterhary. IR Upper Tertiaky time the initial summit area
of the Khangai was an uhdulating upland surface with iselated residual
Rills, Raving a relative relief ef 200—300 m. Sueh a reliRf is teday typ-
ieal of the plateaus in eastern Mengelia. It appears that Pleistecene alte-
ration did net ebliterate the majer features of this inherited relief.

The high valley-side flattenings occur only in the valleys of the
Uldzeitu-gol and the Tsagan-Turuthvin-gol (fig. 4, 5) which run at right
angles to the central Khamgai ridge. The position in the landscape sug-
gests that this surface developed along the consequent valleys which
drained the Khangai toward the south. It appears that in the sowthern
Khangai there exist two major planation surfaces, and not one surface
as suggested by Starkel (1975). The great width of the high valley-side
flattenings (fig. 5, 6) and the lack of slope towards the meuntain margin
may suggest that this surface is in part due to tectomics. It developed in
a transverse tectonic deptession. Along this initial form eonsequent val-
leys were aligned runming direetly southwaid. The oeeurrenee of younger
tectoniies is clearly indicated by the presence within the internal zene ef
a wide depression whieh correspends in height te the flattenings diseus-
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Fig. 6. Sections across the Tsagan-Turutiuin-gol drainage basin

la — upper watershed plateau; 1b — lower watershed plateau; 2 — high valley-side flat-
tenings

sed. This depression, up to several kilometres long, is occupied by Lake
Khukhe-nuur. It is probable that such a distribution of the surface re-
flects the block structure of the area.

Planation surfaces can be traced from the southern slope of the Khan-
gai Mts to the South-Khamgai Upland. The upland surface dips towards
the Lake Valley. In this depression one planation surface was identified
at 1750 m asl. (Kozhevnikov et al. 1970). In the Tsagmm-Turutuin-gol
drainage basin the planation surfaces break off suddenly on the steep
tectonie scarp of the Khangai which rises from the Bayam-Nuurin-khot-
gor Basin. This indicates that the sub-Khangai rift valleys are due to
post-planation surface tectomics. If the lowest surface was in existence
in the “Eopleisitmsnee” (this word is Russian and means Upper Tertiary),
then the formatien of the rift valleys in the mountain foreland was at
least early Pleistocene. This eonelusion supperts the views of Kezhevni-
kev and ethers (1970, page 158) that in the Khangai the pesitien of the
Centinental Divide in early Pleistocene times was different frem the
prasent.

QUATERNARY VALLEY FEATURES REFLECTING YOUNG TECTONICS
AND CHANGES OF CLIMATE

The formation of the sub-Khamgai rift valleys provided greater relief,
and the external zone of the mountains was extensively dissected. Valleys
have largely destroyed the planation surfaces that have once existed
there.

These old surfaces now survive as a series of patches on the Tsagan-
-Turutwim-gol. Within the internal zone dissection was less effective.
Erosion has gone no further than incising the floors of the existing val-
leys. Remnants of the unrejuvemated old valleys cut slightly into the
lowest planation surface (fig. 4) can be found nearby Lake Khukhe-nuur
in the headwaters of the Uldzeitu-gol.

In the central part of the Khamgai the relief was strongly affected
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by Pleistocene glaciations. It is now nearly a hundred years since the
glacial landforms and deposits in this area were first recognized by Pevt-
sov (1883) and Potanin (1893), the results of whose work were summarized
by Marinov (1954), Marinov and Selivanov (1970). Kozhevnikov and others
(1970) and by Selivanov (1972). These writers postulated two or three
glaciations of the Khamgai and believed that ice caps here occurred dur-
ing the previous glaciations.

Recent field work in the Tsagan-Turuttmim-gel drainage basin (1974—
1975) made it possible to determine the nature of the last glaciation in
the Khangai (Klimek 1977; Klimek and Sugar 1975). Two generations of
end moraines belonging to the Last Glacial are found in the glacial
troughs. The older end moraines, 30—70 m high, extend down the valleys
to 2200 m asl. Their valley trains pass into the first terrace rising above
the aetual valley floor. The younger frontal moraines occur only in the
fajor valleys Raving deep and wide glaeial eirgues at their heads. Where
glaeial eirgques are shallow, A6 sueh moraines exist. The younger moraines
eomprise 6=9 ridges whieh attain heights of 10—30 . The twe genera-
tiens of moraines diseussed probably ecorrespond to twe stages of the last
Khangai glaeiation being separated by a lenger intervall. During this
{Rterstadial peried the existing glaeiers either disappeared esmpletely oF
survived enly iR the glaeial eirques. Sueh an interpretation is supperted
by the laek ofF younger end meraines i the valleys that have eseaped
glaeiatien Auring the seesnd phase:

At that time new glaciers developed in the valleys where orographic
and thermal conditions were favourable for both accumulation and pre-
servation of firn and ice. A characteristic feature is the seldom ooour-
rence of young recessional moraines in the upper parts of the repeatedly
glaciated valleys. This may suggest that very dry climatic conditions
prevailed during the final phase of the Last Glacial in this part of Asia.
Because of moisture defficiency the valley glaciers ceased to transport
raterials down the valleys and to deposit recessional moraines. Stagmant
glaciers and the areal type of deglaciation are also indicated by the fre-
guent pecurrence in the glacial troughs of a typical pitted ground moraine.

Glacio-fluvial sediments related to the Last Glacial are found below
the oldest terminal moraines within the internal zone and in the Tsagam-
-Turutuiim-gol valley within the external zone. Meltwater streams flowed
down this valley carrying sediments on to the mountaim foreland. In the
middle part of this valley the river passes into a deep gorge, and there
Is a break in continuity between the outwash fills above the gorge and
those below it. Probably the glacio-fluvial terrace which stretches back
to the older terminal moraines of the Last Glacial corresponds to the 8—
15 m terrace oh the Tsagan-Turutwingel in the Khangai foreland. This
teriace here consists of well rounded gravel and bouldets, up to 1 m
aeress. Sueh eearse glaeio-fluvial materfals were deposited by very pow-
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erful streams. These were proglacial rivers fed by meltwaters during
the maximum extent of very active glaciers. Probably, this outwash fill
was subsequently dissected by meltwaters which cartied a smaller load
during the final phase of glaciation. Thus the river was able to erode
the earlier outwash fill.

In the Bayan-Nuwrnimtkiatigor Basin the glacio-fluvial terrace discus-
sed above can be traced for several kilometres along the left bank of
the Tsagan-Tuwruthuiinggdl. This terrace passes into one of the highest ter-
races of a former lake which once occupied this basin (Klimek and Sugar
1975; Rotnicki 1977). Research in the adjacent Tot-Nuurin-kinotgor Basin
(Klimek and Rotnicki 1977) revealed that the toprmost lacustrine sedi-
ments were laid down about 17 000 years ago (M¥C = 17220 + 155 years
B.P.Hv).

The post-glacial period (Holocene) was one of lesser alterations of
the Khamgai valleys. At higher levels, where the glacial cirques and
troughs occur valley floor changes were minimal. At lower levels with
predominant fluvial features the older outwash fills were dissected. In
places channel reaches are also incised in bedrock.

In the major valley floors, especially in the Tsagan-Turmtuim-ggol val-
ley floor, traces of dry, now abandomed chanmels are observed. These
indicate that in former times the stream discharges were far greater than
they are now. The present streams tend to adjust themselves to the
existing channel features. It is likely, that in the immediate past the
valley floors were refashioned by catastrophic floods with a recurrence
interval of tens of years. Howevert, high discharges can also be related to
a more humid phase of the Holocene during which the present valley
floor relief developed. The valley bottora is strewn with blocks and
coarse gravels washed out from the valley fills. In former times this
debris was considered to be the youngest outwash deposit (Klimek and
Sugar 1975),

SLOPE FEATURES AS INDICATORS OF CLIMATE CHANGES

In the southern Khangai there occur slopes of different ages and of
different origins. Original slopes have been refashioned by various pre-
sent-day and past morphogenetic processes to a different degree.

Within the intermal zone rising above 2700 m asl. long slopes with
gradients of 10—12° separate the higher watershed plateam from the
lower sub-watershed plateaw. This distinctive landform assemblage is
the oldest feature in the southern Khamgwmi. Under cold climatic com-
ditions these slopes have been heavily modified by petiglacial proeesses.
Wherever lithologic eonditions were suitable series of eryoplanation fer-
races developed on the slopes. At the present tirhe frost aetion processes
and eengelifiuetion eontinue te modify sueh slopes (comp. ehapter VI).
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It appears, howewsi, that the intensity of actual processes is minor than
during the Last Glacial. The internal zone comprises both slopes of Ter-
tiary foundation and very young slopes enclosing the glacial cirques and
troughs. The latter slopes resulted greatly from the modification of the
older valley-sides by valley glaciers during the Last Glacial. Such slopes
are steep, attaining heights of 300—500 m. In places rock cliffs, and even
polished surfaces occur. At present slopes are being altered by iimtense
rock and waste fall. This process is controlled by slope aspect and joint-
ing (on gramite). The lower slope seetors and footslopes are covered with
fallen bloeks which tend to build up the lateral moraines along the sides
of glaeial tretghs.

The flanks of end moraines and of some lateral moraines which
consist of rock debris and clay are incised by numerous chanmells. These
are drained by ephemeral streamlets. It appears that the channels were
cut during a former phase of higher rainfall intensities.

Within the extermal zone (below 2700 m) the dominant slopes are
stream valley-sides. Slope evolution here was influenced by changes of
climate which took place during the Quatermary. Steep slopes occur
commonly. They are notched by ravins of corrasional type.

On slopes that have southerly exposures and a mountain steppe vege-
tation either blocky or granular waste covers occur. North-facing slopes
have patches of larch forest and a clayey-scree waste cover. Both litho-
logy and slope aspect control nature and thickmess of scree sheets to
a large degree. These slope aspect contrasts (asymmetry) may be so
strong as to produce quite different slope sheets in the east—west
running valleys (Starkel 1975; Kowalkowski et al. 1977). Under cool con-
ditions of the Pleistocene the efficacy of slope processes was greater on
slopes facing the sun that have been underlain by permafrost. This is
indicated by the presence on such slopes of both fossil congelifluction
lobes and rock falls (Kowalkowski et al. 1977), and of inaetive eryopla-
nation terfaces with a blocky-granulae overburden (Pekala 1979). The
clayey-seree sheets gave rise to parachermozems (Kowalkowski and Loim-
borinchen 1975). The north-facing slopes underlain by permafrost have
only a fine-grained overburden being affected by ereep.

The southern face of the Khangai shows steep slopes of tectonic origin.
Below the tectonic scarp, in the neighbourhood of the Tsagram-Turutuin-
-gol valley, where debris was efficiently evacuated cryopediments de-
veloped on granitic rocks (2100 m asl). These cryopediments pass into
the youngest Pleistocene terrace. From this one may postulate a cooler
and moister climate at the time of cryopediment formation.

Under the cooler and more humid conditions of the Pleistocene both
formation and transformation of the mountain slopes took place within
two different morphoclimatic belts. At this time, the snow line deduced
from lowest cirque-floor levels (Klimaszewski 1973) has been at about
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2800—2900 m asl. Since the summit plateaus reached to much higher
altitudes, they must have been covered with permament snow patches,
and here valley-type glaciers appeared. From the larger cirques glaciers
descended to much lower altitudes (2400—2500 m asl.) causing valley-side
modification. The presence of both fossil cryoplanation terraces at 2400 m
asl. (Pekala 1975) and fossil cryopediments at 2100 m asl, which tend
to form under similar conditions, implies a lower position of the peri-
glacial belt. Its lower limit fell to 2100 m asl. It seems that at that time
the whole Bayan-Nuurin-ihoigor Basin has also experiemced periglacial
conditions.

The post-glacial climatic warming has caused a rise of the snow line
of a least 600—700 m. The glaciers disappeared and the periglacial limits
moved upslope at the same rate. At present less intense frost action and
congelifluction processes as well as active cryoplanation terraces occur
only above altitude of 2700 m asl. (comp. chapter VI).

During the Holocene the rate of slope tramsformation is correspond-
ingly less. A more humid phase which occurred betweem 5000 and
2000 yrs B.P. (Vipper et al. 1976) within the northerm piedmont zone
may be expected to have had some effect upon the southerm Khangai as
well. At higher levels this wetter phase was matked by increased devel-
opment of ravines of corrosional type on the moraine ridges and bedrock.
The subsequent climatic cooling about 2000 yrs B.P. was accompanied by
inereased aridity. This resulted in both small-seale frost weathetring and
formation of fine-gralned talus below the rock cliffs that eccur within
the external zone of the Khamgai (Kowalkowski et al. 1977).
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IV. VERTICAL VARIABILITY OF CLIMATIC CONDITIONS
IN THE KHANGAI MOUNTAINS

The Khangai Mountains are situated in the southerm Khangai—Klhub-
sugul climatic region which experiemces moderate continentality and cool
and very cool winters (Badarch 1971; Gungaadash 1971). Jamwary mean
temperatures vary here from =15° to —25° the mean diurmal temper-
atures in July are not above 15°C, and the annual mean temperatures
are below —4FC. Precipitation amounts range from 230 tio 400 mum pEar
year. The Khangai rises from 2000 m to 3540 m asl., and for this reason
the climatic phenomena are arramged belt-like.

By using the classification of Koppen and Geiger (vide Bliithgen
1966) the southern Khangai foreland is classified as having a BS dry
steppe climate with cool winter. The mountains rising up to 2700 m asl.
have a DW — cold snowy forest climate with dry winter; annual mean
temperatures here are below —3FC, and July mean tamperatures aree
above 9—10°C. The mountain slopes and tops which extend above 2700
m asl. experience an ET — tundra elimate. Such conditions are typical
of continental areas where the mean temperatuie of the warmest month
is less than 9°C (ibbidar).

In Mongolia, the continentality of climate is reflected principally in
the wide variations of both annual and diurnal air termpetatnes. Ac-
cording to Ivanov's continentality index! (vide Awimmidl 1970), the in-
terior of the Khangai is determimed as a moderately continental regien
(value below 205). The southern slope of the Khamgai belongs te the
very continental regions (values between 205 and 250), while the sowth-
ern Khangai foreland is defined as a highly eontinental regien (values
above 250).

The values of Budyko's radiational index of dryness® (1971) range

t The index of continentality has a value of 100 when the continental i~
fluence is in equilibriurm with the oceamic influeneces.

= Budyko's radiational index of dryness (1971) is expressed by the ratie of the
net radiation available to evaporate water vapour from a wet surfaee to the Reat
requited to evaporate the mean annual precipitation.
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from 15 at Tsetserleg to 2.1 at Khuzhirt (steppe zone) on the morthern
slope of the Khangai and to 2.5 at Galuut on the southern slope. The lat-
ter index is greater than the value for the semi-deserts because of the
high values of the net radiation balance.

Summer temperatures are largely dependent on altitude and latitude.
The relationship between the July mean temperature and the height above
sea level (E), latitude (§) and longitude () for 30 stations can be ex-
pressed by

tvii = 62,2 — 0.0070 H — 0.648%p — 0.042)

The calculated correlation coefficient being r = 0.976 and the estimation
standard error Bgs — L.1.

The mean July temperature variations in the Khangai are shown in
figure 2. It appears that this temperature decreases with height at the
rate of 0.7°C/100 m and poleward at the rate of 0.6°C/1° of latitude.

The chapter deals with the height-contrwllled variations of tempera-
tures, with local air streams and with atmosphetic phenomena oocounring
on the southern slope of the Khamgai. Discussion of microclimatic prob-
lems will be based on data obtained from the Galuut and Tsetserleg
stations (Climatic Ammabl 1971).

Mesoclimatic data for the periods: 21 Jume—31 July, 1974, and 1 Ju-
ly—15 August, 1975, were collected at four sites situated at altitudes of
1950—3352m (tab. 1; fig. 7). The basic Mandal station was located on
the Tsagan-Turutwin-gol river where it emerges from the mountains,
at 29 above the valley-floor.

Table L Location of observation spots
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Fig. 7. The distribution patterm of thermal belts on the southerm slope of the
Khangai in July
1 — jsotherme of the mean July air temperature corresponding to boundaries of the their-
mal belts; 2 — the Tsagan-Turuxtiingol basin divide above Mandal; 3 — observation spet;
4 — lake; 5 — larch fores}; 6 — area with strong temperature inversions; 7 — area where
maximum air temperatures in July are always above 10°C, > 20% of days have t,.. > €,
and more tham 1% of days have ¢, . >25%; 8 — area where t.;, < 0°C occurs on more than
50% of days in July; 9 — area where maximum air temperature may drop below 0°C in July
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VARIATIONS OF SELECTED CLIMATIC ELEMENTS

CIRCULATION

The atmospheric circulation over Mongolia depends on a number of
factors including position in the continental interior, great distamce from
the oceans and the existence of mountain barriers.

In winter, Mongolia is dominated by the large Asiatic anticyclone
leading to very low air temperatures (to =3IFC), low dbouudiimess aandl
a total lack of precipitation. Sometimes warmer air masses coming from
China may disturb this winter high. Local cyclones causing snow fall,
strong winds and snow storms tend to develop then over regions where
the two contrasting air masses meet, especially in the mountains (Zha-
dambaa et al. 1967).

In the spring, i.e. at the beginning of April, the weather in Maongolia
is affected by the temperate latitude Asiatic front moving from the
south poleward. At this time a high of the polar continental type occurs
over eastern Siberia. Steep temperature gradients existing between the-
se two pressure systems lead to the formation of both wawves and local
lows along the Asiatic front. There also occur cold fronts which are link-
ed with the lows moving in the temperate latitudes over Siberia. In
spring the complex synoptic processes are responsible for the great va-
riability of weather Including cloud cover, temperature, pressure and
inereased wind velocities being accompanied by dust storms.

Summer is characterized by the increased activity of the souttherly
and southwesterly lows which often are associated with frontal zones.
These are slowing down over the mountainous regions, and for this rea-
son conditions are favourable for the formation of wave patterms. Marked
activity of the Asiatic front with cumulonimbus clouds, abundant rain-
fall and thumdetstorms occurs during this season over Mongolia. In the
Khamngai, sumeeé rainfall also is due te the intense convection of heat
on the motuntain-sides.

In autumm, as the high develops, the Asiatic front advances south and
southeast. Towards the middle of October the winter anticyclonal weath-
er regime tends to extend across Meongolia.

WINDS

In the Khamggi, the general direction of wind travel does not cor-
respond to that of the low-level winds. The movement of the lowest lay-
er of the air currents is largely modified by the surface configuration
and type of the ground surface. This interrelationship is illustrated by
the annual mean frequency of wind occurrence at Galuut on the sowthern
Khangai slope and at Tsetserleg on the northern slope of the Khangai
(Climadtic Amwabl 1971). At Galuut there prevail northern (14.6%) and
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northwestern (12.6%) winds, while southeastern winds are imcomsiderable
(1.1%). At Tsetserleg northwesterm (30.4%) and western (11.3%) winds
are dominant, whereas northeasterm (1.3%) and southern (1.4%) winds
less frequent. At both stations calms occur frequently: at Galuut 533%
and at Tsetserleg 31.6%.

The varied relief of the southern slope of the Khamgaii, and especially
the arrangement of valleys greatly affect the movement of air currents
in the warm season. Consequently, northerm, northeasterm and southwest-
ern winds prevail at the Galuut, Mandal and “Basin” statiomns. This
influence of local topography on the prewvailing wind direction was stated
In both research seasons of 1974 and 1975 (Avirmid et al. 1975, 1976).
Eastern and southeastern winds were least frequent there. At Olan-muur
northern, southernh and southwesterm winds were dominamt, whereas
southeastern winds occurred occasionally. A typical feature of the move-
ment of air is the variable frequency of calm occurrence within the
piedment basins and valleys (at Galuut 55—70%% and at “Basin” 15—
19%). This means that in the basins ineluding the Galuut and “Basin”
stations the drainage of air is rather impeded, wheieas the Tsagan-
Turuttvi-goll valley is freely ventilated (enly 2% eof ealms in 1974 and
0.5% in 1975). At Olen-Auur the observed pereentage value of ecalm
eceurrence was 20 in July, 1975.

Over much of the area there is a mountain-walley circulation regime.
At both Galuut and Mandal diurnal variations of the air currents (i.e. the
clockwise reversal of wind direction) were observed. During the day
upvalley, southwestern winds blew causing the convectional elouds to
develop over the mountain ridges. At night radiation caused eooling ef
the air which moved downvalley towards the sub-Khamgai basifs.

RADIATION

The annual total of sunshine received by the Khangai is 2680—2731
hours (data for Khuzhirt and Tsetserleg; Climaitic Anmwakl 1971). The
monthly sunshine values show little change throughout the year and
vary slightly from 225 to 300 hours during the menths March—October.
For the remaining part of the year the monthly totals are ne less than
100—150 houts, since Mongolla is dominated by the antieyelene.

At Galuut, on a horizontal surface, the global radiation value is about
136 kcal/cm? per year (Badarch 1972), and in the surroundimgs of Tsei-
serleg the correspongding value is 124 keal/em? per year. The glebal ra-
diation varies with the seasons from 4,2 keal/em? in Deeember te 18.2
keal/em? in Jume. The net radiation reaches values 6f 40—41 keal/em? on
the southern fringe of the Khangai and ef 30—38 keal/em? en its nerthern
fringe. Values of the radiatien balanee are negative frem September
until February. The highest values of 8.5 keal/em? are feund iA July. 1A
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July, 1974 the radiation balance at Mandal reached a value of 7.6 kcal/
/em2, and in July, 1975, it was 9.6 kcal/cm2. The corresponding values
of the albedo of the steppe surface were 23 and 21%. Measurements
made in July, 1974, revealed that during the daytime about two-third of
the radiation balance is spent in heating the air through turbulent heat
exchange, and about one-third of the radiation balance is available to
evaporation from the ground surface. About 0.09 cal/em® min are used
for heating the soil.

THERMAL CONDITIONS

Both annual averages from Galuut and Tsetserleg and data obtained
by mesurement of temperature distribution and its annual changes on
the southern mountain slope in 1974 (21 Jume—31 Jully) and in 1975
(1 July—15 August) give some impression of the temperature variations
in the Khamgai. The results obtained from different stations correlate
with those at Galuut, and for this reason it was possible to reduce the
July temperatutes recorded in 1974 and 1975 in relation to the obser-
vation period of 1957—1975 (Brzezniak 1977).

The varied relief has a marked influence upon air temperature in the
Khangai and in the piedmont basins. Consequently, the annual mean tem-
perature is =HFC att Galluwt im the soutthemn forekmmd of tihe moountains
and only =0QI'C =it Tstisarleg am tihe mantihern mountain depe. Aftsar
some modification to allow for the height difference of 420 m hetween
both stations it appears that the annual mean temperature at Tsetserleg
is some 2°C higher than that at Galuut.

Throughout the year the temperature differences between both stations
vary from 10.5°C in January to 1.8°C in July. The annual average max-
imum temperatures are 3.4°C at Galuut and 6.8°C at Tsetserleg. The
highest temperatures (19.3°C at Galuut and 21.2°C at Tsetserlksg) are
reached in July, while negative values are observed from November until
March. The annual mean minimum temperature at Galuut is by 6°C
lower than that at Tsetserleg (=651F0)) bemause off thee codtl air sbagoyadioon
in the Galuut Basin. The lowest mean minimum temperatures are record-
ed in January (=3222°C at Galuut and =2214°C at Tsetsetlkep). Positive
values occur only during the months Jume—August at Galuut and May—
August at Tsetserleg. Absolute maximurm temperatutes of 32°C (at Galuut)
and of 34°C (at Tsetsetleg) are recorded in July, and absolute minimum
temperatutes of —4BT ad —388CC azee obbeeweell imn Didecaibesr.

The work of Brzezniak (1977) has confirmed the belt-like arrangement
of components of the temperature régime on the southerm slope of the
Khangai. Data calculated for 46 days in 1975 indicate that the daily mean
air temperature varied from 13.8°C (at “Basin™) to 13.4°C (at Mandai)
and to 4.4°C on the mountain tops. i.e. on the Donoin-Dzun-Nutuu ridge.

3 — Vertical Zonality..,



.37

The temperature diminished with height at the rate of 0.7°C/100 m. The
same applies to the distribution of temperatures in the summer of 1974.
The daily mean temperature was then 14.4°C at Mandal and 14.6°C at
Galuut. The maximum, minimum and daily air temperature ranges also
decreased with height. In 1975 the average maximum air temperature
varied between 19.9°C (at “Basin™) and 8.3°C (on the Damcim-Dzuam-Nu-
ruu). The average vertical temperatute gradient was 0.5°C/100 m. The
highest average minimurn temperature of 7.0°C was recorded at Mandal,
while the lowest value of 1.1°C was found on the Domeim-Dzum-Nuruu
ridge. The diurnal mean alr temperatuie ranges decreased with height
from 14.4°C at “Basin” to 7.2°C on the Khangai rountaih tops. In the
research period the absolute maximurh temperatuie of 27.9°C was observ-
ed at Mandal, while the abselute minimum temperatuie of —7OC
eceurred on the Denciri-Daum-Nuruu.

Throughout the 24 hour cycle the highest temperature was recorded
at 16 h and the lowest temperatures at 6 h on the whole southerm slope
of the Khangaii. Temperature differences decreased with height from 12.3
(at “Basin™) to 9.2 (at Olon-nuur) and to 5.2°C (on the Daaim-Dzum-Nu-
ruu).

The extreme continentality of climate and the presence of a stationary
high in winter produces strong temperature inversions in Mongolia. In
Ulan Bator inversions occurred during 94% of all days in January, 1958
(Makhover 1967). Temperature differences were on average 14°C in the
lowest 960 m layer of air. These temperature inversions occur most fre-
quently in the lowest 250 m layer of the atrmosphere, where the temper-
ature differences may exceed 10°C on 73% of all days in Jamuary. In
the inversional layer temperature differences may reach as much as 32°C
(Zhadambaa 1972). In the Khamngai, January mean air temperatutes of
=1BT are likdly to amur st altitwdes of 2X0D—2600 m. The sbove diss-
cussed type of air temperature distribution in the mountzimous regions
of Mongolia persists throughout the year. Because of strong wintee in-
versions which have become known as a singularity of the mesoclimate
of Mongolia (Gavrilova 1974) the Khamngaii tends to be some 10°C warmer
than the surrounding areas. It is likely that even the highest mountain
tops are some 5°C warmer than the sub-Khamngai basins.

Measurements also revealed the occurremce of temperature inversions
in the summer season. For instance, on June 24, 1974, during a cloudless
night at 23 h a temperature of 9.7°C was recorded in the Tsag=sm-Turu-
tuin-gol valley-bottom, while 250—300 m further upslope the tempera-
ture was 2.7°C higher than that in the wvalley-bottom.

The inversional distributiom of minimum temperatures was detected
along the “Basin”"—Mamdall profile with a height difference of 105 m
(fig. 8). The inversions were associated principally with a slightly (in
0—30%) clouded sky with low-level clouds. Over the period 1 July-15



August, 1975, minimum temperature inversions existed on 65% of days.
Slight inversions of the order of 1.0—1.9°C were dominant. Most distinct
(5.6°C) was the inversion on August. The upper parts of the southern
Khangai experienced inversions only five times when the minimum tem-
peratures on the Donoin-Dzun-Nuruwm ridge were higher than those in
the Olon-nuur valley, a height difference of 702 m,

Throughout the 24 hour cycle temperature inversions began to de-
velop as early as 20 h (2.8% of inversion conditions in the “Basin'—
Mandal profile). As the cold air lake in the piedmont basin developed,
the inversion became more intemsive. In general, inversions occurred
most frequently early in the morning at 5—7 h (10.7—12.5%) when the
temperature differences showed a maximum of up to 7°C. Very slight
inversions (up to 0.9°C) and slight inversions (1.0—1.9°C) were dominant
(tab. 2).

In the summer season temperature inversions also occur on the north-
ern slope of the Khamgai (Beresneva 1977a). In minor depressions the
minimum temperatures were on average by 6°C lower than those on the
surrounding convex landforms.

The southern fringe of the Khangai experiences first frost at the
end of August or the beginning of September, while the last frost is re-
gorded in the first decades of Jume. The frost-less period in the basins lasts
on average for only 64 days (at Galuut). In the nerthern Khangai foreland



Table 2. Frequency of occurrence in the Khangai Mts of temperature inversions between the stations “Basin™ and Mandal (1 July—15 August, 1975)
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the frost-less period lasts for about 102—109 days. On the convex lamd-
forms it lasts about 50 days longer than in the valleys and basins (Beres-
neva 1977b). On the main Khamngai ridge with rises above 3300 m asl.
temperature may fall below 0°C during the whole day, even in July,
while above 3400 m asl. frost occurs on 50%s of days out of 31 days in
July.

A characterniistic feature of the area discussed is the marked length
of the thermal winter. It begins on average about 1 October and lasts for
201 days until 24 April at Galuut, but at Tsetserleg the winter begins
about 18 October and lasts for 171 days until 8 April. The growing season
with temperatuies above 5°C starts about 2 May in the Tsetserleg region
and towards the middle of May at Galuut, and lasts for between 149 and
124 days until 15—27 September. In the intetior of the Khangai at about
8250 m asl. the growing seasen is not present. The period when femper-
atures rise above 10°C lasts for between 73 and 98 days in the Khangai
foreland, and the totals of temperatuies for this period are $50—1300°C,
diminishing te zero at altitudes of abeut 2500 m with any thermall sum-
mer at all.

TEMPERATURES OF THE GROUND SURFACE AND SOIL TEMPERATURES

Slightly clouded skies are suitable conditions for marked differences
in both heating and cooling of the ground surface. The diurmal temper-
ature variations of the ground surface can be above 60°C. In Jully, 1974,
the very intense direct solar radiation caused the temperatures of the
dry steppe surface to rise as high as 60°C, wheteas at night temperatires
fell as low as 0.4°C. In 1974, the average diurmzl temperatuie ranges of
this surface reached 38°C with a maximum of 43.4°C and a minimum
of 5.5°C, diminishing te 3.3°C at 20 e soil depth. The lag time of the
soil temperature maximum was six heuis. Data ebtained for July, 1870—
1975, indieate that at Qaluut tefperature variations of the ground sur-
faee were abeve 50°C en 10% ef all days falling belew 26.2°C en 16%%
of days. Minima were belew —0.7°C and abeve 8.9°C en 10% of days.
Diurnal temperature ranges were abeve 46.9°C on 10% of days. fh the
higher part of the Khangai the July maxifauh seil temperatuies at the
Olen-Auur station (26560 m asl) were abeut 8°C lswer tham these at Ga-
luut. Sirmiladly, the minimur seil temperatuies were reduced By 6.7%6.
The average gradient between the “Basin® and Ol6A-Auur statiens was
=740 M. Diada @Red By M WwEments of the sall tEApEALIES
iR 1975 shew that the average values of the gradient between the Mandal
and Blen-Auur stations ranged frem =0.9%€/100 M at 50 cm seil depth
te =1loPEAD M A 11 G sl dspih. AY (e samé (ime sail AR i
differenees at 5—30 em soil depths diminished with height frem 8 at
“Bagin® t6 4.1 ai Mandah, and 8 2.9%€ at QIG-AYNF.



AIR HUMIDITY

Very low mean annual values of relative humidity (57%) are found
at Galuut and at Tsetserleg. The variations of monthly meam values of
relative humidity also are unimportamt. The humidity differences between
Galuut and Tsetserleg are of the order of 1—10% during the months
from March to October. In winter the values of relative humidity at Ga-
luut are about 8—11% higher than these at Tsetserleg. The lowest values
(i.e. the driest air) were recorded at Galuut in May (38%y) and at Tset-
serleg in April (47%). Both the annual and monthly mean values of the
saturation deficit alse vary only slightly. The differences in average
annual values between Galuut (3.4 mb) and Tsetserleg (3.8 mhb) is 0.4 mb.

The highest monthly values of the saturatiom deficit were recorded at
both stations in June (at Galuut 7.8 mb, at Tsetserleg 7.3 mb), while the
lowest values occurred in December and January (0.3—0.4 mb at Galuut
and 1.0 mb at Tsetserleg).

CLOUDINESS AND PRECIPITATION

Over the Khangai distinct variations in cloudiness occur with the
changing season. Cloudiness maxima are recorded in summer with only
4 clear days in July, while minima with 18 clear days prewvail in January.

Observations made at Mandal in the summer seasons of 1974 and 1976
revealed that a distinct daily maximum of cloudiness (72%) exists about
17 h due to the increased thermal convection on the mountain slopes.
The lowest cloud amounts are found at 2 h (45%). In the interior of the
mountains, during the daytime, cloud amounts are increasing from 6%%
at Galuut to 81% at Olon-nuut, the average daily cloudiness being 66%
and 72%.

From October until March the monthly precipitation totals do not
rise above 10 mm, and 67% of the annual amount fall during the three sum-
mer months from June to August. The southern fringe of the Khamgai re-
ceives 240—280 m of precipitation per year, and the interior of the mount-
ains receives more than 400 mm. At Galuut the differences in annual pre-
cipitation totals are up to 283 mm. In July, with an average of 78 mm,
rain amounts varied between 29 mm and 134 me. In July, the northeast-
ern slopes of the Khamgai receive. on average 100 mem of rainfall or
above. From May until October, the falls last for about 60 hours in the
Khangai (Kadyrova 1976). When compared with Galuut, the summer rain-
fall at Mandal varied between 154% (in 1975) and 22% (in 1974). In the
interior of the mountains it was 162% in the Olen-nuut valley and 208%
on the Donoin-Dzun-Nuruu ridge (in 1975). In the summer showers with
thunderstoitns tend to prevail, espeeially in the mountains. Over the
period 16 Jume—31 Jully, 1974, 13 days with thundeistorms weke recorded
at Mandal and 7 days at Galuut, of whieh two days were hail apd on two
days rainfall was abeve 10 mm.
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In the Khamgai the snow cover lasts for about 7 months, from Sep-
tember until April, its average depth being only 7 cm in March (BNMAU
1976). Galuut has 177 days with snow lying. In the higher parts of the
mountains, the average depth of the snow cover is above 15—20 cm (Ba-
darch 1971) inereasing locally to 1 m. On the south-facing slopes sublim-
ation tends to destroy rapidly the snow (Froehlich and Slupik 1977).
Above 3300 m asl. snow patches persist throughout the year.

THE VERTICAL DISTRIBUTION PATTERNY OF THERMAL PHENOMENA IN THE
KHANGAI

A review of the most important elements of climate shows that
a number of them undergoes marked changes with height. The most sen-
sitive and height-dependent element is the summer air temperatuie. In
winter the teraperatute variations are modified clearly by Invetsions, and
for this reason the July temperature forms the base of the following di-
visien. On the southerm Khangai slope the upper tree line (at 2700 m als.)
corresponds te the July isetherm of 9°C. Further limiting values fer air
temperatures at 2°C intervals are ecaleulated by using the elassification
method of Hess (1965). The thermall belts on the southerh slepe of the
Khangai (fig. 8, 9) are as follows:

¥ b K A [V 1 A s 7 ®»
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Fig. 9. The probability of occurremce on the southerm slope of the Khamgai of both
maximum and minimum air temperatures and of diurmal air temperature ranges

dropping below certain values (based on data for Jully, 1975). Brokem line indi-
cates extreme July values recorded at Galuwt, 1970—1975

A — The steppe belt reaches up to 2100 m asl. It has a July mean
temperature of above 13°C. The absolute maximur temperature exceeds
29°C. Temperatuies rise above 20°C on more than 30% of all days in
July, and the absolute minimurm temperatuies can fall as low as —1FT.
Frost is likely te occur on 2% of days, and on 25%@ of days the diurnal
air temperatuie ranges are about 15°

B — The lower forest-steppe belt approximates with an altitude of
between 2100 m and 2400 m asl. and has July mean temperatures of
11—13°C and absolute maximurn temperatures of 26—29°C. On 5—30%
of all days in July temperatures rise above 20°C, and 1% of days has
temperatuies above 25°C. Minimurm temperatuies can fall as low as
—3°C, and negative values are recorded on 2—4% of days. Diurmal air
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temperature variations of more tham 15°C occur on 11—25% of days.
This belt includes mountain steppe and larch forest communities on
north-facing slopes (comp. chapter VIII).

C — The upper forest-steppe belt extends between 2400 m and
2700 m asl. The July mean temperature varies from 9 to 11°C, and the
highest temperatures reach 23.5—26°C. On 2—5% of all days in July
temperatures rise above 20°C. Temperatures exceeding 25°C occur occa-
sionally in the lower part of this belt. At its upper limit minimum tem-
peratures can be —5°C, and frost is recorded on 4—10% of all days in
July. Minimur temperatutes rise above 10°C on 1—2% of days. Diurnal
afir ternperature variations of more than 15°C (2—11%) are still recorded
there. On the north-facing slopes larch forest patches are found up to
altitudes of 2700 m.

D — The high-mountain meadow belt extends between 2700 m and
3000 m asl. and has July mean temperatures of 7°—9°C, and 21—23.5°C
are the absolute maximum values. Temperatures rise above 20°C on
1—2% of all days in July, and maximum temperatures of up 10°C
are recorded on 10-—34% of days. At the upper limit of this belt minimum
temperatures can drop to —&6GFC, and firastt ik recorded am 100—2P04%
of all days in July. Minimum temperatures rising above 10°C are
absent. Diurnal air temperature ranges above 10°C are found on 32—
52% of days.

E — The stony mountain tundra belt approximates with an alltitude
of between 3000 m and 3300 m asl. The July mean temperature is here
5—7°C and the absolute maxima reach 18—21°C. Temperatures rising
above 15°C are recorded on 2—5% of all days in July.

Temperatures falling below 5°C occur on 3—15% days. Miimimum
temperatures can drop to =8FC. Frost cxcans amn 2035876 off digys. NIAi-
nimum temperatures exceed 5°C on 2—6% of all days in July. Diurnal air
temperature ranges exceeding 10°C are recorded on 9—32% of days. In
this belt the vegetation cover is poorly developed and pattermed ground
occurs in flat sites.

F — The scree belt extends above 3300 m asl. On the ridges the July
mean temperature drops below 5°C, being 2.8°C at 3540 m asl. The highest
temperatutes are 15—18°C, and temperatures below 10°C are domminant
(77—95% of all days in July). Temperatures falling below 0°C throughout
the day can occur even in July. Frost ds recorded on 35—60% of days.
Minimurm temperatutes rislng above 5°C are found en 1—2% of days.
Diurnal temperature ranges are small and variations of more than 10°C
oceur on 2—9% of days. Snow patches persist all year round.

The vertical July temperature distribution patterns on the swuthern
slope of the Khangai tend to reflect the major features of the plant cover
(Pacyna 1976), of the hydrological phenomena (Dauksza and Soja 1977),
of the soil cover (see chapter VII) and of the course of morphogenetic
processes (see chapter VI),



ROMAN SOJA

V. AREAL VARIABILITY OF HYDROLOGICAL CONDITIONS
IN THE TSAGAN-TURUTUIN-GOL DRAINAGE BASIN, SOUTHERN
KHANGAI MOUNTAINS

The Tsagan-Turutmiim-gol catchment is contained within the head-
waters of the river Baidarak which drains the southerm Khamgai. The
rivers here are characterized by seasonal contrasts in discharges. Low
flows prevail during the months September—May, while high flows pre-
dominate during the rermmaiming year, with peak flows influenced by
rainfall occurrence (Kuznetsov 1959). Comparative hydrographs for two
streams draining the southern slope of the Khamgai are shown in figure
10. The annuwal variation in rumoff from the Tsagmm-Turutuin-gol
catechments is likely to be tramsitional between the two streams. The
Tsagan-Tutuituin-gol (Kuznetsov 1968) receives its water principally from
rainfall concentrated in the summer season (50—60% of the amnual
runoff value), from ground water supply (15—20%) and from smowmelt
(15—20%). W. Froehlich and others (1975) concluded that both springs
and icings are clearly important for water supply. It seems, however,
that springs and icings have particular significance at the lowest stages,
but they are unimportant throughout the year.

Fig. 10. Mean monthly discharge coefficients for two rivers drainimg the soutthern
Khangai (based on data by BNMAU 1975)
1 — Ongin-gol; 2 — Tchingestein-gol
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In the Tsagan-Turutiin-gol catchment the hydrological cycle is greatly
controlled by the marked precipitatiom deficiency. In the southern moun-
tain foreland, precipitation amounts are 200—300 mm per year (Baatar
and Rossomakhim 1968). On the mountain ridges average annual precipi-
tation cam be 500 mrm in the wetter years. The precipitatiom gradient
is 5 mm per each 100 m increase in height (ibidem). The area éxperiences
a summer rainfall maximum (more than 60% annual total), and the pre-
eipitation gradient at 2000—3350 m asl. is slightly less than 10 mm/100 m
(Dauksza and Seja 1977). In the highest sumpnit areas showfall is recorded
even in July (Brzezniak 1977). The evaporation and runoff values for the
southern Khangai eatehments have beeh ealeulated by Seviet werkers
(Kuznetsov 1958, 1968; The glodwll waitsr balantee.. 1974) It is assumed
that petential evaperation if the seutherh foreland of the Khangai exceeds
500 men, but R the eentral Khamgai ridge it is abeut 200 rm 66rre-
spending te evaperatien.

In the Khangai rumoff values vary from 50 to 100 mm wznetsov
1959) dependent on the precipitatiom amount in the given year. There
is a general southerly decrease in runoff. In the mountain foreland run-
off is less than 200 men, the rumoff coefficient is 0.1—0.2 (The gjlebal
vaiter balanpee... 1974). These data indicate that to the south all of the
hydiollogical parametets are clearly changing. The individual values may
be open to doubt, but the hydieollogical cyeles appear to vary with altitude
Inereasing in the mountains and with aridity inereasing southwaid. Thus
It was possible to distinguish two hydiollogieal regiens in the Khangal
(Kuznetsov 1968): a region of peremmiall rumoff production and a regien
of deereasing runoff.

It is difficult to draw a line of demarcation between the tweo regions.
Does this boundary correspond to the clear geomoupiwlogical boundary
between the mountains and the sub-Khamgai basins of has the region
from which perenmial rumoff is produced moved nerthwaidks? Another
problern arises from the fact that controlling environmental factors are
highly complex in the two regions. There is the possibility that belt-like
variations in hydiwllogical conditions eccur in the mountaimows region
due to varied relief and height-dependent variations in elimatie eondi-
tions.

The present characteristics of the basic features of the hydrological
cycle is by no means complete and only a broad interpietatiion is attempt-
ed. This is based on data collected along tramsects and on results of
measurement made at thiee gauging points in the Tsaganm-Turutuin-gol
drainage basin in summer, 1975. The gauging points were installed:

a) at Olon-nuur at the outlet of a partial watershed (33 ke?) drain-
ing the central Khamgai ridge,

b) at Mandal lying in the Tsagan-Tutufiuingwl drainage basin I
(1362 km?®) where the river emerges from the mountains,
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c) at “Basin” point situated at the lower end of the Tsagpm-Turutuin-
-gol drainage basin 1I (2180 km?).

Between the Mandal and “Basin” gauging points the river crosses the
wide Bayan-Nuurim-khotgor Basin, and no streams do contribute to its
flow there,

All the Tsagan-Turutuiim-gol catchment is underiaim by discomtinuous
permafrost. The reported thickness of permafrost is 7—24 m, the active
layer may be up to 3 m thick (Lonzhid 1966; Grawvis 1974). In the moun-
tainous part of the catchment, at 2100—2500 m asl., larch forest, 62 km?
in area, occupies the north-facing slopes. Steppes and meadows are dom-
inant, and tundia prevails on the mountain ridges. Cryoplanation ter-
races occurring in the summit afreas, glacial eirques, laterall and frontal
moraines and the flat bottorn of the Bayan-Nuwrit-khoigotr Basin are of
majot impertance in the hydiwlegical eyele. Slope aspeet is important
lecally for the storage of moistuie. Nerth-facing slopes are wetter than
south-faeing slopes. Differenees vanish in the sumpmit areas.

RUNOFF

Records covering the period 1 July—15 August, 1975, show that runoff
values were above the average after a winter period of heavier than nor-
mal snowfall. Runoff values for 1975 are also high when compared to
those for summer, 1974. At Mandal, the minimum dischatge in the sum-
mer of 1974 was 0.67 m%/s (Froehlich et al. 1975), while the correspond-
ing value for 1975 was 5.0 mi/s,

Table 3. Runoff values for the Tsagan-Turutwim-goll drainage basin
L Julpy-15 August, 1975

* Measurements taken above the lakes.



The characteristics of stream discharges for the Tsagrpm-Turutuin-gol
catchment basin are given in table 3. Runoff values reported in cubic
metres per period of record were 2.01 million m? in the Olon-nuur catch-
ment, i.e. 2.5% of the rumoff value at Mandal and 3.0% at “Basin”. At
the latter point the rumoff value was by 13 million m? or 17% lower
than that at Mandal. Chanmel flow here decreased downstreamm due to
evaporation from the inundated plains, streamm water supply to small
lakes and water storage in the alluvial fill of the Bay=am-Nuuring-khotgor
Basin. Both rumoff and mean diurnal discharges diminished dowrnstream
along the profile Mandal—“Basin”, and at Mandal maximur discharges
were 2.5 times lower than at “Basin™ (tab. 3). Comparison revealed that
minimuem, mean and maximum speeifie runoff values for the Olom-fuur
catehment were higher than these for the Tsagan-Turuluingel cafehment
at Mandal. The above variations are alse demonstrated by estimates of the
water storage eapaeity in the partieular eatenments (by using Maillet’s
fermula) fer

a) a period following three snowmelt floods (first half of July, 1975),
and

b) a period following floods caused by excessive rainfall (first half
of August, 1975).

The two types of floods that separated the periods of reduced channel
flow were charactetized by similar total rumoff and maximur discharge
values. The amounts of water which were gravitationally contributed to
the streams during the first period were as follows: 3.6 mm (0.12 million
m3) at Olon-nuur, 1.77 mm (2.3 million m3) at Mandal and 1.8 mm (3.9
million m3) at “Basin™. It appears that the amount of water per unit area
which can be stored in the Olon-Auur catehment lying at higher eleva-
tions was twice as large as i the lower lying areas. Large amounts of
water coming from the mountainous part of the Tsagam-Turutuin-gol
catchment were alse stored in the Bayan-Nuurit-khotiger Basin (i.e. be-
lew Mandall). During the second period of reduced flow the amount of
water whieh here was stored was unimportamt. while the reverse ocour-
fed in the Olen-Auur drainage basif.

It appears, that the Tsagan-Turutwin-gol catchment includes two re-
gions of conteasting runoff volumes under the strong influence of environ-
mental factors. The lower part of the catchment includes the sub-Khangai
basin (below Mandal) and corresponds to Kuznetsov’s region of decreas-
ing runoff. It seems probable that during periods of very high flows this
part of the catchment can be viewed as tramsitory with equal values of
water input and losses. Data ebtained from Olen-nuue and Mandal show
that the southern part of the Khangai corresponds to Kuznetsov’s region
frem which rumoff is produced preferentially. The Tsagamn-Turutuin-gol
eatehment 1 (above Mandall) is eomplex and eomprises partial watersheds,
a few tens of square kilometres in area, whieh provide ephemeral run-



Fig. 11. The Tsagan-Turutlingull draimage basin (above Mandal)

1 = water divide; 2 = perennial stream; 3 — stream flewing &ea&ammny § = lakes and
ponds; 5 — forest; 6 — streamm gauging point; 7 — point of repeat L oS, 8 —
altitude

off. Spatial variations in the rumoff values from the mountaimous Tsa-
gan-Turutiuin-gol catchment may be a reflection of the heiglht-dependent
changes in both precipitation and thermal gradienfs. In this part of the
Tsagan-Tukutiin-goll catchment superimhposed on the climatically con-
tiolled variations are the influences of relief which are themselves re-
flected in the specific runoff values. These may vary with eatehments of
gimilar sizes, but (1) occurring either in the southerh of northerh part
of the Tsagan-Turuituin-gol drainage basin and (2) differing by basin al-
titude. The eontrol of both basin lecation and mean basin altitude has
been eonfirmed by the results of discharge measurements. Speeifie
runoff values ramged from 0—7.5 Is-km? on the seuthern meuntain
fargin in partial watersheds eovering 60—200 k® to 15—18 Wiés-km?
in the nAerthermist, high-mountaimous part ef the Tsagam-Turutuin-
-gol drainage basin. Smaller partial watersheds (30—40 km? here
provided perenmiall rumoff, whereas to the south identieal ecatehments
produce rumoff oeeasionally. It was found that in the small eateh-
fents whieh gained water from the eentral Khangai ridge the speeifie
runoff values were related te basin size. For instame, in the cafehments
Ne. ttt, 1V and V (fig. 11) eevering 80—110 km? specific runoft values
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on 12 August, 1975, were 14.0—15.8 Vs « k2. Discharge measurements
made in their partial areas revealed by 30% higher specific rumoff values.
In the partial catchments greater than 150 km?, the specific runoff values
are less clearly related to basin size because of different emvironmental

and hydielogical conditions.
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Fig. 12. Specific runoff value in relation to average basin altitude

1 — partial watershed receiving water from the central Khangai ridge; 2 — the other
watersheds

In summer, by 50% higher specific runoff values were found in the
partial watersheds that drain the main Kbhangai ridge having a glacial
relief (fig. 12). For instamoe, specific rumoff values on 6 August, 1975,
ranged from 15.4 Vs+km? in the glacially modified Donoin-gol water-
shed (300 km?) to 7.4 Vs+km? in the Ikh-Tsokhiot watershed (275 km?)
showing no traces of glaciation. The lower specific runoff values here
reflect the interaction of lower altitude (fig. 11), location in the inter-
mediate part of the mountains and a lack of water bearing glacial de-
posits.

The general patterm is one where

1) the highest specific runoff values correspond to the central Khan-
gai ridge including the uppermost part of the Tsagan-Turuttuiim-gol drai-
nage basin,

2) by 30—50% lower specific rumoff values mark the intermediate
part of this catchment with a perenmial stream flow,

3) the lowest specific rumoff values occur in the lower part of the
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Tsagan-Turuttuin-gol drainage basin (above Mandal) with both perennial
and ephemeral streamflows.

In summer, the water balance is positive in the Tsagmm-Turutuin-gol
catchment extending above Mandal and negative below Mandal,

SURFACIAL HYDROLOGICAL PHENOMENA

The glacially modified relief of the mountaims, permafrost occurrence,
high local relief (up to 1500 m) and steep gradients combine to produce
the areal variability of the surfacial hydrological phenomena in the Tsa-
gan-Turutwin-gol drainage basin.

Within the Bayan-Nuurin-kfhotgor Basin which contains the lower
part of the Tsagan-Turutwim-gwl catchment examined (below Mandal)
with a negative water balance there occur small lakes and swampy areas
associated with streams. Epherneral lakes occupying small thermokarst
depressions are formed by thawing of frozen ground (Babifiski and Grzes
1975). The hill- and mountaim-sides of marked relief (to 800 m) which
surround the inland basin are dry. Footslopes may be incised by small
valleys owing a great deal to storm rainfall. In the Bayam-Nuurin-khot-
gor Basin ne stream water is supplied to the main chanmel, and no ephe-
meral springs do oceur there. Hydiological phenomena vary markedly
within the meountainous part of the Tsagan-Turutuingol drainage basin I
(abeve Mandal). In the fleers of the deep and narrew valleys ieings may
persist until summer. A the Main valley ieings are feund te 2000 m asl.
Thawing ieings supply water te seasenally wet greunds eeeupying valley
flesrs. th the lewer part of the eatehment, perénfialy wet grounds are
due te greund water sutflew, while in it§ upper part sueh greunds are
asseeiated with water flewing dewnsiepe frem the flat meuntain teps.
The glaeially medified valley flgers iR which grass grews hxuriantly
Rave meisture iR exeess, and glaelal eirques may be seceupied By lakes.
Wet greunds alse eesur in the MBUAIIA FdRS gt elevatiens éxeesding
2600 m asl. ©n the Righ eeniral Khangai ridge Rydiogical prensmena
are arranged Beli-like.

Spatial variations are discussed along a tramsect from the Domnoin-
-Dzun-Nuruu ridge (3350 m asl) to the Olon-nuur valley (2650 m asl.;
fig. 13). The flat summit area which receives great amounts of precipi-
tation is rather poorly drained because of its varied microrelief, and there
Is a tendency for water to collect in the form of ice. Consequently, de-
pressions amid stony accumulations tend to be filled with water in swm-
mer, even during 2—4 mrm rainfalls, Water is overflowing from one de-
pression down to another. Because of this high storage property of the
summit plateau dewnward mevement of the water te deeper sites may
eontinue fer several days. Thus water is supplied to the meuntain- and
valley-sides. These alse reeeive water frem bloekfields (fig. 13) with
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Fig. 13. Tramsect from the Donoin-Dzun-Nuruuw ridge (3350 m asl.) to the Olon-
-nuur valley (2650 m asl.)

1 — surface runoff; 2 — through flow and interflow; 3 — cryogenic holes; # — depth to water
level in the cryogemic holes (in e¢m)

spaces that contain winter ice melting throughout the summer. At lower
elevations (below 3100 m asl.) water running downslope tends to satu-
rate the uppermost thawed layer of the waste sheets. Thus small ponds
may be produced on the slope benches. Intense creep which affects the
water saturated slope deposits may inhibit perenmial drainage formation.
Traces of shallow stream channels are found below 2800 m asl.

On the smooth, sloping surfaces which extend below the steep valley-
-sides cryogenic holes 2 are widespresd. These may occupy 30% of such
surfaces. The depths of holes are shown in figure 13. It appears that the
cryogenic holes are clearly important in the hydrelogical cycle. Through
the cold season when soil temperatures fall below zero these holes are
single, closed reservoirs. Through the summer meltwater trapped in the
holes infiltrates slowly the peat and clayey sheets making its way to the
lower holes and, finally, to streams and ponds which occupy the closed
depiessions. Duting the thaw season, i.e. at the beginning of July, the
depths to water level within the holes varied from 0 to 50 cm. After
rainfall whieh occurred in August the cryogenic holes were campletely
filled with water. Its discharge took place in a uniform manmer. It appears
that the sterage capaeity of areas comprising cryogenic holes is high in
eontrast to other areas.

# The word is Polish and means small vertical-sided pits probably formed
by upfreezing stones in the active layer.
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In the lowermost part of the tramsect discussed (fig. 13) there occur
shallow, drained ponds which may store only 250 000 m3 of water in the
Olon-nuur catchment. The south-facing slopes here are completely dry,
and no traces of running water are present, while on the opposite slopes
at 2800 m asl., the soil is water saturated. Such marcked contrasts occur
en the central Khangai ridge toe elevations of 3000 m asl.

The distributiom, discharges and temperatures of springs do not vary
with height. Because of shallow permafrost only a few springs are found
in the mountainous part of the Tsagan-Turutwim-@ol drainage basin. Ephe-
meral springs predominate. Most of the springs emerge in the lower
slopes of both alluvial fans and lateral moraines. In the mountainous part
of this catchment hot springs (20—55°C), rich in sulphur ecempounds,
emerge along the fault lines.

VERTICAL VARIATIONS IN WATER TEMPERATURES

The temperatures of stream water were recorded continuously at
three gauging points. It appears that the monthly averages and the lowest
values of the mean diurnal water temperatures in July, 1975, were always
lower than the corresponding values of air temperatures along the whole
Tsagan-Turutuiin-gol river (tab. 4). E. Brzezniak (1977) found that the

Table 4. Mean monthly air temperatures (according to E. Brzeiniak 1977) and corresponding
water temperatures [*C] in the Tsagan-Turutwin-gol drainage basin

Drainage basin, July 1975

air temperatures were closely correlated with the elevation above the level
of the sea. The water temperature/altitude relationship is more complex.
The height difference between Mandal and Olon-nuur is 600 m, and
the variations in mean monthly water temperatutes are 3.0°C. The
height difference between Mandal and “Basin” is 100 m, and ths
variation in mean monthly water temperatutes is 1.9°C. The river lengths
between Olon-nuu¢ and Mandal and between Mandal and “Basin” are
essentially similar. In the mountains the river receives cold water, but

4 — Vertical Zonality...
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in the piedmont basin it is warmimg up rapidly. Water temperature
tends to exert a strong influence on the thermo-erusiom of the river
banks. Particularly in the Bayan-Nuurin-kihotgor Basin, where cemditions
are most suitable, the above process is very intense (Klimek 1975).

In general, stream water temperatures at Olon-nuur were about 2—
3°C higher than at adjacent sites. The cause was warmer water received
from the cryogenic holes. The temperature of the topmost water layer
here resembles more ground surface than air temperatunes. In the eryo-
genic holes the warming up water produces “warm water pockets” within
the active layer and causes a rapid thawing of permafrost.

Slope water temperatures recorded along the tramsect from the Do-
noin-Dzun-Nuruu ridge to the Olon-nuur valley were highest between
2900 m and 3100 m asl., and decreased to zero at lower elevations where
the slopes exhibit congelifluction Jobes.

CONCLUSION

In the Tsagan-Turuttuin-gol catchment the water balance is positive
in the mountains and negative in the mountain foreland. The line of de-
marcation corresponds to the morphological boundary of the mountains.
Summer floods control the total annual runoff. In the mountain foreland
covering some 800 km?® runotf diminishes then by 20%. It is probable
that water losses will be far greater downstream.

In the mountainous part of the Tsagan-Turutwiim-gol drainage basin
there height-controlled zones have been delimited.

In the highest, intermal zone both temperatures and precipitation
amounts favour perenmial runoff production. This zone comprises partial
watersheds with mean altitudes exceeding 2800 m asl. The watersheds
occupy about 32% of total basin area extending above Mandal and only
17% of basin area extending above the "Basin” gauge. During the period
of record these partial watersheds contributed 60% of the total runoff.

The intermediate zone includes partial watersheds of mean altitudes
of 2500—2800 m asl. These watersheds may produce ephemeral runoff.
They occupy 42% of total basin area (above Mandal) and contribute 30%%
of total runofi.

The lowest, extermal zone comprises partial watersheds of mean alti-
tudes to 2500 m asl. These watersheds occupy 23% of basin area, but
contribute only 10% of total rumoff. Such watersheds occur in the mar-
ginal part of the mountains with highly varied hydrological conditions.
South-facing slopes are extremely dry, whereas north-facing slopes are
moister and forest-covered. Partial watersheds, up to 100 km? in area,
are drained seasonally. In the drier years the hydrological cycle in this
part of the Tsagan-Turutwin-gwl catchment can be similar to that in the
mountain foreland having a clearly negative water balance.
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In the southern Khamggii, the varied hydmological conditions show
a belt-like arrangement which reflects the altitudinal zones of both ther-
mal and precipitation conditions (Brzezniak 1977) and of permafrost
occurrence (Gravis 1974). The altitudinal zonation of hydiwlegical con-
ditions is reflected in the variability of both rumeff values and surfacial

hydidiegical phenomena.
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VI. PRESENT-DAY SLOPE MODELLING IN THE SOUTHERN
KHANGAI MOUNTAINS

On the southern slope of the Khamgai the morphodynamic belts cor-
respond to the bioclimatic levels. Within these belts slope asymmetry
is important in controlling the assemblages of morphogenetic processes.
Both speed and course of the processes depend on climatic conditions and
on the varied structure of bedrock because granitic and metamorphic
rocks as well as basalt caps and flows are present in each of the belts.

From the height-dependemt march of thermal phenomenz (Brzezniak
1977), the distribution of present-day permafrost (Gravis 1974) and the
altitudinal zones of vegetation (Karamysheva and Banzragch 1977) which
control the belt-like arrangerment of both physical and chemical processes
(Richter et al. 1963; Haase et al. 1964; Pekala and Zietara 1977) on the
southern slope of the Khamgai the following distinetive morphoclimatic
belts can be derived:

1) the belt of stony high-mountaihm tundra (above 3000 m asl) and
meadows (2700—3000 m asl), with continuous permafrost;

2) the forest-steppe belt (2100—2700 m asl), with discontinuous
permafrost on north-facing slopes and strong process contrasts depending
on slope aspect;

3) the steppe belt (below 2100 m asl.), with permafrost islands in the
valley floors.

The position of boundaries among the different morphoclimatic belts
is controlled by slope aspect.

PRESENT-DAY MORPHOGENETIC PROCESSES IN THE SUMMIT AREA

Summit plateaus attain a width of several kilometres and extend
down from 3500 m to about 2400 m asl. in a series of steps. Both rounded
ridges and narrow crests occur at lower levels. Structutal control is
expressed In the accordance of ridges with the jointing of bedrock.

The granitic sub-watershed plateaw of the Donoin-Dzun-Nurum is
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about 2000 m wide and to 4000 m long. It is slightly convex and smeooth
(3°) and has an extensive cryoplanation plain with pattermed ground
forms (sorted circles). These indicate that at present frost sorting is tak-
ing place in the active layer. Its thickness in July 1977 was 1 m. The
mesh of sorted polygons is irregular, and stones predominate. The cen-
tral areas have a concentration of clay with abundant granular waste
and stones (2—20 em in diameter) and bear a primitive brown soil. This
is eovered with moss and lichens (Kowalkowski 1977). The sorted poly-
gons vary in size. The mesh size of smaller forms is 4 m across. The bor-
dering tabular stones tend te dip at various angles being largely in the
vertical plane. In general, stones are forming the bordering depressions.

Frost action processes contribute to size sorting of both blocks and
fine particles in the waste because of repeated freezing and thawing.
This fractional sorting involves upward movement of fines which may
include clay-size particles. Thus circular, clayey with fine debris islands
are formed amid blocks of varying size. Such forms have been described
by Jahn (1975) as embryomic pattermed ground. Even if embryomic forms
occur in the Khangai, different stages in their development rmhay be re-
cognized.

The summit cryoplanatiom plain on granite passes into slopes with
a series of cryoplanation terraces. The summit cryoplanation plains on
basalt are almost flat. They also have sorted pattermed ground forms.
Their mesh is more regular than that on gramite. The size range of stones,
i.e. of columnar joint blocks is similar (0.5—1.5 m). The size range of
fines forming the central areas also is similar. Nearly 30% of the mass
are rock fragments measuring 0.5—1.0 cm across.

These sorted polygons owe a great deal to cracking caused by the
freezing strain of basalt. On closer analysis the cracks are seen to be
located along joints. Further frost sorting in the contraction cracks leads
to the formation of sorted polygons beeause cracks favour comeemtration
of sorted blocks (Jahn 1975). On the cryoplanatiion tertace edges the sort-
ed polygons are less well developed, and contraction craeks are present.
These are the forerunners of polygons. It seems that sorted pelygon for-
mation here is retarded by drier conditions (lower water level, free drain-
age of the aetive layer by valleys).

On the basalt-capped sumrmit plateaus, cryoplanation flats are sepa-
rated by edges from the cryoplanation terraees occurring at lower levels.
On north-facing slopes the scarps are marked by froest-riven eliffs. At
their bases snow-banks tend to persist until July. It is likely that pre=
sent-day nivation processes cause the extension of the flats.

It appears that in the interior of the Khangai proecesses of ground
swelling and frost cracking are most impoertant in fashioning the swmmit
plateaus. Intense physical weathering results in roek desintegration. IA
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summer, chemical weathering attacks gramite causing the decomposition
of feldspar. The fines are carried away by eolian processes. Thus blow
outs are produced on the clayey-blocks islands.

In the summit areas the processes discussed above are responsible
for the formation of extensive cryoplanation plains being stepwise ar-
ranged. These developed within the older planation surfaces (Seliivanov
1972; Sukhodrovsky 1975), and grade into the mountain- and valley-
-sides having convex stepped profiles. Cryoplanation flats on granite and
metarnobphic rocks are discordant features, whilst on the basalt caps they
approximate to primary structure (accordamee). On dissection, the hori-
zontal fissures and columnar jointing eof basalt determined the formation
of secarps and edges which separate the sumrmit eryoplanation flats from
the slopes.

ALTITUDINAL ZONALITY OF SLOPE FORMS AND SLOPE SHEETS

In the interior of the Khamgaii, within the stony mountaim tundra belt
the development of slopes under periglacial conditions is related to pri-
mary slope form and mechamical composition of the waste covers. Within
this belt the following slope varieties can be distinguished:

1. Steep walls enclosing glacial cirques and troughs bear thim, blecky-
-scree sheets in their upper portions. The overburden tends to thicken
dowmslope. Below the walls materials derived from upslope are accumu-
lated.

2. Mature slopes on granite have concavo-convex profiles. Slopes on
basalt are straight in plan and pass with a concave sector into the foot-
slope. Such slopes were affected by very strong periglacial influences
during the Pleistocene valley glaciations. In the gramitic area slopes are
mantled with scree and clay. In the basaltic area slope sheets consist of
blocks and scree.

Within the forest-steppe belt, slopes are classified into the following
types:

1. Mature, asymmetnical slopes being concavo-convex in plan occur
in the east-west trending valleys. On south-facing slopes scree and blocky
sheets were encounterad, whereas north-facing slopes bear clayey-block
and blocky sheets. These occur mostly on upper slopes.

2. Steep slopes undermiimed by rumming water are either with or with-
out a thin block and scree cover increasing in thickmess on the lower
slope.

The steppe belt camprises:

1. Straight slopes of tectonic origin bearing blocky-scree sheets. Such
slopes are locally rejuvenated because of local base level changes.

2. Slopes resulting from fluvial erosion have sheets which consist
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either of clay and scree or of clay (Kowalkowski et al. 1977). Such sheets
occur commonly on metamorphic schist. Structwre-comtmilledi single
tors, scarps and edges are found on the cryopediments,

PRESENT-DAY SLOPE MODELLING IN THE MOUNTAIN TUNDRA BELT

The steep walls of both glacial cirques and throughs are fashioned by
physical weathering processes and mass wasting. Consequently, the upper-
most parts of the rock walls become smoother (46—58°). and the lower
parts are built up by talus. The stony waste is removed by dirty ava-
lanches in the spring and by rainwash in the summer. The frozen ground
favours sliding of the rocky debris. Bedrock striatioms and grooves oooumr-
ing on the mid-slopes indicate intense processes of corrasiom. Both sepa-
ration and removal of slabs of rock is controlled by jointing of the bed-
rock.

The lower scree slopes are modified by rapid sliding of dirty ava-
lanches which erode tracks a few metres deep. Ridges developed heside
the tracks are characteriistic features of avalanche deposition.

By strippimg off scree and blocks mass wasting reduces the slope gra-
dient to 34—48°C, and a concave sector occurs only at the foot of slope.
Below the north-facing slopes debris accumulations are found. The debris
is thought to have moved down over the snow patches which tend to
survive in sheltered sites.

In the interior of the Khamgaii, the fashioning of the majority of slopes
on granite and basalt is atributed to dominant processes of physical weath-
erimg, various kinds of gravity mass movement (largely congelifluction),
deflation, washing out of fines and slope wash (Zietara 1976a) oocurring
under past (Pleistocene) and present periglacial conditions. At present
the slopes that are underlain by permafrost have reached the mature
stage in their development.

The concavo-convex, stepped slopes of the Donoin-Dzun-Nurum are
a fine example of mature periglacial slopes on granite (fig. 14). On the
upper slope cryoplanation terraces occur. The mid-slope has storme-banked
congelifluction lobes, and on the lower slope both congelifluction lobes
and terraces are found. The higher jointconttolled cryoplanation terraces
sloping at 14—18° outwatd attain widths of 100—400 m. The lower cryo-
planation terraces are wider, while gradients are lower (to 8°). On these
flats frost sorting gives rise to stony cireles which are frequently elon-
gated parallel to slope tread.

The terrace scarp edges of 25—30 m have “imbricated” blocks of
varying size. These are attacked by physical weathering processes (mostly
exfoliation) producing various microforms. Granular waste is also formed.
Such processes are most important in the spring and summet. The waste
is swept away by rain.



Fig. 14. The concavo-convex slope of the Donoin-Dzun-Nuruw fashioned wunder
periglacial conditions the Khangai (by T. Zietara)
i = granitie bedreek; 2 = eéryeplanation ferrace edges 6ri angular granite blocks; 3 — sunted

polygones; ¢ — stony stripes; 5 — congelitfluction lobes; 6 congelifluction terraces; 7
cryogenic ‘“‘windows™



Pioat. by K. Pekata

Phot. L. The extemsive summit plateau developed on the central Khamgai ridge

(3300—3400 m asl.) has a scare high-mountaim tundra vegetation cover and nu-

merous pattermed ground forms. Higher cryoplanatiom terraces with marked edges
and glacial cirque walls are seen in the far distance

Phoot. by W. Fréedetiitch

Phot. 2. In the marginal zone of the Khangai the wide floor of the Tsagmm-Turu-
tuin-gol valley is strewn with coarse alluvia. In the distamce the steep wvalley-
and mountain-side are occupied by the mountain steppe



Phot. by K. Klkimek

Phot. 3. Upstreamm view of the Tsagan-Turuttuiin-goll valley, where it emerges from
the mountaims. Observe the well preserved edge of the Pleistocene terrace bearing
slope sheets (right) in the sub-Khamgai rift-valley

Phoot. by K. Klkivek

Phot. 4. A roche mountonne in the floor of a formerly glaciated valley in the
Khamgai. The blocky lateral moraime occurring in the backgroumd is dissected by
ravimes, now dry



Pioot. by T. Zigitema
Phot. 5. A cryoplanation terrace edge with imbricated gramitic block

Piioat. by T. Zigtara

Phot. 6. Sorted polygon on a cryoplanatiom terrase oceurrinig on the eentral ridge
(internal zone) of the Khangai



Piott. by K. Pekiala
Phot. 7. An interfluve in the densely dissected marginal zone of the Khangai

Pioot. by K. Pekala

Phot. 8. Frost-riven cliffs are rising above the fossll cryoplanation terraces in
the marginal zone of the Khangai at 2700 m asl.
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I Hydrological conditions are of great importance in the fashioning of
the he mid- and lower slope sectors by congelifluction lobes and terraces.
In tin the summer of 1975 permafrost occurred at depths of 0.5—1.2 m. See-
pagoage of meltwater from the terrace edge bases facilitated the formation
of stf stony stripes and lobes which spread fan-like, and of lobes with mark-
ed fed frontal stone banks.

T The lower, concave-stepped slope sector is being fashioned by com-
gelitdiifiluction producing crescent-shaped terraces and garlamds. The clayey,
vegeregetation-covered terrace surfaces have cryogenic “windows” 4 (Zietara
1971971) and debris islands. These holes are the sites for collection of moi-
stursture and thus the sites of most intense frost action.

1 The development of slopes on basalt slightly diffferemt from that im
gran‘ramitic areas. In the upper slope sector cryoplanation benches and terra-

Fijg Fijgz. 15. Stages in the development of a mature slope on basalt, the Khangai
(by T. Zigftara)
A —4 — sod-covered congelifluction lobe; B — downwarnd movememt of the lobe Is arrested

by thy :tiie growing stone bank; C — rupture of the vegetation cover releases a flow of debris
which levels the slope; D — formation of stone-banked lobes

* See note 3, page 48.
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ces are found. Terrace surfaces slope gently at 8—14°, The mature slope
on basalt is stepped and straight in plan (fig. 15). The footslope is com-
cave. Congelifluction terraces occur locally where the displaced masses
contain about 50% of clay. On the basaltic slope congelifluction lobes
tend to develop, and constricted congelifluction occurs there (fig. 15 4).
The length of lobes overriding humus-vegetation covered surfaces may
reach 50 m. Stones may move downslope faster than slow flowage of the
fine matetials forming frontal banks (fig. 15 B). The dowawatd movement
of the masses is arrested by the growing stone bank. The sod cover may
be ruptuied in places releasing a flow of fine debris of similar size. This
debris tends to smoeth the stepped slope profile (fig. 15 C). Slepe wash
also ean level the slope steps. Reek partieles are further commminuted
by frost aetion and repeated mass movement produees small stone banked
teriaces (Jahn 1975). At later stages stone-banked lobes give rise 6
a stepped slepe being straight iA plan (fig: 16 D).

On the granitic and basaltic ridges there are found cryoplanation ter-
races which developed under severe climatic conditions (Boch and Kras-
nov 1951; Reger and Pewe 1976). The occurrence of cryoplanation ter-
races in both an active state and an inactive state (at the lower elavations)
in this area strongly suggests that changes of climate took place in the
immediate past (Kowalkowski et al. 1977).

Cryoplanation terraces are found on mountain-sides on ridges and
on flattened mountain-tops which extend above 2400 m asl. These ter-
races are best developed above the upper tree line and comprise a series
of bench-like features sloping at 12° outward to the searp edge. Cryopla-
nation tertaces ramge in width from a few metres to several hundred
metres. The height of scarps (fig. 16) is up te 75 m (Richter et al. 19683).

Fig. 16. Scheme of cryoplanatiom terraces developed on a residual hill, the Del-
gerin-1khe-Nuruy massif (by K. Pékala)
A — patterned groundd on a north-facing slope; B — pattermed ground om a south-facing

slope; 1 — permaforst layer; 2 — clay with fine angular rock fragmemts, highly water sa-
turated;; 3 — fine, angular rock fragmemts; 4 — soil (humus horizom); 5 — stone circle
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PRESENT-DAY PROCESSES OCCURRING IN THE FOREST-STEPFE BELT

The forest-steppe belt developed near the lower margin of the Khan-
gai. Slope asymmetry is distinct in granitic and basaltic areas. Discomti-
nuous permafrost underlies forest growing on north-facing slopes (Pekala
and Zietara 1977)-

The fashioning of south-facing slopes is largely influenced by physi-
cal weatheriingg. This is accompanied by sheet- and rill-wash, whilst creep
of the active layer is significant on north-facing slopes. On the granitic,
south and southwest-facing slopes selective weathering and removal of
waste products is responsible for the formation of numetous structure-
-controlled benches, tors, and even of hard-tock ridges (fig. 17). On ba-
saltic slopes, processes oriented laterally permit slope foot erosion at the
level of flat-floored valleys. This levelness extends headwaids (fig. 18)
and the resultant slope is eoneavo-gonvex in plan.

The mid-sectors of north-facing slopes have smaller gradients (to 32°)
than those of the south-facing slopes (38—42°). On the latter slopes nu-
merous tors occur. Deluvia and colluvia accumulate in the alley floors.
The valleys that are drained by streams flowing only seasonally (e.g. the

Fig 17. Slopes on gramite developed within the forest-steppe belt; the Khangai
(by T. Zietara)
1L — granite; 2 — hard-rock ridges on aplite veins; 3 — talus cones; ¢ — waste sheets



Fig. 18. Concavo-convex slopes on basalt developed within the forest-steppe belt,
the Khangai (by T. Zietara)

1 — basalt; 2 — waste and proluvial sheets; 3 — residuals (tors); # — avalanche tnacks:
5 — stream cihannel

Sant valley) tend to be locally modified by congelifluction and stream
erosion (Pekala and Zietara 1977). Below 2300 m asl. the dry steppe belt
has inactive congelifluction lobes because of moisture limitations and re-
duced frost action. The various slope processes are distributed seasonally.
They are most effective in spring and wet summer after a heavier than
normal winter snowfall (Pekala and Zietara 1977).

Within this zone evidence of both former congelifluction and former
intense block disintegratiion by frost action is found on southern slopes.
This is deduced from saucer-shaped, corrasional valleys (Starkel 1975; Pe-
kala and Zietara 1977). In the valleys the stone-banked congelifluction
lobes were overriding older lobes consisting of clay and scree.

The other evidence are cryopediments found in the valleys which
were cut in granite. Both similar developmental mechamies and meorpho-
logically similar features allow the cryopediments to be grouped with
the cryoplanation teriaees. Cryopediments sloplng at 5—12° oceur above
2100 m asl. at the foot of south-faeing slopes. These flats eonsist of selid
granite which in the lower part of a cryepediment bears granular deluvia
ineluding buried chestAut seils (Kewalkewski et al. 1977; Starkel et al.
1975). For this reason the eryopediments are sub-fessil forms whose edges
are farked by reliet tors. There alse eesur stone streams, and Eolhgvial-
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-torrential fans have accumulated at the mouths of small, dry side-valleys.
The cryopediments pass into the 8—15 m fluvial terrace plain which formed
the base-level in Pleistocene times. It appears that at that time the cli-
mate was wetter and cooler than today to allow the development of cryo-
pediments. The major part of their formation is attributed to frost, break-
ing up the bedreck and comminuting debris to smaller particles thus fa-
eilitating the downslope removal of the waste.

Within the forest-steppe belt, alteration of the relict moraines is tak-
ing place. Their flanks consisting of clay and blocks are refashioned by
creep and ploughing blocks due to needle ice growth and water satura-
tion of the ground. The downslope collapse of single blocks may also be
the effect of piping. deflation and burtowing activities of animals. Dur-
ing the thaw season and heavy rainfalls the supersaturated granular wa-
ste with roek debris tends to flow dowmnslepe. On the flat moraine ridges
the upheaving of bloeks and sorting of meraine depesits produees poly-
gons in meister sites, whilst in drier sites weathering eauses the break-
down of upward prejeeting bloeks.

PRESENT-DAY PROCESSES OCCURRING IN THE STEPPE BELT

Broad valleys and inland basins are widely distributed in this altitu-
dinal zone. The bounding scarps are often of tectonic origin, with rock-
fall and seasonal gullying being accompanied by deposition of large tor-
rent fans at the scarp foot. The actively uplifted tectonic scarps are affect-
ed by landslide movements related to intense earthquake activity (Zig-
tara 1976 b).

In generall, the mature slopes are concave in plan. Their lower sectors
have gradients of 10°, and the upper sectors are inclined at between 16—
20° depending on geological structure and stage in development. On the
upper slope numerous tofs and structuie-contwlied benches are found.
The footslope is mantled with sheets econsisting of washed materials
(Starkell 1975; Kowalkowskii et al. 1977). These indicate that wash is im-
portant in the aetual fashioning of the slopes. On the nearly bare surfaees
this proecess is accelerated by grazing cattle and herses. Deflatisn has
signifieanee on shattered metamorphic roeks (Rothieki and LOmberin-
chen 1977).

The broad basin and valley floors are underlain by discontinuous per-
mafrost which influences the present-day morphogenetic processes. Frost
action produces patterned ground forms which may occur in groups or
single. Their formation is controlled by the composition of the basin and
valley fills. Hydrological conditions are also important, for instamce, the
occurrence of hydreolaccolithes in oxbow-lake sediments (Rotnicki and
Lomborinchen 1977).
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RESULTS

The height-dependent differentiation in morphogenetic processes in
the southern Khamgai coincides with the occurrence of the altitudinal
zones of climate, vegetation and soils.

Within the piedmont steppe belt, slope wash, seasonal stream erosion,
piping and deflation are important in the fashioning of landforms at the
present day. On moister terrace flats frost sorting, frost heaving and frost
cracking may occur.

Within the forest-steppe belt, by far the most important process is
shee- and rill-wash. Seasonally occurring stream erosion and deflation
have greater significance in the summit area. Permafrost favours creep.
Congelifluction, piping, corrasion and saltation by uptooted trees are of
little importance.

Within the high-mountain meadow and tundra belt, periglacial process
influenced by the presence of discontinuous permafrost are of major im-
portance in the refashioning of the summit areas, of both mountain- and
valley-sides and of valley floors. This assemblage of processes involves
preparatory physical weathering, frost heavimg, frost sorting and frost
cracking occurring in association with congelifluction, wash, mass move-
ment, nivation, wind action and corrasion. The effect are @ryoplanation
terraces and stepped slope profiles. In both summit areas and valley floors
pattermed ground forms tend te develop. At present such forms reached
various stages in their development.

Slopes developed under periglacial conditions are irregular in plan
and levelled locally by processes being oriented up- and downslope and
laterally. Structural control is refleeted in the slepe ferm, slope angle
varying with slope sector, and in the assemblage ef different slepe pre-
cesses.

In the southern Khangai cryoplanation terraces are classified inte the
following types depending on the morphologically different features and
the different dynamics of the present-day cryogenic processes: meost
active forms, active forms, less active, fossil forms and sub-fossil forms.

The most active cryoplanation terraces occur on the central Khangai
ridge, within the mountain tundra belt which reaches above 3200 m asl.
Cryogeniic processes here are working areally and slope aspect is unim-
portant. Cryoplanation terraces are in the form of large summit flats
with a scree-block mantle. This matetial is underlain by shallow perma-
frost, and a typical feature is the seasonally abundant moistuie. On slop-
ing ground debris removed from the cryoplanation teriaces by congeli-
fluction tends to accumulate above the intervening scarps thus producing
stone-banked garlands. Piping removes the fines from the congelifluetion
sheets, and gravitation processes being alded by nivation transport the
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coarser materiial to the bottoms of glacier cirques and throughs. Debris
also tends to built up congelifluction terraces on the slopes.

The active cryoplanation terraces are found on mountain-sides and
on tops which lie south of the Continental Divide. On south-facing slopes
these landforms occur above 2900 m asl.,, while those on north-facing
slopes are recorded above 2800 m asl. On the latter slopes the cryopla-
nation terraces are inclined at 2—4° and the rocky cliffs are largely
vertical. The level surface is one of block- and clayey waste being mo-
ditied by frost sorting processes. The central area of pattermal ground —
forms is elayey and mobile because of wetting.

The less active cryoplanation terraces which occur on north-facing
mountain-sides and on tops rising above 2700 m asl. represent the fran-
sition forms from the active to the fossil tertaces. At present only the
scarps are attacked by weathering and the lower parts of teriace flats
are modified by slow congelifluction and frost sorting.

Fig. 19. Long-profile of a fossil cryoplanation terrace (according to Kowalkowski
et al. 1977)

A — weatherning causes the breakdown of upward projecting gramite blocks: B — a patter-

ned ground-form:; 1 — humus-tich chernozem horizon with a pavement and floating sorted

blocks; 2 — granite block attacked by weathering; 3 — eclay with fine, angular rock frag-

ments; 4 — humie infill of ecracks; 5 — silty elay disturbed by frest aetiah; 6 — elay with
angular reek fragments and a granular waste; a — permafrost layer

The fossil cryoplanation terraces are found within the higl-mountain
meadow belt in the height range 2400—2700 m asl. These forms may be
both inactive and slightly modified by frost action (Kowalkowski et al.
1977; fig. 19). Slope aspect played a distinet part in the development of
different cryoplanation landform assemblages. On the noftherh meoun=
tain sides these forms comprise wide smeoth surfaces and beunding
steep scarps or tor-like rocky outerops. On south-facing slopes the deve-
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lopment of cryoplanation terraces was facilitated by locally deeper thaw-
ing of permafrost, by rapid removal of the coarse waste and by intense
weatheting of the exposed rock.

In the Khamgai, slope aspect is also very important in the development
of mountain- and valley-sides. Slope aspect controls the thickness of the
active layer and the complex of present-day processes as well as their
rhythem and intensity.

The southern Khangai together with its foreland is affected by young
tectonic movements causing changes in the local base levels. These bring
about chamges in both slope profiles and further tendemcies toward
slope development.



ALOJZY KOWALKOWSKI

VIL. ALTITUDINAL ZONATION OF SOILS IN THE SOUTHERN
KHANGAI MQUNTAINS

The humidity of climate in the interior of Asia is taken as the major
distinction between different structures and varieties of soil belts in the
mountains (Dorzhgotov 1973; Stepanov 1975). However, the spatial dis-
tribution of precipitatiom amounts is locally modified in the wvarious
massifs.

On the southern slope of the Khamgai soil formation depends not
merely on the altitude and air moisture content, but also on slope aspect.

In this paper an interpretation of soil belts in the southern Khangai
is attempied, based on data collected by the present author on the Donein-
-Dzun-Nuruu ridge and in the Sant valley (1974—1975), along with data
contributed by other authors.

THE TIME ASPECT OF SOIL FORMATION

On the southern and western slopes of the Khangai several local va-
rieties of soil belts have been recognized (Haase 1963; Kowalkowski and
Lomborinchen 1975; Karamysheva and Banzragch 1976 a; Kowalkowski
1977). These differ from the semi-humid Khamgai variant which was dis-
tinguished by Dorzhgotov (1973). The formation of the varieties of soil
belts is directly controlled by the arid air masses which travel nerthward
from the Gobi into the interior of the bordering mountains.

The soil cover does not correspond with the existing plant cover
which reflects the actual climatic conditions. A similar conclusion was
reached by Karamysheva and Banzragch (1976 a) in the Khan-Khudsiyn
Ula massif. A suggested interpretation is that on the southerm slopes of
the Khangai soil formation was influenced by changes of both cliimate
and plant communities with time. These produced mosaics and catenas
with retardaitive, regressive and progressive features.

SOIL FORMING PROCESSES

A characteristic feature of the soils examined are both relict and
present-day brown wastes of the periglacial environment incorporated

5 — Vertical Zonality...
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Table 5. Characteristics of some soil

Rv — brown waste; d — deluvial material; t — clay enrich-



features and soil properties
ment; A — humus accumulation; k — chestnut waste
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in the soil profiles independently of altitude, slope aspect and precipi-
tation—evaporatiiom ratio (tabl. 5, prof. no. 037, 038, 039, 041, 008, 043,
013). The soils are acid (pH 6.0—4.0) down the whole profile and lack
carbonates and salts (tab. 5). These features point to a former wetter
and cold climate (Kowalkowski 1975; Nogina 1978).

The dominant role played by temperatures in both present and past
soil formation is indicated by the occurrence of mechamical foliation planes
on the surfaces of quartz grains in structure (pattermed) ground on the
Donoin-Dzun-Nuruu ridge, and of thermal disintegration in the chestmut
soil which occupies steppe lands in the Sant valley (Kowalkowski and
Myecielska-Dowgialllo 1980. These are also found in the whole proluvial
series of profile no. 023 including the buried chernozer at base (Kowal-
kowski et al. 1977). In the strueture ground associated with the active
layer (prof. ne. 037 and 038) processes of cherniieal weathering of the
quartz graing and of silieeeus erust formation were observed, while steppe
soils and the buried ehermozern exhibit enly traees of a reliet ehemieal
weatherimg. Sueh traces are absent frem the series of proluvial deposits
whose deminant features are these of thermal jeinting and frest exfelia-
tien of beth grain surfaces and reliet silicesus erusts as well as the preei-
pitatien of siliea from the freezing and evaperating seil selutions that are
migrating upward iA the dry and esel esntinental elirmate.

Within the present forest-steppe belt, chemical processes take place
largely under the influence of capillary moisture rising in soils that are
undetlain by perrmnafrost, i.e. on north- and west-facing slopes. On the
contrary, on the south- and east-facing slopes processes of mechanical
degradation and aggradatiom are mest impertamt. These affeet beth sle-
pes and seils and are aeeompanied by ifitense temperature-dependent
processes of physieal weathetimg, soil ereep, slope wash, deflation as well
as fluvial eresion and depesition (Pekala and Zietara 1977).

On the Donoin-Dzun-Nurum ridge, water is important in the migration
of both mineral components and organic matter, and in the transfer of
soil matetials on the slopes. These materials have charactetistic autono-
mic features within the particular soil belts.

THE STRUCTURE OF SOIL BELTS IN THE SOUTHERN KHANGAI

The height-dependent hydrothermmal conditions are the prime cause
of the development of soil belts. Clear boundaries exist among belts that
developed within the cryo-humid® zone extending above altitudes of
2500—2700 m (fig. 20). Within the lower, cryo-arid zone such boundaries
are less distinct. Soil belts were distinguished on the base of the major
soil types which appear to be controlled by altitude, slope aspeet, and

5 The words “cryo-humid” and “cryo-arid” are Russlan and mean either wet
frozen or dry frozen ground.
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Fig. 20. Altitudinal zones of soils on the Donoin-Dzun-Nuruu ridge
1—poorly developed primitive, stony, brown soils structure ground underlain by permafrost;

2 — stony browm soils affected by congelifluction, underlain by permafrost; 3 — stony
grey-browm soils affected by congelifluction, underilain by permaffrost; 4 — Hhydrogenic
chernozems — structure ground umnderlain by permafrost; 5 — browm chermozems affected

by congelifluction, undierlain by permafrost; 6 — dark chesthut soils affeeted by cengeli-
fluction, undenilain by permafrost; 7 — peaty and peaty-gley soils — structure ground and
thuturs underlain by permafrost

shift of climatic belts with time. Because of the varying influences of
cryo-humid conditions (from the north) and of cryo-arid conditions (from
the south) both typical soils and polygenetiic, tramsitional soils eccur at
adjacent sites.

Each of soil belts is marked by a definite set of morphogenetic and
pedogenic processes. Changes in the hydrothermmal conditions related to
slope aspect bring about changes in the succession of the altitudinal zones
and inversions of asymmetry.

PRIMITIVE BROWN SOILS — STRUCTURE GROUND UNDERLAIN BY PERMAFROST

The mountain tundra belt in which precipitation exceeds evaporation
(Dauksza and Soja 1977) extends above 3300 m asl. on south- and east-
-facing slopes, and above 300 m asl. on north- and northwest-facing slo-
pes. On nearly horizontal surfaces (2—3°) there occur polygonal forms of
structure (patterned)) ground measuring 0.4—4.0 m across. On steeper
surfaces there occur both striped soils and soils of congelifluction lobes.
The polygons and sorted stripes which consist of blocks, tabular stones
and smaller rock fragments are delineated by furrows, 1—3 m deep, in
which snow and ice tend to colleet. Durihg the warm season the surplus
melt- and rainwaters are freely drained by these depitssions. The cen-
tral areas of 'the pelygons have a eoncentration of fine waste which is



Table 6. Soil belts in the southern Khangai and slope aspect
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a vari-grained fine-sandy loam (tab. 5) of similar mechanical and chemi-
cal composition (Kowalkowski 1977). It shows thixotiopy. Where meshes
of polygons are sod-covered the dispersed clay tends to migrate and to
form the Bvt horizon. The low huraus content (about 50 t/ha), low tetal
water holding capaecity, low capillary water capaeity (tab. 6) and the full
water saturation of the seil (Kowalkowski 1977) indieate a predeminance
of beth frest action and reduction proeesses in sueh seils. Their Righ
acidity (pH 4.0) is due to the removal of bases by the eold water. Tyu-
tyunov (1960), Rakhno (1964) and Stepanev (1875) have emphesized that
geoehernical proeesses are aetivated iA a eeel seil envirenmeni, even
when water is frezen, and baeteria inerease iR Aumber. Seluble Rumus
alse eeeurs in greater ameunts theie Cheriecal processes geing oh in the
mentane tundra seils are eenfirmed By the results of analyses of the
quartz grain surface merpholegy (Kewalkewski and Myeislkaka-Dowgiatle
1986). The iRaetive, lew-eenired pelygens are eovered with gravels and
stones (pavement). The aetive pelygens have Righ eentral areas whieh
are eracked inte small desiceation polygens:

BROWN SOILS — STRUCTURE GROUND AFFECTED BY QONGELIFLUCTION,
UNDERLAIN BY PERMAFROST

Within the altitudinal zone of high-mountain Keilreekia meadows there
occur stony brown soils formed from cryogenic waste products above
2800 m asl. on north- and southeast-facing slopes, and above 3100 m asl.
on slopes facing the sun. Islands of soils are found at 2400 m asl. on
north-facing slopes which are undetlain by shallow permafrost (Kowal-
kowski and Lomborinchen 1977; Kowalkowski and Pacyna 1977). The
charactetistic pH 4.4—5.5 Indicates weaker acidity of the soils under arid
conditions. Brown soils have sorted polygonal forms on the flat surfaces
and striped patterns (parallel lines of stones and vegetation-covered stri-
pes) on gradients abeve 2—3°. Browh soils also occupy cryoplanation ter-
races with bleekfields on the secarps. Sueh soils occur largely on the mar-
gins of tundea soils witheout swamps.

The cryo-humid brown soils have a thin humus horizon which is dis-
turbed by frost action and congelifluction. The proportions of skeleton
show little variation throughout the profile (tab. 5). The Bwvt horizon
occurs usually beneath the BvA horizon being impoverished in mineral
colloids. These soils are less acid (pH 4.4—4.6) than the tundra soils, and
they are richer in hurmus. The water holding capacity of the browmn soils
which tend to retain capillary molsture is larger (tab. 6). On the active
congelifluetion lobes with bulging fronts up to 2 m high these solls are
freely drained by the stony banks. In places streamlets coming from the
tundra have eroded shallow chanmels.At present these are filled with
alluvial gravel, sand and fine sand. On the large stone-banked lobes
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occurring on the block-covered scarps, and extending more than 100 m
dowmslope the brown soils occupy 20—40% of the lobes. Waste products
are actively in motion, and frost action also takes place there.

GREY-BROWN SOILS — STRUCTURE GROUND AFFECTED BY CONGELIFLUCTION,
UNDERLAIN BY PERMAFROST

These are tramsitional between brown soils and mountain chernozems.
The cover of grey-brown soils is complete on southeast-facing slopes at
altitudes of 2700—3180 m asl. It vanishes on north- and south-facing slo-
pes at altitudes of 2770—2870 m. Under the luxuriantly growing Kidbresia
meadows a thick (to 0.7 m), grey-browmn hurmus horizon is developed. The
humus content here is four to five times as great as in tundra soils, and
two to three times as great as in brown soils (tabs. 6 and 7). Because of
the weaker acidity (pH 4.4—5.1), total water holding capacity and possi-
bility eof water replenishment from the numerous streams conditions are
faveurable for the inereased biologieal aetivity of the soil and acoumula-
tion of humus. The large soil eapillary meisture eapaeity (tab. 7) promet-
ing saturation of the seil, shallow permafrost and gradients of 18—28°
faeilitate periglacial mass mevement. This eauses both medifieatien and
inversion of the genetie soil herizens (Kewalkewski 1977). Sueh disturb-
anees fay alse result frem the upfreezing of bleeks (Pekala 1876). On
eonvex and sed-eevered surfaees the grey-brown §eils have AumMersus
stone stripes which eeeupy 30—40% of the area. 1A flat sites there is
a tendeney of surface water te stagnate, and swamps develep. Fef this
teasen islands ef hydromerphic eherhezems and peaty-gley seils o6sur
there.

MOUNTAIN CHERNOZEMS — STRUCTURE GROUND AFFECTED BY CONGELIFLUCTION,
UNDERLAIN BY PERMAFROST

In the cryo-hummid interior of the Khangai these solls are forming
a clear belt extending between 2800 m and 3100 m asl. on south-facing
slopes and at 2650—3180 m asl. on southeast-facing slopes. On nerthern
slopes chernozems disappear. Towards the margin of the meuntains,
where precipitation is equal to evaporation (Dauksza and Seja 1977) the
soil cover is complete on northerm slopes at altitudes of "2200—8000 m. 1A
the Sant valley, both brown and chestnut chernozems oceur at altitudes
of 2400—2710 m on northern slopes. Islands of sueh seils are feund en
southwest- and west-facing slopes. Toward the south ehernozems are asse-
ciated with the sheltered and moister eryoplanation benches and Wwith
congelifluetion lobes which eeeur oA nerthwest- and nerth-facing slepes
at 2700 m asl.

The cryo-humiid, non-carbonate chernozem belt coincides with the
occurrence of congelifuction lobes. These are either sod-covered (in lower



Table 7. Some soil properties at 0—40 cm within the different soil belts
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and wetter sites) or stony (in steeper and drier sites). The dissolved
mineral and organic constituents and their colloidal suspensions are
rermoved by cool water (3—4°C) from the tundtra and brown soil belts;
they accumulate within the chermozemnh belt where the water tempera-
ture rises to 6—7°C. Thus the seil increase permamnently in fertility.

As a consequemce, the chermozem soils are very rich in humus (more
than 500 t/ha at 0—40 cm depths; tab. 7, prof. 040, 041) and the thickness
of the humus horizon exceeds frequently 50 cm. The rather uniform con-
centration of humus in this horizon being evidemced by the occurrence
of 27% of the total humus content at 0—10 cm depths, the high porosity
and large capillary water capacity indicate a high biological activity of
the chernozems discussed. This is exptessed by a well developed crumb
strueture in spite of pH 3.9—4.7, and by numetous earthworis, since
water is available te plants (tab. 7).

Within the larger chernozem patches that are less disturbed by frost
action the humus horizon is sharply cut off from the underlying brown
waste Bv. This boundary is frequently a stone layer being parallel to the
slope surface.

The wetter flats exhibit mosaics of both cryo-hydmgenic chernozems
and peaty soils with frequently occurring thufurs. The flood plains of the
small streams have peat-like soils and peaty soils. These contain more
than 35% of organic carbon and are very porous. Their bulk density is
0.47 g/em? (Kowalkowski 1977). In the southern Khamgai which at pre-
sent experiemces drier climatic conditions the cryogemic, mon-carbonate
chernozems show different features. The soil surface here is stabilized
by forest which increases hummidity and reduces temperatures as com-
pared to the surrounding steppes (Niedzwiedz et al. 1975). Near the
upper tree line, at 2700 m asl.,, on the cryoplanatiion terteess, groups of
larches being 350—450 years old lean in different directions thus
indieating mass movememnt. The hurmus horizon (the reserve of humus
here exceeds 320 t/ha; tab. 7) has a pH 4.7—5.4 and a depth of about
40 em. There is a sharp tramsitiomn to the browmn waste. Ia flat sites
this boundary is a stone layer being patalllel to the soil surface. Although
the chernozems diseussed contain less hurmus, their total water holding
capaeity and the eapillary water eapaeity are very large. whilst the water
eontent umavailable for plant growth is lew (tab. 7). For this reason the
goils diseussed are elassified as eherhozer soils.

According to Stepamov (1975) the non-carbonate mountainm cherno-
zems of differing age should be classified into at least two groups; the
cryo-hurmid soils actively developing on the southerm slope of the Khan-
gai and the partly relict cryo-arid soils. The latter soils genetally cor-
respond to the cryo-afid soils here described and also found ia northern
and eastern Mongolia (Dorzhgotov 1973); Nogina et al. 1977; Undeal 1978)
marked by a clear slope asymmetry (at 1300—1700 m asl.). However, the



cryo-humid chernozems that are belng actively formed at the present
day have been as yet not mentioned by the above autheis. The laek of
carbonates is a primary feature of such seils. The appearance 6f €arbe-
nates in the protile indicates a secondary superimpasition of erye-aridity.

DARK CHESTNUT SOILS UNDERLAIN BY PERMAFROST

These occur in areas with arid influences, where evaporation exceeds
precipitation (Dauksza and Soja 1977). Dark chestnut soils occupy north-
-facing slopes at 2000—2700 m asl. They reach to elevatioens 2700 m on
west- and southwest-facing slopes and occur at 2250—2650 m asl. on
wetter sites lying on southern slopes. In the valleys that are invaded by
dry alr masses coming from the south patehes of dark chestnut soils are
found up to 2900 m asl. (tab. 6, fig. 21). The soil-forming processes really
do refleet the prevailing hydrotheimal conditions. These soils tend to re-
juvenate leeally beeause of trumcation of profile due te slope eresion and
to depoesition of eroded soil materials en the leeal seils.

1T ]

Fig. 21. Soil catenas in the surroumdimgs of the Samt valley (based on data by
Haase et al. 1964; Kowalkowski and Pacyna 1977)

I = reliet Brewh seils; 2 = reliet Brown ehermezems; § = reliet grey eherhozems = stryeé-

fure ground; 4 = reliet hydrogenie ehernodzeis; § = ehermozem deluvia; § = stony dark

ehesthut sells; 7 — denuded light chestnut soils; 8 — forest steppe; 9 — mountain steppe;
10 — mountain meadow-steppe; I — dry moumntain steppe

On the north-facing, lower and mid-slopes the parent materials are
thick sequences of stony and gravelly slope sheets (brown waste) over-
lain by fine-grained material of varying thickmess. This includes 22—
37% ot silt and clay partiicles. Dark chestnut soils are usually rich in hu-
mus to 40 cm depth (125—220 t/ha). The concentration of humus in the
profile is irregular, being largest in the upper 10 cm. The acidity is rath-
er high (pH — 6.0); it increases with increasing altitude, but decreases
with inereasing dryness of climate. The total water holding capacity is
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as great as that, of brown soils, although the capillary moisture capacity
is low and variable (tab. 7). This indicates that rainfall sinks readily into
these soils. However, the water capacity non available for plant growth
(tab. 7) is large. Shallow permafrost occurring on north-facing slopes se-
cures sufficient water for both plant growth and biological activity of
soils during the dry seasons. At foot of tors which retreat by frost
attack thick dark chestnut soils tend to develop locally (prof. 008, tabs. 6
and 7). These are built up by accumulations of rock debris and dark
chestnut soil matetials filling the gaps.

POORLY DEVELOPED LIGHT CHESTNUT SOILS

The youngest, azonal cryo-arid soils develop largely on the dry and
steep slopes facing the sun, at altitudes below 2550 m (tab. 6). These soils
are being formed from the young chestnut waste under arid climatic con-
ditions. The waste contains low amounts of silt and clay particles (11.3—
14.4%) and 22—41% of skeleton in the top soil. This is overlain by fine
scree produced by present-day exfoliation and thermal disimtegration
(Pekala 1975; Pekala and Zietara 1977). Because of the dryness of clirmate
the soils are rather weakly acid (pH 5.2—5.9). On very dry and slightly
denuded sites incipient horizons eof carbonate preeipitation are forming
at 20—40 e¢m depths.

In these soils the humus horizon which developed on the chestnut
waste is a few centimetres thick. It contains 2.5—4.5% of humus (total
reserve of humuses less than 120 t/ha at 0—40 cm; tab. 7).

The light chestnut soils are characterized by a large total water hold-
ing capacity, large capillary water capacity and low water range non
available for plant growth (tab. 7). The cause is both the coarse mechan-
ical composition and the accumulationzl nature of matetrial underlying
the soil which itself has been altered by processes of denudation. Because
of the scarce cover (less than 25%) of dry, mountain steppe plants (Ko-
walkowskii and Pacyna 1977), marked desiccation and lack of a snow cov-
er in the winter (Froehlich et al. 1977) soil conditions are favourable for
the occurrence of sheet wash which attacks even flat surfaces. Comse-
quently, in places the soil profile tends te rejuvenate constantly, and
both disintegrated rock and slabs of bedrock are exposed to erosion.
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VIII. VEGETATION AND THE PLANT VERTICAL ZONES

In the meridional section of the Khamgai Mts there occurs, parallel
with the increased aridity of the climate, a tramsition from a boreal type
of vegetation with a well-formed mountain taiga thtough a breaeh in the
dense forest belt and a decrease ln its area towards increasingly drier
types of forest and the elimination of the boreal elements until the wood-
land communities have completely disappeared and been replaced by
steppe commumities. At the same time, the forest vertieal zoene advanees
te inereasingly higher altitudes.

The Gobi has not much influence on the flora and plant cammunities
of the southern slopes of the Khamgai. Desert steppes do not occur there,
nor are there many representafives of Central Asiatic species. In the re-
glon studied, Clematids tamgmitiaa (Maxim.) Korsh. is encountered as well
as Ewatda ceraitvides (L) C.A.M. In the vielnity eof the Gobi the xero-
phytization of the plant communities may be considered only as a result
of the increasing aridity of the clirmate.

In the profile the type of vertical arrangement of the vegetation in
the Khangai is also changed. On the northern limits this is a system of
boreal type (Karamysheva and Banzragch 1977), charactetrized by the
complete development of vertical zones, with a separate forest vertical
zone and well-developed mountain taiga, as well as the subdivision of the
high mountain taiga zone into sub-goletz, goletz, and subnival subzones,
with communmnities typical of these sub-goletz open woodlands and
mountain tundies, eharacteristic of the high altitude localities in South
and East Siberia (Karafmyshewa and Banzrageh 1977). A similar differ-
entiation of the high-mountain vertieal zones is seen in nertherh Menge-
lia, in mountaims with a boreal type of plant vertieal zone — the
Khubsugull Mts (Batraeva et al. 1976) and the Khentei.

The occurrence of the monutaim tundra is associated with the taiga.
According to Sochava and Gorodkov (1956) it forms, together with the
taiga, one type of vertical zoning and is vertically a substitute for taiga
formation. In other parts of the Khangai, which has an extremely com-
tinental climate, an arid type of vegetative vertical zones is formed (the
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Khangai variant; Yunatov 1950). Karamyshewa and Banzrageh (1976 b)
have termed the zone system on the southerm slope of the Khamgai the
southern Khangai type.

A reduction of some zones, especially the forest zone, is characte-
ristic of the arid system of vegetation zones. The character of the high-
-mountain zone is also altered. Particular subzones may be elinminated
and the prevailing plant communities may be ehanged. The absence of
sub-goletz open woodland and mountain tundia may be eonneeted with
the reduction in the vertical zone of mountain taiga. A deminant role is
then played by the high-reountain KUBrelda meadews (“pusteshi” in Rus-
siah) typical of the meuntains of Central Asia (Karamysheva and Banz-
rageh 1876 B, 1977).

The tramsition from the boreal to the arid type (the southerm Khangai
type) of zone arrangement is graduazl, depending on slope orientatiom. The
combinations of plant vertical zones alse differ in various parts of the
Khangai. These were studied by Karamysheva and Banzrageh (1977) en
a transeet earried out along meridian 98,

The comparatively short but steep southerm slope of the Khangai,
with rapidly decreasing altitudies, varying in relief and climate, and in
consequence the conditions of the habitats, is a fruitful field for the in-
vestigation of changes in the arrangement of plant vertical zones. The
tramsition from steppes to high-mountaim meadows and scree slopes with-
out any closed plant cover may be observed over a relatively small area.

In the Tsagan-Turwituimgol catchment area® the following vertical
zones of vegetation may be distinguished:

1) a steppe vertical zone up to 2100 m asl.,

2) a forest-steppe vertical zone (mosaics of mountaim steppes and fo-
rest 1 2000/2100—2600/2700 m asl.);

3) a lower high-mountaim vertical zone extending above 2600 m asl.,
a) a lower high-mountain vertical subzone, 2600—3000 m,

b) an upper high-mountain vertical subzone over 3000 m.

The arrangememnt and extent of the plant vertical zones presented
coincide as a rule with the landscape zones into which this area has been
divided (Haase et al. 1964).

THE STEPPE VERTICAL ZONE

A narrow strip of steppes typical of Central Mongolia surrounds the
Khangai to the south. The steppes penetrate the bottoms of the wide
valleys at a small distance from the mountainous interior. In the Tsagan-

¢ Surveys were carried out in the valleys of the rivers Tsegpam-Turutuin-gol,
Ulin—gol, Urgotuim-gwl, Donoin-gol, Modotin-gol, Olon-nuur and on the Donoin-
-Dzun-Nuruu ridge as well as the unnamed peak between the Utrgotuin-gol and
Modotin-goll valleys (3494 m asl). Detailed studies were made in the Samt valley.
* in Yunatov’s sense.
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-Turutwim-gol valley, Antersigia frigitde-Sitftapa Krpdotii steppe occupies
the higher terraces with light chestnut soils (Kowalkowski and Lambo-
rinchen (1975). The type of steppe described is presented by two phyto-
-sociological records® (tab. 8, records 5, 6). Record 6 illustrates the early
summer aspect with flowering Asitaggliisis galaciii¢ges Pall, and not yet
fully grown grasses. Record 5 was made in the height of summer, when
the grasses had already ears, while Asitaggliss galadtii¢tes Pall, had finished
flowering, its herbage had dried. and its share in the community had
become less evident. The Anieenisigia frijéde-SiBapa Knyldoivii steppe is
a eommunity with a rather sparse low herbage, consisting entirely of
xerophytes. The speeies eomposing this community are charactetistic of
the Mongelia steppe plains: Konlt¢ida eriginita (L) Pets., Poa atfiéenwata
Trin. and S¥hoa Knowvii Roshev. Anteantizia fitijdda Willd. is an important
speeies ameng the dicetyledenous plants. Beeause of the great altitude,
speeies typieal of the mountain steppes are alse found here; Ave-
nakia eapilipdiss Poir. and Fesltitan lenasiss. Drob. appear in gbundanee.

THE FOREST-STEPPE VERTICAL ZONE

The forest-steppe vertical zone occupies intermediate mountaim sit-
uations in which predominamce of mountaim steppes is characteristic.
Among these, small forest patches are scattered on north-facing slopes.
Such a distribution of the plant cover is due to slope asymmetry in the
valleys runming from east to west. The effect are the extremely different
habitat conditions (Kowalkowski and Pacyna 1977) prevailing on north-
and south-facing slopes. This is caused by differences in the thermal and
water balamees, in relief and slope processes, and in the soil cover (Niedz-
wiedz et al. 1975: Starkel 1975; Pekala 1975; Kowalkowski and Lombo-
rinchen 1975; Pekala and Zietara 1977).

In the catchment area of the Tsagan-Twrmtmingol woodlands occupy
only a small total area (tab. 3), appear only on N, NNW, and NNE-facing
slopes, and are often restricted to concave slopes. These slopes, cooler
and wetter (Niedzwiedz et al. 1975), form the most favourable habitat for
forest in these climatic conditions. The occurrence of permafrost on them
is an important factor (Kowalkowski and Lomborinchem 1975), as it de-
cides the mode of the water supply in conditions of air humidity deficit
(Bannikova and Khudyakov 1977). It is also the cause of cryogenic pro-
cesses reflected in the habit of the forest (“drunken trees”),

While mountain larch and Laric sibittiee—PRinus sibitéea mountain
taigas, fairly well-developed in places, occur in the northern Khangal
(Yunatov 1950; Korotkov 1976; Karamysheva and Banzragch 1977), larch

8 The Braun—Blanquet method has been used for the phyte-socialogical re-
cords.



Table 8. Steppes and mountain steppes
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Record 1'. Festuca Kryloviana Reverd. 4. 3, SiYene repewis Pair., Achillea asiatica Serg., Dcndranthema Zawexdzikiii (Herb.) Tzvel. Cerastium arvense L.,
Carex obtusata Liljebl., Dianthus versicelor Fisch., Polygonum viviparum L. 2.1, Draba nemorosa L., Trisetum sibiricumm Rupr., Meviensia ocitroleuca
k.-Gal., Gentiana maerephylla Pall., Myesotis asiatica Schischk. et Serg., Artemisiar sp., Oxyepis sp. Record 2. Eritrichium rupestre Bge., Androsace
Bungeana Schischk. et Bobr., Delphinium dissection Huth, SteWaria cherleriae (Fiseh.) Williams., Anemone erinita Juz., Hedysarum inundation Turcz., Polygo-
num alpinum All., Potentilla sp. 1.2. Record 3. Erysimum altaicum C.A.M. Record 4. Weromica incana L. 1.2, Pedieularis myvioptyllin Pall., Linaria acutito-
ba Fiseh. Record 5. Potentilla acaulis L., Arremisia palusiris L., Thesim longifolium Turcz., Oxylieipiss selengensis Bge. Record 6. Poa cff. pruinosa Koro-
tky 1.2, Caragana pygwaea (L.) DC., Oxyinopis sp. Record 7. Leymins secalinus (Geoigi) Tzvel. 1.2, Carex melananthaeformis Litw., Oxyteps sp. Record
9. Chamaerhedes aliaica (Laxm.) Bge. 1.2, Oxywepis tragacaniheides Fisch., Piiluriebnm tenuifolium (Sieph.) C.A.M., Allium leiicocephaliwm Turez., Sef-
iahida contauroides L., Silkne jpnissensis Willd. Record 10, Valeriana offfeinalis. K. 2.2, Amtemisia saniolnlfolia Twiez. 1.2, Porewilla viscosa G. Dom. 2.2,
SeueWaria seordiifolia Fiseh., Alfiwm aliaieum Pall., Ariemisia monosiachya Bge., Melandrium apricum (Turez.) Rehrb., Wieia megaloiropis Ldb.,
Awagene sibirica L.,

Localities: 1 Ulin-gol valley, 2,3 Donoln-gol valley, 4,7,8,310 — Sant valley, 5.6 Tsagan-Turutuln-gol-valley
t The symbol “#+™ has been amitted.
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forests defined by Korotkov (1976) as pseudo-taiga forests grow in the
southerm Khamgwmi. In the extremely arid conditions at the southern limit
of the boreal type of forest of the easterm Siberian mountain taiga there
remains only Lariia sibintéee Ldb. Pinuss sibiitéea (Rupt.) Mayr requires more
moisture than larch (Sochava 1956). The boreal taiga species of under-
growth and herb layer have been eliminatedl, with the exception of Afira-
geme sibittea L. In other parts of the Khamngai there still occur Litnaea
borealiss L., Pyndda inearmedda Fisch. and Vawaihwitom vilitsiddeea L. (Kara-
mysheva and Banzrageh 1976 a, 1977). The type of forest in equation
is represented in the phyteseciological reeords shown in table 9.

Although the individual patches of the pseudo-taiga type of forest
resemble one another fairly closely (Korotkov 1976), a certain differen-
tiation depending on the conditions of humidity appears in the Tsagan-
-Turutwin-gol catchment area. The patches situated nearer the souwfiiern
borders of the Khamgai, exposed to the action of the hot dry southern
winds (Avirmid et al. 1976), differ somewhat in profile from those
situated in the interior of the mmoumtains, where the atmospheric
precipitation is higher (vide chapter 1V). There is a difference in the
height of the trees and the luxuriance of the herb layer. Tree stands on
dry slepes are eften dispersed, sometimes assurning a park-like character.

The forest stand on the southern slopes of the Khamgai is rather low
(15—20 m on the average). There are no other trees besides Lariic siliirica
Ldb. The undergrowth consists entirely of young larches. The forest patches
appearing on the blockfields, where the canopy cover is less dense. form
an exception, for here numerous shrubs occur: Laniteeza alfaitea Pall., Ri-
bes altissiimmm Turez., Rosm aciculbriss Lindl. and Berberis sibirica Pall,
(tab. 9, record 5).

The herb layer is formed by moumtzim steppe species (cf. tab. 8, re-
cords 1, 2). Among these may be distinguished the meadow-woodland
mesophytes Tralllies asiatftcas L., Genmmimm pseuddetibvicienm J. Meyer,
Poa sibintea Roshew., Semgpigstrdba offficdalidis L. and Aneemoome crinitéa Juz.
The meadow-steppe species include Asxter algiiwas L., Cerasttiom aapemse
L., Anteemsigia tamapstififiedic L., Galiwm wentwnm L. and Zennea pporpeélicna
(Scribn) Tzvel. The high mountain species include Polygponum viviipoaim
L., Pediinmdaiss verttdditiata L., PtiRgyeslisis mengpbidaa (Tutiez.) Griselh., Fe-
stuosn alwiten Teim., Vil bifflvee L., and Hedygadwiom thapddirum Turez,
The latter oecur mere frequently in the higher situated forest patehes
(tab. 9, reeord 5), ewing to the eontaet of the ferests with the high meun-
tain meadows. The rmest frequent messes are the xerophytes RIYwiddiLM
rogrssiym (Hedw.) Kindb. and Alesiielldla hisiricessa (Mitt) Breth.

The extremely continental climate causes the forest patches in the
Khangai to rise to considerable heights. In connection with this there
is not only an upper but a lower forest limit. The woods on the sowthern
slopes of the Khangai lie higher than in the other parts.



Phot. by A. Pdugya

Phot. 10. The formerly glaciated Modotin-gol valley with a larch forest patch
reachimg its upper limit in the left foreground
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the mountain steppes. The representatiives of Anttenisisia genus are absent
or appear only in small numbers, except for Antterisisic tamemetififiidia L.

Drier variants of the mountain steppes occupy the rest of the slope
and large areas in the valley bottoms. They are marked by the lesser
density and lower growth of the herbage. While the mountain meadow
s.eppes are associated with mountain chermozems, other variants appear
on the chestnut soils.

Records 3 and 4 (tab. 8) present a variant of Leontoppodinm ochipdimu-
cam Beauv. s.l., and record 7 shows a variant of Agnopyroon cristattwm (L.)
Gaertm., Genttanaa decumbbens L. f., and Thaliéttomem petdbiddemam L.

The stony mountain steppes (tab. 8, records 9, 10) being associated
with south-facing talus slopes are extrazonal commumitiies, entering into
the vegetation of regions situated further south (Yunatov 1950). On
account of the thermal and humidity conditions prevailing there (Niedz-
wiedz et al. 1975) and the nature of the waste covers and slope processes
(Starkel 1975; Pekala 1975; Pekala and Zietara 1977, Kowalkowski and
Lomborinchen 1975) these slopes are unfavourable for vegetation habitat.
Xerophytie grasses predominate among the markedly dispersed vege-
tation. In seme stands numerous bushes appear, including Dasipiora
gbcsesa (L.) Rydb., Cotenceditler melhnvcatpda Lodd. and Spiteeea fldeowosa
Fiseh. Tall forbs with greater meisture requiremenls, 6.8, S&apwikorba
offfetiinidis L. and Vakrigae offetnalitis L., take advantage of the mere
Rufhid faiere-habitats amid the beuldets. The deluvial sheets at the bases
of slepes with a seutherh aspeet are the driest envirenments. A very dry
variant of meuntain steppe with dispersed lew vegetation (tab. 8, reeerd
8) evergrows seil eevered by a thiek layer of slepe derived material.
Xeromorphic grasses (Poa attenwata Trin., Kealeélda eriginite (L) Pets. and
Fesfenee lenslis Dreb) predeminale. AWessisia pYbhiaae LdB. appears
A plenty.

Only the most important communities of the forest-steppe wvertical
z«ore have been presented. The meadows sometimes occurting on the val-
ley bottoms and occupying a small area in relation to the whole vertical
zone are discussed in another paper on the Sant valley.

THE HIGH-MOUNTAIN VERTICAL ZONE

The high-mountain vertical zone in the Tsagan-Turuttuin-gol catcthuiment
is; subdiwvided into the lower and the upper subzones within the arid type
off vertiical plant zones.

THE LOWER HIGH-MOUNTAIN VERTICAL SUBZONE

In the lower high-mountain vertical subzone the vegetation on the
sliopes differs from that in the valley bottoms.
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High-mountain Keaiireekia meadows are predominant on the slopes and
are characterized by the following phytesociological record.

Record no. 74, 9 VII 1975, slope of the Donoin-Dzun-Nuruw above the Olam-nuur
valley, 2770 m asl., east-facing slope, inclination 10°, area of record 400 m?, herb
layer cover 100%, ground layer cover 50%, height of herbage up to 15 cm, height
of iInflorescences of Polygonmm aloprecmoidides and Sanmprisisdyba offféwialidis up to
30 em. Kobeeiia Bellarctiii (All.) Degl. 4.3, Sanguisorba offfétialadis L. 3.2, Poa aatie-
neadee Trim. 2.2, Pesitwea lemamisis Drob. +- F, ovihea L. 1.2, Polyponwm vitppuwmam L.
1.2, Camppanlale Twozanmindivii Fed. 1.2, Potmilitla nivee L. 1.2, Cretiés pqleltticha
Turez. 1.2, Ptilbagoststis manyptitiza (Turcz.) Griseb. 1.2, Dasijpbora fruetitozsa (L.) Rydb.
1.3, Heliotéomichon altticowm Tzvel, 1.2, Ssmeiio camppsister (Retz.) DC. 1.2, Pdlyiygomm
alopecuoiolzdes Turcez®, Puolbsuililla amididggae (Turcz.) Juz., Amemooae crititda Juz.,
Lezntppdidium ochmdéeaenm Beauv. s.l., Omgtopipis stubbidocea Bge., Anttemsigia te-
nawattfifbdia L., Camxxr maoroggnea Turez., Poa siliiiécaa Roshew., Kosibeida crisstada (L.)
Pers., Anttioesare Bunggeaaa Schischk. et Bobr., Pobygonmm angussififalium Pall, Pe-
dirulodisis Oedrsii Vahl, Thadistwram alpiwom L., Teeebi eocHtedifoforene DC., Ave-
faea eaplladisis Poir., Adrér alppvas L., Rmsiiobla fosem L., Swildaisia peiteeea Bge.,
Rumger aedlnssa L., MelpiWarmm bradnppalaium (Horneih) Femzh., Alliiim stsideim
Sehrad, Gentisgna masrepriala Balh., Ebywas eeifpaens (Roshev.) Tzvel. Messes:
Aulpsepminium palusitee var. imicenram B.S.C. 3.3. Lichens: 1.2 (Cladonia ppwiiteia
(L) Fr., Pawnelina vagaihs Nyl., Pewtasdpia §p.).

There is a certain proportion of steppe species in the Kothreiia high
mountain meadows, also observed by Yunatov (1950). This has been caus-
ed on the one hand by the aridity of the climate and on the other by
direct contact with the mountain steppes on the treeless slopes. Flesttuca
lemansiis Drob., characteristic of the mountain steppes, appears fairly
abundantly besides the steppe grasses Poa atiewmawta Trin. and Kéedleria
crigitiza (L.) Pers. Other species typical of the mountain steppes are AAtie-
miitn tamansétfiiflidia L., Polypponmm angusififlsdiam Pall, and Areailda cegpil-
laviz Poir. A group of high mountain species is also fairly abundant: Ke-
bresitu Bellredii (All.) Degl., the predominant speeies in this commmunity,
Polyggonsm vidppassm L., and Thalléteesim alpinam L., mentioned by Yu-
natov (1950) as a subdominant of the Kobeeiia high-mountaih meadews,
as well as Carow magagypra Tuiez., Crepss poljtieha Tuiez., ANdHesece
Bunggenna Sehisehk. et Bebr., Ptipgiesiisis mengpliea (Grised.) Tuiez., and
Peditedaaieis Oedw#i Vahl.

These meadows reach an altitude of about 2900 (3000) m asl. At their
upper limit the dense plant cover is interspetised by stony lobes. The
higher it is, the greater the area occupied by rocks, and the Kikdotesia
meadows shrink to small stands between these.

The lower limit of the high-mountain vertieal subzone in the valley
bottoms is decreased to ca 2500 m as the result of the influx ef colder
air masses. As a rule the flat valley bottoms on the main Khangai ridge
are well covered with peat. This has been ecaused by the acewmulation

¥ The sign 4 has been omitted.



.94

of both rainwater and water from the thawing permafrost. In addition
the valley bottoms are fed by waters from the slopes and extensive pla-
teaus on the mountain ridges and peaks, where precipitation amounts
are higher tham in the valleys (vide chapter VI), and snow-patches melt
in summer.

Marshy hummocky high-mountaim meadows are formed on the peaty
substrate, where sedges predominate (including Carex miciorgibethim
Whibg., C. didhroee Freym, and C. nomweeidec Retz.), Koliregia silijirica
Tuiez., Allligm schesnoppassssem L., Liguida sibintéaa (L.) Cass, and Hivie-
pharanm Sclteehieréri Hoppe are also frequent. The proportion of S8aiffraga
hralias L., Koenigéda islanmditea L. and Clagonida Joanmeeaaa R. et & is
eharacteniyic. Mosses are abundant, including Philbowtitis fonttaaa (Hedw.)
Brid. and Compyigaysus Sdtiimpgeferi Milde.

Above altitudes of about 2800 m, as a result of the increasing slope
inclinatiom, the substrate is less waterlogged, and high-mountaim mead-
ows develop with Tralllizs asiattocgs L., and willow thickets appear in-
cluding Saliicc bertierififodia Pall.

THE UPPER HIGH-MOUNTAIN VERTICAL SUBZONE

Areas extending above 3000 m may be considered as the upper high-
-mountain subzone. The slopes bear huge blocks and smaller boulders.
There is no longer a dense plant cover. Single tufts of vascular plants,
mosses and lichens exist between the boulders. The cushions of turfy
cryopetrophytes are increasingly important among the scanty vegetation.

Stony mountain tundra occupies the broad flat cryoplanation terraces
on the ridges and mountain tops. On an unnamed peak (3494 m asl)
occurring betweemn the valleys the Modotin-gol and Urgotuim-goll, polygons
developed as a result of frost segregation.

Their central areas are covered with fine materiials and almost bare of
vegetation. Vegetation appears abundantly in the frost cracks bordering
the polygons, where the vital conditions are more suitable. Vegetation
here finds some shelter from the strong winds which injure the plants
mechanically and the same time inerease evaporatiomn, with a total hu-
midity deficit. The lack of fines, which would retain water through the
soll colloids is the cause of the escape of both the rainwater and the water
derived from the thawihg snow and permafiost, and subsegquently the
subsurface flow dowh the slepes.

In the frost cracks sterile specimens of Lagotiss inseyiifidia (Willd.)
Schischk. appear very albundantly.

A somewhat different type of stony mountain tundra appears on the
Donoin-Dzun-Nutuu ridge, where stones are bordering the polygons and
the central areas bear primitive brown soils (Kowalkowski 1977), there
grows a sparse vegetation.
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The vascular plant flora in the upper high-mountaim vertical zone is
very scanty (ca. 25 species), and is composed of two groups of plant: arc-
tic-high-mountaziim species, some of which are restricted to the Siberian
Arctic-and Siberian mountains, e.g. Areaaida fonmosza Fisch., while others
have a wider distribution, e.g. Melanddicinm apahtemm (L.) Fenzl., Ofyie-
phits glaciallis (Fisch.) Bge., and Ewntricbhimm villlssam (Ldb.) Bge. The
group of Siberian high-mountain species in considerably more mumerous,
e.g., Lagoiiss imbegififiedia (Willd.) Sechischk., Drabda ochraltemaa Bge., Ra-
Runtedilses altwsiniss Laxm., and Saussswigea cfr. Predi Simpps. Mosses and
lichens are abundantly represented.

The stony mountain tundra on the central ridge of the Khamgai (Brzez-
niak 1977) resembles climatically and morphologically the arctic stony
mountain tundra (Balandin 1978), but the flora is markedly different.

The stony tundra on the peak 3494 m asl. resembles the “spotty” tundra
occurring at the northerm limits of the tundra zone, which forms the
transition to the arctic deserts (Sochava and Gorodkov 1956).

The upper high-mountaim vertical zone in Central part of the Khan-
gai forms a strong contrast with the vegetation in lower vertical zones
and the steppes of the southern foothills. It belongs to the regions of the
taiga and even tundra zones. The tramsitory character of the Khangai
is also revealed in this (Yurtzev 1977).
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IX. ALTITUDINAL ZONES IN MOUNTAINS WITH
CONTINENTAL CLIMATES

Continental climates exhibit high annual and diurnal temperature
variatiions, low precipitation amounts and a moisture deficit. In any zone
which experiences continentality of climate a mountain climate will be
similar to climate primarily controlled by latitude, but there are im-
portant differences. In low latitudes mountains have stronger diurnal
than seasonal temperatufe changes, while in higher latitudes large annual
temperatute amplitudes are dominant (Troll 1962). Large-scale variations
in both annual and diurnal temperatures tend to occur in the temperate
latitude fmountains havihg a contifiental elimate. In any zone the preci-
pitation régimes in the meuntains are eontrolled by latitude (Grigorev
and Budyke 1956). The existing altitudinal zenes are determmimed by the
limiting faeters to the height-dependent theffmal and meisture conditions
whieh proemete eertain physieal, ehernieal and biolegieal processes.

To these factors the zonally arramged slope catenas are added. These
are associated with the partially inherited arrangement of landforms
(Krivolucky 1971) and governed by the gravitation induced circulation
of energy on the mountain slopes (Héllermann 1975). In the mountains,
there are said to be either catenas of erosional type marked by a differ-
ential course of degradiatiom along the slope or catenas of hydromorphic
type dominated by the effects of impeded drainage (Ollier 1976).

The belt-like arrangement of both climatic and soil-topographic re-
lationships is further complicated by the varied lithologic-tectonic con-
ditions, asymmetry and inversions. If there is not normally enough water
in the mountaiins, then the presence of water appears to affect strongly
the existing zones (Messerli 1973).

THE THERMAL BELTS
Attempts were made to define the altitudinal zones of climate by tak-

ing temperatures as the criterion (Hess 1965). It appears, however, that
temperatures tend to change with height in a rather uniform manner.
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It is the various interactions of geoecological factors that determine the
existence of a clearly defined boundary. Many phenomena controlled by
temperature, and temperature falls of as much as 0.9°C with each 100 m
increase in height have been recorded in the mountains with arid cliimates
(Messerli 1973). Annual temperature ranges also decrease with height
(reduced continentallity)), e.g. from 90°C at the foot of the Western Altai
Mts to 23°C on the tops of the range (Chelpanova 1963). For the line at
which not enough heat is available to melt the winter snow cover the
term snow line is used. When the heat balance of the ground surface is
negative (mean annual temperatuies below —12C g —2207%,) theeppemuadfostt
zonie is produced. The amount of heat received in the summer (growing
season) is reflected in the position of the upper boundary of both forests
and other plant asseeiations, in the aeecumulation of erganie matter in the
soil ete. On the ether hand, tee high summer temperatuies plaee lower
limits eh the development of ecosysterns beeause of disturbamee of the
water Balanee. Sinee leng-eontinued inversions of temperature are a fre-
guent phenomenon iA the meuntains with a esntinental elimate, the ges-
geslogical belts tend te Be inverted in the inland basins; the tundra Belt
in the MeuRtitrdRRd basing of Siberia i1s a geed example (Kalesnik
1873).

THE HYDRIC BELTS

Since mountains pick up moisture, the precipitation totals tend to
increase with height below an inversion on the tops (Weischet 1969). At
the same time evaporation is reduced with height, and so does the water
deficit in the mountains which have a dry climate. This deficit being
called aridity margin (Troll 1962) is responsible for the position of the
lower limit of forest associations. In the Tibesti Mts whieh experience
an extremely dry climate one can hardly speak of any show line and
upper tree line at all (Messerli 1973).

On slopes the distribution of water is partially controlled by rumoff,
and for this reason the foot-slopes may be abnormally moist. This leads
to the salinity increase under arid conditions. On the steep, scree-covered
mountain slopes drainage is rapid. Consequently, suitable conditions for
local water storage exist in flat-lying areas (summit and slope flattenings,
foot-slopes).

THE PERMAFROST BELTS

In the mountains having a continental climate the permafrost be-
comes more continuous with height because of intense winter cold and
short duration of the winter snow cover (Gravis 1974). Similadly, the
accompanying active layer decreases in depth with height. Under arid
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conditions permafrost indicates both the negative heat balance of the
ground and the availability of water. It is necessary to distinguish clearly
.between “dry” frozen and "wet” frozen ground (ice lenses and ice wed-
ges). Van Everdingen (1976) applies the terms “ceyotic” (soil temperatures
below 0°C) and “frozen” (soil becoming cemented by frozen water) te
these phenomena. In moumntains with melsture limitations permafrost is
often found only on nerthern slopes. Permafrost is better developed ifn
flat sites where it faveurs eryoplanation processes (Sukhedrovsky 1975).

THE GEOECOLOGICAIL ZONES

The geoecological zones reflect complex thermal-hydivic conditions
prevailing in the vertical profile. There are often said to be vertiical zones
of vegetation. These closely affect those of the soil cover which may be
more or less complete. Consequenitly, various morphogenetic processes
may develop. The tree line together with the vertical extent of various
plant species is mostly restticted by the possibilities of photosynthetic
productivity of plants (Tranquillini 1966). In a particular mountain range

the vegetation belts depend on the general elimatic zone and on the hi-
stery of vegetation in this area (Karamysheva, Banzrageh 1977), se that
a large variety of beth humid and arid plant and seil belts ean be feund
in Central Asia. The seil ehanges with height alse depend ep the vertieal
exchange and transfer of beth water and mineral eomponents. For this
reason, the soil may reflect net just the altitudinal zene of elimatie but
the mountain slope eatena. It is pessible to recognize twe distinet wmor-
phogenetic zones above the upper tree line. In the lower zone eengeli-
fluction processes are dominamt, and the extent of eonstricted eongeli=
fluction often corresponds to that of the alpine meadow zone. The higher
scree zone With frost segregation phenomena reaches up to the snow line.
As continentality increases the scree zone tends to extend (Hiovermann
1962).

SLOPE ASYMMETRY

Asymmetry can be considered in termms of whole mountain chains
with marked contrasts in radiation balances and in precipitation amounts
(Troll 1972; Weischet 1969). Asymmetry also is found in the particular
mountain valley. According to Flohn (1974), in the Turkestan mountains
with slopes of 31—33° net radiation varied betweem 145 keal/day on
a nothern slope and 426 kcal/day on the opposite slope. In the arid Zome
cryogenic processes may reach as raueh as 1500 m abeve the e¢limatie
snow line en the southerh mountain sides, whereas oh the nerthern sides
glaciers may deseend 1000 m belew the snew line (Klaer 1968). In Men-
golia the eceurrence of both intense evaperation and rhythibical daily
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temperature variations is the basic characteristic of the southern slopes.
On north-facing slopes conditions are favourable for the occurrence of
patches of permafrost at 2000 m asl, i.e. 600 m lower than on the
southerm slope (Richter et al. 1963).

THE PALEOGEOGRAPHIC ASPECTS OF ALTITUDINAL ZONES

During the Quaternary migrations of the different geoecological belts
took place. Indications are the traces of valley glaciations (Seliivanov
1972), inactive cryoplanatiom terraces (Gravis 1974; Kowalkowski et al.
1977) and a few pollen diagrams from Mongolia (Vipper et al. 1976). An
approach to the problem of sequences of relief, soil and plant changes
is to study the effects of thermal and moisture changes under comtimen-
tal eonditions (Ravsky 1972), where forests are forming only a narrow
band on the moumitdinasides (fig. 22). Under such conditions a climatic
warming would eause the spew line to move upwaids;, together with the
upper and lewer tree lines. The effects of moisture changes would be
different (Starkel 1977). Inereased Rumidity would cause the height of
beth snew line and lewer tree line to be diminished and that of the upper
tree line te be inereased. At the same time the ferest zenie would extend
ever drier habitats. Changes woeuld eeeur in the oppesite direetion with
inereased aridity of elimate. The effeets of inereased hurnidity might be
expected to be similar to those of eo6ling eausing the seuthward extension
of permafrest. Fer instamee, the reliet appearance ef Lafixr sibirisea in
the Gobi Altai Mts may be explained by the fermer existenee of a per-
mafrest bridge whieh promoted migratiens.

THE MOUNTAIN PECULIARITIES IN THE CONTINENTAL CLIMATE OF ASIA

To understamd the climate of interior Asia it is necessary to look at
the complexity of causes of the marked northward extemsion of semi-
-deserts. At the same time the permafrost reaches far to the south and
so does the narrow belt of larch forests.

The snow line, together with the upper (thermal) and lower (thydric)
tree lines, is rising in height towards the equator (fig. 22).

The prime factor is the radiation balamce. There is an increase in
both mean annual temperatures and temperatutes of the growing season
towards the equator. Because of the low air humidity the thermal gra-
dient per 1° of latitude is high. The upper tree line and the snow line
are rising in height towards the south due to thermal influences (comp.
Hollermann 1973).

Secondly, both precipitation and humidity decrease rapidly towards
the high-pressure area in the subttopics. Thus the boundaries of the alti-
tudinal zones further rise in height towards the Tibet where the upper
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Fig. 22. Complex controls of physico-geographical belts in the mountains of Cen-
tral Asia which experience continentality of clinmate

1 — position of the snow line due to: IA — height-contwlled changes in termperature;
IB — drymess increasing equatorwardds; IC — shift in the dry zone in the mountain-enclosed
continental interior. II — position of the upper tree line due to IIA, IIB and 1IC (for expla-
nation see 1A—IC). Ill — position of the aridity marginh (lower tree line) due to: 1B —
dryness inereasing egquatoiwannds; 11IC — peoleward shifting of the aridity margin in the
dry eontinental interier. IV = permafrost limit = inverted within the inland basing and
advancing seuthward as humidity ineredses at higher elevations in the meumtaits. Tree-like
symibols indieate the vanishing ferest belt

tree line extends as high as 4600 m asl. and the snow line reaches a peak
value of 6400 m asl. In the mountain ranges that surround in the meorth
the Tibetan Plateau and also occur in its interior the upland steppe co-
mes in contact with the high-moumntain tundra, and even the steppe belt
is missing there (Murzayev 1966). This also is because of the low moistwre
content in the high-mountain air (von Wissman 1960).

A third factor producing the climatic-geoecological belts in the im-
terior of Asia are the large dimensions of the continent. In the tempe-
rature latitudes moisture influx to Central Asia is caused by a flux from
the distant Atlantic (Dzerdzeyevsky 1963). The ephemetal snow cover
favours intense winter cooling and excessive summer heating. Annual
temperature ranges of 50°C and absolute temperature ranges $0—90°
are recorded in Mongolia. In the temperate latitudes Grigorev’s and Bu-
dyko’s (1956) radiational index of drymess inecreases rapidly from below
1 to above 3. Consequently, the semi-desert and steppe Zones expanded
north of 50°N, although both the inland basins and plateaus eeeur at
high altitudes (1000—1800 m asl). At the same time the permafrest
shield stretched southward to abeut 46°N (Gravis 1974). Beeause ot water
shortage the “dry” permafrost type i§ deminant leading to the granular
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distintegration of bedrock and to deflation. As a result of these “zeomal”
migratiions, the catenas present a variety of patterms which are due to
the availability of moisture. Kowalkowski and Pacyma (1977) have illus-
trated this for the forest-steppe belt where the dry, southern slopes are
clearly contrasted with the moist, northerm slopes carrying patches of
forest associations fed by melting permafrost.

A fourth control producing the geoecological belts are the hiigi-noun-
tain barriers which enclose the vast plateaw of interior Asia. Mountains
effectively stop the advected moisture from penetrating inland, and in
these areas the largest temperature inversions in the world can be ob-
served (Voyeykov 1895). The Pamir, the Himalayas. the Tibetan Plateau
and the mountain ranges of East China completely block the summer
monsoon. High precipitation and thermal gradients are to be found on
the western border of the Pacific (Nikolskaya 1974).

On the northerm fringe of the extensive semi-desert inland basins
of Mongolia, the Khangai and the Mongolian Altai Mts receive mare
precipitation and their climate is less continental. The existing zones are
different from those in the Kun-lun® Mts, and even in the isolated Gobi
Altai mountain blocks. According to Yunatov (1950), this is the sub-
-humid type of altitudinal zonation due to a milder type of climate for
under long-continued inversion conditions in the winter a warm layer
exists at higher levels ih the mountains (Chelpanova 1963).

Within the wide inland basins the dry air masses which become ex-
tremely hot in summer and cold in winter tend to affect the surrounding
mountzins. For this reason, the southermmast parts of the mountains ex-
perience a drier climate, and the variety of habitats is reduced in num-
ber there (Karamysheva and Banzragch 1977).

In the mountains of Central Asia the four factors discussed above,
i.e. the zonally arranged radiation and air pressure balamces, the distri-
bution of land and of mountain ranges produce varieus types of geogra-
phical belts which are unique on a worldwide scale. Paleogesgraphieal
evidence including erosion surfaces (Ravsky 1972), and the evelution of
both flora and fauna seems to suggest that the above types of alfifudinal
zones rerained relatively constant over the last rhillien yeats. There
was, however, a shift in the belts during the Pleistocem®. Under €66l-
-continental conditions the prineipal cause of envirenmental ehanges
affecting both the mountains and the basins of interier Asia were the
moistuie-contiolled variations. sinee the geoeeological systems shew a eon-
sistent water defieit, An unimportant disturbamee of the water balanee
would cause shifts in beth zenes and belts.
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Pesomne

K. Knumek
FABHBIE ®U3IUKO-TEOT PACOUYECKHE YEPTH HOXXKHOFO CK/IOHA XAHTAS

Topul XaHra# pacnonoxeHbl Ha TPaHULIE ABYX KPYMHBIX CTPYKTYPHO-OPOTRRibMussimy efin-
Huy: rop KOxuowt u BocroyHo#t CuGupw, a Tawke paBHuH LlentpansHol Asumn. TnaeHeift xpebet

XaHras, gnuHo#t oK. 700 KM, TaHeTcs ¢ Nw Ha SE. OH 803BbllaeTCs B cpegHeM Ao 3000—3500
M H.Y. M., & caMas BbiCOKAs BepliMHa OTroH-TeHrpu aocturaet 4031 M H.y. M. HOXHbie npepg-
fopei XaHraa fipeAcTaBARIOT cOB0H XOAMWUCTO-BOAHWCTYIO HOXHOXAHTAHCKYID BOIBLILIEHHOCTD.
Ee fioBepXHOCTh foHUNKaeTeA K OFY OT 2700 M H. Y. M. Y f0OAHOXbA XaHras U A0 1500 M H. Y. M.
Ha Fpanuue Co6u,

KOXHbi CKAOH XaHras B CTPYKTypHO-Naneorpaihaseckond W reoMOp(hO/IONH4YECKOM OTHO-
WIeHUAX RPKO BHIAGARETCA KAk 0cobas TekTowaweckas eauHuiia. B velt Hab6miopaercs wepemosanne
ropubiX OXHOCHOWPCKAX aHALiadToB M naockoropwii To6u.

Takue 3neMeHTHI NPUPOAHOM cpeAbl KaK KAMMAT, BOIbl, & TaKXKe PacTUTE/bHBIA NOKPOB
W3MEHSIIOTCA O4eHb GbICTPO MO Mepc W3MEeHeHMs BLICOTHL. B pe3ynbTaTe 3TOr0 B NOJIEe 3peHUA
HAXOAATCA OJHOBPEMEHHO TWUNUYHbIE AAHAWAGTLI BLICOKOrOPHOM TYHApPBHI C MATHAMM BEYHOrO
cHera W MOAYAYCTbiHHBIE AAHAWADTHL.

W3-3a 6onblioit ,,MacCUBHOCTU” rop ¥ ux GO/BINON OTHOCHTENIBHOM BBICOTHI WX IKOKHBIA
CKNOH NpeAcTaBAseT coboit oGocobnenubii mosc, pasaensiompit KOxHyio Cnbupe ot UenTpans-
HOM AWMU B KAMMATHYECKOM, rMAPONOFAYMECKOM, MOYBEHHOM M reo6OTaHMYECKOM OTHOLIEHHSX.
Y ero MOAHOXWA MPOXOAUT rAyGOKMM pPasfioM 3eMHOH Kopbt, pasaensioumit Ape CTPYKTYpHO-
-TeKTouuYecKHe EAUHULIb, OBAAAAIOUINE PASHBIM FEOOFHYECKUM CTPOECHUEM M PAIIMYHO Pa3-
BUBABLLIVRCH B FEOAOFYECKOM MPOLLIAOM. IT6T TeKTonnyeckudt fiosc ObtA ele aKTUBHbtM B nef-
ctouene. CyliecTByloT AoKa3aTefbetsa, 4To TeKTOWWYeSKME ABIKEHWA NPOJOMKATCA U B Ha-
CTonLiee BPEMA.

K. Knumek, P. JiémGopmuxew, JI. Crapkens

UCTOPUS OUINKO-FEOFPAGHMUECKIIX UCCAEAOBAHMIA B FOPAX XAHIAW

B ropax XaHra# c He3anaMsTHLIX BpeMeH OGUTaNM KOYeBHUKU. JJOCTYNHOCTE FOPHBIX AOJIHH,
obunue BOAb! M KOPMOB, HECMOTpPSi Ha CypOBbe KMMMATA%ECKUE YC/IOBUS, Gnmaronpuarcraosanv
XMBOTHOBOACTBY. 3/eCh XUMM fileMeHa [YHOB, TIOPKOB, a NMOTOM MOHro/ioB. Jlerkonepeasura-
IOLIUMECS KOYEBHUKM C JaBHMX BPEMEH XOPOLIO 3HANK MPUPOAY ITUX rop, OHU UCMONB3YIOT 3ITH
3HAHUA W B HACTOSIEE BpPEMS.
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Mepsule uudpopmaumumn 0 NPHUPOAE 3TOR TEPPHTOPHHM Ha4aNK NPOHMKATL K WHAOEBPONnEHCKUM
Hapogam Tonbko B XIII Beke, HO nuime B XIX Beke HA4aNca nepuos CHCTEMATMHMROKAX WCEHEfio-
Bauuit npupofet Mourofum. OHu OXBaTifin Takxe ropet Xanfaih. Ocobbie 3aciyrn B M3YYEHWH
paliona MpHHAAAENKAT CHCTEMATMHECKUM OSKCACAULIMAM PYECKO-Feorpaduyeckoro o6itiecTsa.

O6pa3zopanme Monronscxoli Hapoaro#t Pecny6nuku (1921) co3aano BO3MOXHOCTE PasBUTUS
MOHTOMECKMX HAYMHBIX yuypexaenuit, cpeam Hux Axagemuu Hayk MHP. OcHoBanne WMHCTUTYTA
reorpadpuu u Mmep3norosegerns AH MHP, a Takke HeoGX0AUMOCTs M3YHEHWR MpHpOAHBIX Pe-
CypcoB Anm fOTpe6HOCTeN HAPOAHOrO XO3AMCTBA fipUBeAir K PASBUTHIO GWBIKO-FeOTpadHYecKUX
uecnesosanvii B Mourosiuwm, Kpeme MOHFOMKWK CRELUARMETOR B MCEAeAOBAHVAX APHHINMAIOT
yyaciue Taike yyeHbie ApyFwx cipaw, fAaBHbiM 66pasom Cosetexore Coio3a.

CoBMecTHan MOHIONO-MOMECKAA (HU3IUKO-reorpadbiecxkan JKCNEAULIAR, OPraHM3OBAHHAR
Wuctutyrom reorpadun lMonwckold akageMmun HAYK U VIHCTUTYTOM reorpadwum U MepsioToseje-
HUA MoHroALCKOW aKAAeMuW HAYK, Befia UCCAEAOBAHWMA HA 1OKHOM CKioHe Xauras B8 197T4—1975
rogax. LIeAbio HECAEAOBAHMI GbiA0 KOMIACKCHOR M3yueHHe BHUIMKD-FeOTPAUPMRINK VENOBUIL
Gaccedna Yibadewty-roi. [0 HAETORWSr® Bpemewv 6bifio ORy6inKOBaHO HECKO/bKO PAGET,
KoTophie 3akAievaletT B cebe fepBbie BpuFMHAfeHbe HaGARARHUR, KAGAIBUeEH WSMK@#@@EB&
@udeckux Apebiem aTere paHeHa.

Hacromlmil TOM 3aKnoMaeT pajg cra'reh, B KOTOPBLIX aBTOPpLlI MNbITAIOTCA BbLICKA3ATE CBOKO
TOMKY 3peHWHSt HAa NPOGAeMbl NPUPOAHON CPeabl I0XKHOTD CKNOHA XaHras B aCheKTe ef BEPTHKANb-
HOR 3OHAALHOCTH,

K. Knamek
PEJIBE® W TNAJIEOTEOTPAGMA H0XHOIO CK/IOHA XAHTAS

B pensete 10XHOr0 cknoHa Xaxras Oblnu BblgeNneHbl BHYTPEHHNAR W BHELIHAR 30HbI. BO BHY-
TpeHHe# 3oHe, tinpurod B 10-20 kM, npeobiafaot OOLWMPHLIE NAOCKKE NOBEPXHOCTH C BPe3aH-
HEIMK B HIX FAYGOKMME LUPKAMM MK AEGHUKOBbIMM AOAMHAMMK. BheittHas 30Ha, LiupHHOW B 20
KM, pacufieHeHa FRYGOKHMM YIKMMK PeuHbIMM SOAUHAMMK HA HECKOBKO U30/inpoBaielx FOPHBIX
Maecrneos.

Ha 3Tolt TeppHTOpMNM BbleNeHBI BEPXOBble MOBEPXHOCTH BbipaBHMBaHMs (3400 M H.y. M.)
H HaaGasnCHbIE NOBEPXHOCTH BbipaBHUBAHMA (3100—3300 M H. y. M.), a Takxke 6a3uCHble MOBepX-
HOCTH BbipaBHHBaHWMA (2650—2850 M #.Yy.M.). HikHeMenossle KOppenatwbHbe OTNOMEHUR,
BhiCTYRAlOLME HA BOCTOMHOM OKARMAGHWA XAHFAR, KAK W BEPXHETPeTH4HbIe 6a3abTOBLIE fiaBbi,
fioKpbiBalolne BEPXOBbie MOBEPXHOCTW BbipaABHHBAHWA, fO3BOAARIOT fpPEAfOAaratTe, YTO TOABLKO
aKTMBMIAUVA TeKTOMNANRCKIX ABMNKEHUNA TpeTw4HOr0 fiepuoda Aahka Havae WMM?OBQHMIO
9T6r0 fOpPHOFG MaceHBa. 3HaWiHTeApHO MOfONE TeKTOHWMecKHe BRAAWHB! YV 1OKHbIX A AHEMMI
Xanras. Mx o6pajosanue BHI3BAf0 Go/ibiuMe H3MeHeHwn Ga3uea 5pe3uK, 4TO ABKHAGEL WMMAY/b-
66M YeHfieHWA flO6fleAHBR W MHTEHGHBHOFD PacyfeHeHWs BHEltHeW 36HbI FOP.

Mocneguee onepenenne 3TOM TepPUTOPHM MMENO AONMABHBIA, ABY(ha30BbIf xapakTep. B koHue
nocnemRero ONefEHEHHA KAMMaT oThmMuancs Goneuiol cyxoctsio. Hegoctatox armocthepHbIX
OCAAKOB Bbi3BAN OTMHPAHWE JONWMHHLIX NEAHUKOB. BOAHO-NEHMKOBLIE OTMONEHMA MEPEXOAAT
y fIOAHOXBA rOp B O3BPHbIE OCAAKM, 3AMONHAIOWME TeKTOMHUYECKWE KOTAOBMHBI. Bo3pacTt opra-
HUMECKHX OCTATKOB, HARACHHLIX B KPOBAe 5Tix OTROWeHwW, ofipedenen B 17 220+155 netr B.P.

E. Bxesusx, T. Heassenss

BEPTUKAJIBHASI 30HAJIBHOCTb KIIMMATA

Ha OCHOBaHMM [JaHHBIX MHOTONIETHHX HaGmofeHMd U Pe3ynLTaTOB CTAHUMOHAPHBIX W3Me-
peHuit, nposeaenHsIx Bo Bpema Gu3nxo-reorpaduteckmnx Ikcneguumni B NeTRUA nepuog 1974 u 1975
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rofoB, npeacTaBAeHA NPOCTPAHCTBEHHan AUpheperLMaLmMsi OCHOBHBIX 371eMEHTOB U mMoka3zaTened
KIMMaTa Ha IOXKHOM CKioHe XaHras.

B 3tom paltoHe Ha6GmofaeTCA TUNUYHO FOPHO-AO/IMHHAN UWPKYIALMSA; HANpPaBNeHUA TedeHui
BO3JYLHBIX MOTOKOB OOGycnoBneHbl cuctemot (opm penveda. Ocoboe sHuManue 6bino 06pa-
LWEHO HA PAa3MM4MA TeMnepaTypbl HA Pa3HBIX YPOBHAX, 2 TaKKe HA UHTEHCHBHOCTb WHBEPCUM TEM-
nepatypsl Bo3ayxa. Onpegensnuch Takxe WU3MEHEHHS B 3aBUCHMOCTM OT BbICOThHI, TeMmnepaTypbl
NOBEPXHOCTH TPYHTa M TOYBbI, BAAXHOCTH BO3AyXa, OGNauHOCTM WU aTMOCHEPHBLIX OCAJKOB.

TecHas 3aBUCHMOCTB TeMnepaTypsl UIOIA OT BLICOTHI HAJl YPOBHEM MOpPS laNa BOUBMONKHOCTD,
ucnonb3ya metos knaccubuxkayum M. Iecca (1965), pa3nuMuaTe Ha 10XKHOM CK/IOHe XaHras 1iecTb
TEPMIPIECKMX BepPTHKANBHBIX 30H: cTenei, HWkHeH necocTenu, BepxHel NecocTeny, HIWKHUX Bbl-
COKOTOPHBIX JTyroB, BEPXHUX BbLICOKOTOPHBIX JTYTOB M BbICOKOrOPHBIX KaMEHMCTBHIX JyroB. Ycra-
HOB/IEHO, YTO BEPXHAS rPaHMLA Jieca Ha TePPUTOPMEM IOXKHOTO XaHras HaxOAMTCH Ha YpOBHe Bep-
XHeit rpaHuLbl XOn0aKOM 30Kl (2700 M H.y. M.) # cBf3aHa ¢ usoTepmoii uions +9°C.

P. Cos
MOBEPXHOCTHBIE BO/Jbl KOXXHOIO CKAOHA XAHIASl B BACCEVHE UATAH-TYPYTYMH-FON

OuddepeHumauma Bos B Gacceidwe pexu LlaraH-TypyTyHM-rOnm HOCHT 4epThl 30HANLHOCTH.
Vlsmenﬁtomaaca BMECTE C BbiCOTOM HAA YPOBHEM MOpa BEIUYMHA CTOKa U3 Gacceﬁﬂa. W3MEHEHHUS
Apyrux ruiponargyecknx napaMetTpos HBAAKTCA OTPaAKEHHUEM KAMMATAECKON SOHANbHOCTHU
JTolt TeppuTopwm M 30HaneHOW Auddeperunauwn MuHoroReTHel Mep3foTel. B Gaccedine pexu
Laraw-TypyTyHu-Fof MOXHO BhifiefidTe ABE TepPUTOPHM: fiPeAropee Xaufam ¢ OFPHLATEIbHHIM
BOAHBIM GaAaHEOM U TOPHYIO TePPHTOPWIO ¢ OAOKWUTEAbHbIM BOAMbIM 6aiancom. TpaHuted
Mexhy ABYMR TeppuTopvsMi ABAReTER MOPPOAOTHWRCKAR FpaHWua FOp.

B ropHoM pailoHe, rae Cyw(ecTsytoT YCAOBUR Ana (GOPMHUPOBEHMA MNOCTOSHHOrO CTOKa, ero
Benutuia B fieTHee BpeMa obycioBfena cpeaHedk BoICOTON GaccelHa Hap ypoBHem mops. BacceliHbi
€O cpefHedt BbicoOTOl Bbitie 2800 M H. Y. M., 3aHHMAaIOWWE OKONO 3295 TEPPUTOPWMM W3YHAEMOro
paliona ¢ AOAOKHTeRbHEIM BOAHBIM 6aAaHCOM, AaiM BO BpeMs WccrefoBannlt okoro 60% fon-
HOro €ToKa. Bacceiitbi €0 CpeaHew BbicoToW 2500 —28800 M HHyy My, JaRMARALILES ORISHIOO 45550
TeppuTopuu, Aafv ok6Ae 309, cToka. BacceMHsl 66 cpeAmwen BbicoToln Hipke 2500 M H. Y. M., 3a-
HuMalowve 239 Tepputopww, Aafiv ToAbke 109 cToka. B 4acTw Gaccelna pexu Liarau-TypyFyuH-
sFBA; € 6TpUtATeABHbIM BOAHNM 63A3HEBM, NPOUEXEAHAD yMeHbileHWe ETOKA, ACETMFAIOLIee
fieytv 209%. Ha FeppuTOpUv & STPULATeABHLIM BOAHbBIM 63AaHEBM fOBEPXHBETHLI® BOABI (Ma-
Aedbive 8383, 3a6OARMNOCTI) EBA3AHE! & PeYHbIMY BOAAMY WAW BOAAMYU TaloweW MHEFOfAeT:
HeM Mep3neter. Ha TeppUToph & ASAGNKUTEABHBIM BOAHBIM 6aAAHEOM 6yLLEcTROBAHUE MAAGHB:
Kix 836D Y 33B6OMWRHIRICTRM 3ABUEUT BT aTMOCHepIErk BeaAKER | B BoAkIIDH eTeNeRY 8T pefbeda
MeeTHBETH:

K. Mexkansa, T. 3eurapa
COBPEMEHHOE ©®OPMWPOBAHME CKAIOHOB B I0)XXHOM XAHIAE

Ha 10XHOM Ck/IOHe XaHras 3aMeTHO BbIACNAIOTCA MOPGHOTSHETRECKHE 30HbI:

~— TYHAPbl W BbICOKOTOPHBEIX JIyroB, pacrnonoxesHbrx soiwe 2700 M H.y. M. Ha cknoHax
C CeBepHONM 3Kcmo3MOMed BLICOKOropHasi TyHAPa CMyCKAeTCs HWXe, JO BbicOThl 2700 M H.y. M.;

— necoctenm (ropHoro neca u crenu) ot 2100 M H.y. M. go 2700 M H.y. M.;

—— cTenn A0 BLICOTHI 2700 M H.Y. M.

Y noaHOXbs TOp penbed cTenHbix paioHOB GopMmupyeTcs 8 HAcTosllee BpeMs NOJ BAWA-
HHEM CMbiBa, INU3OAWNECKON 3PO3uM, Cydhdosun U aednaLmuu. MecTamum Ha HU3KHX, Gonee Bmax-
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HbIX Teppacax Pa3BMBAIOTCH NPOLIECCHI MOPO3HOM cerperaumm, nyvyeHus ¥ oOpa3oBamAR MOpPO30-
GORHBIX TpeLInH.

B 30He necoctenu camyio 60nbluyl0 poNb WUrpaloOT MNOBEPXHOCTHbIA U NMHERHbIA CMbiB, BO3-
pacTaeT ponb INU30AW-ECKOl Ipo3um U AedAALMM NaBHbIM O6pPa3OM HA BO3BBLILEHHOTHX. [1e-
puojamu, fipu yyactue MHoOrofeTHeli Mep3noThl, NPOMCXOAUT CrioA3aHme. Mekee WHTEHEHBHbI
Takue fipoueccst Kak: coAupAlokuum, cyPdosua U Koppasus.

B 30He TYHAPbI W BbHICOKOrOPHBIX NYyroB GONbLIYIO AWHAMEKKY MPOSBAAIOT MPOLECChi, CBAIAH-
Hble ¢ FAYGHHOM 3aneraHus MHOTORETHEro Mep3foTHOro cfos. Penaloufywo pofib 8 $HOPMUPO-
BaHWW BO3BLILIGHHOCTEH, CK/OHOB ¥ AHA [ONWH MFPAIOT HU3vyecKkoe BbiBeTpHBaHWe, fIPOLEEEH!
MOPpO3HOi Cerperatinu, fiyyeHue, Harnpsxexnun npu o6palopanuun MopoIGYNX TPetuvis, APOLecEst
e@nu@m@kunu, EMbiBad ¥ FpaBHTALMOMHMIX CKAOHOBRIX BevkeHud, a Takke fipoueeesl HWBALWH,
BeBARUMY W KOPPAIUM.

COOTHOIICHNE 3TUX NnpoLeccoB, a TaKXKe UX Sonelasn AWHAMHKaA BeAyT K 06pa30mmm0 KpHo-
NNaHaUWOHHLIX TEPPAc M MOBEPXHOCTEH, a TaKkKe CTYMEeHYaToro npoguns CknoHoB. Kak Ha BO3-
BbILLIEHHOCTAX, TAK W HA AHE JONHH PA3BUBAIOTCA CTPYKTYPHbLIE FPYHTHI, HAXOAAWWECA B PAIHbIX
cTafuAx PasBUTHA. I

nepurnnuuanwue CKNMOHLI, B NEPBOM 3ITan€ Pa3BUTHA, ABNAIOTCA HEPOBHLIMM - —WKKTMBﬂXX-
HOCTH B pe3ynbTaTe npoueccos, Aeﬁcmy)omnx CcornaCcHoO UX yKnoHy, T. €. BHU3 U BBEPX, a4 TaKXe
npoueccos GOKOBOTO CPe3aHUA HEPOBHOCTEH 3aBUCAT OT reONOrMYECKOrd CTPOCHUA (FPAHUTDI,
6a3afibtibi).

C TOuKHM 3PE€HUR 30HA/IBHOCTH U IWHAMWKM COBPEMEHHDBIX KPHOIr€HHBLIX MPOLECCOB KPHO-
TUIAHALMOHHBIE Teppacbl U FOPU3OHTBI H0OXKHOIO CK/IOHA XaHras MOXHO pa3nenuTb Ha OME€Hb aK-
TUBHbIE, aKTHBHbIE MANOAKTHBHDLIE, POCCUNbHDbIE U CYO(OCCHbHBIE. KprOoNNanajnOHHLIC Teppachl
rOpU3oHTbl B npegenax LleHTpanshore Xauras pacnonarawica sbitte 3200 M H. Y. M. AKTUBHbIE
Teppacht Ha CKNOHAX € 1OXHON IKCIOMUE HAXOAATCA Bbitile 2900,M, & Ha CeBepHbiX Bbilie 2800 M.
Marnoakivewbie Teppacet HAXOAATCA HA BbicoTe Bbite 2700 M U fipefcTaBhinvot coGolt mepexos-
Hbilh 9TaR K POccHAbHbIM Popmam. DOECUABHLIC Teppackl PACNoNaraRTca B 30He BHICOKOFOPHbIX
AYFroB 6F 2400-2700 M H.Y. M.

Bonbmyio ponb B pa3BUTUM CKIOHOB B XaHrae UrpaeT 3KCnouuua, OT KOTOWﬁ 3aBUCUHT
MOLHOCTb AKTUBHOIO CI0R MHOFONETHEl MEpP3NOThI, COMETAHNME COBPEMEHinIX POLIECCOB, & TaKXKe
X PUTM ¥ UHTEHCUBHOCTb. B HacTOosuee BpeMa HAGMIOAACTCA UX BAMAHWE HA Pa3nAuHOe HOPMU-
poBaHue CIGIOHOB.

A. KoBanbkoBcku
BEPTUKAJIbBHAS 30HAJIBHOCTb MOYB IOXXHOIO CKAOHA XAHTASA

Ha toxHOM u 3anagHom cknoHax XaHras HaGnogannch pasHbie BapUaHTbI MOYMBEHHBIX 30H.
WX BO3HUKHOBEHWME CBA3AHO C BLICOTON HAA YPOBHEM MOPA, a TaKke C nepeMeLleHuem C tora Ha
3anap 8 ray6b ropHOFO Maccuea Macc so3ayxa u3 [lonmiabt Benukux 03ép. Ha ulyyaemodi Tepputo-
pUM FUAPOTEPMIMIECKUE YCAOBHR KPUOTYMUAHOW CPeAbl Ha ceBepe, fepexofnuedi B KpUOapUaHYyto
Ha jore, ABAAIOTCR, HECOMHEHHO, FiaBHbLIMA DaxkTopamu, ORpeAeAfIOWMNIA ACHMMETPUIO BbICOT-
HOWt 30HAMBHOCTY fIOWB, & TaKKe WHBEPCUIO 30H KPUOFYMWAHO-APMAHOTO TWiA.

SpKO BbIpKEHBI MPaHULbLI 30H B KPHOTYMHAHOM YacTu Bbite 2700 M H. y. M. BricTpo Bo3pac-
TaloWan K 1Ory KPUOAPUAHOCTE ABNSETCA OAHWUM U3 (AKTOPOB 3aTYILEBLIBAHNA BLICOTHON 30HANL-
HOCTH foyB. Kaxaas BbICOTHAA 30HA XapaKTepuiyeTca onpeAenéHHbIMU YepTaMu B3auMOAeACTBHA
MophoreneTHiRGKAX U No4BOoo6pasoRaTeitiuix NPOLIECCos, ipUAalOUMX edf 4YepTol reorpagmwyec-
Koro csoeobpasva (Taba. L, 2, 3). dakTop BLICOTsY HAA YPOBHEM MOPR AB/NRETCR GEIYCROBHO W3-
MEHAIOWMNCA BO BPEMEHU W B YE0BUW EMeHbI KAHMaTOB. CTaRKMBARILMRLS H AEPEABUTAIOINECH
AeHETBUA KPHOFYMUAHOETH 6 AOMUHUPYIOUIMU FPOLIEEEAMA KPUOFEHHOFD BYpOro BiiBeTpUBaHUs
€ éeBepa ¥ KpUOApUAHOETV € ABMWHUPYISIIUM KaliTaHOBBIM fIpBLeecoM € 10fa, BbilbiBaeT 1o,
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4TO PAAOM OOPa3yIOTCA KOHTYPhl MNOAMICHETHIRCKIWKX M PE/IUKTOBbIX MOYB ONPEAENEHHLIX XPO-
HOCeKBEHLME memoreHesnuca.

Pe‘rap,qa‘rumnue CBOWCTBa MOYB HECOMHEHHO BAMSIOT Ha IKOAOIMHECKUE ycnoBua pocTa pac-
TeHUR. PacTUTeNbHBIE e COOOwWecTRa nerde APUCAOCABUBAIOTCA K UIMEHEHHBIM KTMMATUYECKM
ycaosuam. MOTOMy Hefb3a UX CHWTATL OOHUM U3 KOMIARKSA MOKA3ATENel BEPTUKANbHON 30HAML-
HOCTH f[0YB,

A. Tauuxa
PACTUTENBHOCTE HOXXHOIO CK/IOHA XAHTCAR U ETO 30k

XaHraii aBnseTcs NepexofHON 30HOW Mexay TaéwHoW Boctourol CHOUPbIO U cTenHOW LieH-
TpanbHoH Asueil. Ha I10XKHOM ckfone LleHTpafbHOFo XaHras o6pasoBanace ApMAHAR cUCTEMA
pacTHTe/bHbIX 30H (iOXKHOXaHFaWeKan; Kapameiuesa, BaHiparx (976) 60 CeAyiOLHUMY SOHAMM;
cTenu, fecocTeniv M BbICOKOFOpHOW 30HOM, B KOTOPOW MOWHO PadfiviWTe ABE NOA3OHEI — HiH-
HIOID U BEPXINOIO.

30Ha cTened 3aHUMaeT HeGosbLliKe fApocTpancTea U npeacTaBnaeT cO6O# KOBbIIbHO-IONbIH-
Hyto crenb (¢ Shipa Krylovii Roshev, Arremisia ifigide Willd. ; 7a6. 8, ¢H. 5, 6).

JlecoctenHan 30Ha (Sensu tOHATOB [950) 3aHUMAaeT 60/bliyld HACTh TeppUTOpUn. JIMCTBEH-
HUYHbie neca (NcesAoTaénHOro Tuha: Kopotkos (976) 3aHUMAIOT TOALKO HEGOALIIONH APOLEHT
Tepputopun (Tab. 9). Onu 3aHUMAIOT OTAGALHBIR APOcTpanct®a Ha ckiowax ¢ C, CCB u CC3
KcnosULMAMK. X BropucTAYRCKU 606TaB HokasbiBaet Tabhvua 9. OcTanbuY® TEPPHTOPHIO
30HbI flecoeTenv 3aHMMaloT FepHeie 6TeRk, WIMEHSIOWIRCH B 3aBUEHMOCTH 6T YefoBuk Meeto-
ob6utamva (fa6. 8, eH. =4, 7=10).

ApuaHbifi KIMMAT CUABHO NOBAKAR HA 66pa3oBakme BHICOKOTOPHON 30HbL. B Helt oTCyTeTBYIOT
fEeATONLUOBOR peaKonecke U FopHas TYHAPA KyeTapHoro, TPaBAHWCTOFO, MOXOBOTO UK MOXOBO-
-AMIAAHUKOBOFO TUAOB, XapakTepHbie Afif FOp KOuHON W BecTouHon Cubupu (Kapambiluesa,
Bawusparx (977). Topbie 6ifiokbl B HibKHER BHIGOKOrOpHOM M6AIBHE 3aHMMAIOT KO6Pe3eBbIe
Ayra, cBoOWcTBeHHBIE FOPaM H@H?Bﬁﬁbh@ﬁ Asuu (KQBQMMM@, Baw3parx (9763, 1977), a AHe

— BEEHGHGHIHNE FRGHGSHIAE M50 BRERXHAN sERCAGIUIINAT THEHIHR G KOPHPARGTHINAT
¢ Gofee HU3KUMHK FOPHBIMW FSHAMU # ETEASMU HOXHOFS RSAHONMUR Xanras. CikABHbI aHMHI
KaMeHHetMin BBEEHIAAMY, 3 AABEKHE, LIWPOKWE XPe6TR! i BhEBKUE AAATE = KAWBHIGTGHI rEﬂﬁﬂﬁl"
TYHABOW, K6TOPAR A6 YENBBUAM MEETBBBUTAWAS U A8 MBpHBASruK BAUIKA TURY APKTUHBEKSH,
KaMerveTol FopHel TYHABEI: BaETHTEARHBETRID HBKpBRIT TBARKS HE68ABIGY APBHEHT Teppu-
Topuu. Cpeay ciyAHOH (hABRRI EBEYANETRX PACTRif (BK: 25 BUAGE), MOWHS BRIAGAUTR BhIES-
KOFopHBIE EUBUBEKIE ¥ BHICOKOFOPHBIE APKINdBCKUR BYABI:

JI. Crapkesib

3OHANBHOCTEL B TOPAX C KOHTUHEHTANBLHLINM KIUMATOM

MpwunHol 06pazobaHuA rEOIKONONAIRCKAX 30H FOP B KOHTUHEHTA/ILHOM KAWMaTe ABNA-
I0TCA SKCTPeManbHble BENUYUHBI PeXUMa TEPMMKM M BAAKHOCTH, KOTOPbIE ONpelensioT Xop
U3NYECKUX, XMMHUYECKHX M Ouonorumecxux npoueccoB. BHyTpH A3M HA pPacnosiOXeHWe ITUX
30H, HA MPOHUKHOBEHKE MONYNYCTbIHHBIX PalOHOB Janeko K cepepy, a OAHOBPEMEHHO MPOHUKHO-
BeHUe AafeKo K Iory BeyHOH Mep3NnoThl U 30HBI N1ECOB MOBAMANM YeTbipe (PaKTopa: PaaHALMOHHbINA
6anakc M POCT TeMnepatypsl MO HAMPaBAEHUIO K IKBATOPY, YMeHblLUeHHEe aTMOCHEPHBIX OCAAKOB
A0 HAMPaBAEHUIO K TPOMUHECKOH 30He, BeNMUMHA KOHTHHEHTa M yJa/leHHe ero UeHTpa OT OKeaHa,
8 TaKkxKe sBfieHUe MHBEPCUH B OOLUMPHBIX MOHMXEHUAX cpeay rop. OKaliMieHus CyXuX MOHHKe-
HiHH, K KOTOPbIM NPUHAANEXKHKT HOXKHBIA CKNOH XaHras NPoABAAIOT 3HAYMTE/IbHBIA rpagUeHT BNaX-
HOCTH, 00ycnoBnuBawOuili 4epesoBaHMEe 30H Ha HeGONbLIIOW TeppUTOPMHM.
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