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INTRODUCTION

The interlobal zone of the Torell Glacier (Torellbreen) in West Spitsbergen
(Wedel Jarlsberg Land) forms an isolated, difficult of access, non-glaciated
land fragment (Fig. 1, annexed map). It is surrounded from the North, East
and South-East by lobes of the Torell Glacier (vestre Torellbreen and austre
Torellbreen) as well as smaller glaciers: Profilbreen, Skoddebreen and Ra-
tisen, flowing down the nunataks of Raudfjellet and Tanngerden (Fig. 2).
In the southwest, this interlobal zone forms an indistinct bulge of a shore-
line between the sea bays Skodde (Skoddebukta) and Isfjell (Isfjellbukta)
of the Greenland Sea. About a kilometre far from the interlobal zone there
is in a sea, as a natural continuation, the Island Insoya that forms the north
western end of a small extended archipelago of the IsGyane (Fig. 2).

The interlobal zone is composed of two principal parts: the mountain
massif with peaks of Raudfjellet (1014 m as.l), Krakken (537 m as.l),
Hogsoetet (802 m a.s.l), Oksegga (910 m a.s.l) and Gloersenfjellet (831 m as.l.)
as well as the coastal plain of Torellkjegla that passes northeastwards
towards the mountain massif, into the median moraine of Torellmorena
(Fig. 2). Most probably, a difficult access of this area made it to have been
devoid before 1980 of detailed and in the same time, complex geological
and geomorphological investigations. The general geological map of South
Spits-bergen in a scale of 1:500.000 (Flood, Nagy and Winsnes 1971)
presents only that the mountain massif of the interlobal zone is composed
of Proterozoic carbonate, pelitic rocks and green slates of the Middle Hecla
Hoek formation. Carbonate rocks of the same age are also marked on nlsdya.
The other papers dealing with this area are small contributions only. One
of them informs of thermal springs at the margin of the austre Torellbreen
and Raudfjellet (Migala and Sobik 1982) whereas the other presents
the uncomplete extent of the Torell Glacier cliff (mainly of the austre Torcll-
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Fig. 1. Schematic geomorphologic-geologic sketch of the interlobal zone of the Torell

Glacier: 1 — mountains; raised marine beaches: 2a—at 10—18 m asl, 2b—at

5—6 m as.l.; 3—ice-cored marines; 4 — push moraines; extramorainal outwash:

5a — older, 5b — younger; 8 — ablation till, 7— ice-dam lake sediments; 8 — glacicrs,
9 — lakes; 10 — geologic sections

Szkic geomorfologiczno-geologiczny strefy interlobalnej lodowca Torella: 1 — géry;

podniesione terasy morskie: 2a—10—18 m npm, 2b—5—6 m npm; 3 — waly

lodowo-morenowe; 4 — moreny spigtrzone; sandr ekstramarginalny: 5a — starszy,

5b — mlodszy, 6—glina zwatowa ablacyjna; 7 —osady jezior zaporowych; 8 —
lodowce, 9 — jeziora; 10 — przekroje geologiczne
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breen) in 1982, based on terrestrial photogrammetric works (Jania
and Kolondra 1982).

Fieldworks in the interlobal zone were carried through in August 1980
by K. Pekala. At that time the geomorphological features were mapped as well
as samples of deposits of push moraines were collected for thermoluminescence
datings. The latter were done by Dr. J. Butrym in the Thermoluminescence
l.aboratory of the Institute of the Earth Sciences, M. Curie-Sklodowska
University of Lublin. The receiveld data were used for the stratigraphy
of the Middle Pleistocene sediments in the Ifornsund region (Lindner,
Marks and Pekala 1983, 1984).

Also the access to Norwegian air photos of this area in a scale of about
1:50.000 and done in 1960, owend by the Institute of Geophysics, Polish
Academy of Sciences, and the Institute of Land-Surveying and Cartography,
Head Office of Land-Surveying and Cartography, allowed to prepare the pho-
togeologic map in the scale of 1:10.000 annexed to this volume (Szczesny,
Lindner, Marks and Pekala 1985). A preparation of the map was
based on the previously presented method (Lindner, Marks, Ostafi-
czuk, Peckala and Szczesny 1985 in press, 1986 in press) and continuet
a series of such maps prepared by the authors for West Spitsbergen
(Ostaficzuk, Lindner and Marks 1982, 1936 in press, Ostaficzuk,
Marks and Lindner 1980).

The works connected with a preparation of this paper and of the annexed
map were partly supplied by the grant within the interdepartmental project
MR-1.29 whereas the edition of this map was founded by the Institute of the
Earth Sciences, M. Curie-Sklodowska University of Lublin.

This paper is the attempt of a complex description of the interlobal zone
of the Torell Glacier with its morphogenesis, similarly as the previous
authors’ papers on the Hornsund region (Lindner, Marks and Ostafi-
czuk 1982, 1984, 1986 in press).

RELIEF AND QUATERNARY DEPOSITS

Fieldworks and the photogeologic analysis resulted in 31 geologic-geomor-
phologic distinguished units in the interlobal zone of the Torell Glacier.
They are put into 4 main genetic groups (annexed map): slope landforms
(symbols 1—3); glacial and nival landforms and sediments (symbols 6—21);
marine terraces (symbols 22—24); lake landforms and sediments (symbols
25—31). Aeolian covers (symbol 32), gorges (symbol 33) are distinguished
separately, as well as two topographic elements (symbols 34 and 35).

SLOPE LANDFORMS

The northeastern part of the area is occupied by the massifs of Krakken
and Raudfjellet, composed of metamorphic rocks of the Hecla Hoek Forma-
tion. They are usually mantled with a waste cover (symbol 1) whereas moun-
tain crests (symbol 2) and steep slopes are devoid of them. At the western
slope of the Krakken massif there are rock outliers (symbol 3) within the
landslide fans. They are also noted in the Torellkjegla area: at the extra-
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morainal outwash (Phot. 8, 13) and within the floody-outwash zone with
icings.

The photogeologic analysis of slopes of the Raudfjellet and Krakken
massifs enabled to distinguish on them several immense systems of landslide
fans (symbol 5) and chutes (symbol 4). The latter are the collectors of snowy-
-stony avalanches and of nival waters coming from melting snow patches.
The landslide fans get down on lateral ice-cored moraines or are hanging

Marfiya

e AN N X
%/Q/ D i
" e 2
/Tnnmglrﬂer \— \ \
\ Jay _m

— -—
W =etheimen =

Fig. 2. Location of prepared photogeologic maps in the Torell Glacier area on the
Norwegian topographic map in the scale of 1:100.000 (Norge, Topografisk Kart
over Svalbard.. 1953): 1-—glaciers (extents in 1936), 2 — mountains, 3 — shoreline
and lakes in 1936, 4 — photogeological maps in the scale 1 :10,000 prepared by the
authors: a — Ostaficzuk, Marks and Lindner (1980), b — Szczesny, Lindner, Marks
and Pe¢kala (1985)
Lokalizacja wykonanych map fotogeologicznych rejonu lodowca Torella na norwes-
kiej mapie topograficznej w skali 1:100000 (Norge Topografisk Kart 1953): 1 —
lodowce (zasieg z 1936 r.), 2—masywy goérskie, 3 — linia brzegowa i jeziora
w 1936 r., 4 — mapy fotogeologiczne w skali 1 :100000 wyvkonane przez autorow:
a — Ostaficzuk et al. (1980), b — Szczesny et al. (1985)
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in higher parts of slopes. A development of hanging fans depends either
on outlier type of outcrops on the slope and deposition below weathering

waste, or can result from a removal of the lower part of the fan by glaciers
during their wider extent.

GLACIAL. AND NIVAL LANDFORMS AND SEDIMENTS

Now most of the area is covered by glaciers whereas in the zone devoid
of compact glacial ice, still glacial sediments and landforms predominate.
A compact glacal ice (symbol 6) forms the snouts of glaciers that move down
the mountains to the north of the massif Raudfjellet — Krakken (Fig. 2).
Starting from the west there are the lobes of vestre Torell, Profil, Skodde
and austre Torell glaciers. Besides, the pass between Krakken and Raudfjellet
is occupied by the relic Raudfjell Glacier that goes down the southwestern

Table 1. TL datings of deposits from the Torellkjegla area
Datowania metodq termoluminescencji osadéw w obszarze Torellkjegla

Annual dose of radiction measured by
Doted deposits df)sime_fric Vmethod spectrometric method
Laboratory Age (TL ka) Laboratory Age (TL ka)
dating No dating No
titl Lub — 228 73:9.5-20—!:2'/_' —_
tatt Lub — 229 225230
marine clay Lub — 230 413 £ 62 Lub - 906 383+ 57
ull lsub =231 313 47 Lub-907 284242
| sand Lub — 232 222+ 40 Lub - 908 182 ¢ 27
! gravel Lub — 233 220+ 33 Lub-909 190 ¢ 28
Lt Lub — 234 229 34 Lub - 910 189 + 28
l aeolian sand Lub - 235 8+12

foot of the mountain massif. Relic glacial ice is also noted (partly under
2 snow) in hanging glacial cirques located on northern and southern slopes
of Raudfjellet (Phot. 1). The snouts of the glaciers vestre Torell and austre
Torell end with ice cliffs (up to 50 m high) in the Isfjell (Phot. 2) and Skodde
(Phot. 3 and 4) bays, respectively.

A characteristic arrangement of crevasses in ice is worth mentioning:
they are more common in marginal zones of every glacial lobe and besides,
most of them are parallel to ice edges (annexed map and Phot. 4).

Push moraines (symbol 7 are the most out standing glacial features in the
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extraglacial zone. A particulary large push moraine, about 2 km long and to
30 m high, occurs in the central part of Torellkjegla (annexed map, Fhot. 5,
6, 7, 8,). It forms a homogeneous feature, cut by a glacial stream in the north.
Farther southwards there is an older, now dry and hanging, gorge (Phot. 7).
This moraine is composed of glaciodislocated ancient marine clays (Fig. 3,
Pho . 8), covered in the east by the ablation moraine (Fig. 3, Phot. 6). Two
cmaller push moraines are noted near the coastline of Torellkjegla, just
in the forefield of the southern edge of the austre Torell Glacier that still
stands on a land (annexed map). A cliff exposure of one of these moraines
supplied with samples of sediments for thermoluminescence datings (Fig. 3,
4, Phot. 3, 9, Table 1). The core of this moraine is composed of glaciodislocated
marine clays of the overturned fold. Frobably these clays are of the same
age as the ones noted in the mentioned previously ridge-like push moraine
in the central part of Torellkjegla (Phot. 8, ryc. 3). The clays from the expo-
sure were thermoluminescence (TL) dated in the grain size of 56—50 u by two
methods, based on difierent type of measurements of the annual radiation
dose: by dosimetric method with a use of LIF dosimeters and by spectro-
metric method (Butrym 1981). The marine clays were dated by dosimetric
method for 41362 ka and then, when larger samples were accessible,
by spectrometric method for 383 £ 57 ka (Table 1, Fig. 4). Therefore, they
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Fig. 3. Schematic geologic section of the Torellkjegla region: 1 — bedrock, 2 — gla-
ciodislocated deposits, 3 — marine shingle, 4 — ice-cored morainic deposits, 5 — abla-
tion till, 6 —gravels and sands of older (a) and younger (b) extramorainal out-
wash, and intramorainal outwash (c), 7 — present lagoon level, 8 — thermo-
luminescence dated aeolian sands, 9 —glacial extents and their probable age
Schematyczny przekréj geologiczny przez obszar Torcllkjegla: 1 — podloze skalne,
2 —osady zaburzone przez lodowiec, 3 —2wiry morskie, 4 — osady waléw lodowo-
-morenowych, 5 — glina zwalowa ablacyjna, 6 — zwiry i piaski starszego (a) i miod-
szego (b) sandru ekstramarginalnego oraz sandru intramarginalnego (c), 7 — obecny
poziom wody w lagunach, 8 — piaski eoliczne datowane metoda termoluminescencji,
9 — zasiggl lodowcow i ich przypuszezalny wiek
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are the oldest Quaternary sediments noted up to now in this part of Spits-
bergen. They represent the 'Torellkjegla Interglacial (Lindner, Marks
and Pekala 1983, 1984). The marine clays are enveloped by a till, dated
by dosimetric method for 313 = 47 ka (by spectrometric method for 284 t 42 ka)
and then by sands dated for 222 f 40 ka (182 * 27 ka), gravels 220 £ 33 ka
(190 £ 28 ka) and the other till, TL dated for 229t 43 ka and 225130 ka
(189 £ 28 ka). The younger glaciodislocated sands and gravels were not dated
(Fig. 4). These two tills and the separating sandy-gravel deposits represent
two glacial advances during the Wedel Jarlsberg Land Glaciation (Lindner,
Marks and Pekala 1983, 1984). All the described sediments are covered
by a till (Fig. 4). Its TL dosimetric dating proved a large age interval from
731+ 9.5 ka to 209 £ 27 ka (Table 1). It can result from incorporation of older
tills by the austre Torell Glacier during the Sorkapp Land Glaciation
(Lindner, Marks and Pekala 1983, 1984).

Median ice-cored moraines (symbol 8) are the other outstanding features
of this area. They are subjected to intensive melting of buried glacial ice
(annexed map). Such moraines separate the Profil Glacier from the other
glaciers: austre Torell (Torellmorena), vestre Torell (Klockmannmorena)
and Skodde (Tanngardmorena). Median ice-cored moraines are up to 40 m
high Torellmorena — Phot. 1) but they are less and less distinct upglacier,
passing in the end into flat strip-like concentrations of glacial drift on the
ice surface.

Along the glacial margins there are usually terminal and lateral ice-cored
moraines (symbol 9). The median ice-cored moraines generally contact with
terminal ones. Both, terminal and lateral ice-cored moraines do not form
continuous ridges along the glacial margins but are subjected to varying
(in rate and scale) degradation caused by melting of ice cores. This phenome-
non is particulary distinct at the terminus of the vestre ‘l'orell Glacier, the
terminal moraine of which reaches the present coastline storm ridge
anl is very low (several metres) close to the sea (annexed map, Phot. 2, 10).

A most continuous system of terminal and lateral ice-cored moraines
occurs around a small tongue of the Raudfjell Glacier and also, at the out-
lets of hanging glacial cirques on the Raud{jellet slopes (annexed map, Phot. 1).
In the last case the terminal ice-cored moraines are already intensively
transformed into moraine rock glaciers (Lindner and Marks 1985).

The confrontation of lateral ice-cored moraines of 1936 (Fig. 2) with air
photos of 1960 suggests that the moraines at the foot of western and north-
ern slope of Krakken are subjected to the specific inversion: they are quite
quickly degraded and replaced by ice-dam lakes (Fig. 4), located in depres-
sions formed due to glacier movement an:l increased ablation (caused by war-
mer rocks).

A degradation of the buried glacial ice results in formation of solifluction
covers (symbol 10) on the median ice-cored moraine of the Torell Glacier
(Torellmorena; annexed map, Phot. 1) as well as on its southwestern conti-
nuation of the push moraine (annexed map).

In the interlobal zone a considerable area is occupied by the ablation
moraine. It occurs among others on rock outliers (symbol 11) in the floody-
-outwash zone between the austre Torell Glacier snout and the push moraine
in the central part of Torellkjegla (annexed map). But firstly it covers a dead
glacial ice (symbol 13) or its elevations (symbol 12), particularly in the fore-
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Fig. 4. Torellkjegla, an exposure with glaciodislocated deposits (Fig. 3). Sampling

sites and TL datings of the sediments by dosimetric and spectrometric methods

are shown (Table 1). Torellkjegla Interglacial: 1 — marine clays Wedel Jarlsberg

Land Glaciation: 2—till, 3— fine-grained and medium-grained sands, 4 — gravels,

5 —till, 6 — stratified sands, 7— stratified gravels and coarse-grained sands: Sor-
kapp Land Glaciation: 8 — gravels, 9 — till

Torellkjegla, odslonigcie z osadami zaburzonymi glacitektonicznie (por. ryc. 8).

Zaznaczono miejsca pobrania prébek i datowania TL osadéw metoda dozyme-

tryczng i radiometryczng (por. tab. 1). Interglacjal Torellkjegla: | — ity morskie

zlodowacenia Wedel Jarlsberg Land, 2 — glina zwalowa 3 — piaski drobno- i §red-

nioziarniste, 4 — zwiry, 5—glina zwalowa, 6 — piaski warstwowane, 7 — warstwo-

wane zwiry i piaski gruboziarniste: zlodowaceni2 Sdrkapp Land, 8 — zwiry, 9 —
glina zwalowa

field of the vestre Torell and Profil glaciers (annexed map, Fig. 3, Phot. 10,
11, 12) but also on the eastern slope of the central push moraine (Fig. 3,
Fhot. 6). The ablation moraine is also underlain by a compact glacial ice
(symbol 14) at the margin of Frofil, Skodde and austre Torel} glaciers (annexed
map, Phot. 1). It forms on the latter narrow strips that go up the glacier
surface to about 90 m asl (annexed map). In the forefield of the Profil
Glacier, the marginal part of the ablation moraine is cut by three gorges
of the meltwater river system (annexed map, Phot. 13, 14, 15).

But the dead glacial ice noted in cores of ice-cored moraines, there are
also its three cmall patches (symbol 13) in marginal zones of the Profil
and austre Torell glaciers, at the contact and within the lake sediments
(annexed map).

In the Torellkjegla area there are two levels of the extramorainal out-
wash and the intramorainal outwash (annexed map). The older extramorainal
outwash (symbol 16) is preserved only in fragments at 8—12 m a.s.l, adjoining
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to the western slope of the central push moraine, relics of the raised marine
beach 10—18 m a.s.l. and rock outliers (Fig. 3, Phot. 8, 13). It is locally cove-
red with aeolian sands (symbol 32). The younger extramorainal outwash
(symbol 17) forms a compact level at 4-9 m a.s.l, located between the central
push moraine, ablation moraine of the Profil Glacier and terminal ice-cored
moraine of the vestre Torell Glacier (Fig. 3, PPhot. 8, 13, 14).

The occurrence of hanging fragments of both these outwash levels at the
eastern side of the central push moraine, near the present dry gorge that
passes across this moraine (Phot. 7) and a general southwestern sloping of both
levels, together with their absence in the area between the central push
moraine and the snout of the austre Torell Glacier (annexed map), prove
that the extramorainal outwash was formed during a standstill of the austre
‘Torell Glacier snout along the central push moraine.

The intramorainal outwash is noted only at the eastern side of the central
push moraine (annexed map, Fig. 3), generally at 0—10 m a.s.l. The outwash
surface is polygenic: it was formed due to erosion of the ablation moraine
(symbol 18a) or deposition of sandy-gravel sediments — symb»l 18b (Phot. 3,
7, 16). The surface of the intramorainal outwash is connected with the water
flow from the north southwards, from the forefield of the Profil Glacier
(Phot. 15) and along the Torellmorena Phot. 5).

On the surface of lake sediments at the foot of the southeastern slope of
Raudfjellet and the southern slope of Krakken, there are outwash fans
and trains (symbol 19), connected - with periodical emptying of ice-damn
lakes located at the foot of Krakken as well as with draining of the Raud-
fjell Glacier and the hanging glacieret in the southern slope of Raudfjellet
(annexed map).

A considerable part of the area between the central push moraine an:d the
edge of the austre Torell Glacier is occupied by the icings —symbol 20
(annexed map, Phot. 5, 7, 17, 18). It is the ephemeral phenomenon, probably
connected with a periodical (yearly: in autumn and early winter) rapid
outflow of waters from the ice-dam lake at the foot of Raudfjellet and Kra-
kken, with possible outflow of thermal waters (Migala and Sobik 1982).

In the whole area presented on the map there are patches of perennial
snow (symbol 21), collected in depressions on glaciers, glacial sediments
and mountain slopes.

MARINE TERRACES

In the described area there are two distinct raised marine terraces
(annexed map): 10—18 m a.s.l (symbol 22) and 5—6 m asl. (symbol 23),
and the present storm ridge (symbol 24).

The marine terrace 10—18 m as.l. occurs in the Torellkjegla area (Phot. 8)
and on the nlsdya Island (Phot. 16). It is composed of quite well rounded
pebbles that overlie the bedrock. Their thickness is small as proved by many
a time outcropping rock outliers. In the area between the Profil Glacier
and the central push moraine this terrace forms three islands that stick up the
surrounding outwash levels. This terrace is considerably covered by aeolian
sediments, similary as the higher level of the extramorainal outwash. The
bottom, series of these aeolian sediments were TL dated for 8°1.2 ka (Fig. 3,
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'fable 1) whereas a fossil flora, buried by the recent aeolian sediment, waa
radiecarbon dated for 1833160 BP (Gd—2075).

These datings as wcll as a palaeogeomorphologic analysis of the “orell-
kjegla area, suggest that the central part of this interlobal zone and the
nlsdya Island were outside the glacier-occupied area not only during the
Little Ice Age but also durmg ihe late part of the Sirkapp l.and Glaciation
(= Vistulian).

The terrace 5—6 m a.s.l. is preserved only at the southwestern part of the
nlsdya Island (annexed map). During the photogeologic anaiysis it was found
that linear phototones were visible from under the surface of the intramo-
rainal outwash in the eastern part of Torellkjegla. Therefore, this outwash
seems to have been partly deposited on a cestructed raised marine beach.

The present storm ridge is the most distinct and, at the same time, the
most widely expanded element of a marine relief in the described area.
It forms a distinct and almost continuous ledge along the southwestern shore
of Torellkjegla, closing numerous deep and vast lagoons (annexed map, Phot. 2,
3, 16). In the southeastern part of the 'Torellkjegla seashore it smooths the
coastline but also forms several islands in the lagoon area (annexed map).
With a strict reiation to the sea level, this ridge is from zeveral centimetres
to about 2 m high.

LAKE LANDFORMS AND SEDIMENTS

In the southeastern part of the area, in the depression located between
the massifs of Raudfjellet and Krakken and bordered in the south by the
‘‘orell Glacier while in the north by the marginal zone of the Raudfjell Glacier,
there is an expanse covered by sediments of ancient ice-dam lakes (annexe:d
map). These sediments are composed of at least several metre thick silty-sandy
series that are most probably usually underlain by pre-Quaternary rocks
but also by glacial deposits or dead glacial ice (ryc. 5). Due to the photogeo-
logical analysis they could be precisely demarcated and subdivided into
four distinct devels (symbols 25—28), connected with various evolution phases
of the lakes.

The highest lake level is located at 120—160 m a.sl. (symbol 25). In the
northeast it adjoins the slope of Krakken an<d the covering landslide fans
whereas at the opposite side it contacts with the Skodde Glacier (annexed
map, cf. Fig. 2). In the south the sediments of this level are delimited by the
ice-cored moraine close to the slope of the Krakken massif. The morphology
of the surface of lake sediments of this level and confrontation with 1936
(Fig. 2) suggest these sediments could have been deposited at the previous
southernmost fragment of the mentioned lateral ice-cored moraine (Fig. 5).
In a way, such palaeogeomorphologic situation resembles the ice-dam lake
of 1960, existing at the northern side of the Krakken massif (annexed map,
Fig. 5) in the place of the ice-cored moraine that still occurred there in 1936
(Fig. 2). Considering the fact that the loosing of waters by this lake resul-
ted in erosion of ice-dam lake sediments at lower level (formed at the end
of thirties), then the highest-level lake sediments were deposited at the end
of forties (annexed map). The lower lake sediments (symbol 26) form the plain
at 30—80 m a.s.l. and, as mentioned previously, were deposited at the end of
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Fig. 5. Schematic geologic sections of the Raudfjellet-Krakken region: 1 — bedrock,

2 — glacial ice, 3 —ice-cored morainic deposits, 4 —lake sediments, 5— ancient

lake level, 6 — lake level in 1960, 7 — glacial extents and their probable age,
8 — numbers of symbols of lake sediments (see annexed map)

Schematyczny przekrdj geologiczny przez rejon Raudfjellet — Krakken: 1 — pod-
loze skalne, 2 —lod lodowcowy, 3 — osady walow lodowo-morenowych, 4 — osady
jeziorne, 5 — dawny poziom jeziora, 6 — poziom jeziora w 19680 r., 7 — zasiegi lodow-
céw i ich przypuszczalny wiek, 8 — symbole osadow jeziornych (por. zal. mapa)

the thirties (Fig. 5). They occupy a considerable area just in the forefield
of the Raudfjell Glacier, the ice-cored moraine of which delimits them in
the north (annexed map). Taking into account a distinct sloping of the surface
of the:ze sediments southwards, as well as traces of erosive trains and mant-
ling of this surface by outwash sediments of the Raudfjell Glacier, the latter
must have influenced considerabiy the lake series of this level. At. the western
slope of Raudfjellet the extent of the lake of this time is marked by the
strandline at about 100 m a.sl. (annexed map, Fig. 5). It proves that the lake
was from over twenty metres in the north to about a hundred metres deep
in the south.

Besides, the western slope of Raudfjellet possesses another abrasion strand-
line at about 160 m a.sl. (annexed map, Fig. 5). The southernmost part of this
strandline is covered by the ice-cored moraine of the rock glaciers from the
cirque on the southern slope of Raudfjellet (annexed map, Phot. 1). This
strandline was probably formed during the maximum extents of glaciers
of the Little Ice Age or earlier.

Still a lower level of lake sediments (symbol 27) occurs at 10—30 m as.l.
(annexed map, Fig. 5). It is younger than the previous one and, basing on
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a palaeogeomorphologic analysis, seems to correspond in age with the highest
level i.e. deposited at the end of the forties (Fig. 5).

The lowest level of lake sediments (symbol 28) forms the occasionally
flooded surface at 0—10 m as.l (annexed map, Fig. 5). The occasional ice-dam
lake in this area collects most water of melting snow that covers not only the
slopes of the Raudfjellet and Krakken nunatak but also the suurfaces of sur-
rounding glaciers, the outwash waters and probably the waters of thermal
springs noted by Migata and Sobik (1982) at the southern foot of Raud-
fjellet. After the lake is filled, these waters migrate through crevasses and
tunnels across the ice-cored moraine of the interlobal moraine of the Torell
Glacier and spread into the Torellkjegla area resulting, among others,
in immense icings there (Phot. 5).

MORPHOCENESIS AND STRATIGRAPHY

Fieldworks, photogeologic analysis of the interlobul zone of the Torell
Glacier and thermoluminescence datings enabled a reconstruction of the
morphogenesis of the investigated area during the Midd.e and Late Quaternary.

Marine clays are the oldest Quaternary sediments in this area. They form
the fold core of a glaciodislocated series exposed in the eastern part of the
Torellk jegla area. The origin and age of these sediments, dated for 413 (385)
ka ascribed them to the warm interval, named the Torellkjegla Interglacial
(Fig. 6; Lindner, Marks and Pe¢kala 1983, 1984). This interglacial
is to be correlated with the '0 stage 11 ol deep-sea sediments, dated by
Shackleton and Opdyke (1973) for 440—367 ka. In Central Europe
this period is named the Mazovian (Holstein, Likhvin) Interglacial.

During the following cooling, named the Wedel Jarlsberg Land Glaciation
in this part of Spitsbergen (l.indner, Marks and Pekala 1983, 1984),
the Torell Glacier advanced twice and each time it passed over the limit
of its present extent (Fig. 6). These advances are proved by two tills, exposed
in the Torellk jegla area (Fig. 4) and glaciodislocated together with older marine
clays. ‘i’he older till is dated for 313 (284) ka whereas the younger one for
225—229 (189) ka, respectively. These tills are separated from each other
by sands and gravels dated for 222 (182) ka and 220 (190) ka.

A geologic structure and the mentioned dates prove that the older till
was formed by the Torell Glacier during the older Wedel Jarlsberg Land
Glaciation, corresponding probably with the beginning of a cooling recorded
in deep-sea sediments as the 0 stage 8 (cf. Shackleton and Opdyke
1973) and in Central Europe with the Saale T (Oder, Dnieper) Glaciation. The
younger till correlates presumably with the Torell Glacier advance during
the younger Wedel Jarlsberg Land Glaciation, recorded in deep-sea sedi-
ments by the 0 stage 6 (cf. Shackleton and Opd y ke 1973) and in Cen-
tral Europe as the Saale II (Warta, Moskva) Glaciation.

The successive advance of the Torell Glacier was expressed by glaciodis-
locations of the mentioned sediments and occurred probably during the
Sorkapp Land Glaciation, correlated with the Wista (Weichselian, Wiirm)
Glaciation (Lindner, Marks and Pekala 1983, 1984). It seems to be
supported by the dates received for the till that overlies the deformed glacial
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and marine sediments in the ‘iorellkjegla section (Fig. 4). The maximum
extent of the Torell Glacier in that time cannot be defined but it must have
been larger than the present one. It could be the time when the push moraine
in the central part of Torellkjegla was formed. During the further advance
of the Torell Glacier this moraine cpposed the westward movement of the
austre Torell Glacier. In the same time the higher level of the extramorainal
outwash was formed, then partly mantled with aeolian sands (Fig. 3).

Smges Torellkjegla Area (West Spitsbergen)
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Y, s ol e e S
100-% / e e |
7 ///‘ Interglacial 1
- - —— -
6
5 | B
v 200-% // %
/] 2204
i /4// " _351%';?,_'2 225 ko Wedel Jorisberg Land
- RIS IPIY Interglaciat 2 _
x 8 Glaciations
28Lka O
300 v~ 7 3ka @
Ay
9.
Y0010
7% Torellkjegla 38340 O
400711
/% Interglacial ~ “'3k2 ®
Z4
g N T

o 1 o 2 x 3

Fig. 6. Chronostratigraphic scheme of glociations in the Torellkjcgla area. Oxygen!
stages are taken from Shackleton and Opdyke (1973): 1 — TI. datings by dosimetric
method, 2 — TL datings by spectrometric method, 3 — radiocarbon dating

Schemat chronostratvgraficzny zlodowacen obszaru Torellkjegla. Stadia %0 wedlug
Shackletona i Opdyke'a (1973): 1 — datowania TL metod; dozyimetryczng, 2 — dato-
wania TL mctody radiometryczny, 3 — datowanie mctodg radiowegla
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The age of all the three distinguished Pleistocene glaciations of the Torell-
kjegla area corresponds roughly to three glacial episodes noted in north-
western Spitsbergen (cf. Miller 1982, Forman and Miller 1984).

The retreat of glaciers during the younger part of the Sorkapp Land
Glaciation and at the turn of the Late Glacial and llolocene caused a con-
siderable emergence of this area from under the ice, its partial flooding
by a sca and formation of two raised marine beaches. The higher one (10—18 m
as.l) is covered by aeolian sands, dated for 8 ka, und so it can be cor-
related with the Early Holocene. On the other hand the lower beach was
formed during the Iate Iolocene (cf. Birkenmajer and Olsson 1970).

A fossil tundra plants were noted in the aeolian sediments and radiocarbon
dated for 1830t60 BP. They prove a climatic warming of this time in West
Spitsbergen (cf. Blake, Olsson and Srodon 1963, Pekala 1975, 1989,
Baranowski and Karlen 1976) and so. the glacier retreat. (Bar a-
nowski 1977, Pekala 1980).

During the Little Ice Age a last rapid advance of glaciers occurred in this
area: of the Torell Glacier, the Raudfjell Glacier and the rock glacier in the
cirque on the southern slope of Raudfjellet inclusive. Several other features
were formed in this time: the median moraine of the Torell Glacier, the
ablation moraine on the eastern slope of the push moraine, the ice-cored
moraines of the vestre Torell Glacier and the lower extramorainal outwash.

A relreat of these glaciers, having lasted for at least several dozen years,
favored a development of ice-dam lakes in the depression between the inter-
lobal zone of the Torell Glacier and the massifs of Raudfjellet and Krakken
but from the other side, resulted in a quick melting of the glaciers. The
retreating vestre Torell Glacier exposed in that time over 500 m wide zone
from under the ice; now a dead ice occurs there only under the mantle of abla-
tion till. ’he austre Torell Glacier exposed from under its ice the zone, almost
1000 m wide and now mostly occupied by the intramorainal outwash
and icings. The ablation moraine covers there only a relatively narrow zone
on the flattened glacier snout (200—300 m wide strip).

The most recent history of this area is associated with a formation of the
present storm ridge, composed of numerous elevations and depressions. A con-
siderable significance in its development is played by sea ice that protects
in winter from abrasion of the shore.

Nowadays the interlobal zone of the Torell Glacier is the area with inten-
sive processes of fluvial erosion and deposition, glacial deposition, solifluction,
thermokarst and aeolian phenomena.

The authors are indebted to C. Filipowicz, M.Sc.,, Warsaw University,
and to members of the Oceanographic Scientific Expedition from the Gdansk
University for their help in fieldworks in summer 1980. Special thanks
are also due to Dr. J. Butrym, M. Curie-Sklodowska University of Lublin,
for TL datings of the collected samples. We are grateful 1o the headquarters
of the Institute of Geophysics, Polish Academy of Sciences, and the Institute
of Land-Surveying and Cartography, Main Office of Land-Surveying and Car-
tography, for the Norwegian air photos of the investigated area. Much
gratitude is given to the headquarters of the Institute of the Earth Sciences,
M. Curie-Sklodowska University, and of the University Publishers for their
goodwill and help in printing of the annexed photogeologic map.



Evolution of the Interlobal Zone of the Torell Glacier... 15

REFERENCES

Baranowski S. 1977, Subpolarne lodowce Spitsbergenu na tle klimatu tego
regionu. Acta Univ. Wratisl,, 393; 1—157.

Baranowski S, Karlen W. 1976, Remnants of Viking age tundra in Spits-
bergen and northern Scandinavia. Geogr. Ann., 53A, 1—2: 35—40.

Birkenmajer K, Olsson I. U. 1970, Radiocarbon dating of raised marine
terraces at Hornsund, Spitsbergen, and the problem of land uplift. Norsk
Polarinst. Arb., 1969; 17—43.

Blake W. Jr, Olsson 1. U, Srodon A. 1965 A radiocarhon dated pcat deposit
near Hornsund, Vestspitsbergen, and its bearing on the problem of land uplift.
Norsk Polarinst. Arb., 1963; 173—180.

Butrym J. 1981, Datowanie absolutne osadow czwarlorzedowych zmodyfiko-
wang metodg termoluminescéncyjny. Spraw. z bad. nauk. Kom. Bad. Czwart:
PAN, 4; 161—166.

Flood B, Nagy J, Winsnes T. S. 1971, Geological map of Svalbard, sheet
1G: Spitsbergen, southern part. Norsk Polarinst. Skr., 154A; Oslo.

Forman S L, Miller G. H. 1984, Time-dependent soil morphologies and pedo-
genic processes on raised beaches, Broggerhalvoya, Spitsbergen, Svalbard Archi-
pelago. Arctic and Alpine Res., 16, 4; 381—394.

Jania J, Kolondra L. 1982, Field investigations performed during the glacio-
logical Spitsbergen expedition in the summer of 1982, interim report. Geogralia,
1—32. Katowice.

Lindner L, Marks L. 1985, TFypes of debris slope accumulations and rock
glaciers in South Spitsbergen. Boreas, 14; 139—153.

Lindner L, Marks L, Ostaficzuk S. 1982, Evolution of the marginal zone
and the forefield of the Torell, Nann and Tone glaciers in Spitsbergen. Acta
Geol. Polon., 32, 3—4; 267—278.

Lindner L, Marks L, Ostaficzuk S 1984, Photogeological .analysis of the
forefield of the Bunge Glacier (Sorkapp Land, Spitsbergen). Quatern. Studics,
Peland, 5; 81—97. A

Lindner L, Marks L., Ostaficzuk S. in press, Geomorphology and Qua-
ternary dceposits of the Slaklidalen area. Studia Geol. Polon. .

Lindner L, Marks L, Ostaficzuk S, Pekala K, Szc: 7 R. 1985,
Application of photogeological mapping to studies of glacial history of South
Spitsbergen. Earth Surf. Processes, Landforms,

Lindner L, Marksg L, Ostaficzuk S, Pekala K., Szczesny R.
in press, Metodyka wvkonywania map fotogeologicznych potudniowego Spits-
bergenu. Fotointerpr. w Geografii, 10 (20).

Lindner L; Marks L., Pekala K. 1983, Quaternary glaciations of South
Spitsbergen and their correlation with Scandinavian glaciations of Poland. Acta,
Geol. Polon., 33, 1—4,; 169—182.

Lindner L, Marks L, Pekala K. 1984, Late Quaternary glacial episodes
in the Hornsund Region of Spitsbergen. Boreas, 13; 35—47.

Migata K, Sobik M. 1982, Discovery of thermal springs in the Raudfjellet
region, SW Spitsbergen, Polar Res., 2; 109—110.. 4

Miller G. H. 1982, Quaternary depositional episodes, Western Spitsbergen, Nor-
way: aminostratigraphy and glacial history. Atctic and Alpine Res, 14, 4;
321—340. : -



16 Kazimizrz Pekala, Leszek Lindner, Leszek Marks, Ryszard Szczesny

Norge Topografisk Kart over Svalbard, Blad B12 Torellbrecn, 1953 Norsk Pola-
rinst., Oslo.

Ostaficzuk S, Lindner L, Marks L. 1982, Photogeological map of the
Bungebreen forefield (West Spitsbergen), scale 1 :10000. Panstw. Przeds. Wyd.
Kartograf., Warszawa.

Ostaficzuk S, Lindner L, Marks L. in press, Photogcological map of the
Slaklidalen Region (West Spitsbergen), scale 1:10000. Wyd. Geol, Warszawa.

Ostaficzuk S, Marks L, Lindner L. 1980, Mapa fotogeologiczna przed-
pola lodowcow Nann i Torella (Spitsbergen Zachodni) w skali 1:10000. Panstw.
Przeds. Wyd. Kartograf., Warszawa.

Pekala K. 1975, Wietrzenie i pokrywy stokowe nunatakow w rejonie Hornsundu.
Mat. z Symp. Spitsbergenskiego, Wroctaw 1974; 73—79. Wyd. Uniw. Wrocl,
Wroctaw.

Pekala K. 19680, Morphogenetic processes and cover deposits of nunataks in the
Hornsund arca (SW Spitsbergen). Pol. Polar Res., 1, 2—3; 9—44.

Shackleton N. J, Opdvke N. D. 1973, Oxygen isotope and palaeomagnetic
stratigraphy of equatorial Pacific core V28—238: oxygen isotope temperatures
and ice volumes on a 10° years and 10° year scale. Quatern. Res, 3, 1: 39—55.

Szczesny R, Lindner L, Marks L, Pekala K. 1985 Photogeological
map of the interobal zone of Torellbreen (West Spitsbergen), scale 1:10000.
Wyd. Geol.,, Warszawa.

EXPLLANATION OF PHOTOGRAPHS

Phot. 1. Median ice-cored moraine of the Torell Glacier (Torellmorena). In the
background the Raudfjellet massif with the Raudfjell Glacier and the cirque
glacieret.

Phot. 2. Vestre Torell Glacier with its ice cliff to the left and ablation moraines
to the right: in the foreground a small degraded terminal ice-cored moraine.

Phot. 3. Torellkjegla: push moraine (A, cf. Phot. 4, Fig. 9) and ice cliff of the
austre Torell Glacier (B).

Phot. 4. Outlet of outwash waters in Skoddebukta; in the background an ice
cliff of the austrc Torell Glacier.

Phot. 5. Icings on the intramorainal outwash, in the background a push
moraine.

Phot. 6. Push moraine (A) and adjoining ablation moraine (B) in the foreground
a storm ridge and lagoon lakes.

Phot. 7. Intramorainal outwash with icings; in the background a gorge (A)
between a push moraine (B) and ice-cored moraines (C); D — abandoned gorge.

Phot. 8. Push moraine from the west (a); in the forefield relics of a raised
beach with a vegetation cover (b), older level of the exiramorainal outwash (c)
and younger out wash (d).

Phot. 9. Sediments of the push moraine exposed in a cliff close 1o the outwash
mouth.

Phot. 10. Degraded ice-cored moraines in a morainal zone of the vestre Torell
Glacier: a — ablation moraine, b —dead glacial ice, ¢ — mudflow.

Phot. 11. Erratic in the ablation moraine (Torellmorena).

Phot. 12. Till with flow structures exposed in ablation moraine area.

Phot, 13. Eastern gorge (I) across the ablation moraine with the outwash cone
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at the outlet; Klockmannmorena in the background and rock outcrops more near,
emerging in the extramorainal outwash.

Phot. 14 Gorge (II) in the central part of the ahlation moraine area, located
between Klockmannmorena and Torellmorena, with the outwash in the foreground.

Phot. 15. Gorge (III) in the eastern part of the ablation moraine area, acting
in 1980; Profil Glacier in the background.

Phot. 16. View from the push moraine southwestwards onto the intramorainal
outwash close to the ablation moraine, present beach and nlsdya Island.
Phot. 17. Icing mound covered by fluvial sands.

Phot. 18. Alluvial accumulation on icings within the intramorainal cutwash.

STRESZCZENIE

Strefa interlobalna lodowca Torella na zachodnim Spitsbergenie stanowi izolo-
wany obszar, w ktérym schodza sie loby lodowcédw: vestre Torell, Profil, Skodde,
Raudfiell i austre Torell (rve. 1, 2). Strefa ta sklada sie 2z réwniny
Torellkjegla oraz wysokogoérskiego masywu Raudfjcllet—Krakken o charakterze
nunatakowym.

Na podstawie badan terenowvch (1980) i analizy norweskich zdjeé lotniczych
tego obszaru (1960) wykonano zalgczona mapc fotcgeologiczng w skali 1:10000.
Zaznaczono na niej 31 wydzieleh geologiczno-geomorfologicznych, ujetych w cztery
gtéwne grupy genetyczne: formy i osady na zboczach gérskich, formy i osady
lodowcowe oraz niwalne, terasy morskie, formy i osady jeziorne. Ponadto oddziel-
nie wyrézniono pokrywy eoliczne, przelomy rzek i strumieni oraz dwa wydzie-
lenia o charakterze topograficznym.

W zespole form wystepujacych w strefie interlobalnej (fot. 1—18) szczeg6lnja
role odgrywajq morseny spietrzone. S one zbudowane z glacitektonicznie zdefor-
mowanych osadéw lodowcowych i morskich, ktére byly datowane termoluminescen-
cyjnie metodq dozymetryczng i spektrometryczna (ryc. 3, 4, tab. 1). Pozwolilo to
na wyrdznienie kilku jednostek chronostratvgraficznych czwartorzedu dla tej czeéci
Spitsbergenu (ryc. 6): interglacjalu Torellkjegla (= Mazovian, Holstein,” Likhvin),
dwudzielnego zlodowacenia Wedel Jarlsberg Land (= Odra 4+ Warta, Saale, Moskva)
i zlodowacenia Sorkapp Land (= Wista, Weichselian).

U podnéza potudniowo-zachodniego zbocza masywu Raudfjellet—Krakken stwier-
dzono wystepowanie ré6znowiekowych serii osadéw jeziornych i linii abrazyjnych
utworzonych prawdopodobnie po maksimum Malej Epoki Lodowej w $cislym
zwigzku ze zmianami zasiegu sgsiadujacych lobow lodowca Torella, czesto na miej-
scu uprzednio istniejacvch waléw lodowo-morenowych (zatgczona mapa i ryc. 5).

Przedstawiony obszar stanowi doskonaly model dla zrozumienia rozwoju plej-
stoceriskiej rzezby glacjalnej, fluwioglacjalnej i limnoglacjalnej obszaréw gérskich
objetych zlodowaceniem. Wiele z zaobserwowanych prawidlowosci mozna odnalezé
zwlaszcza przy odtwarzaniu przebiegu transgresji, maksymalnego zasiegu i zaniku
ladolod6éw plejstoceniskich w starych masywach gérskich Europy Srodkowej, a za-
pewne réwniez i na innych obszarach. Natomiast w por6wnaniu z innymi obszarami
poludniowego Spitsbergenu, dla ktérych uprzednio autorzy sporzadzili mapy foto-
geologiczne, strefa interlobalna lodowca Torella odznacza sie stosunkowo malg
liczbg form i osadéw zboczowych. Wynika to niewatpliwie z faktu, Ze obszar ten
dopiero niedawno zostal w istotnym stopniu pozbawiony zwartej pokrywy lodowej.

2 Annales, scctio B, t. XL,
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OBJASNIENIA FOTOGRAFII

Fot. 1. Srodkowy wal lodowo-morenowy Torellmorene. W glebi masyw Raud-
fjellet z lodowcem Raudfjell i lodowcem cyrkowym.

Fot. 2. Lodowiec vestre Torell z klifem lodowym po lewej stronie i morenami
ablacyjnymi po prawej. Na przednim planie niski, zdegradowany czolowy wal
lodowo-morenowy.

Fot. 3. Torellkjegla. Widok na pagor moreny spictrzonej (A — fot. 4, 9, ryc. 9)
i klif lodowy lodowca austre Torell (B).

Fot. 4. Ujécie wéd sandrowych do Skoddebukty. Na dalszym planie klif lodowy
austre Torell.

Fot. 5. Pokrywy naledzi na sandrze intramarginalnym, w gtebi morena spig-
trzona.

Fot. 6. Morena spietrzona (A) i przylegajaca do niej od wschodu morena abla-
cyjna (B). Na pierwszym planie wal burzowy i jeziorka lagunowe.

Fot. 7. Sandr wschodni z pokrywami naledzi. W glebi przelom (A) miedzy
moreng spietrzong (B) a watami lodowo-morenowymi (C); D — przelom nieczynny.

Fot. 8. Morena spietrzona widziana od strony zachodniej (a), ostance terasy mor-
skiej z pokrywa roslinng (b), starszy poziom sandru ekstramarginalnego (c) i mtod-
szy sandr (d).

Fot. 9. Osady moreny spietrzonej odsloniete w klifie przy ujéciu Isfjelelvy
(fragment odstoniecia na ryc. 3 — Lindner et al. 1983).

Fot. 10. Waly lodowo-morenowe degradowane w strefie marginalnej lodowca
vestre Torell, a— morena ablacyjna, b — martwy 16d lodowcowy, ¢ — potok blotny.

Fot. 11. Glaz narzutowy w obrebie moreny ablacyjnej (Torellmorena).

Fot. 12. Glina zwalowa ze strukturami splywowymi w sirefie moren abla-
cyjnych.

Fot. 13. Przelom (I) wschodni przez moreny ablacyjne ze stozkiem sandrowym
u wylotu. W glebi Klockmannmorena, blizej — wychodnie skalne wséréd sandru
ekstramarginalnego.

Fot. 14. Przelom (II) w $rodkowej czesci plata moren ablacyjnych potozonego
miedzy Klockmannmorena a Torellmorena z przeplywem sandrowym na pierwszym
planie,

Fot. 15. Przelom (III) we wschodniej czesci moreny ablacyjnej aktywny w 1980 r.;
w glebi lodowiec Profil.

Fot. 16. Widok z bazy na morenie spietrzonej w kierunku SW na sandr intra-
marginalny przy morenie ablacyjnej, wspélczesng terase morska z walem burzowvm
i wyspa nlsdya.

Fot. 17. Kopiec z naledzi przykryty przez piaski fluwialne.

Fot. 18. Akumulacja aluwialna na pokrywach naledzi w obrebie sandru intra-
marginalnego.

PE3IOME

ViurtepnobanbHaa 3ona Jgeanuka Topeanna na 3anaanom llnuubeprene apaaeTcs
M3ONMPOBAHHBIM pPafiOHOM, HAa KOTOPOM BCTpe'alOTCA JbAbLl JEeAHMKOB: 3anagioro
Topenna, IIpoduna, Ckoane, Payrdenn u Bocrounnnt Topean (cwur. 1, 2). Dta 30Ha
cocTonT u3 paBHuHBbI Topeankelraa u BbICOKOropiioro maccusa Payadenaner—Kpak-
KeH HYHaTaKOBOTO XapakTepa.
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Onupasch Ha TeppuUTOpMadbHble MccaeaoBauuA m3 1980 roxa u no3aneniumyi aHa-
J1113 HOPBErCKMX aBMALMONNBIX CHMMKOB 3TOro pasousa u3 1960 roza u3roToBJeHO
NnpuiaoXeliny ¢OTOreosJOruyeckyro Kapry macwrabom 1:10000. Ha 3toit kapre oT-
Meyeno 31 reosoruueckKo-reomopdroJiOryteckoe OTBeneHMe, 3aKJIKOUEHHOe B YeTbl-
pe raaBlble releTMYeCKMe TPyNnnbi: )OPMbl M OCAaAKM Ha TOPHbIX CKJOHaxX;, PODpMbI
M JenHMUKOBble OCAAKM; HMUBHble MODPCKMEe Tcppacbhl M ¢OPMBbI, M O3CpHble OCaiKu.
OTnesibHO Bbljeneno 30JuUecKue MOKPOBbI, U3JOM pPEeK M Py'beB, a TaKie JBa OTBe-
fenua ronorpaduuecKoro xapakrepa.

B xomMmujekce ¢opM BhicTynawupix B uHTepaobalibiion 3one (¢por. 1—18) oco-
6elillyl0 poab UrpalT cKOnJeinble Mopeiibl. OlM NOCTPOCHBLI M3 TJIALMTEKTOHMIECKH
caechopMupoBalibIX JEAHUKOBBLIX M MOPCKMX OCaaKOz, KOTOpble OnM gaTipoBalibl
TEPMOJIIOMHHECUEHIMOHHO JO030METPU'IECKUM M CIIEKTPOMETPM'IECKMM MeTtojaamu (cur.
3, 4, taba. 1). 3T0 Oan0 BO3MOXKIIOCTL BbIJEJUThL HHECKOJbLKO XpOHOCTpaTurpaduye-
CKMX eaMiiMl] YeTBEPTUUIIOro nepuoaa AAA 9To yactu lllnuubeprena (dpwur. 6), T.e.
Ana: uutepranaunana Topeankeiraa (Mazovian, Holstein, Likhvin), aBycocTaBHOro
osenenenunna Apnbcbepra Benens u osnenenenniua Cepkan Jlona.

Y noaHoxbA 10ro-3amnaaiioro ckjoHa Maccuna Payadenner—KpakkeH onpeaeseHo
BbICTyNJIeHMe pPa3ii0BO3PACTHBLIX CEPMIT O3epHBbIX OCAAKOB M O6GPa3MOHHBLIX JMHMIL
co3naniiblx npasponono6iuo nocse MakcumMyMa MaJsoit JIeIHMKOBOM 3MOXM B TECHOMN
CBA3KX C M3MelleHMAMM auanalona coceniux Ja6oB nenHuka Topensna, oyeHb 4acTo
Ha MeCTe palibllle BbICTYNAlOLIMX JeaMIIHO-MOPEHOBBLIX BaJOB (nMpejsiozKena KapTta
u ¢ur. J).

IlpencraBneniiaga 301a ABJAETCA XOpOLUEl MOAENbI0 AJA OCO3HAHMUA MJERCTO-
L{eHOBOr0 Pa3BUTHUA rJjauuajbHOro peabeda, (pJIOBUOTIARMAIbHBIX M JIMMHOTALMAJb-
IIIX TOPHLIX PaiOHOB 00ATLIX oiexeneunueM. Miloro 3aMme'ieHHbIX 3aKOHOMepPHOCTeN
MOXHO HAWTM NpM BOCCTAlIOBJIEIIMM XOJAa TpalcCrpeccu, MaKCMMaJIbHOrO Auana3soHa
M MCYE3HODEHUM MJENCTOLEHOBbLIX MATEPUMKOBBLIX JIeAHMKOB ropubix MaccusoB Cpep-
nen Epponbl, a naBcpHO M B xpyrux pasonax. ITo cpaBHeHMIO C APYTMMM 30HaMM
1oxuoro IllnuubepreHa, AAA KOTOPbIX aBTOPbl CO3Aaju (POTOreoJIOrM'ieCKue KapThl,
30Ha uMurepJsobanbilaa Jgeniuka Topesana OTIMUAETCA OTHOCUTENbLHO HEGOJbLIIMM YuC-
n0M (pOpM M CTOYHBIX OCAAKOB. DTO BbITEKaeT HeCOMHEHHO U3 Toro ¢pakTa, YTO 30HA
3Ta HeJaBHO B CYLIECTBEHHOW CTE€MNEHM JHlIeHa NJOTHOTrO JEeAAHOro IIOKPOBa.






