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Evolution of the marginal zone and the forefield
of the Torell, Nann and Tone glaciers in
Spitsbergen

ABSTRACT: The studies over sediments and features in the marginal zone and

the forefield of the Torell, Nann and Tone glaciers (Wedel-Jarlsberg Land) in

Spitsbergen enable a critical approach to the. origin of inner ice-cored moraines

of the Torell Glacier, considering them for the outliers of a glacier ice, enriched in

a morainic material. They allow .also to present a morphological evolution of

this area during the Late Wiirm (= Vistulian) and the Early Holocene but first
of all, since the beginning of the Little Ice Age.

INTRODUCTION

The marginal zone and the forefield of the Torell, Nann and Tone
glaciers (Wedel-Jarlsberg Land) in Spitsbergen have hitherto “been
described from geomorphologic point of view (Szupryczynski 1963; Kar-
czewski & Wisniewski 1975, 1977; Wisniewski & Karczewski 1978; Kar-
czewski & al. 1981b), and the first description of glacial sediments was
presented by Szupryczynski (1963), whereas Karczewski & Wisniewski
(1975, 1977) reconstructed morphologic evolution of the morainal zone
of the Torell Glacier and confronted the present-day and Wiirm outwash
landforms, among others basing on a morainal zone of the Torell
Glacier (Wisniewski & Karczewski 1978).

The authors used the Norwegian topographic map in the scale of 1:100 000

or its enlargemenis for mapping the area. Due to accession of the Norwegian
air photos of 1966, the first photogeologic map of this area in the scale of
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1:10 006 was prepared (Ostaficzuk & a¥ 1880). The nature and range of the
distinguished structures have been verified during the fieldworks carried through
in Spitsbergen by P. Klysz and L. Lindner in summer 1980.

MARGINAL ZONE OF THE NANN GLACIER

The. Nann Glacier is located between the mountain massifs of
Rundingen and Solheimfjellet. It is now about 4 km long with its width
from about 1.5 km at the snout to about 1 km at the margin of a firn
field. In. the morainal zone of this glacier there are several types of
landforms and sediments (Text-fig. 1).

GLACIER SNOUT

The snout is more flatteneed than in 1960 (see Szupryczyﬂskl 1963) and is
. covéred- by several vast patches of an- abldation .moraine, forming the streaks
of a clayey-rubble deposit parallel to one another and perpendicular to the
glacier snout’ (Text-fig. 24 and 3A4), similarly as the debris bands in the northern
part of the glacier (c¢f. Text-fig. 1).

INTRAMORAINAL OUTWASH AND ICE-DAM LAKE

The outwash is composed of a gravel-rubble sediment: in the northern part
of the zone it contacts with the glacier and the vast dead-ice patch (cf. Text-fig. 1),
whereas in other sites it forms islands and peninsulas within the lake (Text-ﬁgs
24 and 34); the latter occupies a cons1derable part of the glacier morainal part.
In the southern fragment of the zone the outwash forms a terrace, contacting
with the inner slope of the southern ice-cored moraine whereas in the west
a similar terrace occurs at the meltwater outlet within a terminal moraine.

ICE-CORED MORAINES

The ice-cored moraines are composed of a glacier ice socle, covered by a thin
(0.5—1.5 m) series of the morainic material. In the morainal zone of the Nann
Glacier there are terminal and lateral moraines (cf. Text-fig. 1). At the inner side,
the lower fragments of these moraines are covered with  relatively narrow
(10—50 m).solifluction mantles. The _observations of 1980 support the previous
reports (Szupryczyhiski 1863) that within the terminal moraine there are four
morainic rows: the outer (western) ones are covered with a more fine-grained
material than the inner (eastern) rows. This moraine is up to 40—50 m high
and its highest parts are over 70 m a.s.l. (Text-fig. 3D). The depressions between
the rows and the morainic surface contain small ponds, several metres in
diameter,

. The terminal ice-cored moraine of the Nann Glacier is dissected by two
gorges. The southern gorge is used by the Vimsa River (Text- fig. 3D) that drains
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Geomorphologic-geologic sketch of the forefield and the morainal zones of the Torell, Nann and Tone glaciers (based on the
photogeologic map by Ostaficzuk & al. 1980)

breen

r
RPN ey

SN AW

Skoddebukta

poE I A

. SR \ s
= J LGN, 4 \
At S S e \’\"\ e NN
. P R 5 \ eI T 2
ot RN aihe
O o, v

St e
P
N RS CH TN
R T BN . R CHOL I K>
55050 .. WS, e 8 A 0 NN
R N TR R RS ’::0 ety
R\ S e e T et e e
© L NRIEEL RN OIR AR P o \ ppele!
. v Al My'o.o’t.t&. 40
FY RGOS

AT §e
" % Y
ket

sy

mooan

YW 13
FRLNTATY
HAN

=
=
&

1 raised marine terraces (altitudes in metres as.l), 2 storm ridges, 3 ground moraine, 4 ice-cored moraines, 5 glacier ice outliers with morainic cover, 6 extra-
morainal outwash, 7 outwash fans, 8 intramorainal outwash, 9 ablation moraine and debris bands, 10 nival moraines, 11 solifluction covers, 12 talus cones, 13 dillu-
vial covers, 14 glaciers, 15 gorges, 16 intramorainal depressions .
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the meltwaters from the ice-dam lake. The gorge bottom is located at its outlet
slightly above 20 m a.s.l. and its Width does not exceed 10 m. The northern gorge
cuts the” mlddle part of “the ' moraine ° (Text-fig. 3B). Its bottom occurs at - the,
outlét at over 25 m' a:s.L In surhmer ‘1980 this gorge “was inactive probably since
a 'longer time as results from the previous observations (Szupryczyriski 1963), and
its bottom was covered with boulders up to 3 m in diameter.

The terminal ice-cored moraine of the Nann Glacier passes directly into
lateral ice-cored moraines and in the north-west it is connected with the outermost
ice-cored moraine of the Torell Glacier (ef. Text-fig. 1). The rock debris that
covers the southern fragment of the lateral moraine of the Nann Glacier, comes
mainly‘ from  the Rundihgen slopes. It is' from ' several centimetres to several
metres thick and overlies a reli¢ ice. The northern fragment of the lateral moraine
is fed'in many places by a rock ' mhaterial ‘coming from -the Solheimfjellet slopes.
Closely ‘to' the lateral moraine ‘of -the' Nann  Glacier there is a vast ‘drainage-less
depression, being ‘the intermorainic depression with .a loamy-silty bottom.

The lateral ice-cored moraines are up to ‘30 m high.. Their relic ice cores. show
traces of slide plains and the fissures typical of a glacier ice. Within the morainal
zZone no crevasses (noted by Szupryczynski 1963) were found. If present formerly,
they could disappear during formation of the intramorainal ouj:wash plain, nowa-
days considerably covered by the ice-dam lake.

MARGINAL ZONE OF 'THE TORELL GLACIER

The Torell Glacier (Austre Torellbreen) ends with an immense ice
cliff that enters the sea (Text-fig. 1). In the west it is limited by,
by -a ‘median moraine, starting from the Raudfjellet massif (outside the
described area):whereas in the east it is bound by the Solheimfjellet
‘massif. Independently of a frontal retreat the glacier shrinks also trans-
versally (Text-figs 4—5).

The glacial structures formed- in the morainal zone of the eastern
part of the Torell Glacier have been mapped for the first time by
Birkenmajer (1959), and their preliminary description was given' by
Szupryczynski (1863). A more detailed description was presented - by
Karczewski & Wiéniewski (1975, 1977) who criticized the previous data;
_among others, they found the. systems of ice-cored moraines to be the
terminal moraines whereas some of them would be considered as the
so-called overpassed moraines.

- The last field observatlons and a photogeologic analysis enable to
distinguish the below described types and structures.

GLACIER SNOUT

The “inland” snout of the Torell Glacier, accessible to field observations,
. is relatively compact at a distance of slightly over 2 km and runs from south-west
to north-east (Text-fig. 2C). Towards the morainal zone it slopes down at an
angle of several degrees. At the ice surface there appedr numerous fissures and
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inserts of a morainic, deposit, concenfrated . mainly along the well pronounced-
slide plains. At.a- dlstance of about a kilometre from the. terminus, the glacier
surface is not accessible ior field. observatlons for its . numerous nssura that,
in turn, favour an intensive .calying of the glacier snout at its contact with _

the sea.

GROUND MORAINE

The ground moraine occupies a relatively narrow (30—100 m) and elongated
(about 1200 m) strip along the eastern “inland” reach of the Torell Glacier snout.
Easternmostly it occupies the whole area between the snout. and the outer jce-
-cored moraine of this glacier (cf. Text-fig. 1). The moraine is composed of a .clayey
debris with local inserts of a silty matter. It overlies a dead glacier. ice, similarly
as most sediments of the morainal zone.

ICE-DAM AND MELT-OUT LAKES

In the forefield of the eastern part of the Torell Glacier snout, amidst the
rows of inner ice-cored moraines as well as within the ouiwash surface in the
morainal zone of the glacier, there are dispersed ice-dam and melt-out ponds
(Text-figs 2C, 3E and 3F). An existence of these lakes results from the buried -
dead glacier ice and, on the other hand, from numerous inflows of proglacial
and extraglacial .waters, Iskantelva included. These lakes show permanently
-changing extents and depths, dependant on deglaciation of the area and an ablation
rate at the surrounding glaciers.

GLACIER ICE OUTLIERS (INNER ICE-CORED MORAINES)

These features form at least three distinet rows, being more or less parallel
to the outer complex of ice-cored moraines of the Torell Glacier and the present
position of the <“inland” extent of the glacier (Text-figs 1, 2C and 3F), The
observations of 1980 prove that the cores of these moraines. are composed of
a dead glacier ice with traces of its primary structure (among others with slide
plains, accentuated by concentrations of the merainic material). A possible occur-
rence of a relic ice inside was already suggested by Karczewski & Wisniewski
(1975). Phe moraines are covered by a morainic material, composed of a loamy—
-debris ablation sediment of varying thickness (0.5—2 m). In most cases the slopes
and the feet of the moraines are covered by outwash sediments. These landforms
are 5—20 m high, several hundred metres long and 50—300 m wide. The proximal
slopes are less inclined than the distal ones and their shapes are usually oval

Text-tig. 4).

Szupryczyniski (1863) considered these hills as the so-called inner lateral moraine of the
Torell Glacier, whereas Karczewski & Wilniewski (1973, 1977) called thém as-the overpassed
fce-cored moraines {.e. the terminal moraines formed during the glacier advance, moutonnéed
during its further southward movement; according to these authors, the maximum extent
of the glacler of that time is marked by the outer ice-cored maoraine.
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A — Morainal zone of the Nann Glacier: at the background a glacier snout with streaks of an ablation moraine; in the foreground an ice-dam lake and fragmenis of an intramorainal outwash; August 1980

B Forefield of the Nann Glacier: an outlook of an extramorainal outwash; al the background the Jens Erikfjellet massif with a nival moraine at its foot (the moraine overlies the marine terrace 10—12 m
a.s.l); in the distance the valley occupied by the Werenskiold Glacier and the Gulliksenfjellet massif; August 1980

: — Morainal zone of the Torell Glacier: to the right the fragments of an outer ice-cored moraine, in the distance to the left Skodde bukla; in the centre the oulwash plain with buried glacier ice outliers
(inner ice-cored moraines) and lakes; at the bhackground the “inland” snoutl of the Torell Glacier; August 1980
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A — Snout of the Nann Glacier covered with patches of an ablation moraine; in the foreground an ice-dam lake and fragments of erosive outliers of an intramorainal outwash; August 1980
B — Forefield of the Nann Glacier: the northern gorge in a terminal ice-cored moraine; August 1980
C — Forefield of the Nann Glacier: the southern gorge in a lerminal ice-cored moraine, used by the Vimsa River; August 1980
D — Forefield of the Nann Glacier: a distal stde of a fterminal ice-cored moraine;, in the foreground the extramorainal outwash plain; August 1980
E — Morainal zone of the Torell Glacier: the outwash sediments overlying a melling dead glacier ice; in the distance the kettle ponds; Augusi 1980

F — Morainal zone of the Torell Glacier: in the foreground an oulwash plain with a pond, at the background the outliers of a glacier ice (inner ice-cored moraines); August 1980
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Fieldworks and’ thé photographic interpretation forced to a eritical approach
to the later opinion. The inner ice-cored moraines of the Torell Glacier seem
to be the relic of a primary glacier ice structure. In agreement- with ‘the .model,
presenfed for -Spitsbergen glaciers by -Boulton (1872), during an areal deglaciation
more . or less isolated and parallel tp ome another glacier ice outlxers are formed-.
they are enriched in a morainic debns and 80, overlain by a mantle of a rock
sedlment melted out at the surface {Text- fig. 4 A—C). The depressions amidst the
outliers art filled with a stratified outwash sediment, deposited by proglacial
waters of the Torell Glacier (and thus, being the intramorainal one) and by pro-
glacial waters of the Nann Glacier (and thus, the extramorainal one).

A complete similarity of this situation was noted in a complex of fluvioglacial
landforms, created at the end of the Vistulian Glaciation in the northern Poland,
at a proximal side of the terminal moraines of the Gardno Lobe (cf. Petelski
. 1978).

QUTWASH PLAIN IN THE MORAINAL ZONE

For a simplification of a cartographic image (Tet-fig. 1), as the etramorainal
outwash for a distinet predominance of meltwaters of the Nann Glacier 'in
the -outwash formation. Karczewski & Wisniewski (1875) found four levels within
these p]am, the two uppermost that contact with the outer ice-cored moraine
as well as’ the lowest one,” developed close to the Torell Glacier, have been thought
to form by meltwaters of ‘this glacier. Instead, the other level was created
mainly by the proglacial waters of the Nann Glacier, running there through the
northern gorge within the terminal ice-cored moraine of this glacier. The field-
works prove that these levels can be noted only in the easterri part of the area.
Towards the sea, the boundaries between them are less and less distinct and
finally disappears, resulting in a umiorm outwash plam.

These levels are composed of gravel-sandy sediments, and they still overue
a non-melted glacier ice. Consequently, they locally collapse and form the melted-
-out. ponds -(Text-fig, 4C and Pl 1, Fig. 2).as well as hills (Pl, 1, Fig. 1), with
their . shapes similar. to those of eskers, kames or dead-ice moraines (cf. Szupry-
czyhskl. 1963).

OUTER ICE-CORED MORAINE

The moraine is up to 40—50 m high and forms an arch,-corresponding with
the mner moraines as well as the. “inland” terminus of the Torell Glacier. The
arch is over 3 km long whereas its mdth is fromh 100—150 m in the west to 700 m
m the east. Its eastward increasing width agrees with an increased content of
a' rock material that covers the moraine; it results from its passing ‘into am
mterlobal feature or a median moraine between the Torell and the Nann glaciers.
During fieldworks of 1980 no relic ice was found within the moraine. But there
are erosive rills at its surface; -as they .start in deep niches they suggest a probable
occurrence of buried ice masses. The numerous  ponds that develop at the surface
and it the slopes. of the moraine; seem to speak for a presence of .a dead. glacier
ice inside.
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EXTRAGLACIAL ZONE OF THE TORELL AND NANN GLACIERS

QOutside a terminal ice-cored. moraine of the Nann Glacier. and. at
the southern side of the outer ice-cored moraine of the Torell Glacier,
there is a system of vast plains of extraglacial outwashes (Text-figs 2B
and 4B), five ralsed ‘marine terraces, ice-cored moraines of the Tone
Glacier and numerous nival-slope features, among which the so-called
nival moraines and talus cones predominate (Text-fig. 1).

EXTRAGLACIAL OUTWASH PLAINS

These plains form two distinct levels. The higher one originated in result
of the meltwater runoff, during the maximum extents of the Torell and Nann
glaciers as well as during the first phases of their retreat. The outwash forms
a distinct rubble-gravel plain outside ‘the Wwestern and central parts of thé outér
ice-cored moraine of the Torell Glacier and fill the erosive incisions close to the
sea, amidst the fragments of marine terraces. In many cases, especially at places of
numerous gorges. in the outer moraine of the Torell Glacier, this outwash plain
passes into higher outwash levels, distinguished . by Karczewski & Wlsniewski
(1875, 1977). The lower ‘outwash plain (Text-fig. 2B) is separated from the. higher
one by, low erosive edges (1—2 m high) and forms a system of alluvial fans;
some of them start in the southern gorge in ‘the terminal 1ce-cored moraine of
the Nann Glacier ,whereas the others at the ice-cored moraines of the, Tone
Glacier and at the outlet of the Tone Valley (Tonedalen).

ICE-CORED MORAINES OF THE TONE GLACIER

The Tone Glacier occupies an area between the mountain massifs of the Tonef-
jellet and Rundingen. It is composed of three branches that.connect with -one
another in a terminal part, creating an uniform ice mass The glacier termmus
occurs at about 200 m a.s.l.

The terminal ice-cored moraine is dessected in its central part by a deep
meltwater valley. The moraine does nct form a distinet ridge and its top surface
gradually gets down north-westwards and then, beneath a hanging rock threshold
of the glacial valley, it becomes a deformed (due to the sliding of morainic deposits
along a steep bedrock slope) tongue at 50—120 m a.s.l.

’ The lateral ice~cored moraines are asymetrlcal at the foot of the Tonef;ellet
the moraine is short ‘and reaches up to 260 m a.s.l, whereas at the Ioot of the
Rundingen it is much longer and reaches up to 460 m a.s.l. One of its fragments
even occurs still higher up, contactmg with a firn field and starts in a gully at
a mountaln slope at over 600 m a. sl

The Tone - Glacier possesses also a distinct median ice-cored moraine :that
starts at a terminal . ice-cored moraine:- close to a meltwater valley and spreads
up-glgcier, to..about 280- m a.s.l. It. partly separates the ice.masses running..from
two separate firn fields.
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Torell Glacier
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A -— Blockdiagram of the morainal zone and the forefield of the Torell Glacier, based on the melting model of Spitsbhergen glaciers presented by Boulton (1972),

and two examples (B and C) to illustrate this model

B — Forefield of the Torell Glacier: crosive cuts of the outer ice-cored moraine; in the foreground the sediments of an extramorainal nutwash plain; August 1980

C — Morainal zone of the Torell Glacicr: the outwash plain with ketlles filled with mellwaters: August 1980
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RAISED MARINE TERRACES

'Between the’éxtramorginal outwash plain-of the Werenskiold Glacier (south.
of the area) and the extramorainal outwash plain of the Nann Glacier there is:
a’ west-east strip of raised marine teiraces that contact with the foot of the Jens:
Erikfjellet massif in the east, and the seashore in the west. These terraces have
been intensively undercut by meltwaters of the Nann- and Toreéll glaciers whetees
close to the sea they have ‘been greatly dissected and destroyed

* 'The marine teirace 2' m' a.8l’'is noted only close to Vimsodden  where: it
forms quite a compact plain- within the outwash sediments. It rises only slightly-
above the surrounding outwash plains ‘but possésseés a decidedly different system
of ‘structural features (storm ridges and eeparatmg depressions),” approxlmately pa-
rallel to the recent coastline.” ’ .

The marine ferrace 5—6 m a.s.l. occurs to the south-east of Vlmsodden where
it connects two higher marine terraces. At its surface there are numerous ponds
that formed due to melting of the permafrost. In the north-western section- there
stretches an exceptionaly well conserved storm ridge. Instead, the south-eastern
part of the terrace has been undoubtedly subjected to the intensive erosion by
meltwaters of the Werenskiold Glacier; for that reason, small tragments of .the
terrace are isolated’ and surrounded by outwash sediments.’

The marine terrace 10—12 ma.s.L occurs between the terrace 5—6 m a.s.l:
in the south-west and the slope of Jens Erikfjellet in the east. It rises in this
direction and locally, -at the mountain foot occurs over 20 m a.s.l ‘what results -
partly from a cover of slope sediments, among others of an immense nival
moraine. The terrace surface has been considerably dissected in -the north by
the meltwaters of the Nanh Glacier whereas in'the north-east'— by nival streams
running down from a slope of Jens Erikfjellet. A fragment of thm terrace occurs
also-at the peninsula, south of ‘Vimsodden. S

The marine terrace 18—20 m a.s.l. forms the base and the Vimsodden- pemnsula

It is relatively compact and separates the bays of Skoddebukta and Nottmgham—
bukta,
The marine ‘terrace 180 m as.l is noted in the Tonedalen that separates the
moéuntain ‘massifs of _Jens Erikfjellet and Tonef)ellet. It forims a distinct flattening
- within the valley bottom (Ostaficzuk & al. 1980) which due to field observatiotis
appeared to have been confined to the sea abrasion.

RECENT STORM RIDGE

The storm ridge runs along the present seashore, from Vimsodden to the
Torell Glacier. It really consists ~of several separate storm ridges what is proved
by longxtudinal structural lines as well as by a considerable width (generally
over 100 m). The complex ridge cuts locally the sea lagoons or dams the outwash
dtreams and thus favors the formation of ponds. A similar storm ridge runs south
of Vimsodden, already within the Nottinghambulta..

NIVAL-SLOPE FEATURES
Nival moraines occur at the foot ‘of the' western, northern.and eastern:. slopes

of the Jens Erikfjellet massif;: in, the 'latter -case-they . enter. the qutlet reach: of
Tonedalen, (ef. Birkenmajer-1959; Szupryczyﬁsln 1983, 1968; Karczewski & al. 1881a).
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‘The feature at the marine terrace 10—12 m as.L occlipies an area 'of 800 by 700 m
and. reaches..the: altitude.'of over.40 m: as.l. that is .20—30 m above the. terrace
surfage.. A{ the same. iime, there are' great rock vacancies at the mountam slope
of Jens.Erikfjellet, .above the nival moraine. Probably, .the rock blocks sliding.
down covered the  outcrops that lie in contmuatlon of the mountain chain west-
wards...A} the .top-- flattening. there are strnctural lmes that suggest a more
intensive {ransport within two . zones, and perpendlcularly to . Jens Enujellet
A ridge-like nival: moraine .occurs at- the northecrn slope of Jens Erllctjeliet .and
at .the outlet o Tonedalen in. fragments. The ridge base is located at 80—120 m
as.l. whereas its. height does not exceed 20 m,

. The talus cones are abundant at. the slopes of Jens Erikfjellet, in Tonedalen
am'l in the surroundings of the firn fields of the Tone .Glacier. They form several
superimposed sets, partxcularly at .the western slope of Jens Erikfjellet. In the
outlet part. of Tonedalen they pass into a top surface of the nival moraine, Single
talug cones. were also found at mountain slopes of Solhelmf]ellet and Rundingen,
contactlng thh the Nann Glacier.

Dilluvial. .covers are composed of fine-grained sands, saturateg with.water.
They: form -0.5—1.5 m thick series at the foot.of Jens Erikfjellet. A great water
content favors a development of .a. thick moss layer at the surface. The sands
.have been deposited by numerous nival streams ﬂowmg down the . .mountain
slopes_and. transporting. the finest partxcl&s of a weathering waste. The subslope
dilluvial covers occur mamly at a _margin of .the extramoramal outwash plains
.of . the Werenskiold Glacier. and the Nann. Glac;er They occunv also small areas
al the foot of a nival moraine.

Besides, the zones. with an intensive solifluction were noted at the mountain
slopes, strictly connected with. landslide: niches:. they occur within the sediment
coming from the niches. They were found only at the southern slopes of Solheim-
fjellet. The cryoplanation terraces- occur at:the outlet of Tonedalen,. at 50—70 m
and . 160——180 :m asg.l. The snow-debris fans are. relatively common at slopes of
Solheimfjellet and Rundingen. They get down into the upper pa.rt ‘of the Nann
Glacler (over 200 m a:l), and they have been formed in result of landshdes
runmng ‘down the slopes, and composed. of a weathering waste mixed with. snow .
masses.

EVOLUTION OF THE TORELL, NANN AND TONE GLACIERS

A photogeologic analysis and fieldworks in the morainal zone and
the forefield of’thé Torell, Nann and Toiie glaciers enable to reconstruct
an adVance and a retreat of the' glaciers’in connection’ with the recognized
marine. terracg.

The-highest ,marine: terrace: (180- m' a.s.1) proves. a- transgression oz
the Greenland Sea into the western Spitsberger shores, probably- during
the Early Wiirm when the glacier occupied a much smalier area than
in the Late Wiirm or nowadays (cf. Boulion 1879), Klysz & Lindner
1981).

.-. The. .next, lower.arine terrace - (18—20 m a.s.l.) forms. in .this area
a small ‘outlier ‘only::at:-the::Vimsodden: peninsula. It was. formed. due
to a' sea’ abrasion- ofpré:Qudternary’ rocks ‘and their-overlying by & thin
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1 — Moiainal zone of the Torell Glacier: three-levelled (a, b, ¢) erosive outlier
in the outwash plain; August 1980

2 — Morainal zone of the Torell Glacier: dry drainage-less depressions (the largest
one arrowed) in the outwash plain; August 1980
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cover, of marine gravels. Its present position results from the Early
Wiirm glacier movements that. got down along the valleys towards the
seashore; these valleys are now occupied by the Werenskiold, Nann and
Torell glaciers. Considering the possible altitude, age . connections of
this terrace with marine gravels at Prins Karl Forland, north-west
Spitsbergen, noted -at 20 m a.s.]l. and radiocarbon. datings for 12590
years B, P. (Salvigsen 1977), one can expect this terrace and the sur-
rounding glaciers of that time to be of the Late Wiirm glacier retreat
interval in Spltsbergen

X Probably at the beginning of the Holecene, the valleys now occupied
by -the glaciers were mostly ice-free. During the Middle Holocene the
sea entered the valleys and formed still lower and lower marine terraces
(10—12. and -5—6 m a.sl), now recognizible only west of the Jens
Erikfjellet massif (see Text-fig. 1). Marine pebbles of these terraces ‘are
dispersed. nowadays within the gravels that cover the outer ice-cored
moraine of the Torell Glacier and within the outwash sediments of its
forefield. The -presence of these pebbles in glacial sediments proves
the Late Holocene glacier advasiee in this area (Text-flg 5), which pro-
bably is to be dated as the Magdalenefjorden Stage, i.e. about 2 500—
—27400 years ago (cf. Szupryczynski 1968).

.-An.extent of the Torell, Nann and Tone glaciers during the thtle
Ice Age, lasting from 600 to 100 : -years ago (Baranowski 1977, Pekala
1980), is marked mainly by ice-cored morames (cf. Text-fig. 1). These
moraines’ as ‘well "as:the -extramorainal outwash "at - their distal sides;.
delimit’ the maximum ‘extent of these glaciers at this century turn, and
of the outwash tracts‘at that time (Text-fig. 5)..

The rétreat’ of the glac1ers was prlmanly expresséd by ‘a”lowering
of the glacier surfaces (mainly of the margmal fragments of their ton-
gues) that resulted in cons1derab1e concentration of morauuc sediments
at the’ glac1er sniouts. A “maximum’ of thls process was reached at ‘the
begmmhg of ‘this century (Tro1tsky ‘& al. 1975)." The first cartographic
data on the extents of ice-cored mora.mes ‘around these’ glaciers: coiié .
trorﬁ the Norwegmn topographlc map (No'rge Topografisk- Kart ovéf
Svatbard, 1953) ‘that really fpreSents the situation’ observed“in 1936, -

The last fieldworks and their confrontation with the Norwegian air
photos of 1966 as well as with observations of J. Szupryczynski under-
taken in 1959 and 1960 (Szupryczyfski 1963), and with later works (Kar~
czewski & Wisniewski 1975, 1977), enable to reconstruct the later,degla-
ciation phases of these glaciers, particularly the extents of their more
and more flattened snouts (Text-ﬁg 5) _ :

In the case of the morainal zone of the Nann Glacier there is also
. a_regularity, typical of, .the glaciers. of West, Spitsbergen, and expresged

by the .presence. of two. .gorges..within, an, 1ce-cored moraine.- The data
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Fxg 5. Advance and retreat phases of the glac:ers ‘in the studied area; the
¢xtraglacial area is hachured

from- literature, maps and field observations suggest that during . the
last dozens of years a trend is noted to concentrate the meltwater out-
flow in the southern gorges. According to Klysz & Lindner (1982) this
trend results from a continued melting of the southern and south-
-eastern parts of the glaciers due to more intensive insolation and from
a quicker glaci-isostatic uplift of the central part of Spitshergen,
resulting from a quicker deglaciation caused by the Gulf Stream. The
first process decided also about gradual areal deglac;atmn in the mar-
ginal part of the Torell Glacier; the snout of the latter, while retreatmg
northwards, exposed a system of glacier ice outliers, being covered by
morainic material and considered- premously (Karczewski & Wisniewski
1975) as the so-called ice-cored moraines.
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ROZWOJ STREFY MARGINALNEJ I PRZEDPOLA LODOWCOW
TORELLA,:NANNA I TONE NA SPITSBERGENIE

(Streszczenie)

W oparciu o wyniki badah terenowych przeprowadzonych w latach 1979—80
oraz mterprefacje norweskich zdjeé lotniczych opracowano .mape fotogeologiczna
w skali 1:10°000 obejmujacy strefe marginalng oraz przedpole lodowcéw Torella,
Nanna i Tone (Ziemia Wedel. Jarlsberga) na Spitsbergenie *. Na obszarze tym roz-
poznano m.in. (patrz tig. 1—4 oraz pl. 1) waly lodowo-morenowe, sandr ' intra-
marginalny, ‘oraz jeziora zaporowe w strefie margmalnej lodowca Namm, a po-
nadto waly lodowo-morenowe, powierzchnie sandrowsg, jeziora zaporowe .i wy-
topiskowe ‘' sirefy marginalnej lodowca Torella.” Opisano r6éwniez polozohe na
przedpolu lodowedw -Torella i Nanna sandry ekstramarginalne, waly lodoWo-mo-
renowe lodowca Tone, tarasy morskie oraz formy niwalno-zboczowe. Krytycznie
ustosunkowano sie do dawniejszych poglgdéw o zmutonizowanym -charakterze we-
wnetrznych waldw lodowo-morenowych lodoweca Torella, uznajgc je -za .-ostafce
lodu lodowcowego przykryte przez material morenpwy. W nawigzaniu do roz-
przestrzenienia i wysokoéei taras6w morskich przedstawiono. ewolucj¢ ladowcédw
badanego obszaru w Wilrmie oraz w holocenie (patrz fig. 5)...

* Praca wykonana w ramach planéw miedzyresortowych MR II—18B oraz
MR. I-29.
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