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ABSTRACT A structure of recent morainic sediments, mainly of gravel — boulder 

fraction (15—60 mm) was studied in the extremely marginal part of the Werenskiold 
Glacier. The data were collected within  three environments of glacial deposition i.e. 
supraglacial of dead glacial ice and layer of relegation ice adhering to the glacier 
bottom and subglacial ones. 

A distinct textural individuality  is typical for supraglacial deposits. Arrangement 
and orientation of boulders coming from the basal part of a glacier as well as from 
the morainic subglacial sediment deposited under the active ice show many similarities. 
But in both latter zones as well as certain differentiation  was found to be caused 
by morphology of the older bedrock, changes during a subglacial deposition and preliminary 
epigenetic changes that occur in the conditions of a subglacial regelation before a sta-
bilization of a passive zone of subglacial permafrost. 
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1. Introduction 

In- July 1972, during a successive Polish Spitsbergen Expedition, the 
morainic deposits of a marginal zone of the Werenskiold Glacier have 
been studied. The glacier is situated in the southern part of Wedel 
Jarlsberg Land (Fig. 1). Nowadays it keeps retreating and its tongue 
ends on the land. The trough valley of the Werenskiold Glacier is surrounded 
in the north by mountain massifs of Jens Erikfjellet (576 m a.s.l.) and 
Wernerknatten (634 m a.s.l.), and in the south — by a mountain slope of 
Angellfjellet (591 m a.s.l.). 

Texture, structure, principal physical characteristics and lithofacial features of 
morainic deposits were analysed. The studies dealt with deposits that 
actually melted out at the surface of the glacier and also the rock debris 
that was not melted out but still occurred within the glacial or regelation 
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ice. The morainic covers of already stabilized, subglacial deposit were analysed 
too. Therefore, an insight into three principal glacial environments was done, 
the environments closely connected with evolution and decline of glacier 
i.e. — supraglacial, -englacial, of bottom ice-morainic part of gently front 
of the Werenskióld Glacier and — subglacial, represented mainly by a litho-
facial complex of basal till. 

The paper deals entirely with a problem of a texture of morainic 
boulders (fraction 15—60 mm: length of a longer axis of the boulders 
i.e. of the axis L or a). 

2. Present knowledge of texture of Spitsber-
gen morainic deposits 

In the territory of Spitsbergen the areal deglaciation is the prevailing 
one ( S z u p r y c z y ñ s k i 1963a, 1963b, 1965a, 1968). A deglaciation of this 
type leads to a formation of supraglacial covers of an ablation moraine. 
They create a type of postglacial topography — plains of ablation moraine 
(O lszewsk i 1969). Such morainic sediment is displaced on the ice surface, 
mainly by flowing. Most frequently, the proglacial area of just exposed 
subglacial basal deposits is the accumulation basis for flowing ablation 
moraines. K l i m a s z e w s k i (1960, 1963) found in the area situated between 
Kongsfjorden and Eidembukta (northwestern Spitsbergen), a diagenetic ablation 
moraine with a fluidal or chaotic structure, what depended on distance of 
its displacement. 

Secondary structural transformations within the supraglacial deposits were 
found by Boulton (1967) in the foreland of the Sor Glacier (Ny Friesland). 
These transformations were expressed by pebbles and stones orientation 
in the surface part of ablation sediments (about 0.9 m thick), flowed down 
along an ice slope. In the section of supraglacial deposits of the Sor 
Glacier, the lowermost sediment bed only (0.9—1.05 m), the deepest one 
and underlain by ice, presented a debris orientation parallel to the ice 
movement. A similar structural duality was also typical for a flow till 
of the Dunner Glacier ( B o u l t o n 1968). Frequently, the supraglacial sediment 
formed chaotically arranged cobbles, occurring on ice or on ground moraine 
surfaces ( S z u p r y c z y ñ s k i 1966, 1968). 

The general textural problems dealing with morainic material in the 
inner part of Spitsbergen glaciers have been mainly described by D r y g a l s k i 
(1911), G r i p p and T o d t m a n n (1926), S z u p r y c z y ñ s k i (1963a, 1968) 
and L a v r u s i n (1969). According to B o u l t o n (1970a, 1970b) most rock 
debris was incorporated by an englacial morainic drift of the glaciers by 
means of basal freezing and was generally deposited as — supraglacial flow 
or as — basal till. 

He pointed out a particular importance of bedrock undulations for 
a development of tensions within the basal part of a glacier and creation 
of its dynamics. At the same time he emphasized their principal influence 
on a local formation of a rock debris texture within an active glacial 
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Fig. 1. Position of the studied area at the background of a Spitsbergen map 

ice. In a zone of passing a bedrock obstacle by a bottom, heavily 
morainic-rich zone of Makarov Glacier, the rock debris tended to a bilateral 
and perpendicularly crossing orientation of azimuths of their long axes. 
A direction perpendicular to a glacier movement prevailed. It was described 
by B o u l t o n (1970a) as an orientation of a normal maximum. In places 
where such an obstacle was absent and open upwards crevasses pointed 
out a state of tension, the long axes of boulders proved a full predominance 
of the orientation parallel to the ice flow. Besides, maximum side surfaces 
(L-l  or a-b) of many boulders, especially laminar and tabular ones, were 
agreeable with a plane of inner foliation of glacial ice. L a v r u s i n (1969) 
as well found a full conformity of boulder orientation in debris-rich (basal) 
ice and direction of movement of axial parts of Spitsbergen glaciers. In 
the marginal parts only where the glacier speed is decreasing, the mentioned 
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regularity was less distinct. There, the boulders were frequently arranged 
at small acute angles or even perpendicularly to the main direction of 
glacier flow. 

In a polar environment the subglacial sediments seem to be most easily 
accessible to studies in unfrozen forefields of glaciers. But in fact they are 
frequently destroyed there, partly or entirely transformed or covered by 
a thick cap of sediments of supraglacial or solifluction deposition. The 
latter readically make more difficult their finding as well as their interpre-
tation. At the same K l i m a s z e w s k i (1960) emphasized that it was just 
the gneissic structure of a ground moraine till  the typical feature of 
a long-time glacial basal transport at glacier foot. 

In the nearest proglacial forefield where the subglacial sediments have 
not been transformed, they create a so-called fluted moraine type. Such 
topography and sediments were described in front of the Werenskióld 
Glacier by S z u p r y c z y ñ s k i (1963a, 1965a, 1965b, 1968) and B a r a n o w s k 
(1970). „Segregation of boulders is typical for a ground moraine of this 
type. The long boulder axes are parallel to morphological axes of ridges" 
( S z u p r y c z y ñ s k i 1965a). Instead, in popular loamy walls the smaller 
boulders are distinctly arranged vertically, in agreement with a vertical 
position af a scaly structure of that till  matrix. Such structure is a result 
of a long-distance glacial basal transport. Only the larger „boulders have 
a varying orientation" ( S z u p r y c z y ñ s k i 1968). 

L a v r u s i n (1969) proved a close textural connection of exclusively 
rocky morainic sediments of a subglacial facies and of foot parts of glaciers, 
enriched in morainic material. The texture of subglacial tills is created 
during their basal transport, under the influence of a plastic glacier flow 
(with which stratification or banding of till  matrix is connected) as well 
as a vertical pressure (taht causes a formation of a schistic texture). 

The most-detailed data connected with till  texture of basal transport 
are included in a paper of B o u l t o n (1970b). He found a considerable 
similarity of orientation of long boulder axes of the analyzed fraction 
—20 cm (4 localities, 50 measurements each) in a glacial ice of a frontal 

part of the Erik Glacier (Oscar II Land) and in a type of a basal 
till,  called by him a melt-out till.  There were some texture differences in: 

— a scope of dispersion of directions (greater in morainic sediments 
than in ice), 

— a distribution of inclinations of long boulder axis along their azimuth 
(of distinct tendency to a bilateral — distal and proximal, distribution in 
the sediment and generally unidirectional in ice), and 

— a value of an inclination angle (more horizontal postion in a morainic 
sediment than in ice). 

B o u l t o n (1970b) was the first one who has done a detailed textural 
analysis of a morainic sediment or of a probable morainic rock that 
he found in a contact zone of ice and its bedrock. Under the active 
sole of the Nordenskióld Glacier a till  of a basal complex included 
abundant subhorizontal joints that separated it into elongated lenticles of 
varying thickness (from 5 to 30 cm). In this subglacial sediment the large 
boulders usually had „strong orientations transverse to glacier flows" 
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although there was in one of the diagrams „a minor parallel peak" 
( B o u l t o n 1970b). 

Unfrozen subglacial sediment exposed in an edge of a meltter stream 
in the torefield of the same glacier (Nordenskióld Glacier), without any 
ice at all due to melting out, possessed in its elongated and almost 
horizontal lenses a fine-lumpy texture of the matrix, created by three 
systems of joints of varying course and inclination. There „the orientation 
maximum of long axes of small stones within this appears to lie parallel 
to the inferred direction of glacier movement rather than transverse, 
suggesting that an original transverse orientation has been converted to 
a parallel one due to the reorientation of stones which are intersected 
by shear planes" ( B o u l t o n 1970b) In that situation there was a change 
from a transversal orientation (G len D o n n e r and West 1957), reflecting 
a previous movement phase of a series of debris bands in an actively 
flowing glacial ice, into a parallel one — in places where later on, in a 
younger phase of a sliding movement, the boulders got into the shear 
planes. 

3. Gêneral features of a terminal zone of the 
Werenskiold Glacier 

A gentle front of the Werenskiold Glacier (Fig. 2) is not active at 
all nowadays. Already the glaciological studies of the K o s i b a (1958, 
1960) group proved that a dead zone in the frontal part of that glacier 
has occuppied in 1957—1959 a strip 200—500 m wide. It occurred then 
at altitudes from 30 m a.s.l. up to about 60 m a.s.l. such zone of 
increased marginal ablation has been existing until now but its altitude 
and area were not constant. 

The marginal cover of a flat margin of the Werenskiold Glacier is 
very thin. Its thickness in a vertical section, parallel to a direction - of 
a previous glacier movement, gradually decreases towards the peripheries 
of the glacier. In the following distance from the glacier edge: about 
20 m, 15 m, 12—10 m, 8—5 m, 3—2 m and 1 m, the ice thickness is 
respectively about: 1.10 m, 1.00 m, 0.90—0.80 m, 0.75—0.50 m, 0.40—0.25 m, 
0.15 m, 0.10 m and 0.05 m. 

The glacier retreat was quite quick. It was found e.g. that from 
17th to 27th July 1972 a retreat of a frontal part of the glacier equalled 
10—12 m i.e. almost 1 m every summer twentyfour hours of a polar day. 
In the same time the measurements at a locality situated almost 15 m 
far from a thin glacier edge, proved the glacier thickness decreased for 
a half a metre, from 0.7 to 0.2 m. Already at about 31st July 1972 the 
glacier ice completely disappeared in a zone of about 15 m wide. At 
the turn of July and August of the same year 1 m lowering of the 
frontal part of the Werenskiold Glacier occurred during 20—25 days. 

In results of the glacier retreat, abundant and quite large undulations 
of the bedrock are exposed. Among them there are roche moutonnee of 
schist or quartizite outcrops as well as destroyed fragments of marine 
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Fig. 2. General view on a marginal zone of the Werenskióld - Glacier. The arrow marks 
the studied locality. The photograph was done on 12th July 1972 from Gulliksenfjellet, 

(552 m a.s.l.) 
Photo A. Olszewski 

terraces. In summer 1972, an exposition of such an elliptic bedrock lump 
has almost completely finished in the middle part of the glacier tongue. 
The lump is built of beigebrown fine-stratified schists of the Hecla Hoek 
Formation (pre-Cambrian). The described roche moutonnee is parallel to 
the axis of the glacial trough; it is about 150—200 m long and 0 m 
wide at its base. A development of the areal deglaciation is just connected 
with a quicker melting out the ice at the mentioned schist lump, dominating 
6—8 m over its surroundings. The whole roche moutonnee is covered by 
subglacial deposits with rare boulders of a surface ablation moraine. At 
the top and in the upper parts of slopes there is mainly a morainic 
cover, 0.2 m thick. Down the slopes of the elevation this cover is more 
thick — up to 0.3—0.4 m and at the foot of the lump it passes into 
subglacial deposits 0.5—0.8 m thick (Fig. 3). 

A locality for studies of present morainic sediments was chosen at 
the northen part of the mentioned elevation. It was localized in the 
area still covered by the glacial ice, close to a supraglacial meltwater 
stream (Fig. 3 and 4). The principal research area was chosen in such 
a place where no fine, several centimetre wide, linear depressions of supra-
glacial water draining occurred and so, a deposition amidst the sediments of 
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Fig. 3. Surface of intensive ablation of the glacier covered in a marginal part by a morainic 
supraglacial sediment. Beneath the ice (about 0.70—0.90 m thick) there is a subglacial 
sediment with thin interbeds of regelation ice exposed in walls of a meltwater stream 

channel 
Photo A. Olszewski 

fluvial transport material was not possible; besides, a thickness of subgla-
cial morainic sediments accessible for studies, was the greatest there. About 
15—20 m far from the ice edge the stream, incised in ice and in a 
subglacial deposit, was 1 m wide. 

In the studied place the stream was incised into an ice cover of 
already mentioned thickness (0.7—0.8 m). Besides, it was also cut into 
about 0.5—0.6 m thick underlying, frozen and very compact subglacial 
deposit. (Fig. 3). At the channel slope, between the glacier foot and the 
stream water level, a considerable part of the basal subglacial sediment 
(about 0.45—0.50 m thick) was visible and could be studied (Fig. 4). 

The channel, upstream the locality, was more and more narrow and 
delimited by" steeper and steeper and then, ice slopes. The channel bottom, 
eroded in a frozen sediment of a subglacial moraine (coverred by a deposited 
and very changeable channel facies of fluvioglacial sediments created in 
a result of transformation of all the other glacial facies), passed into 
a smooth ice bed in the same direction. There, it was already rarely 
covered by fluvioglacial gravels and pebbles. 
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Fig. 4. Supraglacial zone (a) dead cover of glacial ice (b) and subglacial sediment in 
a locality of extremely marginal part of the Werenskióld Glacier 

Photo A. Olszewski 

4. Recent supraglacial sediments of intensive 
surface ablation in an extremely marginal 
zone of the tonque glacier 

A distribution of the surface debris in the marginal part of the 
Werenskióld Glacier is quite differentiated. Some fragments of the area 
were completely covered by autochtonous ablation sediment whereas aside, 
there were completely clear zones of the glacier in contact with an exposed 
ground moraine (1 ig. 3). Ablation supraglacial sediments composed of vari-
-grained fraction, starting from large boulders (over 0.6 m in diameter) to 
fine clayey deposit. Also, their external development and distribution were 
changeable. 

The ablation sediment may form: 
a) compact and quite vast boulder-gravel-clayey covers of distinct triangular 

shape e.g. in the southern part of the lowered marginal zone of the 
glacier front; 

b) elongated ice-morainic ridges with an orientation generally agreeable 
with a direction of ice movement. At the base the ridges are 0.5—1.3 m 
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wide and 0.3—0.6 m high. The ridges are ice cored; they are covered 
by an angular debris and a thin discontinuous cap of clayey matrix; 

c) loose and chaotically distributed angular boulders and gravels, of schists 
mainly. Some of them are badly treated. 
The last (of the mentioned) variety of supraglacial sediments can be 

usually found in the lowermost part of the marginal zone where there 
is a pronounced minus glacial balance. Just the area of this kind was 
cut by the described meltwater stream in its lower course. 

Above the ice slope, at the northern bank of the stream a position 
of a measurement area of a square metre surface was fixed. This test 
surface contained a single boulder (over 0.4 m diameter) and a few rock 
pieces with their longer axes over 6 cm. In the tested fraction (15—50 mm) 
all boulders at the surface (i.e. 71 boulders) were measured. Among them 
there were mostly angular schist plates. Their chaotic spatial arrangement 
was also typical for this group of ablation sediments. Besides, an orientation 
of most of these pieces, approximate to a transversal one referring to 
a local azimuth of glacier flow (80°N), facilitated much a distinction 
•between the supraglacial sediments and the ones of extremely ice-morainic 
part and subglacial deposit. 

Therefore, in a sector of the highest frequency of the boulder azimuth: 
110"—1407290"—320°N, there were 33.9% of the measured boulders. Among 
them already 62.2% were inclined in agreement with a general slope of 
the ice i.e. in a distal direction. At the same time three other, less 
abundant directions of orientation were distinguished: a direction agreeable 
with the ice movement 80"N (5.7%) and 50"N (7.1%), 210"N (8.5%). 

V slight inclination of their longer and middle axes was a typical 
structural feature of these boulders. It caused the plane of the main 
gravel section (L-1) to be frequently approximate to an almost horizontal 
one. A mean inclination angle of the longer axis equals 10.3° and of 
the middle axis — 10.8 (Fig. 5 — diagram I). 

Many boulders of the supraglacial cover were distinctly „melted into" 
the ice. But a part of them, a previously melted material as well, occurred 
„loosely" on its surface. Both these kinds of boulder position on the 
glacier surface recorded a continuous changeability to which an ablation 
sediment was subjected in the supraglacial environment. This changeability 
was also revealed by a definite reorientation of the longer axis direction. 
It should be emphasized that among three analyzed environments it was 
just the supraglacial one that represented the most changeable zone. 

5. Structure of a dead glacial cap in the 
terminal part of the glacier 

Features of the inner and outer glacier structure are varying so they 
connect with and frequently condition one another. Therefore the evolution 
on the one hand and stability on the other, of inner structure of glaciers, 
of their ice, are possible to be studied along as well as deep inside 
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the glacial mass. As described by K a m b and La C h a p e l l e (1964), the 
important features of inner glacial ice structure, typical for the basal part, 
can develop already in zone of ice accumulation and in the primary 
phase of glacial transport. They change or disappear in the terminal 
part of the glacier where the basal part stops to represent its lower part 
only in a vertical section. Also on the periphery of the Wernskiold Glacier 
its basal part is distinctly bipartite (Fig. 5): 

a) The main part of ice extends from the top surface almost to the 
glacier foot. It forms about 95—97% of its entire thickness (0.70—0.85 m). 
Such old coarse-grained glacial ice possesses quite a monolithic macrotexture 
re. Only in the bottom part of the ice there are ice layers, about 
10—15 cm thick. Indistinct or lack of stratification in the overlying part 
of ice can be possibly explained by the above mentioned changes. In the 
marginal part where the ice is completely passive due to development of 
downward ablation of the glacier surface, the fundamental pressure changes 
have occurred. A horizontal cryokinetic pressure has disappeared there. 
Gradually but consequently a cryostatic vertical pressure has decreased. 
Thermodynamic changes of the active (up to recently) basal zone do influence 
the structure of that part of the glacier. Anyway, this main part of the ice 
composes of ice crystals of great dimensions; sometimes they are up to 
10 cm. In comparison with other parts of the section the glacial ice 
formed (in the studied locality) a bed situated between the thickest layers 
of shear-plane type (close to the section such intraglacial layers were from 
0.5 m to over 1.5 m thick). 

The changes of the whole inner glacial structure (in the zone of its 
marginal stabilization and decrease) are supposed to be quicker and more 
distinct than the changes of the inner texture of the glacial ice itself. 
Among others while the basal part of the glacier has been passing from 
active to dead ice phases so, when the ice-morainic rock was already 
deposited, the changes of crystal magnitude were more and more hardly 
perceptible. At last the process was stopped in result of gradually diminished 
ablation on crystal walls. They did not change their horizontal position 
in a dead ice cover thus, no changes in the texture of the morainic 
material occured — the texture was the same as in the movement phase. 
That is why dead, marginal inner part of the Werenskiold Glacier (unlike 
the supraglacial zone) was interpreted by the authors as the stable environment 
for purposes of finding the textural properties of the rock debris. It 
was then unchangeable and preserved, for a certain period of time, the 
state from a flowing phase of the bottom glacier zone. Inner structure 
of the ice as well as arrangement and composition of the morainic 
material presents the end of the movement phase, just before its stoppage. 

b) Extremely bottom part of the glacier is composed of a thin layer, 
about 2—3 cm thick, of hard and much more compact, fresh regelation 
ice. Shumskij (1955) calls this kind of ice, connected with cryostatic pressure 
cannot be removed, a compressive — regelation ice. Due to greater content 
of the rock debris such ice is generally more stiff than the coarse-grained or 
fine-grained glacial ice. 



Fig. 5. Structure of the marginal of the Werenskióld Glacier and of its supraglacial and subglacial sediments 
Notations a d and 1—4 at the right  side of the exposure drawing mark the units of ice and of subglacial sediment described in the paper, 1 — coarse-grained 
glacial ice, 2 — lenticles and beds of regelation ice, 3 — sharp-angular stones and boulders of supraglacial sediment, 4 — dark-gray subglacial sediment (of litho-
facial basal complex), 5 — till  of bottom part of the section enriched in pieces of local schists (lithofacial subbasal complex), 6 — schists of Hecla Hoek Forma-
tion, 7 - s c a l e of percentage boulder content of diagrams ( I - V ) ,  8 - azimuth of ridges of fluted moraine, 9 - p r o b a b l e top of bottom part of morainic sedi-
ments enriched in local boulders, 10 — outline of symmetrical (checkerwise) and asymmetrical (black colour) diagrams of boulder orientation, 11 — places of mea-

surements of boulder texture 
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The regelation bed has guite constant thickness in the analyzed distance 
of about 2.5 m. Due to a compact structure it can be easily distinguished 
from the overlying glacial ice. 

These two types of ice contact each other in the basal part of the 
Werenskiold Glacier in a sharp and locally, rectilinear surface. Instead, 
the lower part of the regelation layer is really differentiated. Small, 
several milimetres high elevations or elongated banded lensed are frequent. 
By means of them the regelation ice tightly interfingers with a frozen 
(to its bottom part) subglacial sediment. Schy t t (1959) emphasized that 
fine layers and lenses of ice that were popular in the top part of subglacial 
deposits of the Isfall Glacier and accompanied the elongated ridges of a 
ground moraine (of flued-moraine type), were not the glacial ice but 
„frozen meltwater with long columnar crystals". 

6. Texture of boulders and morainic matrix 
in a glacial ice and in a bottom regelation 
bed of a glacier 

The boulders of the studied fraction were very rare in a coarse-grained 
glacial ice. They represented only 18.5% (of 200 boulders) of measured 
rock fragments in ice. Also few thin inserts of fine clayey material 
occurred mainly in the bottom part of the stratified coarse-grained ice. 
These fine inserts of the morainic material, 10—20 cm long and up to 
1 cm thick, were generally horizontal. At short, several centimetres distances, 
their vertical inclination reached 2—8 cm but most frequently 2—5 cm. 
A quantity of the morainic debris in these interbeds was irregular. In one 
of them only a single boulder was found. This type of spatial arrangement 
of the material that frequently took advantage of contact borders of 
crystals, originated during a phase of glacier movement. At that time the inner 
englacial melting on the outer crystal walls occurred. Thus, that was the 
place of accumulation of a fine debris. So, these inserts, frequently of 
discontinous course, were rather the small concentrations of an intraglacial 
regelation contact. They originated in a period of activity of the bottom part 
of the basal glacier bed. 

The regelation layer contained several times more gravel and boulders 
(15—60 mm) than the overlying ice. But even rough analyses proved that 
their volume was changeable here and there. Generally it was not greater 
than 10—20% by volume of the analyzed fragment of the regelation ice. 

During studies a vertical thickness was measured of the ice situated 
between the lowermost part of 200 boulders and the top of a subglacial 
sediment matrix. It made the data of a vertical arrangement of boulders 
more detailed. As long as the thickness of ice between the boulders and 
the sediment top was not greater than 3 cm they occurred either completely 
inside the regelation layer or at the contact with its top (Fig. 5). These 
boulders were fixed to compose as much as 81.5% of all the boulders 
(163 among 200 boulders measured in the ice 0.70—85 m thick). 










































