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14 B. E. Berglund and A. Rapp

FROST REGIONS
OF SWEDEN

68

11115 EaE

Fig. 1. Regional division of Sweden according to the types of frost phenomena in the
ground

1 — region with discontinuous permafrost on low levels, mainly palsa mires, 2 — Caledonide

mountains, 3 — region of boulder depressions, 4 — island of Oland and Gotland, 5 —

regions with fossil ice-wedges. 6 — Younger Dryas icefront advance until 10 500 BP cf.
Fig. §.

Map modified after Lundqvist 1962 and Johnsson 1981, 1986. Small circle at 56° N shows

location of Soderdsen horst ridge in Scania. Same symbol at 68° N shows location of

Abisko mountains, N. Sweden

http://rcin.org.pl



Geomorphology, climate and vegetation in NW Scania 15

results from two localities in NW Scania, namely the horst ridges Soderdsen
and Kullaberg, where geomorphological evidence is combined with sedimentological
and biostratigraphical studies of lake sediments. The results are then used for

a tentative reconstruction of palaeoclimate and palaecoenvironment 13 500 to
10 000 BP.

COMPARISON OF ACTUAL NIVATION-RELATED ENVIRONMENT IN LAPPLAND
AND LATE WEICHSELIAN TUNDRA IN OTHER AREAS

In the mountains surrounding Abisko in northern Sweden (Fig. 2) the main
deglaciation is thought to have ended about 9000 BP. Above the present tree
line at about 600 m as.l. strong snow drifting and nivation may have occurred
during the whole Holocene, in favourable places. Late-lying snow patches are
characteristic of the north Swedish mountains, but the geomorphic effects seem
to have been too weak to create nivation hollows in bedrock during the available
time of about 9000 years. Rudberg (1974) made a study of the actual nivation
processes in south Lappland and concluded that gelifluction and other processes
connected with late-melting snow patches were active and measurable, but of a slow
rate (cf. Thorn 1976).

Figure 2 is a map of the mountain area of Abisko. It shows the study
sites selected for our studies of nivation and “mini-glacier” action. The map
also shows the sites of sub-recent frost-crack polygons, palsa mires and thermokarst
ponds, indicating discontinuous permafrost. The majority of the cirque glaciers
in the area are facing E-NE direction and thus show the strong predominance
of snow drifting from westerly directions.

ABISKO REGION
\ S NORTH SWEDEN

. -

Fig. 2. Map of mountain area of Abisko, N. Sweden. Study sites of nivation marked

by rectangular boxes: | — lake and streams, 2 — palsa mires. 3 — frost crack polygons,

4 — thermokarst ponds, 5 — mountain top with altitude in m, 6 — study site for nivation,
7 — road, 8 — glacier
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Frost-crack polygons (Fig. 2:3) occur mainly in wind-swept valley bottoms
and plateaux areas at 800-1000 m altitude, well above the tree line. Table 1

gives data on precipitation and temperature at three sites in the area (Eriksson
1982; Akerman and Malmstrom 1986).

TABLE 1. Mean annual precipitation and air temperature at Abisko
and nearby sites (1951 — 1980). From Akerman and Malmstrom (1986)
and Eriksson (1982)

Pl Altitude  Annual precipi- Air temperature
o (m) tation (mm) (o)
Abisko 388 322 -09
Laktatjakko 1220 1750 (estimate) —5.8 (estimate)
Katterjokk 515 807 -1.7

Figure 3 is a photo of a nivation study site at the canyon of Nissunjokk,
ca 6 km south of Abisko. The canyon is cut into quartzitic schists and is
50-80 m deep. The tree line is at 650 m on the west-facing slope. Above
this zone large lee-side snow drifts are formed by the predominant westerly
storms. Note the colluvial cone below the largest hollow and snow drift. We
call it a nivation cone. It is deposited below a steep nivation hollow and was
accumulated by combined processes of small debris flows, running water and gelifluction,
due to summer meltwater from the shrinking snow patch.

Fig. 3. Nivation hollows in bedrock at Nissunjokk canyon, Abisko. Note nivation cone

of till removed from pre-Weichselian hollow by gelifluction, debris flows, wash and small

snow avalanches during 9000 years of post-glacial tundra conditions. Slope is East-facing
and 70 m high. Photo A. R., 12 June 1983
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Fig. 4A

Fig. 4B

*=1.00mas.

Morane +=1320ma.s.

s ich
S: snowpalc Y00 m

Fig. 4A and B. Aerial photo and map of a small glacier/snowfield facing south on
Latnja mountain, SW of Abisko.
Note many small debris flows over icy surfaces. Flows stop at contact with remaining
snow patch to the leftt A 100 m long end-moraine appears at lower end and some
meters from the main glacier/snowfield. Note also talus slope with large blocks at the
base, to the far left.
Air photo, N.A. Andersson 14.9.1985. Map by L. Lindh, autumn 1984
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Fig. 5. Late Weichselian ice-marginal zones in south-west Sweden according to the revised
deglaciation chronology by Bjorck et al. (this volume). Numbers refer to the system described
by Berglund (1979)

west quadrants (Mattsson 1957; Johnsson 1982 and earlier; Svensson 1972, 1980,
1983).

The horst ridges like Soderasen and Kullaberg are built of Precambrian gneiss
and surrounded by Mesozoic sedimentary bedrock. The fault lines give the landscape
a marked relief — the plateau of Soderasen being 100—150 m higher than surrounding
plains and the narrow ridge of Kullaberg rising more than 150 m above surrounding
sea and coastal plain (Fig. 6). Both ridges are dissected by valleys, in Soderdsen
formed as deep canyons. In our working hypothesis (Rapp et al. 1986) the sides
of the canyon valleys have had long-lasting snow fields and even some small,
local glaciers, e.g. onc which created the over-deepened cirque basin of Lake
Odensjon (Fig. 7). Most of this sculpture of nivation and local glaciation was
created before the Weichselian 1ce covered the area from about 20000 BP.
But the processes of nivation and local glaciation were repeated as late as
during the Younger Dryas cold period, as we will discuss below.

Figure 7 is a map of the central part of the gneiss plateau of Soderdsen.
It shows the location of the three canyon valleys of Odensjon, Ugglerod and
Skaralid. The sandy plains north of the fault-line slope of Soderdsen are below
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MALMO

0 - 20km

Fig. 6. Topography of western Scania with the horst ridges Soderasen and Kullaberg
indicated
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the highest coast-line (HK) at 55 m a.s.. of the Weichselian deglaciation phase
(Ringberg 1984; Sandgren 1983). The forms interpreted as nivation hollows are
best developed at the rims of canyon valleys (Mattsson 1962, Rapp 1982).

The most widespread interpretation of some of the cirques and hollows of
Soderasen has been the plunge pool hypothesis of Lennart von Post (1938),
based on the concept of glaciofluvial scour by meltwater at the Weichselian
deglaciation. The hollows of the valley sides are not interpreted as carved by
meltwater in our concept, but as nivation hollows. Several of them show typical
characteristics of nivation: a hollow in bedrock which has semicircular back
rim, gently sloping floor without incision by a stream trench, and with angular
rock debris over bedrock on the floor and sides. Many of the hollows have
a hanging position to the main valley, that is, a longitudinal profile with a break
in inclination between a gently sloping floor of the hollow and a steeper lower
part. There are also many nivation hollows which do not have a hanging floor,
but reach the main valley bottom and show a simple concave long profile
of lower gradient than pure gravity talus slopes.

Two well developed nivation hollows of 50-60 m width, ca 60 m length
and semicircular upper rim occur on the west side of the narrow mouth of
the Odensjon valley. These two hollows, like many similar ones in this valley
and Skaralid valley, have a smooth, semicircular upper rim, undissected by stream
erosion. On their gently sloping upper floor are a few rounded gneiss boulders
of 0.5-2 m length. The long axis in most cases points downslope in the direction

Fig. 7. Eastern part of Soderdsen, Scania, a gneiss plateau with canyon valleys and
periglacial nivation hollows and probable glacial cirques
| — sandy plains with many ice-wedge casts and wind-polished rock surfaces (H. Svensson
1983; G. Johnsson 1982) from periglacial tundra periods, 2 — main fault scarp slopes,
3 — canyon valley with small stream and nivation hollows, 4 — nivation hollows and glacial
cirques (larger arcs) in bedrock of canyon sides, 5 — swamps, 6 — elevation in m above
sea level, 7 — lake and stream, 8 — locality with wind polished bedrock or blocks
This black arrow marks direction of main Weichselian ice from ENE. Maps of the article
are published with the permission of Lantmateriverket (Swedish Geographical Survey)
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of creep and ealier gelifluction. They are interpreted by us as erratic boulders,
dropped by the Weichselian ice together with till, and later moved somewhat by

gelifluction.

50w

Fig. 8. Block diagrams of nivation hollows and debris slopes. Soderdsen 1 — gneiss bedrock,
densely jointed, 2 — talus, 3 — till, on the upper plateau from NE, with rounded, erratic
boulders brought by the Weichselian ice

Fig. 9. Wind-polished block with distinct facet edges and wind flutes. Erratic block of

quartzitic sandstone deposited by Weichselian ice from NE at Ugglerod, Soderdsen. On the

side of the block are two types of pointed wind flutes, here called straight flutes and

spiral flutes. The latter type is a particularly reliable indicator of wind direction. Photo
A.R.. October 1984
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A ,/:.
P ‘, \\ // 3
g e — ARA
Fig. 11. Diagram of slope deposits with ecolian sand of Younger Dryas age. TL-ages

are given in boxes. Datings by V. Mejdahl

up to 0.5 m in length. The TL-age of the sand at 1.5 m depth in the ridge
is 10400 + 1000 BP. A smaller, blocky ridge at the base of the talus contains
no sand and is interpreted by us as a protalus rampart. We think the sand
content in the outer ridge was brought by wind drifting across the plateau,
deposited in lee-side snow drifts, which grew into a small “mini-glacier”, similar
to the Latnja glacier of Fig. 4 above. The moraine ridge in Skaralid at Forshall
is higher (5-10 m), partly filled by a bedrock core. It is covered by a mix
of sand and angular blocks and stones at the base of a west-facing talus and
rock slope of 80 m height. The TL-age of the sandy material at 1 m depth is
10 600 + 700 years BP.
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Fig. 12. Geomorphological sketch map of Lake Odensjon and Nackarpsdalen valley in
the SE part Soderdsen, Scania

1 — clear or incipient nivation cirque, 2 — weakly developed nivation hollow, 3 — direction

of snow drifting into nivation hollow, 4 — bedrock exposure, 5 — angular rock debris,

e.g. talus, 6 — rounded boulders in block streams or single “creeping boulders” in former

solifluction material, 7 — debris lobe, possibly from periglacial solifluction, 8 — swamp

Layer 1 24.05-24.10 Slightly muddy, sandy silt, light brown-grey. Organic
content < 5. Some material lost at BP2, but at BP3
the coring was more successful and layer 1 probably
about 20 cm thick above boulder-rich till

The chronology has to be based on pollen-analytical cross-correlations with
earlier dated reference profiles in South Sweden (cf. Berglund 1971, 1979; Bjorck
et al. 1988). The chronozone sequence applied here follows Mangerud et al.
(1974) with the exception of the Older Dryas Chronozone which is given the
age 12050-12200 (Bjorck 1984), see Figs. 14, 15. Lacustrine brown mosses
at 23.84-23.90 m have been radiocarbon dated to 14 800 + 180 BP (Hakansson
1986), but this age is much higher than expected, probably caused by the reservoir
age (cf. Hakansson 1979).
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%

Fig. 13. Cross-section of Lake Odensjon basin with stratigraphy of the lake sediments
based on corings | to 6

The oldest lacustrine sediments — bottom of layer 1 — are definitely older than
Allerod, probably of the age 12500 BP or even older. In pre-Allerod time
a coarse sediment with sand and silt was deposited, probably caused by water
erosion of the exposed basin slopes. Possibly, nivation processes, as described
above, favoured this kind of sedimentation. We are unable to demonstrate the
impact of eolian activity. Anyhow, the sediments change towards a clayey silt
with some organic content at the end of the pre-Allerod period (the Older
Dryas event is not yet identified sedimentologically). This is caused by decreased
erosion parallel with the revegetation of the ground. This development continues
into the Allerod period during which the vegetation cover protects the mineral
soil as efhiciently as during the Preboreal period. The sediment at the end of
the Allerod period about 11200 BP is a clay gyttja with silty clay. At the
transition to Younger Dryas 11 000 BP the sediment is suddenly becoming more
minerogenic, with increasing silt content. We assume an increased slope erosion
parallel with a deteriorated vegetation cover. Slightly later, possibly-about 10 800
BP, there was a change to a sedimentation of a very minerogenic silty clay.
Most probably the vegetation was very poor then, the soils exposed and easily eroded
due to harsh climatic conditions. Nivation processes favoured such sedimentation.
This situation continued until about 10400 BP when the silt-clay deposition
suddenly changed towards sedimentation of a highly organic gyttja with clay.
The vegetation became denser and the ground was protected. During a short
period around 9500 BP there was again increased minerogenic sedimentation
(mainly clay). Possibly, this was a result of a water-level lowering (cf. Digerfeldt
1976).
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Fig. 14. Physical component and particle-size stratigraphy of the sediment cores BP2

and 3. Ocular sediment correlation between the cores. Chronology based on pollen diagram

ANCIENT LAKES ON KULLABERG

in Fig. 15

Several ancient lakes have been studied on the horst ridge Kullaberg (Berglund
1984) and current research of the lateglacial sediments
1s to be published in the near future (Lemdahl, Liedberg-Jonsson). The work

1971; Berglund et al.

has been concentrated to two basins:

Hakulls Mosse about

125 m a.s.l. with

a lake size of 70 X200 m, and Bjorkerods Mosse about 75 m a.s.l. with a lake
size of 50 x400 m. The analyses are more complete here than at Lake Odensjon
and comprise studies of sediments, pollen, plant macrofossils and insect remains.

The sedimentation starts directly after deglaciation
varved clay at the lower basin and about

14 000 to
12 700 with non-laminated silt at

13500 BP with

the upper basin. This means that we have a good resolution of the sediment
record after deglaciation.
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| e | |

1’7’“”‘"5“”"" __—_4

Fig. 15. Sediment stratigraphy and total pollen diagram of Lake Odensjon BP2 correlated

with the Hdikulls Mosse pollen diagram from Kullaberg (Berglund and Persson in prep.).

The first diagram plotted against depth, the second diagram against time. Correlation
of pollen assemblage zones means that general vegetation units can be identified

The palaeoecological events based on the studies at the Hakulls Mosse basin
were discussed in a paper by Berglund et al. (1984). The most important results
concerning lake sedimentation and soil erosion are mentioned here. Melting of
stagnant ice caused instable soils until about 12 500 BP. The continuous sedimen-
tation in the Bjorkerods Mosse basin after 13500 seems to have been an
exception in this area. In both lake catchments the erosion decreased gradually,
but increased silt deposition during Older Dryas time indicates renewed slope
erosion at that time. During Allerod time the minerogenic deposition decreased
distinctly and silt was to a great extent replaced by clay (clay gyttja and
gyttja). At the boundary Allerod/Younger Dryas there is a sudden change towards
a more minerogenic sediment with increased silt content (silty clay gyttja). Strong
erosion seems to have been prevailing 11 000 to 10 500 BP, particularly before
10 700 BP. Soil conditions became more stable with the gradual revegetation
at 10500 and 10200 BP, and the sediment changed towards a clayey gyttja
with decreased silt content.

REVEGETATION AND VEGETATION COVER DURING THE LATE WEICHSELIAN

The pollen stratigraphy at BP2 of Lake Odensjon is correlated with the
corresponding pollen sequence at Hakulls Mose in Fig. 15. The resolution and
the dating control is by far better at the Kullaberg site, and the pollen
assemblages are easy to compare. An interpretation of the corresponding vegetation
units helps to describe the common vegetational changes as follows.

During the earliest deglaciation period after about 13 500 BP an arctic desert
with very sparse vegetation of mainly graminids and Arfemisia seems to have
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ALLEROC
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Legend: ////////, very cold, arctic, intense processes BOBNOE dry — rapid change
/ / / cold, subarctic, weaker processes = — = slow change

Fig. 16. Survey scheme showing a correlation of environmental changes in NW Scania
during the Late Weichselian

Interpretation based on the following information: Vegetation (Berglund, Liedberg-Jonsson,

Persson), insects (Lemdahl), stagnant ice (Berglund. Bjorck. Lagerlund), slope wash (Berglund.

Rapp). wind action etc. (Rapp. Lagerlund). Palaeoclimatic interpretation leads to distinguishing

of six phases, discussed in the text

beginning. Decreasing wind and water erosion. Subarctic heath and shrub vegetation
together with subarctic fauna. A protecting humus cover formed.

VI. 10 200-9500 BP. Climate warm-temperate with temperatures higher than
today. Lower humidity particularly around 10000 BP. South-boreal fauna but
north-boreal forest vegetation indicating time-lag for the revegetation (cf. Berglund
et al. 1984).

The palaeoclimatic interpretation may be seen as an alternative to the climatic
reconstruction by van Geel and Kolstrup (1978). There is also an agreement
with the recent reconstruction by Atkinson, Briffa and Coope (1987) for Britain
although the situation of Scania close to a large inland-ice cap be a reason for
a deviating climatic development before 12 000 BP. Further multidisciplinary research
is needed in the Peribaltic region for a better understanding of the climate
and its impact on geomorphological and biotic processes during the Late Weichselian.
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38 S. Bjorck, B. E. Berglund and G. Digerfeldt

lake sediments and aquatic mosses and the local varve-chronology. Different
explanations for these discrepancies were put forward but without satisfying
answers.

There is, however, a striking difference in the way the deglaciation chronology
is built-up on the west and east coasts (Fig. 1). In the west the ice-sheet
receded in a marine environment. This meant that deglaciation of an area was
quite rapidly followed by an immigration of marine organisms such as molluscs.
If the molluscs’ stratigraphic position, in relation to the deglaciation, is clear,
a rather good comprehension of the deglaciation age can be obtained by '*C-dates
on these molluscs. Some reservation on the accuracy of the “sea correction”
must, however, always be considered on this type of dated material (cf. Berglund
1979).

—_—

50am

\\\\‘ !4(; dates on the V// Clay-varves and/or
14
5\ glaciomarine fauna A C dates + varves

14 14
——— C dates on lake sedi C dates on
arctic mammals lake sedimonts
v
Fig. 1. Map of South Sweden showing how the deglaciation in different regions has

been dated
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On the east coast the deglaciation has been relatively dated by local varve-
chronologies (e.g. Ringberg 1971, 1979; Rudmark 1975; Ringberg and Rudmark
1985; Kristiansson 1986) and absolutely dated by adding local varve-years to the
regional 14C based pollen stratigraphy (Bjorck 1979, 1981, 1984).

In the large areas between the highest coast-lines on the west and east
coasts the deglaciation has been dated by correlations between the coastal
areas or by !4C-, and pollen-analysis of the oldest datable lake sediments. This
has often only given a minimum value of the deglaciation age.

The complexity of dating methods and the uncertainties of the dating methods
themselves would of course seem to be the natural explanation for the above
mentioned discrepancies and correlation problems. But it will be shown that
the possibly largest source of error lies in the relationship between varve-years
(calendar years) and radiocarbon years.

VARVE-CHRONOLOGY VERSUS RADIOCARBON-CHRONOLOGY

When Cato (1985) presented his connection of the Swedish geochronological
time-scale (based on varved clay) with the present, an important piece of the
deglaciation chronology was still not possible to connect with any certainty,
namely the varves from the Middle Swedish end-moraine zone and southwards
(Stromberg 1985). Unfortunately neither Kristiansson (1986) was able to connect
his varve-series in eastern Smaland and Ostergétland to varve-series north of the
Middle Swedish end-moraine zone. He found, however, that he could approximately
correlate a sequence of varves, around the local varve year 1760, to the beginning
of the Younger Dryas cooling which is radiocarbon dated to c¢. 11000 "“C
years BP.

By magnetostratigraphic studies (Sandgren et al. in press) on one of Kristiansson’s
(1986) sites and another site further northeast, which is preliminary connected
with the Swedish geochronological time-scale (Brunnberg 1986), it was, with
statistical correlations and geological reasoning, possible to connect the varve
based time-scale with varve-series south of the Middle Swedish end-moraine zone
(Bjorck et al. 1987). These studies show that around 10300 ' C years BP
the varve-chronology exceeds the radiocarbon-chronology with 500 varves, while
at 11000 “C years BP, thus corresponding to Kristiansson’s local varve year
1760, the difference is 300-400 varves. Within the 1050 varves preceding varve
year 1760, Kristiansson's (1986) varve-diagrams show a very marked, uniform,
and unusal increase (varves usually thin out with time) in varve thickness (Fig.
2) between the local varve years 2570 and 2550. This probably corresponds
to the climatic amelioration at the beginning of the Allered interstadial (Bjérck

|

|

’f

2550 2600

W

Allerod Older Dryas

Fig. 2. Eight varve-diagrams from eastern Smaland redrawn from Kristiansson (1986).
The varves cover the local varves 2500 to 2600 (see Fig. 3). The thickness scale is
1:8
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and Moller 1987) with an increased influx of melt-water transported material.
From varve-chronologic viewpoint these interstadial conditions would have lasted
c. 800 varve-years (2560-1760). However, according to Bjorck (1984) and Bjorck
and Moller (1987) Allered lasted 1000-1100 ' C-years. This difference is also
in accordance with what Bjorck et al. (1987) found regarding the relationship
between varve-years and '*C-years during the later part of the Late Weichselian,
i.e. that one varve-year corresponds to 1.2-1.3 '4C-year. If this ratio for the
relationship varve-years/'* C-years is valid for the whole period during which S
Sweden was deglaciated it certainly has meant much for the difficulties in
establishing a uniform deglaciation chronology since this is based on different
dating methods (Fig. 1).

A FURTHER EXTENSION OF THE VARVE-CHRONOLOGY

What we have shown above is that the varve-chronology, with the combination
of magnetostratigraphic correlations and Kristianssons (1986) long varve-series,
can be extended to pre-Alleread time. South of Kristiansson’s study area two
local varve-chronologies (Ringberg 1979: Rudmark 1975) exist and have also been
connected with each other (Ringberg and Rudmark 1985). Kristiansson (1986)
never tried to connect his time-scale with their time-scale of SE Smaland-Blekinge
as he possibly never thought the time-scales would overlap each other. However,
if the younger parts of Ringberg's (1971, 1979 and the unpublished diagram
from Karlshamn) varve-series are compared with the oldest parts of Kristiansson’s

ocal Loca Yarve LY
Yy Yaive yoars 2o
Chvorology|Che anceogy vesrs
be! L
(ristinne o
Ringberg son) present (
-
More certain position - : s
/ for ice margin - O) - o 2K o
> =
i g gy ( e 've +250 - 2660 2,300 s
o for lce margin - =
o~ 534
Recession lines fTor V 2 }
= {he boundary melted/ > J
e - ) A
frozen bed conditions - / ™
”~ {
a 'd
£~ /4 \ +150 2760 40 12.300
Zone characterized k e .
by basal stagnant ice \ / ‘,
2
, Boundary between N / /
~7 provinces ST N SmAland ! / I/ _1
: ! [ ) -~
) OJ {50
| / /
- 7 ,"J [ [ -~
——_,-——// o 72/ /
7 47 /.~
> . vV / -
L - w o
¢ 5, b o A
- . B
» 3 ! o 2,550 00
X’ /
\
)
£ 100 2,85 12
-200
cg® 300 288 2 vl
>4 0 20 AO0Km
L o 3
15 E 16" E 17° E

Fig. 3. Map showing the deglaciation chronology of Blekinge, S Sméland, and areas
below the highest shoreline along the east coast of Smaland as concluded by Biorck
and Moller. (1987)
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Fig. 4 Il feg 1101 hronolog M South Sweden based « ‘C-ycars BP (on the
east coast transtormed from the local varve-chronologies). The drawn ice-recession lines
over the South Swedish Uplands are based on the concepts of Lagerlund et al. (1983).
Note that the chronology in Skdne is not presented here (cf. Lagerlund 1987). The two
transects (east and west) of Fig. 5 are indicated by thin lines between the ice-recession
lines 12 650 and 10 500 BP

(1986) varve-series there is a striking agreement between the shaping of the
varve-series from Smadland and Blekinge if Ringberg’s (1979) local year + 100
in Blekinge is approximately connected with the local year 2800 in Smaland
(Kristiansson 1986). This preliminary connection (Bjorck and Moller 1987; B. Ringberg
pers. comm.) shows that the deglaciation of the coast between southernmost
Blekinge and central Sméland, a distance of c. 100 km. only took 200 varve
years (Fig. 3). If the ratio between varve-years and '*C-years was the same during
this period as later on (see above) the time-scales would “cross” each other
at c. 12750 varve- or 14C-years BP (Figs. 3-4). This “calibration” of the
14 C-chronology reduces the difference between the deglaciation ages of Lagerlund
et al. (1983) and Bjorck (1979, 1984) deglaciation ages from 400 to 200-300
14 C-years.

In northeastern Skéne Ringberg (1979) has been able to prolong his time-scale,
in relation to southernmost Blekinge, 200 varves further back in time. Ringberg’s
southernmost equicess (—300, see Fig. 3) is the restricting ice-recession line
in the south for this partly new deglaciation,-chronolegy.
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deposits occur. The ice-recession was first very slow (see Figs 4-5), with minor
ice-oscillations, followed by rapid deglaciation.

Area f) This area has been regarded as the western part of the Middle
Swedish end-moraine zone. It is situated both above and below the marine
limit (or highest coast-line east of Mt. Billingen). Ice-margin deposits occur
rather frequently. A fairly rapid deglaciation was followed by a significant
readvance, which in turn was succeeded by rapid deglaciation (see Figs. 4-5).

Area g) This area corresponds to Lake Vittern and its immediate surroundings.

Fig. 6. South Sweden divided into 8 different regions (a-h). excl. Skane, characterized
by different deglaciation features. The characteristics for the regions are described n the
text. The boundary between regions ¢ and d is very preliminary

The lake itself is deep (max. 119 m) and in the southern part of the basin
375 m of unconsolidated sediments have been reported (Axberg and Waistein
1980). In the south the surrounding topography reaches more than 200 m above
the lake surface. This shows that the bedrock topography is almost of an
alpine character. Extensive and thick deposits of glacial origin occur both west
(Norrman 1971) and south (Waldemarsson 1986) of the lake. Waldemarsson
(1986) found strong evidences for two, possibly late-glacial readvances in the Lake
Vittern basin.

From these facts we can draw some main conclusions about the deglacation
pattern and dynamics of the ice-sheet during the deglaciation of South Sveden:

1. The deglaciation was more rapid in the east than in the west. Along
the east coast the water-depth was greater than in the west (due to the danming
of the Baltic Ice Lake), in the Baltic basin the ice-recession rate was pessibly
accelerated by a downdraw, and the precipitation (= snow accumulation was
probably generally lower in the east owing to a greater continentality. Cool
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52 S. Bjirck and B. Dennegdrd

pine stumps were found on the bottom of the Bay down to perhaps as much
as —50 m and dated (Hakansson 1972, 1974, 1976, 1982) much scepticism was
raised against the palaeogeographic consequences these findings could indicate.

Previous investigations around the island of Bornholm (Kogler and Larsen
1979; Duphorn et al. 1979) have presented quite detailed marine stratigraphies
at considerably larger water depths than in the Hané Bay. But it was quite
clear that neither these nor the mainland stratigraphies could explain the Late
Weichselian and Holocene development of the Hand Bay without any knowledge
about Quaternary deposits in the Bay itself.

N S
|
; o
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Fig. 1. Map of the study area showing marine stratigraphic sections, points for box-core

sampling, dated pine stumps, area for found thick peat deposits and area mapped by
divers. On the inserted map in the upper right corner the study area is related to the
southern Baltic region

Owing to both the potentially good stratigraphic control around the Hand
Bay and the many puzzling finds (e.g. the pine stumps and thick peat deposits)
an inter-departmental project, between a Sport Diving Club in Malmo led by
Lars Hansen, the Departments of Marine Geology and Geology in Gothenburg,
and the Department of Quaternary Geology in Lund, was started. The aim
of the project was to investigate, both horizontally and vertically, the Quaternary
deposits found in the area and relate them to neighbouring stratigraphies and
development. Such correlations would then place Hano Bay’s Late Weichselian-
-Hclocene history in a regional context.

This article is an attempt to give a broad picture of this history based on
the hitherto available data from the Hané Bay.
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METHODS

The marine hydro-acoustic measurements were conducted with a UNIBOOM
system recording the frequency interval 400-1200 Hz. Complementary hydro-acoustic
surveys were done using a Klein Hydroscan side scan sonar and sub-bottom
profiling system. This research was carried out from a 40 feet research vessel
of trawler type.

Within acoustically investigated sections surface sea-bed layers (0-50 cm) were
sampled with a box-corer. This part of the study was carried out from the
Swedish research vessel R/V Argos. In shallower waters (down to c. —25 m)
divers made bottom surveys, detailed mapping of smaller part-areas, sampled
stratigraphic sections (e.g. peat) and pine stumps and photographed interesting
details.

During the offshore surveys positioning was done using a Navstar system which
provides signals to a track plot record. In nearshore areas, during the diving
operations, the conventional Decca system, radar and optical determinations were
used for positioning.

'4C, pollen and diatom analyses were carried out according to standard procedures
at the laboratories in Lund.

RESULTS
MARINE STRATIGRAPHY

Within the four selected and hydro-acoustically investigated sections (Fig. 1)
details of the uppermost seabed layers were detected by side scan sonar and
sub-bottom profilers. Deeper penetration of the Latec Weichselian and Holocene
sediments were achieved by the Boomer system.

The section presented in Fig. 2 gives a rather rough and general picture
of the stratigraphy in the study area. It is a compilation of the hydro-acoustic
studies complemented with the box-core samplings. This section runs from the
shallow areas with peat-covered sand and till to areas with almost 70 m of
water, where the Late Weichselian clay seems to be covered by a very thin

Appr.
depth
(m)
Section 8 Comples Dune Facies L
G~ < =
5 5 v ,’/-f“‘“" 3
' Shore Bar Comgtes J‘,__'/’ R e
> - — =~ =
& \ o P = z : \
I N gl NP =
s - > -~ A\
S A\
w0od—
AO 25 Skm
B-J positions for box-core sampling
**] pPeat lr ﬁ Glacio- fluvial Geposits
& _*J 4
1 . 38
| S Sand a | Tl comploxes
IEL[; Varved and non-varved clay I A l Bedrock
Fig. 2. Generalized stratigraphy of section B in Fig. 1. based on acoustic stratigraphy,

box-core sampling and mapping by divers
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TABLE 1. Ages for radiocarbon dated pine stumps found on the
bottom of the Hano Bay within or close to the investigation area. The
dates were published in Hdkansson (1968, 1972, 1974, 1976, 1982,
1986). The dated stumps within the investigation area are numbered
below and positioned in Fig. 1.

Obtained '*C age

Labora- . Approximate No. in

years BP tory no. depth of finding Fig. 1
9420+ 100 Lu— 16 —80 m
9750+ 95 Lu— 807 —57 m
9420+ 95 Lu— 890 —52 m 1
9520+ 95 Lu— 891 —49 m 2
. 9620+ 95 Lu— 892 —49 m 3
9480+ 95 Lu— 702 —48 m 4
9680+ 95 Lu—1901 —40 m 5
9660+ 90 Lu—1900 —40 m 6
9330+ 95 Lu— 551 —35to— 40 m 7
9590+ 90 Lu—2342 —13to— 14 m 8
9450+ 90 Lu— 2341 —13to— 14 m 9
Depth below
sea level (m)
™\
A" \
=g 9 (0
20
30 '/,"
40 4 i L — - 2 7'(_— X
50 =y ‘
60
70
80 ——
+ T |‘(,' yBP
10.000 9500 9000

Fig. 3. Radiocarbon dated pine stumps within or close to the study area (Table 1)

related to find depths and the supposed shore displacement between 9000-10 000 BP. Note

that the find depths are according to the fishermen’s rough estimations, which means

that Nos. 1-4 could belong to a shallower find-group (see contour lines in Fig. 1).

The ' C dates were published by Hakansson (1968, 1972, 1974, 1976, 1982, 1986). Note
that both single and double (dashed line) standard errors are shown
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58 S. Bjorck and B. Dennegard
AN INTERPOLATED SHORE DISPLACEMENT CURVE FOR THE HANO BAY

In order to understand the presence and absence of different type of deposits
outside Skane’s present east coast (Fig. 1) it is obviously of importance to have
an idea of the Late Weichselian-Holocene shore displacement in the area. This
is not only obvious from the presence of stumps and peat deposits, but also
from the long hiatuses in he Hané Bay stratigraphy.

Since no shore-line studies have been carried out in eastern Sk&ne a hypothetic
shore displacement curve has to be constructed for the area. Such a construction
has to be based on interpolations between dated shore-lines in Sweden (Berglund
1964; Bjorck 1979, 1981; Bjorck and Digerfeldt 1982a 1982b, 1984, 1986; Bjorck
and Moller 1987; Konigsson 1968; Liljegren 1982; Magnusson 1970; Mikaelsson
1978; Morner 1969; Péasse 1983; G. Persson 1973; C. Persson 1978, 1979;
Svedhage 1985; Svensson 1985) and the southern-southeastern Baltic region (Duphorn
1979; Gudelis 1979; Kessel and Raukas 1979; Kolp 1986; Krog 1979; Rudowski
1979; Veinbergs 1979). For understanding the Ancylus stage in a more regional
context, Bjorck’s (1987) hypothesis, about this partly puzzling event in the Baltic’s
history, has been used.

When the surrounding regions’ shore-lines have been transferred to the study
area a tilting direction perpendicular to synchronous shore-lines at different points
of time (Bjorck 1987) has been used. With this method the transformation of
shore-lines from one area to another has to be done step-wise since the tilting
directions often varies from place to place. These transformations of course make

metres
asl
50 4
* 04
50 4
r - - — - —_ MC yr BP
12.000 10.000 8.000 6.000 4.000 2.000
Baltic Ice :gg L vastosr \ .iorina i Limnea Baltic
" 1 gloia ) . -
Lake :S"’ ¢4 Sea | Sea - Sea stages
A

Fig. 5. An interpolated shore displacement curve for the SE Hand Bay, based on studies
from both Sweden and areas in the southern Baltic region. The bases for the construction
of the curve are referred to in the text
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Fig. |. Review of the northern Kuttegat area and investigated transect. The map s
reproduced after Falt (1982)

The primary objective of this report is to give an illustration of a section
showing the various differences within an area where transition occurs from a bedrock
configuration, almost exclusively dominated by Precambrian strata on the west
coast of Sweden, to Mesozoic sedimentary strata in Danish territorial waters
more to the west.

METHODS

The presented research results were achieved during a voyage with R/V Arne
Tiselus, a 146 tonnes steel trawler equipped for research and surveys at sea.
A Del Norte microwave radio positioning system with positioning computer,

http://rcin.org.pl
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70 A. Kostrzewski and Z. Zwolinski
RESEARCH PROBLEM

The ancient and modern development of cliffed coast has been relatively poorly
recognized (Kostrzewski 1984, 1987b; Subotowicz 1982). The lithological study
of deposits of which the shore zone of Wolin Island is built up has supplied
a lot of new data in this respect (Boré6wka et al. 1986a, b; Boréowka et al
1982: Kostrzewski 1983, 1985). Systematic field studies which have been carried
out on the cliffed coast of Wolin Island since 1977 deal with the following
problems (Kostrzewski and Zwolinski, in press):

1) morphological variability of the cliffed coast throughout a year and over
a multi-year period,

2) the influence of lithology, slope angle and a cover of the cliff on the
characteristics of newly produced forms,

3) qualitative and quantitative assessment of the effects of morphogenetic processes
on the cliff,

4) morphodynamic functions of the cliffed coast of Wolin Island.

The present authors are chiefly concerned 1n this study with morphodynamic
functions of the cliffed coast of Wolin Island along sections composed of sand
and till. Interpretation of the main research problem is based on detailed studies
mentioned under 1 and 3. The determination of morphodynamic functions of
the cliffi is of key significance in studying the present-day development of the
cliffed coast in Wolin Island, as well as is of major importance for actual
practical purposes.

STUDY AREA, METHODS

The cliffed coast of Wolin Island may be divided into two portions, i.e.
the eastern portion (Migdzywodzie— Grodno) and the western one (Grodno— Miedzy-
zdroje), which differ in morphologic characteristics. The western portion cliff

A
st
1\ ¢

L

Fig. 1. Location of test section I— VI on the cliffed coast of Wolin Island (Dots indicate
height, points/ on; the-Weolin, end moraine)
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Fig. 4. Morphodynamic map of the cliffed coast for part of sandy section IV in Wolin Island, March 1983 — August 1984
Key to symbols
1 — morphodynamic zone limit, 2 — morphodynamic subzone limit, 3 — degradation zone, 4 — transport zone, 5 — accumulation zone, 6 — zone of
dynamic equilibrium
Key to subzone numbers
1 — abrasion subzone, 2 — marine accumulation subzone, 3 — slope-wash subzone. 4 — suffosion subzone. 5 — aeolian subzone, 6 — rockfall subzone,
7 — earth fall subzone, 8 — landslide subzone, 9 — slumping subzone, 10 — creep subzone, 11 — debris flow subzone, 12 — gelation-nivation
subzone, 13 — anthropopressure subzone, 14 — bioaction subzone
Note: — operation of similar — intensity morphogenetic processes / operation of decreasing-intensity morphogenetic
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84 A. Kotarba

Most of alpine cliffs within glacial troughs in the High Tatra Mountains
were ice-free at least since 13 000-12 000 years BP. Radiocarbon dates (10 100 + 140 BP
and 9900 + 120 BP) of lacustrine deposits give the limit between the Late Glacial
and the Holocene (Wicik 1979; Krupinski 1983) in the middle part of the
mountains, i.e. on an altitude of 1500 m. The uppermost, youngest glacial
cirques above 1700 m were exposed to subaerial modelling from about 10000
years BP. The data of Koperowa (1962) and Krupinski (1983) indicate that
the last small glaciers in this part of the mountains were preserved till the
Younger Dryas (Klimaszewski 1967). After that time Holocene warming of climate
generated subaerial denudational system above the upper timberline. Due to vertical
shifting of timberline, the hipsometric belt of 1500-1950 m was subject to the
largest morphogenetic changes during the Holocene. Based on the volume of
debris covers accumulated at the base of rock slopes, Lukni§ (1968) estimates
average lowering of ridges during postglacial period of 5 m. According to Klimaszewski
(1967) this rate of Holocene remodelling of Pleistocene relief is relatively small.

Contemporaneous sediment transfer within the whole slopes occur as a result
of a variety of processes. Particular processes operate with various intensities
depending on the slope unit present, its position in a given geoecological belt
(Kotarba 1976, 1984) and within a particular slope sequence, and on the stage
of development reached by that slope unit (Kotarba and Stromquist 1984).
Various rock resistance of the crystalline core-granite rocks in the High Tatra
Mountains is responsible for differences in the height and fragmentation of rock
slopes.

Six basal debris slope forms had developed below alpine cliffs (Kotarba 1985).
They are to be observed at present at different heights above sea level. Their
present-day activity is related to the geoecological belts. Both climatic and floristic
conditions control the rate of principal morphogenetic processes within belts
(Kotarba 1984). The general scheme is shown on Tables | and 2.

TABLE 1. Mean annual temperatures, mean monthly air temperatures for January (coldest

month) and July (warmest month) in altitudinal climatic and vegetation belts (climatic
data from Hess 1965)

Mean monthly
Mean annual

Climatic belt Vegetation belt temperature
temperature

January July
Cold Alpine summit zone —4.0°C —12.0°C 40°C
2200— 2663 m
Temperate cold Alpine meadow zone —-2.0°C -10.0°C 6.0°C
1850 —2200 m
Very cool dwarf pine zone 0.0°C —8.5°C 8.2°C
1550— 1850 m
Cool upper forest belt 2.0°C —6.0°C 10.5°C
1100— 1550 m
Temperate cool lower forest belt 4.0°C —55°C 13.0°C

700— 1100 m




TABLE 2. Dominant morphogenetic processes on basal debris slope forms in the Polish Tatra Mountains

Present-day activity in vertical climatic zones

Principal Principal transfer Principal slope form temperate tempamte
factor process S0l cool very cool . cold
L
1 1550 m 1550— 1850 2200— 2663
900~ 1100 m 1% ™ 1850—2200 m 2
Gravity falling, rolling, bouncing,
sliding rockfall talus + ++ + 4+ + 4+ ?
snow avalanching = F ++ ++ + ++
Snow slow-moving snow avalanche talus no information
sliding on snow surface - + + + + ++
Snow and water slush avalanching - ++ + =
Snow meltwater ephemeral stream flow alluvial talus + + ++ +++ +
Rain storm
water rainwash, debris flow + + +++ + +
Interstitial ice internally induced mass
movement of debris creep rock glaciers - -
Freeze-thaw creep block slope - ++ + +
changes =
frost creep, sliding debris-mantled slope + + + + 4+ + ++ + 4 <
Activity index: 4 7 19 17 9
Process mactive (0)
+ weak (1)
+ strong (2)
+ + + very srong (3)
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TYPES OF CLIFF-DEBRIS SLOPE SYSTEMS

There are seven types of process-response alpine cliff-debris slope systems which
are typical of the High Tatra Mountains. Their existence was identified on the
base of multiannual field experiments (see Kotarba et al. 1983).

Type 1

The youngest cliffs situated above 1700 m comprise elements of the glacier
cirque relief system and reach relative relief of the order of 450— 500 m. They
were the last areas to became free of ice. When facing to N and E they
are vertical or overhanging. At their bases there are typical talus slopes formed
from loose debris which is very mobile and easily subject to movement (scree slope).
The ratio of the height of the talus slope (H,) to that of the rock cliff
(H,) is always less than 0.1. As a rule they are very well sorted (coefficient
of sorting r = 0.98). Talus slopes as a whole are subject to movement triggered
by debris showers (rockfalls). The material supplied from the cliffs slides over
the surface and is only gravitationally sorted. The rate of debris accumulation
is uniform along the whole talus slope. If the glacial cirques are filled with
lakes, transport of debris material continues under subaquatic conditions which by
infilling leads to a decrease in the lake basin’s capacity. Talus slopes are developed
in a form of regular talus cones or sheets (Fig. 1-I).

A
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g : ' D D |
Distance from apex (D) 0
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1 2 N 14
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R FN ' 2
D i D
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A depoesition
v" b~ shush avalanching,
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i~ Debris flow 5 3 \a
slush avalanching D

Fig. 1. General dynamics of debris slope surfaces related to cliff morphometry in the
High| Tatra_ Mts
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Debris slope evolution 89

J‘.

Fig. 2. Patterns of accretion of loose material on debris slopes in the High Tatra Mits.
Supply of material by: falling (G), sliding and rolling on debris slope surface (S), sliding
and rolling on snow surface (S,). by debris flows (D, and slush avalanching (S;)

IV — strong accretion on the middle element. Debris shower is accompanied
by debris sliding on the snow surface during spring;

V — strong accretion close to the apex and at the base of slope. Debris
flow processes (D;) are responsible for debris redistribution along the slope
profile;

VI — strong accretion on the apex element (G+S) and slush avalanching/debris
flow deposition at the base (S,);

VII — strong accretion at the base of debris slope. Most of the material
supplied to debris slope (G) slides over the long lasting snow pathes (S,) and
is deposited in form of protalus ramparts.

Figure 2 summarizes all the above developmental tendencies.

CONCLUSIONS

The evaluation of the alpine debris slopes in the High Tatra Mountains
shows that they have developed through the operation of mass wasting at least
since 10 000 years. As magnitude of principal slope processes in altitudinal
belts is controlled mainly by climate, thus relative heights and fragmentation
of alpine cliffs (related to structural controls) seem to be decisive factors of
principal debris slope formation during the Holocene. This conclusion is summarized
in seven simple models, which relate debris slope forms to the processes responsible
for them.
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92 S. Kozarski

TABLE 1. Various models of genetic interpretation of ice-marginal
features in NW Poland (after Kozarski and Kasprzak 1987)

Deposits and structures Processes Preferred model
Till rich in block dumping and “Alpine” end
material tectonic stacking  moraine forms
Clays, tills, sands and  shearing, thrust ridges
gravels thrusting, and push moraines
Glaciotectonic structures folding
Sands, silt and gravels  deposition in stagnant and dead
Distinct bedding and meltwater on ice forms
gravitational deforma- and in glacier
tions (mainly faults) ice

Organic sediments present at this site were radiocarbon dated (Pazur and Walanus
1979; Pazur et al 1981) and palaeobotanically studied (Tobolski 1979, Pazdur
et al 1981).

The dating of organic sediments occurring in the zone of maximum ice-sheet
extent and in the coastal zone, as well as detailed studies of the main positions
of the last ice sheet in test areas have provided an entirely new basis of the
consideration of time and dynamics of the last ice-sheet retreat from northwestern
Poland.

DATING OF THE LAST ICE-SHEET MAXIMUM ADVANCE IN POLAND AND THE
NEIGHBOURING COUNTRIES

There is no doubt that tremendous progress in tentative determination of time
intervals at which the Vistulian climatic fluctuations took place, including the
most dramatic event, i.e. the last glacial episode, has been stimulated by the radiocarbon
dating of organic sediments. For instance, this is the case with the last ice-sheet
advance in northwestern Poland since radiocarbon measurements allow estimation
of’:

(1) the duration of the ice-sheet advance and retreat which lasted for scarcely
seven thousand years, and

(2) the age of maximum advance (Kozarski 1980, 1981; Pazdur et al 1981)
as ca 20000 yr BP.

This is due to the discovery (Stankowska and Stankowski 1979) and investigation
(Pazdur et al. 1981) of organic sediments covered by the last in the zone
of maximum extent of the Vistulian ice sheet at Konin-Maliniec. As can be inferred
from radiocarbon measurements of the uppermost organic layer (Pazdur and Walanus
1979; Pazdur et al 1981) having an age of 22050+450 yr BP (Gd 645) and
22230+480 yr BP (Gd 646), the maximum advance recorded by the till was
younger than the organic layer. After correlations with radiocarbon-dated sequences
in the GDR (Cepek 1965) and in the Soviet Union (Krasnov 1978; Vasnyachuk
1971; Gerasimov and Velitchko 1982), its age (Kozarski 1980, 1981, 1986; Pazdur
et al 1981) can be estimated as ca 20000 yr BP (Table 2). It is important
to note that this estimate is not applicable to the zone of maximum extent,
lying east of Konin towards the Vistula valley and along the southern fringe
of the Mazurian Lakeland since it is not the Leszno Phase but the Poznan
Phase that produced it (Mojski 1984,; Fig. 94).
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TABLE 2. Correlation of major ice-sheet positions in N Poland and the neighbouring
countries, as well as the radiocarbon age (Morner 1981) of relevant horizons in the
Grand Pile profile (after Kozarski 1986)

';'g(! BALTIC (Morner et al 1977} GDR POLAND (Gergss-nstov,Ve
-1!093 GRAND PILE (Mérner 1981) (Cepek 1965} (Kozarski 1986) litchko 1982)
13 Low Baltic Stadial Velgaster Staffel Gardno Phase Luga
13 100 ~13200
z | 14
< 15- East Jylland Stadial Pommersches Stadium Pomeranian Phase Vepsovo
15 300 ~15200
— |16
— 174 Chodziez Subphase maximum
~17 200 ~17 500
18 DRETSHALUK!
177702 10
- |19 Frankfurter Stadial Frankfurter Staffel Poznan Phase FRALY
18 600-19 700 ~18 400
v |20
| Leszno Phase
| = | 21- Brandenburger Stadial Brandenburger Stadiwm ~20 000
{ 20500-22500 SKADO (W4l 20 270 #1000 PUCHKA
> | 22 20475+ 600 21410+ 150
| KL KOSCHEN (wW6) KONIN MALINIEC 0 21 880 < 110
| 211602 800 22050 ¢ 450 SHAPUROVO
| 23 22230 + L8O 2240210
\ GOSHA

229502440

If the above situation is concerned farther eastward. in the vicinity of Grodno
in the Soviet Union territory, it may probably be accounted for in terms of
stratigraphy by the Upper Pleni Vistulian sequences that have been studied by
Vasnyachuk (1971). He has established with reference to the Dretshaluki site
that the till due to the maximum advance covers organic sediments which have
a radiocarbon age of 28370+ 180 yr BP (cf. Table 2). Their telecorrelation
(Kozarski 1986) indicates that they correspond. to a larger extent, to the Poznan
Phase (= the Frankfurter Stadial) rather than to the Leszno Phase (= the
Brandenburger Stadial). This implies that the Leszno Phase became overridden
by the Poznan Phase in the Grodno region as well, likewise in the major
portion of Poland’s territory (Woldstedt 1932).

DEGLACIATION ISOCHRONES

As yet the period between ca 22000 yr BP and ca 13000 yr BP has not
been divided for the North Polish Plain into smaller units by means of biostratigraphic
facts if the constantly insolvable problem of the so called Mazurian Interstadial
is left out of account. It must be stated that during ‘the recession of the last
ice sheet from northern Poland, there existed too severe climatic and edaphic
conditions for a rapid plant succession in areas from which the ice sheet had
just retreated. From a scant palaeobotanical record (Borowko-Diuzakowa 1969;
Kopczynska-Lamparska et al 1984), it follows that recolonization by plants began
as late as during the second half of the Oldest Dryas, i.e. when the ice-sheet
margin was situated on the southern fringe of the present-day Baltic coast. Therefore,
the study area should not be supposed to contain organic deposits belonging
to the ca 22000 — ca 13000 yr BP period, to which radiocarbon dating may
be applied, as is the case in North America, for example (Clayton and Moran
1982).

Thus, there is a need to use an indirect procedure for the determination
of age of the major events associated with the last ice-sheet waning. This is
mostly related to the main ice-margin . positions, after the maximum advance
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Fig. 1. Deglaciation isochrones and estimated age of major ice-sheet positions in N Poland
Inset: Time-distance diagram of the last ice sheet in Poland (after Kozarski 1986)
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98 S. Kozarski

D(‘S.T

D, =
Dere

When a slow advance occurred before the steady-state position of the ice margin
has been reached, the equation has the form of

Dea + Drr.\'
e

DE’E

In conditions of full data supply by the three-dimensional analysis of lithofacies
units, the result of D, reconstruction is numerical. In the case of limited data
base the dynamic tendency can be only expressed as an advantage of one
depositional efficiency over the other. For instance,

D('.\\ > Dl‘l'(‘ or Dl’ll + D(‘.\.\' > D(‘l'(' and
D(‘.\',\' < D(‘I'(’ or D(’ll + D(’.\'.\' < D(”'(‘ -

The above new methodological approach has been adopted recently and used
(Kozarski in press) for the reconstruction of dynamic tendencies of the ice-sheet
margin in northwestern Poland. Local summary sequences (LSS), together with
diagnostic depostis and primary sedimentary environment description and dynamic
tendency (D) determination are regarded at the present stage of research as
depositional models for case study areas associated with the main ice-margin
positions. Two of them are shown in this paper (Fig. 2) as examples.

Fig. 2. Depositional models for case study areas within marginal zones of the Poznan
Phase (A) and Chodziez Subphase (B); after Kozarski (1987)



.W-‘ o l“.’

" 'ﬂ-” ".-v
e |

Toaa 3

=rs .-‘I‘-f‘ v o’ “olily \,. A N g
) ’;-_-;(‘ " ool ) -
m '!‘ .,Qn!i\b\,_ " r B '.__'T- KR ¢

g A Thi . ’\-’.‘:.‘.v._ V‘ A;"' . ) . Pt

~

. sy g -.q.t t-f¢ e S e % Rt :

ot Gl Sy PGS 8 (o Tt S5 Y PO
http //rcm org p1 Py _,:*,&‘-‘ R
A ¥ 14 | ,'. 0N e

ol



o gty -w ¥ “l “ﬂl-

™y |\a o g *’Qc‘"
SaN GGy 35’
v ._'f- «.*—é\ .;vnmm W -
ot b7 v.lﬁl"-r"'-&\‘f"_i el u -“
.: PUEL" TR S LW | N T *-'“f"‘ k. \.u aich
W' ‘v..‘ ,.\Q,q& 4-.1“ L%‘l’\'“‘ "
\ ‘/ SR s | -' %, .' t “— 1 " "Q\“.
Tty .z’. ~ o e
!?— o 1 l__’ r-v--‘? . ﬁ‘.z‘ - i’ "% . TN .t
it : Al . ‘ * add 3 4 ' A
Al T o . v N Bl edn GRIES,
‘&4 Lpa B A é ‘c’nm ‘% T RS RG] W
Ry g 'k‘!“i"‘u' X - h“'“‘

"F : -,‘.\-1.-!..--« m‘ = ¥ e 'P“’ b:!
ks .(\_e ﬂ% g &

P LR e

, P o
' l?ﬁ.‘;‘"lh-n _.\ Y i # v SN
A-ﬁ"l?’L ;’F'

PO
oL .-3“

3‘5' - i %vv o W ' :
t’ ot P Tl v > 3 25 A P ”“
oy 3

pha ‘L‘vﬂ“aw

el s - o
= ud-\'lqw nhﬁ
-.--&|- o s

] “ R o
T il v he .
4* hcs. e Y s -, G
& _u",-.: ‘VA" .y M‘,—“ "ﬂu,h& %u,
B LA~ e 1 e --hng_.,-_ X
:.'ﬂ. - o p-t.ax-

N e x'ru he -AQ“M';‘ ':L%} Ry
o r ..-~+¢- .“'% ;»o.,_)

7 %‘#. .,_,.qv!? ,4 ‘(ﬂ’:
e LN -,.,A 4 Ny 4‘\
: Zvh m b w

“"c’.:.\ 3 , E
i, f

‘1‘ 0.,0‘
_,‘1\\ 3 .




14 o
Ty

AN

—uf

\
"

b S g
. be -

o

“-u‘“ - "‘!‘ = =
s ¥ £
i ol e JMerviee

> oirhorﬂ! o D f“

+
. " -
D

_A~ qllm"f ”4

'.-' '(«._' -at‘q s

-

g e

a ™

“yn

.y-a s wve resasnd o - el B Oonaet

wis ' T8

Rl o

rm——s ww_ L

; e B M
'w Lo '," - ‘1‘ \1(\.

mw).q-h § ippraom il e "‘W
v i e NeE 4L I drwdiiofn iy

2

http://rcin.org.pl

N

Rt

N h

B> '& P

iy
Ll o 14

o e e RN AR s : :
- - % s G AL Se ™ | U S L S 1
O e - . T T Y i N e i S 1Y = omn e Shols
) 1 -\1 .-~£~|IU “x"x"h‘ Yo N e R 4
i 4 - i ". i e -:.‘A LJ._ . B g i
" x - - - f & E
- .a v b ‘ L] » -

> t : . - . - y -l - [ -

% ‘w" e e A R T nrv'-" e fexf -"rr* A e ‘ﬁn
Vi + s - e B B irsEal o d . Sobellin
b.!fﬁ_'"". PeAs i S d To b W i — 3 I

jregmn Ay 4,oh-.»~p— ikt B :y.uau -tarw—‘a LRt L A T
o migy YR} 1 § o ii'e
L7 SiE s Be Ry SOt ) il i TR el vbRene

e _Jyngp

y » . . K £ e
a.—'blnm—; ol D G SRy 4104
o ‘.‘ 133 - and A0 iRy atees i
AR R 3T g -&vmdm....

R

& Humgr

) 'AI\' w
S pedbure of B Sovdliguben
nmr(m b M i e e-!ﬂ

Nagih
pab gyt by guiiweney b glibosrbom "dosay  Pyliey
1@ YidlEwiry Juths o e asitintle W ] [ cotibfeniie

3% W ke Ay vyl aliniids
i e r."““’ - 4 I
wtred Mhind gd

R 154

L |



4 » s S j 13
2 ".A . p 4 '. ain,
[; ey v e y L]

. N TR -‘\'_?{‘.‘ |
L : s it g 9 )i
o’ A ¢ % 3 b e L
) Bt m Vool Sdd gy ,w\% S X Mg
] g N I-. y 9 "’\ - ‘“
-

. .“ g
s s "qt_ [T A -ﬂ%‘ H' '—-.‘\ ' A T ‘“:?N]

. & Ly 24 i | vl g e
g AT AR T Al o) 3
DA P l""‘ s, aals S s Lis

..' . '. (' J\‘“’r = ’_-‘.'»'."‘Q-.' 'a‘

) .‘..'. -: I‘

i -."‘“ A#-c‘t'r\ W e

B Ai" o B v u' e ¥ ‘.‘,-.(

y o] “u "‘/—"t iy

P Rl R R
L A |"

{ . - ‘. 2 '. y . ) .

"c A 5 ““';,"" :ﬁ-« . Y (POt Y R

e U SUARRR L
PRI ¥ e - '- “u p = o 3

o ¥
AT T R b
B 'f‘-,'_,’g TarLAs 4
IRk S e :"‘iﬁ'
‘ "‘vlﬁ,&’;ﬂ;}"'-‘.:;r .

|
S Ly W

L -"‘I ﬂ.li'j-" 1% N, TR |
N TRty W R E : A iy o _.... {

Rl S S S i
A y } ‘-. .‘-‘*"

’ Ll

"'Aig‘-"kf" o LW AR dou T s ?}f“(‘“’uwc

Eolal) g ‘ B A gh & oy &

e J(L-.f-?f. i et B A e e
Bk e

P. X . ._-\-".- A e 8 ' N i e ‘Q—wv
N ‘ SR e & & "o

. y 1' g e '-,“l-i. L LR
REOEN Y (YT IgT e v e
‘g‘x’_ P oo

oY ST

g ¢ ' g

i . L A L
' >3 N ALY ""‘ | 5 '.*' .
< AP —-\-wﬁz\»’c ) of SN :
TELE S9N . o

faia --Mn-*m "{h\ - L
TN NI
1 )‘ .bs‘f"?hl ‘v‘ %,_‘ \

P \- DD
3 F 1‘ l“b
B |

ok :_-.ra“*-'%‘?

[

¥ Te e
LA P
—
e v
X >y .
x &
& 1



g Iy - : i) -
{..‘ ) ;

{ i 1
N I ¢ e #

:_ b H |,lf L ) i » .'\; Sy
i fl ’ _FURE BT . -

h \ ¥ . P ot A V=7 A gty F ]

! : 4 | . X .
P s S | - v wty 4 ."'l -
L (

A X - . i
i 408 et ,*,‘_,_.,7:_ -,.;-Hlu 9 Ao, "
- . J -}. s u.'.-lo* < ‘»:‘ -b-m‘ :-1.}?_‘,.‘ ... - A\

i g im w\(;\.- w'f"

A l-*\"i. Wi \"G'
- Fo 6. "

“A. ‘. -‘::;.;I’",‘-J”‘ I
s DI e o 16 il
::}f_' i B o & M B e v"‘)*
‘( *}‘w -&'3;"!.1*\ i "‘k ’ w :

r" "SR ¢ ey "*K‘J Y

httpl/rcm brg l £,. ?;.
bs‘

L 3 B -,t,.



% “’lﬂn
%, L Kérasjén

~
~

BLAHAKERU
svnx(c':::?uoss:n S
" _~LUNDEBYMOSSEN
ittt BB ‘m)

SKAGER

SN
4, AN
7 SN
e (RG] NN

Uddevalla lﬁll.ill.s for highest |
shoreline (Fredén19902) R
Sites investigated by v s
Fries(1951) .
"y, _ W \1 liuum“ .uui:‘?lola nr“ 'i'.\‘ RO
" AN report er .
- @ O eterisn tam e o] | P
N [ L B ] - n . ~ -
¥ ®  New sites vane ——747:;‘-—_ o 17
e° (96m)TNreshold of bosin ' i 1 oo vee ":'.'-‘"_ e s .‘:"'.
® LT v v A= e woRaE rOn e PRERENT AN ULy (R e

Fig. 1. Location of the investigation area in Bohuslan southwestern Sweden

http://rcin.org.pl



]
.
-

73504 ‘m el
140
140 x Smégjoarna
1304 ‘\ 120
\ .
- * SRG‘I*GSI.- - e * Western alte
» Rormyr
1704 \ © Enstern shte
Y 110
. 100 \
r x\ Lundebymossen - o Central site
\ W Friew 1980
- Alnésmossen »
\
704 th-mossen
% ’)\ Ramhullsmossen Yo
1 ‘w Moltemyr 70 {
504 \‘\ \sé. yad % (‘1
@4 2 Grohed
. T & Tossene
304 ? - myr 5o
= “w
104
0 sc 0
7000 P :'mfbs 11000 10000 9000 2000 1000

Fig. 2. Shore displacement curve according to Fries (1951, Fig. 43) and Svedhage (1985, Fig. 34)

http://rcin.org.pl



RURMYR, 115 m obove sea Level

& < | TOTAL DIATOM SPECTRA <3 TOTAL POLLEN SPECTRA F 2 TOTAL DIATOM SPECTRA
QUISONALOROUS | — ~ z - . ~
HEIE s Blhon St | 5 [ 3| COmes g 18 ¢ § |3
x wARINE WP L) = | & Betuio ) sweves . - see B9 2 -
e 3 S | wme) INBIFFERENT : == lo # z -
z v sl = . O o' ire) 8| o Pinus £ wenes wad |z - o § “
8 VOB @ (SRR ool 3 | X gas|s| 3 8| 3 s |%
\ “ @;, e M ~ Coryhs ) omanr wemms | 2SN | g - 2 1
1 e T “ ' [ o e M iR TS
’ RN e g [ -
AT, -
: . see Bp? e
A oA e apy [P
- X LRI EE. ]
, . SO0 10450 1378
L7 . £ s 4N 1M
’4' A DRy AR A 2K : sholiow | l‘.m.mj -
y A v v v v v w v wjsleutrophic]| YD ullmn:zu YT e \ G o
see LAKE satove 8 | 1N ey RN R EAKE
ANALYSES | R MO0 1991, 1008 asETe e Lt S Ysoarion] yo
4 |
- —— - .
?ﬁ ol i fine detritus o é
i A oyttje ; o IT
i <
\
coorse detritus "
siily cloy % oyttie [t
.
v 3 ‘ 114 fyes )
clay 31 Equisetum peat ( ‘
1 €
mollusc shells Corex peat 1 B
. ] e .
> @ ~ v
.‘_0". gyttjo clay Phrogmites peot
. ARALYRES = MODIE 1WA T
sssssazy VoMILLER v
clay gyttjo % fen peot

http://rcin.org.pl



Environmental changes in Bohuslan 107

Changes of the palaeoenvironmental conditions prevailing around and after
the Pleistocene/Holocene boundary are registered in the fossil diatom and pollen
floras. Diatoms are representative of the aquatic environment and pollen of the
terrestrial and to some extent the aquatic. The main part of the sediments
in the basins studied represent marine as well as brackish and freshwater conditions
bacause of the isostatic land uplift combined with effects of the eustatic sea-level
changes in the area. The vegetational changes from an open landscape dominated
by herbs and shrubs to birch woods are registered very clearly in the pollen
diagram (Fig. 3).

Sediments from one of the basins studied, Moltemyr, have been analysed
also in foraminifera and molluscs (Knudsen 1982; Feyling-Hansen 1982; Klingberg
1984). The interpretation of the Moltemyr stratigraphy in connection with the
Pleistocene/Holocene boundary project was based on analyses of the strata down
to 6.5 m (Fig. 4). Two alternatives were given where to place the Pleistocene/Holocene
boundary: 350-345 cm or around 500 cm (Miller 1982, pp. 192-193, 208;
Robertsson 1982, pp. 234-237; Knudsen 1982, pp. 154-159; Feyling-Hansen, 1982
pp. 126-132). New corings have penetrated the sediments down to 16.3 m.
The thickness of the sedimentary strata in the Moltemyr basin is more than
27 m (Cato 1982).

The preliminary diatom stratigraphy in the sediments between 16.3 and 4.2 m
indicates repeated changes in the environmental development of the basin. These

MOLTEMYR, Bp3(M1)1961,55m above sea level
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108 U. Miller and A. Robertsson

changes were caused by varying sedimentary and climatic conditions influenced
by distance to the continental ice margin, presence of sea-ice, altitude of the
sea-level, quantity of meltwater outflow and reworking of older sediments.

Two artic phases were identified according to diatom stratigraphy: around
16—13 m and 8—5 m (Fig. 5). They may correspond to Older Dryas (DR 2)
and Younger Dryas (DR 3). In this case the intervals with higher diatom
productivity (13-8 m and 5-2 m) represent Allerod (AL) and Preboreal (PB).
This interpretation is in good accordance with the foraminiferal stratigraphy alterna-
tive 2 (Klingberg 1984) and the pollen stratigraphy (Robertsson 1982). If alternative
1 of the Pleistocene/Holocene boundary stratigraphy is applied to the sediments
the artic phases must correspond to Oldest Dryas (DR 1) and Older Dryas (DR
2). The warmer phases (5—4 m) consequently should be Bolling (BO) and Allerod
(AL). The question is when were the sediments between 27 and 16.3 m deposited?
They may represent the Middle-Weichselian Gota alv Interstadial (Brotzen 1961;
Miller 1964, 1982).

The isolation of the Moltemyr basin from the sea was completed at the
transition clay gyttja/gyttja (2.15 m) just after the rational Corylus limit at the
transition Preboreal/Boreal.
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alternative stratigraphical interpretations (Knudsen 1982; Miller 1982; Klingberg 1984).
For stratigraphical symbols see Fig. 3
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If the Pleistocene/Holocene boundary at Moltemyr is placed at 5.0-4.8 m the
diatom flora in the sediments of the proposed Solberga type site indicates a similar
change at 22-21 m (Miller 1982, Fig. 16:5). In this case the radiocarbon dating
9170+ 400 BP (T-2982) of shells between 19 and 18 m in the Solberga core
can be considered more reliable than the datings of the shells in the Moltemyr
core 9160 + |40 BP, U-4408, Olsson 1982), but still too young.

In general the radiocarbon datings of the gyttja sediments deposited around
the isolation phases of the basins studied have yielded ambiguous ages (Olsson
1982). This is obvious particularly when dating the sediments around the Pleistocene/
/Holocene boundary. A marked change in the stable carbon isotope ratio 13C/12C
at the Pleistocene/Holocene boundary in southern Sweden has newly been reported
(Hakansson 1986).

The Late Weichselian and Holocene shore displacement and stratigraphy have
been studied recently in southwestern Sweden (Bjorck and Digerfeldt 1982; Passe
1983; Dennegard 1984; Svedhage 1985; Freden 1986). To those studies can be
added three Norwegian investigations dealing with Late Weichselian and Holocene
shore displacement in southern and central Norway (Stabell 1982; Krzywinski
and Stabell 1984; Kjemperud 1984).
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Fig. 6. Shore displacement curve for Central Bohuslan based on diatom and pollen
analytical record combined with radiocarbon dating. For stratigraphical symbols see Fig. 3

In the central part of Bohuslan the isolines for the present land uplift
(shore displacement) vary between 2 and 3 mm/year (Fig. 1). The isolines for
the highest coastline vary between 120 and 150 m. The shore displacement
curve for central Bohuslan is calculated in relation to 130 m highest coast
line isoline and 2.5 mm/year land uplift isoline (Fig. 6). The curve which represents
the time period 11000-2000 BP can be divided into 5 parts:
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114 W. Niewiarowski

are called Glaziellen by Gripp (1964). It is also assumed that in some cases
the ice lobes entered the existing wide channels to cause their transformation.
Another view is (e.g. Kozarski 1966/67, Liedtke 1975) that a part may have
been played in the formation of some subglacial channels by both glacial and
glacial water erosion.

As concerns the area of Poland covered by the Scandinavian ice sheet during the
last glaciation, the prevailing opinion is that nearly all subglacial channels occurring
in this area were subglacially eroded by glacial water (Majdanowski 1950; Galon
1965, 1983; Kozarski 1966/67 and many others). Nevertheless, several examples
of transformation of the existing channels by ice lobe erosion have been reported
from this area (Kozarski 1966/67; Pasierbski 1979). There are also a few authors
who think that the formation of some subglacial channels was due to glacial
erosion.

Gdansk

Fig. 1. The study area
x — distribution of geomorphological maps included in the paper
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Fig. 2. Geomorphological map of the Brynica subglacial channel and its surroundings: | — moraine plateau, 2 — till horizon in
subglacial channel. 3 — morainic ridges. 4 — outwash. 5 — subglacial channels, 6 — limnoglacial kame, 7 — esker. 8 — kettles. 9 — sandy
elevations of different origin, 10 — valleys. 11 — ri\{q'tt'g-_r,é,épcilﬁ_-ep gplains. 13 — Lateglacial and Holocene denudative and

erosional small valleys, 14 — lakes and rivers
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Fig. 3. Geomorphological map of the Ruziec subglacial channel (northern section) and

its surroundings: 1 — moraine plateau, 2 — drumlin field level, 3 — drumlins, 4 — subglacial
channels, 5 — till horizon in subglacial channel, 6 — kame hillocks, 7 — kame terrace, 8 —
kettles, 9 — slopes, 10 — valleys, 11 — Lateglacial and Holocene denudative and erosional

small valleys, 12 — peat plains, 13 — lakes and rivers
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Levels in subglacial channels 119

While considering the origin of subglacial channels, Galon (1965) reports that
in the Byszewo subglacial channel in the Krayna Lakeland there is a level which,
according to him, was subglacially cut out by meltwater as a result of flow
blockage by ice in the main flow channel and water flow alongside the ice
(Fig. 8 3A and 3B). It would be then an erosional level cut out subglacially
by meltwater. Evidence for this is supposed to be the fact that there are traces
of water flow (a thin cover of fluvioglacial deposits, erosional pavement) on the
till at that level. This does, however, not rule out the possibility that water
flowed subaerially and not subglacially. The problem will be solved after the
completion of new investigations.*

The present research carried out in the above area has revealed only one
case which may suggest similar origin of a level in the subglacial channel.
This is associated with the Skarlin channel in the Brodnica Lakeland (Fig.
4). This channel is part of a larger marginal channel (30 km in length) developed
in the marginal zone of the Krajna— Wabrzezno subphase (Niewiarowski 1986).
It runs parallel to the end moraines and perpendicularly to the ice movement.
This alone, as well as the fact that the higher level of the Brodnica outwash
begins near that channel rule out its formation by glacial erosion and support
the idea that its origin was due to meltwater erosion.

Part of this channel is occupied by Lake Skarlin 293 ha in surface area and
151 m in maximum depth. Along the lake shores there are fragments of
a flat level up to 0.8 km wide, raised 15-18 m above the lake surface, but
lying several to a dozen or more metres below the moraine plateau surface
and separated from it by a pronounced scarp (slope). On the north side the
level height corresponds with that of the flat moraine plateau occurring to the
west. It is joined from the north by small channels cut out by meltwater,
which may have taken part in its formation. There is, however, an essential
difficulty in accounting for the origin of this level as a result of subglacial

o= Ju [ €32

Fig. 4. Geomorphological map of the Lake Skarlin channel and its surroundings: | —

moraine plateau, 2 — end moraines, 3 — outwash, 4 — subglacial channels, 5 — level in sub-

glacial channel (disputable origin), 6 — kettles, 7 — valleys, 8 — Lateglacial and Holocene

denudative and erosional small valleys, 9 — slopes, 10 — lake terraces, 11 — peat plains,
12 — lakes

* Investigations carried out in 1987 have shown that the above mentioned
level was formed by subaerial meltwaters.
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Fig. 5. Geomorphological map of the Brodniczanka subglacial channel and its surroundings:

1 — moraine plateau, 2 — edge of moraine plateau transformed by denudation processes,

3 — outwash, 4 — subglacial channels, 5 — elevations in the channel bottom, 6 — kettles,

7 — terraces of the Drweca river, 8 — periglacial valleys, 9 — peat plains, 10 — maximum

extent of former lakes, 11 — lake terraces, 12 — erosional reaches of the Brodniczanka

river (overflow gaps), 13 — lakes, 14 — direction of water flow: a — glacial, b — the Brodniczanka
river
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Fig. 6. Geomorphological map of part of the lakes Ciche-Zbiczno-Bachotek channel:

1 — moraine plateau, 2 — dead ice moraines, 3 — outwash, 4 — esker, 5§ — kame, 6 — subglacial

channels, 7 — kettles, 8 — overflow gaps, 9 — Lateglacial and Holocene denudative and erosional

small valleys, 10 — slopes, 11 — Lateglacial (pre-Allerod) lake terrace, 12 — Sub-Atlanctic
lake terraces, 13 — peat plains, 14 — lakes and rivers
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Fig. 8. Diagrams illustrating the origin of levels in subglacial channels: 1 — active ice,
2 — stagnant ice, 3 — dead and buried ice, 4 — till, 5 — glacio-aqueous deposits, 6 — sands
of different origin, 7 — peat, 8 — calcareous deposits
Key to symbols: G.I. — glacial level, FLI. — fluvioglacial level, O/K.t. — outwash level or
kame terrace, L.g.l.t. — Lateglacial lake terrace, L.t. — Holocene lake terraces, Ch.b. — subglacial
channel bottom, R.t. — river terraces

completely; after that the channels are deepened and widened, and fluvial terraces
are formed. Fig. 8 gives a diagrammatic picture of the way in which genetically
different levels develop in subglacial channels. The knowledge of the origin of these
levels provides one of the criteria which prove helpful in the study of the origin
of subglacial channels and their subsequent evolution during the Lateglacial and
Holocene.
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Palaeomagnetic studies in S Sweden 131

b) the age is obtained in varve years BP, based on the Swedish Geochronological
Time Scale. wich recently was connected with the present (Cato 1987).

The former type consits of more or less organic sediments while the latter
consists of varved clays.

PSV studies of varved clays are associated with special problems as these
sediments generally are deposited in high energy environments resulting in coarse
grain sizes, disturbances due to slumping and erosion, deflection of non-spherical
grains due to currents etc. According to our experiences so far, varved clays
can be used for PSV studies if the sediments:

1) are fine grained, which means deposited in a low energy environment far
away from the ice margin,

2) have a homogenous lithology,

3) are horizontally deposited and without disturbances,

4) are still situated below ground water level. If not, the sediments become
compacted, which tend to give too low inclination values,

5) cover a sufficient number of varves (= years) so that prominent magnetic
features can be seen.

Both with respect to total sediment thickness and time, the longest and most
detailed PSV records are obtained from three profiles in the Torreberga basin
(Sandgren 1986), situated in the southernmost part of Sweden, 10 km south
of Lund (Fig. 1). The 6 m long sequence of Late Weichselian sediment in

STOCKHOLM

TOTTNAS

RYSTAD

Fig. 1. Map of south Sweden with sites discussed in this paper. The light dotted area
corresponds to the middle Swedish end moraine zone



132 P. Sandgren and S. Bjorck

Torreberga are dominated by clay with a very low organic content (3-5); loss
on ignition) and span the time interval 12 800-10000 !'4C years BP. In Sandgren
(1986) dates were only available from a few levels but a complete pollen analyses
on one of the profiles (profile 4) have now been performed. According to
Jonas Ising (pers. comm.) there are only minor differences compared to the
preliminary dates. The sediment in the bottom of the profile is possibly 200
years younger. Since the results could be repeated in the different cores the
variations in the declination and inclination records are considered to reflect
true variations in the magnetic field throughout this time period. As can be seen
in Fig. 2 the declination in the bottom of the profile is close to north

Tor 3 Tor 4 Hal Pad
"
C yoars B.P; 200°

300° 330* o* 30° 330°* o* 30* 330* 0° 30 60° 330° o* 30*
9.500 = L A A i R A A ' e A 1 S - Il J
10,000 + \

A ~

10,500 4
11,000 4

B 8
11,500 4
12,000 + >

c c
12,500 4
\

13,0004 r T T . g T Ty T T T T T T T 13 1

300° 330* 0* 30° 330° 0* 30* 330* o 30 680* 330 L 30°

300° 300* 300°

Fig. 2. Smoothed declination records, after cleaning in a 10 mT field, vs age from

Torreberga profile 3 and 4 (Tor 3, Tor 4), Lake Halsjon (Hal) and Lake Paddegolen

(Pad). The outer lines correspond to a 95% confidence interval. Smoothing degree 200
years. Magnetic turning points labelled A-C

followed by a westerly swing with the bottom of the peak dated to ca 11 300
'C years BP, and then gradually turns to an easterly position around 10200 BP.
In the inclination a number of minor swings have been identified on a general
trend ot steeper inclination upcore (Fig. 3). The bottom of the Torreberga
inclination record possibly could pe correlated to the low inclination feature ¢ in
the core from Lac de Bouchet in France (Bonifay et al. 1984), and ¢ in the
Lac du Joux in Switzerland, cores 3 and 4 (Creer et al. 1980), while the top
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could correspond to ¢ in the same cores. Both with respect to the absolute inclination
value and age this correlation seems reasonable. Comparisons with the declination
records from the same are less clear. Profiles from Lake Halsjon and Lake
Paddegolen (Bjorck and Sandgren 1986) in Blekinge (Fig. 2) in southeastern
Sweden (Fig. 1), reflect the same pattern as seen in the Torreberga cores. The
Late Weichselian sediment of these profiles are only about a meter thick, but
compared to the Torreberga cores the chronology is very detailed, based on a number
of radiocarbon dated levels.

In the Middle Swedish end moraine zone two varved clay sites, Tottnas
and Rystad (Fig. 1), have been sampled and analysed (Sandgren et al., in press)
The chronology of the Tottnas site is in varve years BP, (BP = 1984) according
to the Swedish Geochronological Time Scale (Brunnberg 1986). The chronology
of the Rystad site is based on a floating varve chronology (Kristiansson 1986),
which indirectly can be correlated to the radiocarbon chronology. The varved
clay at both sites is very fine grained with varve thicknesses in the order
of a couple of mm. The varves are horizontally deposited without disturbances.
Two parallel profiles were sampled from Tottnas spanning 357 and 381 varves

INCLINATION
Tor 3 Tor 4 Hal
"
C yours BP 40 40°

40° S0O° 80* 70 80* 8S0* 60° 70° 80° S0° 60° T0* 80*
9,500 - L A A A 1 A ' A | A
10,000 - a

a a
10,500 - b
11,000 4
1
11,500
12,000 4
)

12,500 |
13,0004 r T T T 1 BV 5 T T Cm— T 1

40* S0* e0* 70° 80° S50° 60° 7T0* 80° S0° 60° TO* ®0°

40° 40

Fig. 3. Smoothed inclination records, after cleaning in a 10 mT field,
vs age from Torreberga profile 3 and 4 (Tor 3, Tor 4) and Lake
Halsjon (Hal). The outer lines correspond to 957 confidence interval.
Smoothing degree 150 years. Magnetic turning points labelled a-j
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Fig. 5. Composite declination log for the Bussjo cores, with a smoothed average (central
line) and 957, confidence limits (outer lines) vs depth. Smoothing degree 0.5 m. Prominent
magnetic features labelled A-L
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Meter below water level
and level of magnetic
turning points in the Bussjd core
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LFL|s |[FP]Je
10 1"
Fig. 1. Simplified geomorphologic setting: |1 — morainic plateaus due to the Middle-Polish

Glaciation, 2 — old Pleistocene residual, 3 — table-land and kame hills, 4 — maximum extent

of the Vistulian Glaciation, 5 — Leszno Phase, 6 — Poznan Phase., 7 — morainic plateaus

due to the Vistulian Glaciation, 8 — morainic hillocks, 9 — multi-level outwash plains, including

outwash water erosional surfaces, 10 — river terraces, 11 — floors of valleys, pradolinas
and lake basins

A wide marginal zone varying in morphology extends to the east of Konin.
It is due to process which controlled the modification of the ice-sheet margin
during two phases of the Vistulian Glaciation i.e. the Leszno and Poznan phases
(cf. Fig. 1).

CHARACTERISTICS OF NEOPLEISTOCENE SERIES

The palaeosurface of deposits belonging to the penultimate glaciation (the
Middle-Polish Glaciation = Riss) is of fundamental importance for the sediments
under investigation. Deposits dating back to the last Pleistocene warm unit,
i.e. the Eemian, were preserved in depressions over that surface. The present
authors’ studies begun in 1975 led to the detection of a number of sites
containing Eemian deposits, including those containing fossil organic deposits
laid down over that period. The series detected provide confirmation of inferences
based on the geomorphological criteria as to the extent of the Vistulian ice
sheet in the vicinity of Konin. One of the newly discovered sites that is Mali-
niec provides information on the age of the maximum advance of this ice sheet.

The Eemian organic series identified successively are derived from the following
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of the < 2 um fraction that comprises clay minerals. The X-ray analysis was
carried out in crude powder samples, glycerine-saturated ones, those heated previously
at the temperature of 550°C and those subjected to hydrochloric acid treatment.
The ratio of integral intensities of the 001 basic lines was subjected to analysis.
Account was also taken of the intensities of the basic lines of pure minerals.

The complex mineral composition of the samples analysed did not allow
determination of the quantitative composition of clay minerals. On the other hand,
it was possible to determine the qualitative composition and to establish which
minerals remained dominant in a given deposit. The order of occurrence of the
remaining clay minerals was established on the basis of their quantity. Figures
4 and 5 show selected examples of derivatograms and diffractograms.

There are no differences on the qualitative composition of clay minerals between
tills occurring in the vicinity of Konin and accompanying deposits, i.e. sand
sediments of aquatic origin, which were studied for comparative purposes. Yet,
differences were found in relative quantities of the mineral components. It mostly
holds for minerals of the smectite and illite groups.

Clay minerals which occur in the deposits under investigation comprise chiefly
minerals of the illite and smectite groups present in similar amounts. They are
accompanied by minerals of the mixed illite/smectite type. In addition to these
minerals, much smaller amounts of minerals of the chlorite and kaolinite groups
are found.

The presence of minerals of the mixed illite/smectite type points to a genetic
relationship between illite and smectite. A wide basic line of smectites is indicative
of poor arrangement of their structure. An increased amount of minerals of the
mixed illite/smectite type correlates with a diminishing crystallinity index of the
basic line of illite. Thus, it appears that the presence of mixed illite/smectite
type structures is due to weathering processes which convert minerals of the
illite group into those of the smectite group.

A matter of interest is that minerals representing mixed structures exhibit
differing characteristics on diffractograms. A conspicuous maximum of about 10 Ais
shown by some samples. X-ray-gram characteristics for other samples point to a closer
affinity of the mixed-structure minerals for those of the smectite group than for
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Fig. 1. Localitiew of the upper Vistulian deposits mentioned in the text: 1 — Konin (Pazdur

et al. 1979), 2 — Ostrzeszéw Hills (Rotnicki 1966), 3 — Belchatow (Baraniecka 1980), 4 —
£ 6dz region (Dylik 1969, Gozdzik 1973 and others), 5 — Kamion (Manikowska 1985),
6 — Radzymin terrace (Nowak 1974), 7 — Lomzyczka (Straszewska *and Gozdzik 1978),
8 — Wachock (Lindner 1985), 9 — Holy Cross Mts. (Klatka 1962), 10 — Raj Cave (Kowalski
1974, Madeyska 1977), 11 — Lazek (Bielecka 1960, Mamakowa 1968), 12 — Nieledew (Maruszczak
1980, 1985), 13 — Odonow (Jersak 1973, 1985), 14 — Opatowiec (Jersak 1976), 15 — Krakow—
Zwierzyniec-two sites (Konecka-Betley and Madeyska 1985, Kozlowski et al. 1974), 16 —
Nowa Huta (Mamakowa and Srodon 1977), 17 — Kaniéw (Gilot et al. 1982), 18 — Wadowice
(Sobolewska et al. 1964), 19 — Dobra (Klimaszewski 1971), 20 — Lipowe (Starkel 1969),
21 — na Grelu (Klimaszewski 1961), 33 — Kroscienko (Klimaszewski et al. 1950), 23 —
Brzeznica (Mamakowa and Starkel 1974), 24 — Podgrodzie (Mamakowa and Starkel 1977),
25 — Pilzno (Pazdur 1985), 26 — Blazowa (Krygowski 1960), 27 — Kepa and other hollows
in the Jasto— Sanok Depression (Gerlach et al. 1972), 28 — Dziurdziéw (Starkel 1965),
29 — Solina (Starkel 1965), 30 — Smerek (Ralska-Jasiewiczowa 1980)

PERMAFROST, WEATHERING AND MASS MOVEMENTS

In the territory of Poland south of the maximum extent of the last Scandinavian
ice sheet, as well as in the zone of older recessional phases, there are many
traces of permafrost and frost weathering. Among them there are the pseudo-
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morphoses of poligonal structures, the layers of frost desintegration, involutions
and solifluction blankets as well as residual tors, cryoplanation terraces, cryopediments
and block fields (Fig. 2). In the zone reaching about 100-150 km from the
maximum extent of the ice sheet over the interpleniglacial layer there occurs
the horizon with involutions and next ice wedge poligons with a diameter up to
20 meters, wind polished stony pavement, and higher up the next horizon of
poligonal structures filled with sand and indicating the existence of an arctic
desert (Dylik 1969, Gozdzik 1973). In Lomzynka (Straszewska and Gozdzik 1978)
the lacustrine sediments with tundra pollen are dissected by contraction fissures
and covered with stony pavement indicating a turn to aridity. In that zone near
Lodz J. Dylik (1967) distinguished earlier on the slopes from below: the member
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Fig. 2. Sequence of events in the periglacial zone during the upper Pleniglacial 30-13 ka BP
(after different authors).

A — frost and slope processes in L.6dz Plateau (Dylik 1967, 1969), B — permafrost phenomena
(Gozdzik 1973), C — loess deposits (Maruszczak 1980,

1985), D — loess deposits in dry
facies (Jersak 1973,

1985). E — loess deposits in “humid” facies (Jersak 1973, 1985),
F — rate of loess deposition (Maruszczak 1985), G — dating of arctic soils in the loess

profiles (Prészynska-Bordas 1985), H — sequence of slope processes in the Carpathians
(Starkel 1969, 1980), I — tendency to erosion or aggradation in the upper-Vistula basin
(two variants), K — course of summar temperature (tVI!), winter temperature (t!) and
precipitation (P): at 50°N latitude
1 — frost wedges, 2 — cryoturbations, 3 — eolian stone pavement, 4 — arctic solis, 5 — loess
deposits, 6 — ,dry facies” of loess, 7 — “humid facies” of loess, 8 — solifluction processes,
9 —deluvial processes
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156 L. Starkel

peat layer at fazek on the Sanna river dated at 25580 + 3270 BP (Bielecka
1960) indicate that the dissection started a little later. Similar alluvial fills from
the first phase of the upper Pleniglacial were described at the (6dz Upland:
at Befchatow the peat leyer at the top of such a fill was dated at 21 970 +810
BP (Baraniecka 1980). There is no doubt that a general downcutting started
with the retreat of ice and with the increasing continentality (Fig. 2). Even
in the Nowy Targ Basin the lower erosional step is covered with Belling deposits
(Klimaszewski 1961) and in the middle course of the San river valley the pre-Aller6d
erosion reached the level of the present-day channel (Mamakowa 1962). But
the valley floors of the small Carpathian creeks were continuously filled up
with solifluction deposits, which is indicated by the interfingering of slope and
fluvial deposits at Dziurdziow (Starkel 1965) and Lipowe (Starkel 1969).

THE VEGETATION COVER

There are many records that during the Interpleniglacial there prevailed in
Southern Poland open woodlands reaching in the Carpathians an elevation of
ca 650 m a.sl. and the northern forest limit crossed the centre of the Matopolska
Upland and followed the southern margin of the Roztocze Upland (Mamakowa
and Srodon 1977). In the localities on the wide valley fioors of the Sandomierz
Basin there were found the layers with a typical tundra spectrum dated in
Brzeznica at 28 500t 430 BP (Mamakowa and Starkel 1974) and in Nowa Huta
at 27 745+ 300 BP (Mamakowa and Srodon 1977). But independently of those
datings, at the margin of the Carpathian Foothills at Podgrodzie in the solifluction
intercalation the wood of Picea (vel Larix), was found dated at 26 980 + 345 BP,
and directly above it. in the alluvial muds dated at 22450+ 340 BP, the pollen
spectrum dominated by trees (50-60%, AP) shows the presence of Pinus silvestris,
Pinus cembra, Larix, Berula and Populus (Mamakowa and Starkel 1977). These
are clear indications of the survival of tree patches on the Carpathian margin
during the coolest phase (Fig. 3). The forest-tundra spectrum from fazek on the
northern margin of the Sandomierz Basin, dated at 25580+ 3270 BP, includes
abundant pollen of Pinus, Betula, Larix and Alnus (Mamakowa 1968). At the
site of the mammoth hunters at Zwierzyniec in Cracow dated ca 23-20ka BP
there were found charcoals of unidentified trees (Kozlowski et al. 1974). Moreover,
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Fig. 3. Paleographic profile across Poland during the maximum advance of the Vistulian
ice sheet: 1 — glaciers (ice sheet and in Tatra mountains), 2 — arctic desert, 3 — tundra-steppe
with some trees, 4 — alpine tundra, 5 — tundra-forest-steppe, 6 — zone of loess deposition
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Fig. 4. Paleogeography of the periglacial zone during the maximum advance of the Vistulian

ice sheet: 1 — ice margin, 2 — glacial lake, 3 — zone of arctic desert, 4 — subarctic tundra,

5 — subarctic tundra-steppe with some trees, 6 — tundra-forest-steppe, 7 — alpine tundra, 8 —

main regions of loess deposition, 9 — facultative boundary between the criosemihumid
province and the criosemiarid one
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Fig. 1. Geomorphological map. Aknes catchment: a — free face, b — vegetated talus, ¢ —
landslide, d — rockslide. e — fresh debris flow scars, f — vegetated debris flow scars. g —
gelifluction lobe. h — till deposits, i — block field. j — slope sections (1-8)

SLOPE PROCESSES

The hillslopes are dominanted by talus sheets (55% of the hillslopes) but the
rate of recent talus formation seems to be rather low. Fresh debris accumulation
occurs only at one place in the study area (Section 1, Fig. 1). Most of the
scree slopes are. except from debris flow scars, totally covered by vegetation.
The relation between surfaces covered by unvegetated and vegetated talus slopes
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Fig. 2. Curves showing tree ring width variations (lower curve) in North Scandinavia

and fluctuations in the organic content (upper curve) of pro-glacial lacustrine sediment

in a core from Vuolep Allkasjaure, a lake situated in Northern Sweden (from Karlen

1984). The markings on the X-axis show periods or events of an increased debris flow
activity in the Aknes catchment area on Andoya, Northern Norway

From about 1550 years AD the periods of increased activity seem to be
correlated with periods with falling summer temperatures. According to licheno-
metrical measurements made by Nyberg (1985) near Abisko, many debris flow
events appear to correspond to cold periods.

A question for future research in this field is therefore if it is possible
to correlate the activity also with more long lasting changes of climate. Does
the period with an increased activity from 1350 years AD correspond with
periods with more convective rains?

FUTURE RESEARCH DEVELOPMENT

It is notable to see that the sedimentation-curve from the proglacial lake in
Karlen (1984), at least in the upper part, is more or less inversed to the core
taken at Andoya. Periods woth lower summer temperatures decrease the sedimentation
rate in the proglacial lake but increase the amount of triggered debris flows.
The future work will be concentrated on the following questions:

1. The differences in lake sedimentation rate (covering post-glacial time).

2. Differences in interfluvial material relocation (covering late Holocene).

3. Differences in sediment-budget (recent process activity).

CONCLUSIONS

The preliminary studies on western Andoya have clearly illustrated the possibility
of a catchment area based approach on studies of past and recent slope process
activity. Hence it is possible to modify the sediment budget approach, first
suggested by Gilbert (1917), to this type of studies identifying the main sediment
source areas (i.e. debris flow scars etc.), sediment routing and sediment storage
areas (i.e. slope deposits, lake sediments). It is furthermore possible to use
dendrochronology and lake sedimentation figures to date past slope activity related
to other climatic situations.
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Photo 3. General view of VI outwash level

Photo 4. Small gully of subglacial edge at ‘Wielkie Dlugie Lake
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Fig. 3. Cross-section through subglacial channel at Korne: 1 — boulder pavement, 2 — water, 3 — coarse-grained sand. 4 — medium-grained sand, 5 — fine-grained sand,

6 — peat, 7 — gyttja, 8 — indistinct base of organic fill, 9 — deep drill-holes, 10 — shalow drill-holes
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Morphology and ice melting in outwash plain 177

under investigation. Basides, other minerals are also present in minor amounts,
namely garnet 0.2-0.67;, zircon, goethite, ilmenite, amphibole, biotite and pyroxene.
As a rule, they represent up to 0.2% of the weight of a sample.

HOLLOWS AND ICE MELTING

Particular outwash levels are separated from each other by conspicuous steps,
relative heights of which approach 20 m. Glacial channels and melt-out forms
which were produced after the melting out of buried winter ice are also characteristic
of the landscape on the proximal side of the Wda outwash. Some of these forms
are occupied by lakes or filled in by organic deposits (Figs 2-4). Some melt-out
forms with depths of over 20 m are devoid of any organic fills. Organic sediments
were sampled from the glacial channels and melt-out forms for palynological
analysis and !4C dating. The thickness of peat and gyttja organic fills of the
channels approaches 15 m (Fig. 3). In 1983 five samples from these deposits
were dated. The date of 122304250 BP is indicative of the presence of the
Bolling sediments in a narrow trough lying north of the Korne village, at
the depth of scarcely 3.5 m. These sediments are overlain by the Allerod
(11120+120) and Younger Dryas (10 170+ 90) deposits. The above dates indicate
that the melting out of dead-ice blocks which filled the channels and melt-out
forms began relatively abruptly and took place as early as during the Bolling.
The melt-out forms probably vary in age. The youngest of them must have
formed at the close of the Lateglacial or at the beginning of the Holocene.
They are generally dry, i.e. remain unoccupied by lakes and nonfilled with
organic deposits. The ice melted away after the permafrost had disappeared.
Meltwater produced by the melting out of blocks infiltrated downward through
sandy and gravelly deposits to feed deep-lying warter-bearing horizons.

The melt-out forms are present at all the outwash levels and on terraces
along the Wda valley. A dead-ice depression has been found even on very

ne

LR

Fig. 2. Sediment sequence in bottom of subglacial channel at Korne: 1 — peat, 2
medium-grained sand, 3 — silty-gyttja, 4 — fine-grained sand

12 — Geographia Polonica t. 55
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Fig. 1. Distribution of sites with Upper Pleistocene floras: | — Wladystawéw, 2 — Maliniec,
3 — Konin— Gostawice, 4 — Konin—J6zwin (postglacial), 5 — Konin— J6zwin— 84, 6 — Ko-
nin— Jozwin— 76, 7 — Kazimierz

VISTULIAN FLORAS

Palacobotanical studies of the profile from Wladystawow reveal two Vistulian
interstadials, both with forest cover and a consecutive interstadial with shrub
vegetation. The earliest interstadial is separated from the Eemian Interglacial
by a deposit whose palaeobotanical contents are indicative of a treeless landscape
and continental climate. The AP values drop below 509 (Cyperaceae is absent
from the NAP sum). Among the herbaceous plants pollen grains of heliophytes
occur, i.e. Artemisia in large amounts and Ephedra t. distachya. Indicator plants
include Potamogeton praelongus and Rumex maritimus. Their presence appears
to indicate a continental climate characteristic of this stadial cooling but excluding
Arctic tundra. Potamogeton praelongus is a species with an Euro- Siberian and
North— American distribution. It grows in Asia within a belt at 50-65° latitude.
It has been found many times in northwestern Poland as a constituent of floras
displaying Sub— Arctic climatic characteristics (Tobolski 1986). The Euro— Asian
range of Rumex maritimus is also large.

The earliest interstadial is conspicuously bipartite. In the profile for Wiadystawow
it represents a succession culminating in a Boreal pine forest with some spruce
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and small.amounts of .4rtemisia and other heliophytes. Among the macrofossils,
sedges as well as Drepanocladus revolvens, Calliergon turgescens, and C. trifarium
occur in large amounts. The oldest radiocarbon dates given by sediments that
overlie a bed of boulder clay near Konin are 12980+ 130 and 11 880+ 180 yr
BP (Borowko-Diuzakowa 1969).

CORRELATION TABLE

Comparisions have been made between the most important data on Vistulian
floras near Konin and similar biostratigraphic information available from nortwestern
Poland and selected sites in lowland Central Europe.

Figure 3 shows the correlations of the Wiladystawow, Maliniec and Stare
Kurowo sites in northwestern Poland with the Rudunki site in middle Poland.
These sites are compared with the Behre and Lade division system (1986).

: | centraL CORRELATION
- J
N-W POLAND POLAND
- Behre & Lade
WLADYSEAWOW| MALINIEC 1 STARE RUDUNKI 1986
v KUROWO l
WLA-7 Ebersdor! - Stadial
_______ '_, cemsnnd
WEA-8 C Oerel-lnterstadial
B
....... - P S e A e
WEA-S Vs3 Schalkholz Stadiel
, STARE
WEA-4 KUROWO 11 Rudunki Odderade - Interstadial
WEA-3 Vs 2 Rederstall - Stadial
b i e
d D b
WLA-2 3 C Amersioort Brérup Interstadial
— B .
WEA-1 VS Herning - Stadial
Eemian Eemian Eem -Warmselt

Fig. 3. Correlation table
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