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4 WEICHSELIAN STRATIGRAPHY AND GLACIATIONS IN THE TASJO-HOTING AREA

ABSTRACT

Lundgvist, J. and Miller, U., 1992: Weichselian stratigraphy and glaciations in the Tdsjo-
Hoting area, central Sweden. Sveriges geologiska undersdkning, Ser. C 826, 35 pp. Uppsala
1992. ISBN 91-7158-515-X.

Complex lithostratigraphy in the Tésj6-Hoting area, northern Angermanland, Central Swe-
den, contains several stratigraphic units of diamicton. Most of them are interpreted as tills.
The tills are interbedded by sequences of glacial sediments, indicating two ice-free stages
after the deposition of the first till. Pollen and spore assemblage (PSA) spectra in the tills
and sediments show five different types. The distribution of the spectra types in the litho-
logic units indicates that an interglacial preceded the deposition of the first till unit. The two
sequences of glacial sediments correspond to two interstadials. On the basis of the PSA
spectra the whole stratigraphy is interpreted as representing three Weichselian glacial
stages, interrupted by interstadials corresponding to Brorup and Odderade. The oldest till
contains redeposited early Eemian (or older) sediments.

Jan Lundqvist & Urve Miller, Department of Quaternary Research, Stockholm University,
Odengatan 63, S-113 22 Stockholm, Sweden

INTRODUCTION

The central area of the Scandinavian glaciation has been deglaciated at least once during
the Weichselian. A number of deposits, earlier interpreted as interglacial, are shown to
be interstadial of Early Weichselian age (J. Lundqvist 1967). This interstadial was
named Jamtland, after the province where its sediments are most abundant, and correlat-
ed with the Danish Brorup Interstadial (Andersen 1961). Later it has been shown that
the so-called Jamtland Interstadial represents two ice-free stages (Lagerbéick 1988a, La-
gerbick & Robertsson 1988). The older one is still correlated with Brorup, while the
younger Tirend Interstadial probably corresponds to Odderade. In the marginal area of
glaciation there is evidence of a younger, Mid-Weichselian, interstadial. This applies to
southern Sweden (Brotzen 1961, Hillefors 1969, Miller 1977) and western Norway
(Mangerud 1981).

On the Continent two warm Early Weichselian as well as at least four cool Mid-
Weichselian interstadials have been identified (Behre 1989, Behre & Lade 1986). These
discoveries are in good agreement with the key stratigraphy at, for instance, Grand Pile,
France (Woillard 1978) and the classical deep-sea curve (Emiliani 1966, Shackleton
1969). This also implies that the Jamtland Interstadial and its correlatives in neighbour-
ing countries should be divided into two Early Weichselian interstadials.

This fact as well is essential for better understanding of the entire glaciation model.
In order to elucidate this problem projects have been carried out at the Department of
Quaternary Research, Stockholm University. Part of this work is the following investi-
gation of stratigraphic sequences in the northern part of Angermanland, found during
the geological mapping of the area (J. Lundgvist 1987). The lithostratig
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carried out earlier has been completed for the present purpose by Lundqvist. Many of
the first field observations were then made by Britt-Marie Ek and Jan-Olov Svedlund at
the Geological Survey of Sweden. The work thus started during the mapping by the
Geological Survey, but has continued also within our training programme of undergrad-
uate students and their diploma works. The following work aims at a litho- and bio-
stratigraphical investigation and interpretation of till beds and sediments, identified
within these studies. Miller is responsible for the stratigraphical studies and results
based on microfossil spectra. The analysis work was partly carried out by Karin Hedin
(pollen analysis) and the staff of the Micropalacontological Laboratory at the Geologi-
cal Survey.

REGIONAL AND TOPOGRAPHICAL CHARACTERISTICS

The area under consideration is situated in central Sweden, a short distance east of the
Caledonian mountain range (Fig. 1). The topography is broken, with low mountains
reaching slightly more than 700 m above sea-level and valley bottoms at about 250 m.
All the investigated sites are located around Lake Tésj6n, in the Fjillsjoilven river sys-
tem. Among the localities to be discussed is the so-called TAs;jo site (J. Lundgvist
1978).

The bedrock in the area consists of series of sedimentary rocks, including quartzites,
arkoses, shales and tillites (see Gee et al. 1978, Th. Lundqvist 1990). Thrusting in con-
nection with the formation of the Caledonian mountains has caused complex stratigra-
phies. In the strongly broken terrain this means that there is a very complicated pattern
of distribution of different rock types. Indicator rocks therefore have a very limited use.
Close to the southeasternmost sites is the north-south trending boundary between the
sedimentary bedrock and the Precambrian shield, represented mainly by coarse granites
and gneisses. In general, therefore, rocks of more westerly origin can be distinguished
from more easterly ones. However, on the bottom of Lake T4sj6n the granites probably
extend far west of this boundary.

The area has been glaciated repeatedly. Based on glacial striae and morphology the
following ice movements across it have been identified (J. Lundqvist 1969, 1987).
Most probably an oldest ice movement originating in the mountains in the west has
traversed the region (J. Lundqvist 1969, 1974), although it has not been traced within
the Tasjo area. The oldest movement identified was from the east to eastnortheast, orig-
inating from an inland ice divide far east of the mountain range. After this the ice has
continuously moved from the northwest, with a clockwise turning from WNW to
NNW. The dominant traces show a northwesterly movement. The glacial morphology
in the T4sj6 valley indicates that the last ice remaining there formed a lobe in the val-
ley. No corresponding topography-controlled movement has been traced, but this may
be due to the complete absence of striated outcrops in the valley. This ice body may
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Fig. 1. Location map. Tésjo site is situated 40 km NNW of Tas;jo. The hatched line indicates
the western boundary of the Caledonian bedrock.
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have been stagnant, but lateral erosion may be an indication of some activity (cf.
J. Lundqvist 1973a).

The investigated area is almost entirely covered with till. Outcrops of the bedrock are
few, and mainly in the highest hills. Glaciofluvial deposits occur, but they are small
and do not form long eskers. Glaciolacustrine sediments occur as thin patches, indicat-
ing shallow, local dammings. The tills are probably mostly complex formations as can
be seen in natural cliffs along the shores of Lake Tésj6n and at excavations. The fol-
lowing paper deals with stratigraphic sequences observed at such localities.

DESCRIPTION OF THE SITES AND THEIR LITHOSTRATIGRAPHY

Thirteen sites have been used in our study. In some instances details have been pub-
lished earlier. When this is the case only brief summaries are given. For lithostrati-
graphic units in the site descriptions arabic figures are used, to distinguish them from
the units of the general stratigraphy, for which roman figures are used. The microfossil
spectra of the different lithostratigraphic units are given in the next chapter.

TASIO SITE

The so-called Tasjo site is situated in the Saxan valley, 7 km north of the northern end
of Lake Tasjon. It consists of a gravel pit in the valley side on the western side of the
River Saxdn. A description was published by J. Lundqvist (1978), of which the follow-
ing is a summary.

The lithostratigraphy can be generalized to four different units. The main part is two
series of glaciofluvial gravel, between which there is a thin bed of fine-textured organic
and silty sediments. This sequence is covered with till.

Unit 1. The uppermost till bed is up to 3 m thick and very coarse-textured. It contains
rounded boulders and stones and may be partly a redeposition of the underlying gravel.
It is interpreted as an ablation till of local origin (J. Lundqvist 1978, Tab. 2). It has not
been possible to determine its direction of transport.

Unit 2. Below the till there is a series of 7.6 m of glaciofluvial gravel. The petrograph-
ic character changes from one bed to another, but as a whole the gravel is typical out-
wash. Local rocks dominate, but rocks of distant origin are somewhat more abundant
(12-15 % compared to 7) than in the till. Only at the bottom of the gravel bed is the
percentage of distant lithologies considerably higher (40%). This fact may indicate that
the gravel consists of reworked till of an origin different from that of the uppermost
till.
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Unit 3. In the gravel there is a series of 25 cm non-glacial, fine-textured sediments,
mainly sand and silt, with about 5 cm of peat mixed with sand and silt. The organic
layers contain microfossils — pollen, diatoms and insects. The flora and fauna indicate
an open, treeless area with heath or tundra vegetation. The local environment is that of
a river with bare gravel banks flowing through a valley with heaths, fens and small
pools. The temperature corresponds to that of the mountain region today. Even during
the warmest part of the time it was cooler than it has been in Holocene time. The time
in question must correspond to an interstadial with cool continental conditions. It has
been correlated with the Jimtland Interstadial, but after the recent development of our
knowledge (Lagerbick & Robertsson 1988) it is not clear whether it means the Brorup
or Odderade Interstadial. Radiocarbon dating of the T4sjo site has given about 55,000
B.P. (Lundqvist & Mook 1981). A new, unpublished dating (GrN-11.010; 55,900
+1,200 B.P.) has confirmed the published result. This date agrees with the age that has
earlier been assumed for the Odderade Interstadial (Grootes 1977). Unpublished (H. Hey-
nis, pers. comm.) U/Th-datings of peat from Tasjo at 75,000+6,000 B.P. (GrN-91-
135-138, 91-154-155) show even better agreement.

Unit 4. The lower gravel unit is very similar to the upper one (unit 2) but contains a
larger amount of distant lithologies. In this respect it is more compatible with the low-
ermost part of unit 1. Possibly the lower gravel was derived by erosion of an unknown
lower till bed. Since this stratigraphy was published, a boring through the gravel has
been made. It showed the same gravel, partly more sandy, down to 7.5 m below unit 3.
The lowermost part of the gravel could possibly be a till bed, from which the gravel
has been derived by glaciofluvial reworking. There are some differences between the
units 2 and 4 (J. Lundqvist 1978, Tabs. 1, 2) but they are not significant in terms of
direction of transport.

LOVVIKSNASET

The western side of the small peninsula Lovviksniset (Fig. 1) in the southern part of
Lake TAsjon consists of a long bluff, up to 10 m high. The whole bluff shows a series
of sandy sediments with a very irregular bedding (Fig. 2). Mostly the bedding is slight-
ly undulating and gives a distorted impression. Folds occur, always indicating pressure
from the northwest. Locally, ripples or small dunes occur in the sand, also showing
stream direction from the northwest. The ripples often show a low-angle climbing and
pass into more horizontal bedding, indicating a high flow regime. Especially the hori-
zontal beds contain numerous clasts. Due to an often lenticular, flat-lying bedding this
sediment may be rather similar to some of the Sveg tills in their type area. The Sveg
till has been interpreted as a subglacial meltout till (Shaw 1979), formed partly of sub-
glacially deposited glaciofluvial sediments (J. Lundgvist 1969).
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Fig. 2. Proximal glaciofluvial sediments at Lovviksniset show signs of glaciotectonic strain
and pass into till. Photo J. Lundqvist 1976.

In some places, especially in the uppermost part of the bluff, the sandy sediments
are replaced by stony, sandy diamicton. The boundaries between the diamicton and the
sand are not always clear. The diamicton is interpreted as till, formed by partial rework-
ing of the sand by a glacier moving along the valley from the northwest. The evidence
may seem weak, but the assumption is supported by the appearance of clearly glacier-
overriden sediments at, e.g., Bergelstjarn (see below). In the northernmost part of the
bluff diamicton pressed into the sand from the north indicates the same mode of forma-
tion.

A boring from the lake surface at the foot of the southern end of the bluff showed
that from the lake level of that day down to 21.0 m below it there is a sediment se-
quence of dark, clayey silt. The boundary between the sand and the silt is rather sharp,
occurring just a few centimetres below the lake level. A clay pit of a brickyard has been
opened in the silt on the mainland close to the peninsula, but is no longer available due
to damming of the lake. The silt is most probably of glacial origin, although no clear
varves were identified.

The silt rests upon a boulder-rich diamicton, 1.0 m thick. Most probably this is a
till, but no further study has been possible.
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SPUNSEN

At Spunsen, on the southwestern shore of Lake Tasjon 1-2 km SE of Lovviksniset
(Fig. 1), there is a series of bluffs, up to about 8 m high, along the shore. The two
main bluffs have been studied and described by Aldeborg & Holmquist (1983) and Ed-
lund (1985), respectively. The stratigraphy is very complicated (see Figs. 3 and 4), and
the description shall not be repeated in detail here. In outline the following units may
be defined. The description follows the stratigraphic interpretation made by the above-
mentioned authors, although the evidence for its validity is not proven in detail. The
thickness of all beds varies within wide limits, and because the beds partly occur side
by side no exact profile can be given. The following is a simplification with thickness-
es given in general terms.

In the northern part of the Spunsen bluff (Aldeborg & Holmquist 1983; Fig. 3) there
is an upper bed of unconsolidated sandy silt. Underneath it follows a complex bed of di-
amictons. Four different units (A-D in Fig. 3) can be identified. Beds A, B and D are
interpreted as tills. Probably also C is a till, although a faint bedding and a different
fabric (preferred orientation NE-SW) make it possible that this is a debris flow. Since
the fabric does not agree with topographic conditions it is most likely, however, that
even a debris flow originated from adjacent ice, and is thus rather a flow till (cf. Boul-
ton 1972).

SE NW

T T 1 T T |
00 50 100 150 200 250 300 350 400 450 m

Z
s -~

Gravelly till s~ ~| Schistosity

Sandy till © a o Boulders

Sandy till, clayey

Clay till

Fig. 3. Section from the northern bluff at Spunsen. Redrawn after Aldeborg & Holmquist
(1983).
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Fig. 4. Section from the southern bluff at Spunsen. Redrawn after Edlund (1985). Legend see
Pig. 3:

The diamictons contain beds of sandy gravel, especially between units C and D.
Northwestwards this sediment increases in volume (unit E) to completely replace the
diamictons. This gravel unit (Fig. 5) then occurs as a separating bed between the upper
silt and the lowermost unit, a highly lithified sand (unit I) and, lower down, sandy
gravel (unit H). The beach processes have caused intense cavernous erosion of this unit,
which gives it an appearance to be very old. It is true, however, that under favourable
conditions consolidation may proceed quickly, so this alone is no proof of a high age.

Northwest of the bluff shown in Fig. 3 the formation of diamicton from the silty
and sandy sediments can be studied in detail. This process has been described by
J. Lundqvist (1985).

In the southern part of the Spunsen bluff units similar to those of the northern bluff
can be identified (Fig. 4; Edlund 1985). However, there are only two diamictons (tills;
M and N) between the two series of gravel and sand. There is also a diamicton, inter-
preted as till (unit R in Fig. 4) on top of the upper sand unit, and covered with stony,
silty sand. This whole series is interpreted as tilted, which affects the fabric. Edlund
(1985) made an attempt to correct the measured fabric for the tilting effect. Accepting
this correction we may summarize the Spunsen stratigraphy with directions of transport
in the following way, revised after Edlund (1985) and considering the stratigraphy from
Aldeborg & Holmquist (1983). Only the main units from the published stratigraphies
are included here.

Unit 1. Silty to sandy sediments, partly stony, representing flow tills and near-glacier
meltwater sediments from the final deglaciation stage. Main direction of transport from
the NE-ENE, probably as flows from adjacent ice. It cannot be excluded that the silty
sediments have been overridden by ice. The uppermost part corresponds to bed F in
Fig. 3 and S + T in Fig. 4.
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Fig. 5. Sediments of unit E resting upon the highly lithified units I and H immediately to the
right of the section, Fig. 3, at Spunsen. Photo J. Lundqvist 1980.

Unit 2. Tills representing the main Weichselian glacial stage. Transport mainly from
the NE. Corresponds to beds N and R in Fig. 4 and probably D in Fig. 3.

Unit 3. Sediments representing an ice-free stage, an interstadial of unknown duration. It

could be just a short-time oscillation of the ice margin. Correponds to O and P in Fig.

4 and possibly E in Fig. 3.

Unit 4. Tills from an older glacial stage. Transport from the NE with some deviations
in beds A and B. Corresponds to bed M in Fig. 4 and mainly C (incl. A and B) in
Fig. 3.

Unit 5. Sediments representing an oldest ice-free stage. Possibly glaciofluvial, deposit-
ed in connection with the advance of the ice represented by unit 4, above, but their
genetic character is not clear. Corresponds to bed K (Fig. 6) in Fig. 4 and H + I 'in
Fig. 3.
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Fig. 6. Lithified sand of unit K, with wedges of unit L, to the left of the section, Fig. 4, at
Spunsen. Photo J. Lundqvist 1981.

NORG

At Norg, 0.5 km SE of Spunsen (Fig. 1), the bluffs continue but are less differentiated,
and have not been studied in detail. They mainly contain a series of sandy sediments of
glaciofluvial type. The sediments show dunes indicating a main direction of transport
along the valley from the NW. A number of thrusts, dipping slightly towards the NW,
cut the sand and indicate glacial overriding and shearing. A thin (less than 1 m) diamic-
ton covers most of the sand. It may be a till or a debris flow. The same diamicton cuts
the underlying sand as steep clastic dykes. This also indicates overriding by a glacier of
a ground that may have been frozen. The sand is similar to the beds of unit 3 at Spun-
sen. Most probably they are correlatives, and the diamicton thus corresponds to unit 2.

OSTIBYN

On the northeastern side of Lake Tasjon (Fig. 1), opposite to the Spunsen — Norg
sites, the stratigraphy presented below seems to be predominant. The following beds of
somewhat variable thickness have been observed in several places at Ostibyn:
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Unit 1. An uppermost bed, 0.5-2.5 m thick, of diamicton composed mainly of the
local shales. No clear structures have been recorded, but the diamicton seems to repre-
sent the ordinary till of the area, of local origin.

Unit 2. 0.25-1.5 m of silty to clayey sediments with stones. They may be deposited in
local, ice-marginal waters, but another explanation is possible. If we interpret the un-
derlying diamicton as a debris flow, the silt-clay may be its uppermost part, separated
during the flow.

Unit 3. Up to more than 2 m of stony, silty or clayey diamicton, sometimes with beds
of pure clay. The stones are well rounded, and the deposit may be interpreted as a till of
reworked glaciofluvial sediments or a debris flow. Which is the case is less important.
It must in some way represent an older glacial phase — not necessarily much older than
the phase of the upper diamicton. In the clasts the granite dominates, which forms the
immediate substratum and the lake floor some distance upglacier. The two diamictons
may represent just different phases of erosion, although the lake deposits or solifluction
indicate a break in the glacial event.

TASIOEDET

Around the southern end of Lake Tasjon (Fig. 1) a stratigraphy similar to the one at
Ostibyn seems to be widespread. The upper diamicton is usually very thin, partly erod-
ed by the river. It is underlain by up to 4 m of gravel to clay. The most fine-grained
sediments are varved. The lowermost unit is a dark, clayey diamicton, most probably a
till, with beds of clay. This till gives an impression to contain a lot of shale debris,
but this applies to the fine fraction, only. The clasts are dominated by granite, as at
Ostibyn.

BERGELSTJARN — VASTER-HOTINGSBODARNA (TASTOAN)

The whole area on the eastern side of the River T4sjodn between Lakes Tasjon and
Grundfjirden consists of coarse glaciofluvial gravel, forming slightly undulating fields
or low, esker-like hills. The gravel is more than 15 m thick. In large gravel-pits it has
been observed that the gravel mostly reaches the surface, but it is in some places cov-
ered with till. This till may be up to about 2 m thick, but decreases in thickness and
disappears totally over short distances. Below the till, the gravel is often intensely fold-
ed (Fig. 7). Monoclinic or recumbent folds may be up to several tens of metres in
"wavelength", and are interpreted as glaciotectonics. Fold axes indicate pressure from
northwest to north. The till at the site Bergelstjarn shows a very strong fabric from the
north. It is pressed like wedges into the gravel. Thrust planes cut the gravel in some
places.
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Fig. 7. Folded glaciofluvial sediments, to the right covered by thin till which wedges out
towards the left. Vister-Hotingsbodarna. Photo J. Lundqvist 1978.

Even where the till wedges out and disappears such structures clearly indicate that the
glacier has overriden the gravel. Whether this applies to all gravel in the area, or if
there is also a younger set of gravel, not glacially overridden, is not clear. There are no
structures to mark a possible hiatus between the generations. Only in one place, at
Tasjoan, there was a bed of 0.5 m clay in the gravel, which could be interpreted in this
way. The upper part of the clay was rich in pollen and spores indicating an interstadial
flora. Partly the clay bed was horizontal and undisturbed, but partly it was upraised and
strongly broken, indicating some sliding or, probably, glaciotectonic disturbance.

The upper gravel unit at this place contained numerous rounded boulders of organic
debris, up to 1-2 dm in diameter. No microfossils or other identifiable remnants were
observed in them.

The stratigraphy of this area clearly indicates an older deglacial stage with deposition
of proglacial outwash. Then followed an ice-free stage corresponding to an interstadial.
During the following glacial stage the area was completely overridden by ice, but the
erosive activity of this ice was surprisingly weak. Because the interstadial is probably a
significant one, compatible with Brorup or Odderade, this means that the activity of the
Late Weichselian ice was very weak in this area. We may compare with the well-
preserved Pilgrimstad site in Jdmtland (Kulling 1945, J. Lundqvist 1967, Robertsson
1988) and conditions in northern Lapland (Lagerbick 1988a).
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STORNIPAN

On the eastern side of the River TAsj6an, opposite to the area described above, there is a
big bluff, here called Storipan (Fig. 1). It reaches about 25 m above the surface of the
adjacent river. The bluff is partly fresh, and the rest of it has been cleaned by excava-
tion. It displays the following stratigraphy, shown also in Fig. 8 (simplified after Alde-
borg & Holmquist 1983).

Unit 1. 116 cm brownish, clayey diamicton with foliation dipping 20° to the north. It
contains thin laminae of silt and sand. The fabric may indicate movements both from
the NNW and NE. This diamicton is probably a till deposited from the NNW, along
the valley.

Unit 2. 2 cm dark gravel and sand separate units 1 and 3.

Unit 3. 150 cm yellow to grey sandy silt. Some laminae of sand and gravel occur, as
well as a faint foliation dipping 30° N. The sorting is poor. This unit is interpreted as
glacially reworked sediments.

Unit 4. 128 cm of a sediment similar to unit 3 but strongly folded and distorted.
Orange or bluish layers of silt occur, as well as bands of gravel and sand. In the sand
ripples have been observed, indicating stream direction towards the south.

Unit 5. 670 cm of alternating greyish blue diamicton and brown to orange sand bands.
The unit is strongly folded and especially in the lower part distorted. The diamicton
becomes schistous in the lowermost part. There is a fairly strong preferred orientation
in NNW-SSE.

Unit 6. 190 cm dark bluish grey silty sandy diamicton with fissility dipping 40° N. It
is interpreted as till. A fairly good fabric indicates transport from the NW.

Unit 7. 120 cm dark grey, slightly greenish sandy diamicton. Fissility dips 30° N.
A good fabric indicates transport from about N60° W. Probably this unit is a sandy
sediment reworked by the glacier.

Unit 8. 50 cm yellow to brown coarse silt with varve-like bedding at its bottom.

Unit 9. 158 cm bluish grey fine silt, in the lower part sand-layered. Thin laminae of
precipitated iron hydroxide.

Unit 10. 108 cm grey and brown fine sand with diffuse bedding.
Unit 11.91 cm grey coarse sand with silt layers.
Unit 12. 15 cm grey to brown clay alternating with greyish blue silt and sand.

Unit 13. 118 cm grey, fine sand with ripples and cross-bedding indicating stream direc-
tion from the WNW.
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Fig. 8. Log from the Stornipan bluff. Numbers in brackets denote units. Arrows indicate
direction of ice and stream movements.
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Unit 14. 384 cm fine sand with thin layers of clay, silt and coarse sand. The colours
change from layer to layer between dark greyish blue, grey, brown, orange and yellow,
giving the unit a variegated appearance.

Unit 15. From this level, at the foot of the bluff, a boring has shown 13 m dark bluish
grey clayey silt. Towards the bottom the clay-silt alternation may represent glacial
varves. Pieces of varved sediments in this unit have been observed in clay blocks exca-
vated from the river bottom. A few thin layers of dark, greyish blue clayey stony dia-
micton occur in the unit, especially around 7.5 and 12.5 m from the top of the clay.
The silt seems to rest directly upon bedrock.

The lithologies in the whole sequence of strata are dominated by far-transported sedi-
mentary rocks. Granites and gneisses make up about 10% or less in the gravel fraction.
The clasts contain up to 50% of these rocks. No significant differences have been ob-
served between the units (cf. Aldeborg & Holmquist 1983, Tabs. 2, 5).

The entire stratigraphy could be simply described as a series of diamictons, probably
tills, with interbedded sandy to silty sediments resting on a thick series of fine-grained
glacial, partly glaciofluvial sediments. It is not clear whether the diamictons represent
one or more glacial stages. It is inferred here that units 1-7 represent two glacial
events, resulting in folding and reworking of proglacial sediments overridden by the ad-
vancing glacier. The upper strata should probably be correlated with the stratigraphy at
Lovviksniset and the upper till-sediment sequence at Spunsen. The sediments overrid-
den by the glacier at Stornipan are interpreted as the distal parts of the coarse-textured
sediments east of the river. The assumption of two glacial events is based mainly on
the similarity between the dark silty diamicton of unit 6 and the clayey till at the
southern sites (see below) interpreted as representing an older glacial event. If we prefer
to interpret the peculiar type of diamicton 6 as just a facies formed by reworking of the
underlying dark strata 15 it is also possible to refer the entire sequence 1-7 to the same
glacial event and consisting of folded and partly reworked parts of strata 8-15.

RAVTORPET

At Rivtorpet, 6 km downstream the deposits described above and 2 km west of Hoting
(Fig. 1), a boring has shown the following stratigraphy (B.-M. Ek, pers. comm.):

Unit 1. 3 mtill
Unit 2. 12 m clay
Unit 3. 52 m sand

The stratigraphy was recorded at a drilling for water, but no further investigation has
been made.
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AREA AROUND LAKE HOTINGSSION

In the region south-southeast of Hoting till sequences have been recorded in many plac-
es. They usually show a thin uppermost brownish to grey sandy silty till upon a dark
bluish grey more silty and clayey till. The stratigraphy is obviously very similar to the
one described above from Tésjoedet, but no further investigations have been made.

At Gammgardsklippen, 5 km south of Hoting (Fig. 1), a lowermost diamicton pass-
ing into gravel was observed below the dark clayey till. It is extremely lithified, similar
to concrete. It may correspond to a lowermost till, but is notably redeposited by a local
stream. The lithologies of the clasts are not informative: 26 % of local origin, 74%
from the northern sector. The fabric shows a distinct NW-SE maximum, indicating
stream transport.

HOTING POWER STATION

During the construction of a power plant in the River Hotings&n 6 km SSE of Hoting
(Fig. 1) an important section was excavated. Unfortunately this key site was discovered
too late. Only some sampling could be made whilst the bulldozers filled and covered
the section. Time did not permit a complete sampling and fabric analyses. The follow-
ing stratigraphy was recorded.

Unit 1. 2 m compact diamicton, rich in rounded boulders. Obviously this is a glacial
redeposition of unit 2. The surface is reworked by fluvial erosion which has formed a
boulder lag. The clasts are granites and gneisses, predominantly, with 6% of sedimen-
tary rocks from the NW.

Unit 2. 2 m coarse gravel, rich in boulders and similar to unit 1 except for the com-
pactness of the latter. Unit 2 is also better sorted, lacking the finer fractions abundant
in 1.

Unit 3. 0-2 m dark bluish grey clayey diamicton. It formed a horizon of lenticular beds
between units 1 and 3. The diamicton appeared to be rich in dark shales from the Tasjo
area, and these may have caused the dark colour of the fine fractions. In the gravel and
coarser fractions, however, shale was absent. Granites and gneisses predominated, with
only 3% of distant sedimentary rocks. The lenses of this unit may be up to 10 m in
length. Between them unit 3 was replaced by a discordance.

Unit 4. 5 m gravel, wedging out towards the valley side. It showed delta foresets dip-
ping towards the south.

Unit 5. 1-2 m sand with bedding like in 4. The sand is interpreted as an older phase of
a delta formation in the valley.

Unit 6. 0.1 m greenish silt. This layer could be followed all over the section, more
than 100 m in length.
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Unit 7. 4 m compact, grey, sandy till, wedging out towards the valley side, and resting
on bedrock with striae from N30°W. The texture was different from that of the upper di-
amictons, but the lithology was similar to that of unit 1, with 8% of distant sedimen-
tary rocks. Granites and gneisses predominated.

MICROFOSSIL CONTENT IN THE LITHOSTRATIGRAPHIC UNITS

The microfossil content, mainly pollen and spores, in 42 samples from till beds and
water-laid sediments has been analysed. The material studied represents 7 sites: Spun-
sen, Ostibyn, T4sjoedet, Stornipan, T4sjo4n, Hoting Power Station and T4sjo site. The
microfossil content in the minerogenic material has been concentrated by sedimenta-
tion, separation and chemical treatment. The number of pollen and spores counted per
spectrum varies between 100 and 300.

Five characteristic types of pollen and spore assemblage (PSA) spectra have been
distinguished. They are illustrated in Figs. 10-16 and described below. The pollen-
spore assemblage spectra are constructed as squares. The legend is described in Fig. 9.

The composition of pollen and spore assemblages is calculated as percentages of the
basic sum of total number pollen and spores counted per spectrum and shown in the
following way:

From the top downwards the square is divided into arboreal pollen, shrub pollen, pre-
Quaternary palynomorphs, herbaceous pollen and spores.

i
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Fig. 9. Legend of symbols used in pollen-spore assemblage (PSA) spectra.
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SPUNSEN N Type 1

Fig. 10. PSA spectrum of type 1,
characterizing the lowest Spunsen
till.
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Fig. 12. PSA spectrum of type 3,
characterizing the blue till and blue
sediment at Ostibyn.
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Fig. 11. PSA spectrum of type 2,
characterizing the silty, greenish
sediments at Hoting Power Station.
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STORNIPAN Type 2

silt //
é §

A

5

silt

2 0 0 0 0 0 0 0 0 0

Fig. 15 a—. PSA spcctra of type 2, repre-
sented by sediment strata at Stomipan. a —
silt, underlying clay till; b — silt; ¢ — silt.
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From left to right the percentages of different tree pollen taxa (Picea, Pinus, Betula,
Alnus, Quercetum mixtum + Corylus, and others) are given. The shrubs are not divid-
ed, but consist mainly of Betula nana, Salix and Juniperus. Pre-Quaternary palyno-
morphs are architarchs and leiospherides of Palacozoic age. Herb pollen consists of
Gramineae, Cyperaceae, Artemisia and others. The group of spores is represented by
Polypodiaceae, Lycopodiaceae, Selaginella selaginoides and others.

Type 1 (Fig. 10). Rich in pollen and spores. Polypodiaceae spores predominate. Alnus
pollen compose 15-30% of the pollen and spore assemblages. No Picea pollen present.
Type 1 assemblages are characteristic for the tills of unit 4 in the Spunsen sequence.
Connected to type 1 assemblages are also the sediments of Spunsen unit 5 and the low-
er till at the Hoting Power Station, unit 7. Absence of Picea pollen and predominance
of Polypodiaceae spores are characteristic also for them, but they differ in being very
poor in pollen and spores.

Type 2 (Fig. 11). Sparse to poor in pollen and spores. Basic sums are low, about 100.
Picea pollen and pre-Quaternary palynomorphs present. Type 2 assemblages occur in
the greenish silt of unit 6 at the Hoting Power Station and in the silty sandy sediments
of units 8-15 and dark to bluish clay till of units 5-7 at Stornipan. In the greenish silt
there is a predominance of Polypodiaceae spores. In the tills and sediments at Stornipan
the arboreal and herbaceous pollen predominate.

Type 3 (Fig 12). A sparse occurrence of pollen and spores with predominance of arbo-
real and herbaceous pollen. Betula pollen is common. Traces of Picea pollen. Type 3
assemblages are present in the blue till and sediment of unit 3 at Ostibyn. The same
type of assemblages but extremely poor in pollen and spores is characteristic of the
sediments and tills of unit 2 at Ostibyn and at TAsj64n.

Type 4 (Fig 13). Pollen and spores are abundant. Among arboreal pollen Betula with
some B. nana predominate. No Picea pollen. Spores are dominated by Lycopodiaceae.
This type of assemblage occurs in the upper clay at T4sj6dn and in the interstadial
deposits of Tasjo site, where also some Picea pollen are present.

Type 5 (Fig. 14). Pollen and spores are abundant. Assemblages are characterized by Be-
tula pollen and traces of Picea. Predominance of Polypodiaceae spores. This type is
present in the upper ordinary tills (diamicton) of the T4sj6 region represented by unit 1
at Ostibyn.

For comparison the PSA spectra of the Stornipan (Fig. 15 a—) and the Tasjo site
(Fig. 16 a—) strata are shown. The different types of PSA spectra in tills and sediments
of the T4sj6 region are summarized in Fig. 17.
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TASJO REGION

TYPES OF POLLEN AND SPORE ASSEMBLAGE (PSA) SPECTRA
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Fig. 17. Types of PSA spectra in tills and sediments of the T4sjo region, and the origin of
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TOTAL PLEISTOCENE STRATIGRAPHY
OF THE TASJO-HOTING REGION

Summarizing the total stratigraphy of glacial deposits in the area under discussion we
find the following to be the most reasonable interpretation. It is based on the lithofa-
cies, considering the most probable environment of formation. In the following de-
scription of the summarized stratigraphy the postglacial Holocene deposits, such as
subrecent fluvial sediments and peat, are excluded. We begin with the uppermost glacial
units (cf. Figs. 18, 19).

Unit I. The uppermost unit is a till — or sometimes diamicton formed by slope process-
es but still in a glacial environment. This till is very thin, seldom more than 1 or 2 m
thick and in many places wedging out to nothing. The till is of rather local origin,
mostly formed by reworking of the underlying unit II. It is connected with strong gla-
ciotectonics, which, in some places, are the only evidence of the glacier activity corre-
sponding to unit I.

Only at Stornipan unit I may be considerably thicker if we prefer the second alterna-
tive given above. Its folding would actually then be caused by glaciotectonic processes.
The unit is interpreted as composed of folded sandy to silty sediments, only partially
reworked to till.

The pollen-spore spectra in unit I are characterized by type S and interpreted as a
mixture of reworked interglacial and interstadial assemblages (Fig. 19).

Unit II. The second unit is the thickest layer in the stratigraphy being up to more than
30 m thick. It consists of gravelly to clayey sediments, mostly of clearly glacial facies.
Most commonly the coarser sediments are situated on top of the fine-textured. This in-
dicates exposition in front of an advancing glacier, or the growth of deltas in open wa-
ter. A more complete cycle, beginning with decreasing grain-size and then turning into
the above-mentioned sequence of strata may indicate retreat and readvance of the glacier.

The pollen-spore spectra in unit II correspond to types 2, 3 and 4. These are inter-
preted as mainly redeposited interstadial assemblages, mixed with some interglacial
ones.

Unit I1I. This unit is very characteristic although usually thin, maximum 1 or 2 m
thick. The greater thickness indicated in the Hotingssj6n region in Fig. 18 has not been
verified within a single section. Unit III consists of a rather uniform, very dark bluish
grey, clayey diamicton. It is similar to the old till found frequently in the region east to
south of the investigated area and interpreted as formed at the advance of the ice after the
Jéamtland Interstadial (Bjornbom 1979, J. Lundqvist 1987). The partition of this inter-
stadial into two may explain the difference between that explanation and the original,
implying that this till pre-dates the Jimtland Interstadial (J. Lundqvist 1973b). The dark
till should then represent the glacial stage between Brorup and Odderade. In our strati-
graphy the character of a till has not always been verified. The diamicton may represent
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debris flows or material dropped from icebergs. This is of minor importance, however,
because the glacial environment of formation seems to be clear.

The pollen-spore spectra in unit III are characterized by types 1, 2 och 3. These are
interpreted as reworked assemblages corresponding to either an early part of an intergla-
cial or an interstadial. The spectrum of the dark clayey diamicton at Stornipan belongs
to type 2, a fact that supports our interpretation of this unit as separated from the
uppermost Stornipan unit with spectrum type S.

Unit IV. This unit is represented by the highly lithified sand and gravel at Spunsen, the
thick lower sediment sequence at Stornipan, and the lower gravel to clay at Hoting
Power Station. The sediment character at Spunsen is not clear. The sediments might be
glacial, but there is no clear evidence of it. At the Hoting power plant most of the
deposits represent a delta, which may be glaciofluvial. Most important is the thin
greenish silt, which is certainly non-glacial, at least formed rather far from any glacier.

The pollen and spore spectra of the stratigraphical unit IV are of types 1 and 2, both
interpreted as reworked interglacial.

Unit V. The lowermost unit is recorded only from the southernmost part of the area. It
consists of a till, which looks like a typical basal till even if, unfortunately, no detailed
investigation has been possible. At Gammgéardsklippen the till — or just diamicton —
occurs together with better sorted gravel, interpreted as glaciofluvial.

The pollen-spore spectrum has been determined only at the Hoting power plant. It is
of type 1, interpreted as an assemblage of reworked early interglacial origin, as there are
no Picea pollen present. Polypodiaceae spores prove that the material is of terrestrial
origin (exposed soil surface).

SEQUENCE OF GLACIAL AND ICE-FREE EVENTS

The following sequence of glacial events and interglaciations can be deducted from the
general stratigraphy as interpreted by us in the Tasj6-Hoting area (cf. Fig. 19). We then
assume that there is no hiatus in the stratigraphy, which is probably mostly correct.
Only in the case of Spunsen there is a possibility of a considerable hiatus between the
two lowermost units. On the other hand, this may be a misleading impression caused
by the fact that the lowermost unit is strongly lithified. This could be caused by a
much higher age, but is certainly no evidence of it.

1. The oldest event was a glaciation (1a) — or probably just the retreat of a glacier (1b).
The glacier reworked deposits from an interglacial. Which interglacial is unknown but
the Eemian appears most likely. At the retreat of the glacier till and glaciofluvial sedi-
ments accumulated.
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2. In an ice-free stage sediments were deposited in the Tasjon basin and along the River
Hotingsan. The valley of the latter must have been blocked somewhere south of the
Hoting Power Station, probably in the narrow part 1-2 km south of it. In the ponded
waters sediments were accumulated. They contain interglacial microfossils, but these
are in secondary position and do not prove that this ice-free stage was an interglacial.
More indicative is the predominance of resistant ferm (Polypodiaceae) spores which are
characteristic of soil surfaces.

3a. The delta represented by the main part of stratigraphic unit IV at the power station
was probably formed in front of an advancing glacier in the lake ponded in the valley.
This is the beginning of a second glacial phase.

3b—c. This glacial stage resulted in deposition of the dark clayey till. The glacial activi-
ty seems to have been weak, but it is difficult to explain unit III without the assump-
tion of a glacier. Whether the diamicton was deposited directly by glacier ice or from
icebergs or by debris flows is not clear, but it is so characteristic and partly
far transported that it seems to be difficult to explain it without the assumption of
transport by ice at some stage.

The retreat of the glacier also resulted in deposition of meltwater sediments. The
lower part of the thick sediments between Hoting and Lake Tasjon shows an upwards
decreasing grain-size, and is in this respect similar to normal late Weichselian meltwa-
ter-sediment sequences. The lower gravel at the Tsjo site is referred to this phase. The
thin clay at Ostibyn probably belongs to the same phase, being accumulated in a pond
or small lake dammed by the shrinking ice in the T4sj6 basin.

4. 1t is not clear whether the thin clay at Tasj64n is of glacial origin or not. There are
no signs of glacial influence, like rhythmites or dropstones, and probably it is non-
glacial. Its pollen and spore assemblages indicate interstadial conditions, compatible
with those found in the peaty layer at the Tasjo site. Therefore these deposits are re-
ferred to a stage 4, corresponding to an interstadial.

S5a. The beginning of a third glacial stage is represented by thick proglacial meltwater
deposits. These are the coarsening-upwards strata most typically developed at
Lovviksndset. The Tasjo basin must have been occupied by a lake at this time, reach-
ing a slightly higher level than the present-day lake level. The lake also must have ex-
tended much farther south. Most probably it reached as far as the narrow part of the
Hotingsén valley, where the old blocking took place (cf. above).

On levels above this "Ancient Lake Tésjon" supra-aquatic glaciofluvial deposits
were accumulated. The upper gravel at the Tésjo site belongs to them. Most important
are the widespread deposits in the Bergelstjarn — Vister-Hotingsbodama area. They were
formed above and at the lake level. The corresponding distal facies of the sediments
deposited in the lake are the sandy to silty, partly clayey, mostly reworked sediments
at Stornipan.
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Sb. The activity of the ice during this glacial stage seems to have been rather weak.
The ice may have been cold-based or just less active in the vicinity of the main ice di-
vide. Fracturing of the deposits in front of the ice may be taken as an evidence that the
ice advanced over at least partly frozen ground. Typically, the tectonic structures only
reflect ice movements along the valley system studied. This corresponds to either the
beginning or the end of the glacial stage. Indications of other ice movements demon-
strated by striae are not evident. Some of the diamictons, if tills, at Spunsen may be
such an indication but this is certainly not indisputable. It seems more probable that
the different directions of transport reflect just differential movements within a glacier
toungue in the valley, or even debris flows from the ice. We infer that only the local
glacial conditions in the valley system influenced upon the formation of till and gla-
ciotectonic structures. Other ice movements, for instance from an easterly ice divide,
have been either too short-lived to have any noticeable effect, or they affected only areas
less protected than the valley system studied.

Sc. During the final deglaciation a thin till cover was left behind, and together with it
thin meltwater sediments. They were deposited very close to the ice and may be mixed
with debris flows and material dropped from icebergs, ice floes or a nearby ice margin.
It is in many places hard to tell whether a certain meltwater deposit has been overridden
by the glacier or just mixed with glacial debris in this way. The pollen and spore spec-
tra contain reworked assemblages of interglacial and interstadial origin.

DATING AND CORRELATION OF
THE GLACIAL STAGES AND INTERSTADES

In the foregoing we have identified three glacial stages and two interstades. Because
there is no organic material — except at the Tasjo site — in situ to be dated, any attempt
to date these events must be somewhat speculative. The following can be stated,
however.

If we accept the radiocarbon dates at about 55,000 B.P. or the U/Th date at 75,000
+6000 for the TAs;j6 site it is clear that there was an ice-free stage in the area under con-
sideration at that time, corresponding to the Odderade Interstadial of the European conti-
nent (cf. Grootes 1977). The environment in the area then was a mountain heath or
tundra.

This environment corresponds fairly well to the environment indicated by the scanty
pollen-spore assemblages of the upper non-glacial stage discussed above. The Téasjo site
has earlier been referred to the Jimtland Interstadial (J. Lundqvist 1978). After the parti-
tion of this interstadial in two (Lagerbick & Robertsson 1988, Robertsson 1988,
Garcia Ambrosiani 1990) it seems most reasonable to refer the Tasjo site to the Odde-
rade Interstadial.
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Several other interstadial deposits in central Sweden have been referred to the
Jamtland Interstadial (J. Lundqvist 1967). From the till investigations by Bjornbom
(1979) it is obvious that at least some of these deposits are overlain by the very charac-
teristic dark clayey till studied by him. Except the sites studied by Bjornbom this ap-
plies to the Hirnd (Munthe 1904, J. Lundqvist 1987, Robertsson 1988, Garcia Ambro-
siani 1990) and Langsele (Sundius & Sandegren 1948) sites. In the Tasjo-Hoting area
there is a very similar till underlying some interstadial sediments and overlying others.
It is true that there is no indisputable evidence that this till is a stratigraphic unit — as a
matter of fact this is denied by many geologists. However, everywhere where the till
occurs in a specific stratigraphic position its position is the same — that is, if we define
the till correctly. Many tills formed by dark shales or dark marine sediments may look
similar but we should use the definition of Bjornbom (1979): The till is a clayey, basal
till in which only the ordinary Precambrian crystalline rocks can be identified.

Provided we accept the dark till as a stratigraphic unit in the Tasj6 area we have to
correlate also the sediments below it with the Jamtland Interstadial complex. The mi-
crofossils do not support such an assumption, but their evidence is not indisputable.
The absence of Picea pollen in some deposits as well as the fact that the whole assem-
blages consist of redeposited material makes it possible that these sediments, too,
show an interstadial environment, although there may be a contamination with older
interglacial material. So far it seems most plausible to interpret also the older ice-free
stage as an interstadial similar to Jimtland.

The consequence of this discussion is that also in the Tasjo-Hoting area the
Jamtland Interstadial should be divided into two units. The upper one, for which we can
use the local name, the Tésjo Interstadial, most probably corresponds to Odderade,
while the lower could be correlated with Brérup. As a matter of fact, the possibility of
an interpretation like this was the reason why J. Lundqvist (1967) preferred the name,
Jamtland, for the interstadial instead of a more correct stratigraphic term. Most proba-
bly the sites used for the definition should be divided in two groups. Our investigation
supports the division proposed by Garcia Ambrosiani (1990). The two interstadials
seem to be fairly similar, which agrees with what we know about two warm Early
Weichselian interstadials on the European continent, defined at Grande Pile (Woillard
1978) and Orel (Behre 1989, Behre & Lade 1986). If we compare the general develop-
ment found for the TAsj6 Interstadial with the conditions in adjacent areas we find the
following. A similar development and environment is represented in Jimtland by the
Storsjo basin sites (Valbacken, Grytan, Froson, and others) and the sites along Stroms
Vattudal and the Flasjo basin, adjacent to the Tas;jo basin (cf. J. Lundqvist 1967). East
of the studied area a similar development has been found by Lindstrém (1971), and fur-
ther north the Vilhelmina clay deposits (Granlund 1943, J. Lundqvist 1967) seem to
indicate the same. In northernmost Sweden the same interstadial — there called Tédrendo
— has been considerably colder (Lagerbéck 1988b).

In Jimtland the Pilgrimstad site (Kulling 1945, J. Lundqvist 1967) seems to indi-




32 WEICHSELIAN STRATIGRAPHY AND GLACIATIONS IN THE TASJO-HOTING AREA

cate a slightly different development. The Langsele site east of it (Sundius & Sandegren
1948) is a correlative. Thus there might be reason to define a Pilgrimstad Interstadial
(cf. Kulling 1967), separated from the T&sj6 Interstadial. It could be correlated with
Brorup, although radiocarbon dates rather indicate a lower age than for the Tasjo site
(Robertsson 1988). However, a thermoluminescens date at 60 000 B.P. (Garcia Am-
brosiani 1990) may give some support. Our present observations do not allow further
speculations in this respect. The conclusion, however, will be that in northern
Angermanland deposits from two Early Weichselian interstadials occur. Although the
absolute ages differ from the time-scale obtained from the oxygen-isotope curve (cf.
Behre 1989) we propose the following correlation:

Continent Central Sweden Lappland
Odderade Tasjo Tarend6
Brorup Pilgrimstad Perdpohjola

There is no indication that the described sites represent Mid-Weichselian interstadials.
The sedimentation is quite continuous and no sub-till sediments are found above the
Tésjo Interstadial.
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