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STUDIES OF THE QUATERNARY HISTORY 5

Preface

The following paper is a summary of four previous works by the present
author. They comprise the general part of the description of the survey map
of the Quaternary deposits in Virmland (Sveriges Geologiska Undersokning,
Ser. Ca, nr 38), the description of the map of the upper Klarilven valley
(S. G. U,, Ser. C, nr 550), a geochronological investigation (S. G. U., Ser. C,
nr 551) and a presentation of C'*-determined samples from peat bogs (S. G. U.,
Ser. C, nr 554). The mapping formed part of the general mapping program
of the Geol. Survey of Sweden during which the work was carried out. Thus,
it has not been possible to elaborate any one of its constituent parts in detail;
the aim being to give a general survey of the Quaternary history and deposits
of Viarmland as they may be interpreted from the observations made during
the mapping.

The mapping was started in 1952 by the director of the Geol. Survey, pro-
fessor N. H. Magnusson and was first entrusted to professor G. Lundquvist.
On account of other tasks he could not devote any time to this work and the
present author therefore took over the mapping.

The mapping was carried out jointly in its entirety by the present author
and Mr. Carl Larsson. The geological assistents A. Klarstrom, I. Kohlin
and H. Moller rendered assistance in some of the detail work. The special
map of the upper Klarilven valley was prepared with the assistance of geolo-
gical assistents G. Eriksson, G. Norin and J. Offerberg. During survey ex-
cursions many problems were discussed with professor N. H. Magnusson,
professor G. Lundqvist, C. Caldenius, Ph. D., and A. Sundborg, Ph. D. In
this connexion the boulder countings were carried out by professor N. H.
Magnusson. The drilling was planned together with B. Jarnefors, Ph. Lic.,
and executed by mr G. Ekman.

Most pollen analyses were carried out by mr Carl Larsson. The chemical
and mineralogical analyses were planned in co-operation with G. Assarsson,
Ph. D., and B. Jirnefors, Ph. Lic. The chemical analyses were carried out at
Statens Lantbrukskemiska Kontrollanstalt (potash and phosphate) and at
the chemical laboratory of the Geol. Survey (titanium and manganese).
Determinations of the mechanical compositions of the earths, heavy mineral
indices and salinity as well as differential thermal analyses were carried out at
the soil-laboratory of the Geol. Survey. The X-ray analyses were made by
A. M. Bystrém, Ph. Lic., and the diatom analyses by mrs U. Miller. Chemical
analyses also were placed at my disposal by O. Arrhenius, Ph. D.

The data about soil thickness are compiled from information given by
Kgl Vig- och Vattenbyggnadsstyrelsen, Statens Geotekniska Institut, AB
Elektrisk Malmletning, Billeruds AB, Hellefors Bruks AB, AB Rottneros Bruk
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and Uddeholm AB, some of which have also submitted information about
gravel occurrences etc.

The printing of the map and figures was supervised by M. Lundquvist,
Ph. D., and later on by chief cartographer O. Hedbom. The drawing of the
survey map was carried out by mrs Elisabeth Bjérk. The English was corrected
by N. H. Edstrom, M. Sc., and Ch. Roering, B. Sc. In the reading of the
proofs my wife, mrs Doris Lundqvist, has taken part.

To all these persons and institutions I express my sincere thanks.

Finally I wish to express my gratitude to my academic teacher docent
Carl-Gosta Wenner.

J. Lundquist
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Previous works in Varmland

The Quaternary geology of certain areas in Southern Viarmland has been
treated in the descriptions appended to the older larger scale maps (Blom-
berg 1903, 1903 a, 1904, 1904 a, G. De Geer 1902, Granlund 1928 a, S. Jo-
hansson 1917, Magnusson and Assarsson 1929, von Post 1929, Sandegren
1916 a, 1920, 1920 a, 1922, 1927, 1933, 1937, 1956, Tornebohm 1870). Certain
problems concerning the Quaternary geology of Virmland have been treated
in special papers. The most important of these will be quoted in the following.

The deglaciation conditions in Eastern Viarmland were treated by Gran-
lund (1928). G. Lundqvist (1935) in his paper on the deglaciation in the region
E of Virmland also discussed the special conditions within this county. The
extraordinary ice movements W of Lake Vinern were described by W. Lars-
son (1945). G. De Geer (1909) and Wenner (1955) discussed the deglaciation
in regions of the special type that characterizes i. a. Western Varmland. J.
Lundqvist (1957 a) studied the deglaciation within the Bjurtjarn district
in Eastern Virmland. A preliminary account of the deglaciation in Virmland
as a whole was given by J. Lundqvist (1954).

The complicated problems concerning the land uplift were studied especially
by von Post (1915, 1925, 1928, 1929 a, 1934, 1948). His results that implied
that the uplift was rather irregular in Varmland, however, were criticized by
E. Nilsson (1953). The latter showed that the results of von Post’s might as
well be applied to a quite regular shore-line system. Sandegren has contributed
to this question by investigations in certain areas (1916, 1939, 1943). A detailed
study of the highest marine limit (MG) was made by Gillberg (1952) who
also gave a summary of old observations from several regions, i. a. Varmland.

The special conditions concerning deglaciation as well as land uplift and
general geology in the upper Klarilven valley were treated first by Hollender
(1900) and Dahl (1902). More detailed studies were made by S. De Geer
(1906, 1911) and J. Lundqvist (1957). von Post (1948) published his results
from the valley which, however, were only preliminary. Sundborg (1956)
studied the fluvial processes and the sediments of the river. A detailed study
of the formation of an abandoned loop (ox bow lake) was made by Falk (1957).

Studies of moraine forms in Viarmland were made by G. De Geer (1895
and 1896; cf. also Torell 1896). The former paper treated drumlins, the latter
the terminal moraine field at the Arasviken bay (cf. also G. Lundqvist, 1954 a,
and the recently published paper by Hoppe, 1957). Terminal moraines in
the Arvika district were also described by J. Lundqvist (1954).

Aronson (1911) gave a description of an esker in central Virmland from
which he also drew some conclusions concerning the deglaciation. Glaci-
fluvial deposits from the eastern boundary of Virmland were treated by

12—580257. S. G. U. Ser. C. 559 Lundquist



8 JAN LUNDQVIST

Sundius (1922). The large Brattforsheden delta was thoroughly described by
Horner (1927). His opinion, especially about the location of the marine limit,
was criticized by Granlund (1928).

Fine-grained sediments in Eastern Viarmland were studied by Granlund
(op. cit). Some special properties of the clays, i. a. in Viarmland, were treated
by Wenner (1949) and Soveri (1950). A more general account was given by
J. Lundqvist (1957 a). Varve diagrams were published by G. De Geer (1940).
The types of cultivated soils were shown by Ekstrom (1951).

The dune field of Brattforsheden was described by Hoérner (op. cit.). He
interpreted the dunes as transversal. Another interpretation of this field —
that the dunes are longitudinal — was presented by Enquist (1932). The
meteorological and climatological conditions of their genesis were treated
by Hjulstrom (1955) and Sundborg (1955) whose results supported Hor-
ner’s opinion.

The different types of peat land within Virmland were shown on the map
by von Post and Granlund (1926). The stratigraphy of i. a. bogs in Virmland
and the problems concerning their development and chronology were treated
by von Post (1928) and Granlund (1932). A special study of these problems
along the lower Klarilven valley was made by Sandegren (1939). C!*-analyses
from peat bogs in Viarmland were presented by J. Lundqvist (1957 b). Certain
contributions to the history of the vegetation within Virmland were given
by von Post (1915 a, 1918), Malmstréom (1934) and Suneson and Sandegren
(1948).

The occurrences of salt water mollusca were described by Rekstad (1922)
and Higg (1923, 1947, 1952).

The influence of the bedrock (especially the hyperites) on the fertility
of the soil was studied by Tamm (1921) and also shown on Eklund’s (1952)
map.

Methods

The mapping mainly followed the same principles that were used on the
previous survey maps, e. g. in the neighbouring county of Kopparberg (G.
Lundqvist 1951). Since the geology of the two counties is very much the same
it was considered as most convenient to use similar principles.

Thus, the mapping was carried out mainly along the roads and paths avail-
able. The frequency of these routes is shown in Sw. ed.! (fig. 1). The southern
parts of Varmland are covered by older larger scale geological maps. Here
only comparatively few observations were required. In the upper Klarilven
valley a generalization of the map already published (]J. Lundqvist 1957)
was used. Where possible complementary observations were made with the
aid of the aerial photos of Rikets Allmanna Kartverk.

The exposed areas of Archean bedrock and the mires were taken directly

! In the following the description of the survey map of Varmland (J. Lundqvist, 1958)
will be referred to as Sw. ed. (Swedish edition).
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from the topographical map but it was necessary to make corrections based
on field observations in order to obtain a composite picture of the whole
province.

The mapping of the wave-washed moraine was one of the most difficult
problems. It is only possible to give an account of the broad limits of its ex-
tension (cf. p. 26).

Of course it has been necessary to generalize the other types of deposits
also, especially in the SW where there are rapid transitions between quite
different deposits. To give an account of the degree of generalization a special
map (Sw. ed., fig. 2) was made.

Numerous soil samples were collected during the mapping. Most of them
were mechanically analyzed. These analyses were carried out at the Geol.
Survey according to its standard methods (in most cases a combination of
the old Atterberg and pipette methods; in some cases the new hydrometer
method was used). A selection of the analyses was shown in Sw. ed. (p. 217).
The fraction names used are the following:

Stones (Sw. sten) = 200—20 mm
Coarse gravel (Sw. grovgrus)
Fine gravel (Sw. fingrus) = 6—2 mm
Coarse sand (Sw. grovsand) = 2—0.6 mm
Sand (Sw. mellansand) = 0.6—0.2 mm
Fine sand (Sw. grovmo) = 0.2—0.06 mm
Very fine sand (Sw. finmo) = 0.06—0.02 mm
Coarse silt (Sw. grovmjila) = 0.02—0.006 mm
Fine silt (Sw. finmjala) = 0.006—0.002 mm
Clay (Sw. ler) = < 0.002 mm.

In many cases chemical and other analyses were also made on these samples.

The description of the survey map consists of two parts; one general and
one descriptive. Thus, this paper is a summary mainly of the former.

Archean bedrock

The bedrock of Virmland is mainly of middle Archean (Gothian) age.
It consists of three different parts: a central area with red gneisses, surrounded
by mainly grey gneisses in the west and granites in the east.

Within the grey gneiss region a few small massives of Bohus granite occur.
In this area the famous Gillberga syncline is situated. Here granites of the
red Kroppefjill and the grey Amal types and greenstones are surrounded by a
zone of Amal porphyries and quartzites.

The boundary between the areas of grey and red gneisses consists of a broad
mylonite zone (Magnusson 1937). The mylonized and schistose rocks are
Amal quartzite and Amal-Kroppefjill granites.

In the area of red gneiss numerous hyperite bodies occur. Here also are
areas of the so-called Hammaré supra-crustal series.
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Three main granite types form the eastern granite region: the grey, basic
Kristinehamn granite, the red intermediate Filipstad granite and a red biotite
granite. Together with the Amal and Kroppefjill granites these are called
the Varmland granites. In the granite region an area of the older Archean
leptite formation with leptites, hilleflintas, limestones, shales and ores occurs.
Here the well-known ore fields of Nordmark, Persberg and Langban are situa-
ted. Within the granite region also the only oldest Archean gneissic granites
occur. Bodies of Gothian porphyries and quartzites (Rdmsberg quartzite)
are rather numerous in the granite region. In the easternmost part of Virm-
land younger (Sub-Jotnian and Jotnian) Dala granites, porphyries and sand-
stone also occur.

The influence of the bedrock on the fertility of the soil was shown by Eklund
(1952). Most of the rocks in Virmland have a rather unfavourable influence.
The quartzites and Dala sandstone and porphyries have an especially unfavour-
able influence. Only the limestones, shales, greenstones and hyperites have
a favourable influence. This, however, is of rather local importance.

Numerous fissure zones through Viarmland had an important influence
upon the Quaternary development. These were probably founded in Archean
time (W. Larsson 1938) but movements have taken place along them at least
as late as in Permian time.

Morphology

The morphology of Virmland has had a rather great influence upon the
Quaternary development and consequently a short account of its main
features will be given:

The largest part of Varmland belongs to the broken country of Northern
Sweden. Southernmost Virmland, however, is a peneplain. Fossil finds in
fissure fillings in this plain show that it must be the sub-Cambrian peneplain.

Through crustal movements in post-Cambrian time the peneplain has
been broken into several blocks that may have been raised or lowered.

North of the coastal plain of the Lake Vanern mountains, rising above the
peneplain, are numerous. Only along the large valleys may the peneplain be
followed farther to the north.

Northernmost Viarmland is a strongly broken terrain with differences in
height of 200—300 m. A high plateau between the rivers Klarilven, Femtan
and Halgan sharply contrasts with this broken country.

Flat surfaces, possibly representing older peneplains, may be seen in many

.districts, especially in Northern and South-Western Varmland. One of those

forms the surroundings of the sandstone area at the river Svartialven and is
probably the sub-Jotnian peneplain.
The most characteristic morphological feature of Varmland is the large
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number of fissure valleys. Of these the broader form the valleys of the water
systems of the rivers Byilven, Norsilven and Klardlven. Most of the valleys
form a concentric system around the Oslo field; some of them are radially
orientated. The origin of the fissure zones is probably connected with the
tectonic origin of the Oslo field (cf. p. 10).

The bedrock in the fissure zones is easily weathered and this must have
had a great influence upon the formation of valleys. The most important
agents, however, were probably the running water and the ice.

In the upper Klardlven valley three generations of valleys may be seen.
The bottom of the oldest one forms a broad terrace about 80 m above the
plain of the river. Earlier the younger and deeper valley generation had a
rather narrow canyonlike bottom that has been found under the sediments
at Klarabro at a depth of about 40 m below the river (cf. J. Lundqvist 1957,
p. 7). The last generation was formed when glacial erosion widened the canyon.

The different kinds of rocks cause somewhat different morphology. The
gneisses often form ridges in the strike direction. When a system of such ridges
is cut across by a system of fissure lines a characteristic checkered pattern is
formed as on the Isle of Hammarén. In the broad valleys the gneisses often
form drumlinlike ridges, smoothened by moraine and sediments. The-hard
hyperite generally occurs as steep mountains, similar to monadnocks. The
youngest granites in the east give a strongly undulating country. The area of
Dala sandstone is very flat. Leptites and shales form a flat country with a
rather rough surface.

Directions of ice movements

The main direction of the ice movement was from the north (fig. 1). Towards
the south there was a distinct trend to the right, i. e. towards the open sea
in the SW. Deflections of the same nature were caused by the two large basins
of Lake Vinern. In Southern Virmland the strize are directed towards these
basins.

Divergences from the main direction occur in many places. In the valleys
in South-Western Virmland the striz often follow the valleys and rock forms
in detail. The ice must have been very plastic, probably on account of a small
content of moraine material.

Crossing striz are common in the whole of Viarmland except in the northern
parts (fig. 2). Several essentially different types occur:

1) In the valleys in the SW one system at an oblique angle to the valley
is often crossed over by a younger system that follows the valley. The latter
was caused by ice lobes in the valleys immediately before the ice disappeared.

2) Considerable deviations of the ice movements were in some cases caused
by larger land forms, as e. g. the relatively high country between Lakes O.
Silen and Lelangen. The ice, coming from the district E of Lake O. Silen,
was deflected towards the NW or even N (cf. W. Larsson 1945).

3) In the broad low-lying valleys there were estuaries in the ice margin.
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Fig. 1.

JAN LUNDQVIST

Directions of the striz in Viarmland. A distinct turning to the right is seen towards
the south. The crossing strie are separately shown in fig. 2. From Sw. ed. (fig. 7).
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/ Normal rsrorelse

/
/

$l /srorelse, aldre an den normala

Isrorelse, yngre » » ”

\\; ;; Hogervridning
V ; | Vanstervridning

Fig. 2. The crossing striz in Virmland in those cases where it has been possible to determine
the age relations. In the district E of the broken coarse line there is a general turning to the
right, earlier known from Eastern Sweden. W of the line local factors have affected the young-
est ice movements. Broken arrows = striz, older than the normal system. Coarse
arrows — striz, younger than the normal system. From Sw. ed. (fig. 8).
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In those cases the last ice movement was directed at an oblique angle towards
the valley.

4) The same deflections were obtained along the large eskers where there
also were estuaries.

5) Along the Byilven—Glafsfjorden valley a system of striz older than
the common one sometimes occurs running from the NW. Probably this
older system is connected with a more westerly ice shed than the most com-
mon strize. When the ice originated from a more westerly ice shed it was more
easily deflected by this valley than at a later stage, when it crossed the valley
at a wider angle.

6) When the ice sheet was thick it could pass over the peninsula of Virm-
landsnés without being deflected. At a later stage when it was thinner the
steep eastern side of the peninsula deflected the ice, coming from the NE,
towards the S. On the western side of the peninsula the ice movement was
directed a little more towards the western basin of Lake Vinern than at an
earlier stage.

7) In Eastern Virmland the direction of the last ice movement was not
influenced by the topography to the same extent as in Western Virmland.
Here, as in large areas of Middle Sweden, there are two systems of striz: one
from the N or NW and a younger more easterly one. The latter originated
when the ice shed moved towards the E (cf. Ljungner 1947).

Thus, there was a general deflection to the right in the whole of Central
Sweden but in Western Virmland local topographical factors had a dominating
influence. This is especially clear because of the fact that the original ice
movement in this district crossed the topography at large angles. The rocks
are distinctly gouged by the last ice movement which shows that the ice was
still rather active at the time of deglaciation.

Deglaciation

The principles of the deglaciation mainly agree with those published by
e. 8. G. Lundqvist (1935, 1951; the County of Kopparberg) and Isachsen
(1933), Holtedahl (1953) and Holmsen (1955; Norway).

Deglaciation below the marine limit (MG). Where the ice discharged in the
open sea the deglaciation was dependent on ablation and frontal recession.
The latter was a result not only of ablation but also of calving. The extent
of the calving depended on the ratio between ice thickness and water depth.
When ablation had diminished the ice thickness calving was increased. In
this way a rhythmical recession could arise.

In many places terminal moraines originated when the ice front was statio-
nary for some time. These are mainly of the »annual» type, though probably
calving was also of some importance for the location of terminal moraines
(cf. Hoppe 1948, p. 14, J. Lundqvist 1954, p. 52).
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In the mouth of the subglacial discharge rivers the ice sheet was thinner.
There the calving had a greater effect and estuaries in the ice front could
develop.

These estuaries mostly seem to have been distinctly asymmetrical (cf. G.
Lundqvist 1935, 1955 a, Jéarnefors 1956, J. Lundqvist 1957 a). Their western
side was less oblique to the esker in their centre than the eastern side. The
center of the estuaries was situated W of the esker. The first type probably
resulted from the effect of the morning mists that protected the western side
against the sun’s radiation (G. Lundqvist 1935, p. 295). The second type
may be a result of a more active calving in the deepest part of the valley.

The sub-glacial discharge rivers, however, were essential for the genesis
of estuaries. In Western Virmland these streams were small on account of
the broken country that divided them into many small streamlets. Hence
the calving did not have the same importance here as in Eastern Virmland.
Here there were ice lobes in the valleys instead of estuaries.

In the upper parts of the valleys where the water was shallower the calving
ceased. Here there was a stagnation in the ice recession and marginal deltas
were often formed. These deltas therefore depend mainly on topographical
factors and must not be interpreted as a result of a stagnation in the ice reces-
sion in its entirety.

Deglaciation above the MG. Supra-aquatically the deglaciation was a result
of ablation rather than recession. The highest mountains first appeared as
nunataks. Gradually the ice sheet was divided into remnants isolated in
depressions and valleys. In some cases the ice sheets in the higher depressions
could move separately but mostly they were dead. In the valleys, however,
the ice lobes were active. Therefore, active valley glaciers could co-exist with
dead ices at higher altitudes. The sides of the large valleys as well as the peaks
were free of ice.

G. Lundqvist (1935, p. 289) was of the opinion that the ice sheet in Virm-
land should have been dead already when its front crossed over Southern
Virmland. That this was not the case is shown by numerous terminal moraines.

—-This caused G. Lundqvist to assume a rapid ice recession, due to a great water
depth. However, no proof of such a depth has been found during my work
and the striz around Lakes Fryken show that the ice was still active later than
was assumed by G. Lundqvist. Probably Lundqvist’s gradient value 1 : 550
was chosen too low, an opinion already presented by Mannerfelt (1945, p. 112).

Ice-dammed lakes. The conditions were favourable for the genesis of ice‘{-
dammed lakes in Virmland, especially where the land surface slopes towards
the north. Those lakes, however, were generally small and of short duration.
As the depressions were filled by dead-ice remnants the lakes were mostly
narrow marginal ones. The formation of ice-dammed lakes is illustrated by
the South Finnskoga Ice Lake (Sw. ed., fig. 11).

+8—580257. 8. G. U. Ser. C. 559 Lundquist
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Fig. 3. Tentative lines of ice recession for every 50th year through Virmland. They have been
constructed from the variations of the highest marine limit (MG). Only in the northern part
of topo. map sheet 72 Nora are the lines exact (obtained from varve measurements). Where
observations of the MG are lacking the lines are broken. The direction of the lines in the SW
and the occurrence of estuaries or ice lobes in the valleys are to be observed. From Sw. ed.
(fig. 14).

Lines of ice recession. Since varves are often lacking in the glacial clay it
is not possible to obtain any recession lines from varve measurements in the
greater part of Varmland. This has been possible only in the Bjurtjirn area
(J. Lundqvist 1957 a). Here the lines show an annual recession of about 160 m,
which correlates well with values obtained from the terminal moraines in
some other parts of the county.

Tentative lines of recession have been constructed from the values of the
marine limit (mostly from Gillberg 1952). This would be possible with know-
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ledge of the rate of land uplift, the direction of the isobases and the gradient
of isochronous shore-lines, synchronous with the MG. 10 m/year was as-
sumed as a value of the rate of land uplift (cf. e. g. Granlund 1928, p. 25).
The isobases and gradients were obtained from E. Nilsson (1953). An error
in the first value will affect the frequency of the lines only, i. e. the rate of ice
recession obtained. Errors in the other two factors would cause a misinter-
pretation of the whole picture of ice recession but the fact that this picture
appears very probable also makes the isobases and gradients probable. Only
in Eastern Virmland did the MG method give quite absurd results. This is,
however, the district where varve measurements could be used so these more
exact equisesses have been correlated with those obtained from the MG. The
result is shown in fig. 3.

Some features in the picture should be observed:

1) In the west the lines distinctly turn to the NW or N. This agrees with
the direction of the end moraine belt through Middle Sweden in Dalsland
and with the estuary that probably existed around the Oslo fiord and also with
the directions of the striz towards the west in South-Western Virmland.

2) There is a large convexity of the lines between the Jérnskog and Byilv
valleys. This was caused partly by the height conditions, partly by the rate
of recession. The latter was greater in the Viner basin than in the higher
region to the west of it. The convexity arose when the ice there was still active,
which is probably one reason to the striz being orientated towards the NW
in this district (W. Larsson 1945).

3) A large estuary existed in the Fryken valley. This makes the youngest
strizz towards the valley (cf. p. 11) seem quite natural.

4) The lines form a distinct lobe N of the Brattforsheden delta.

5) The rate of recession was great in the Klarilven valley. Partly due to
the small differences in height between the northern and southern part of
the valley the ice lobe disappeared almost immediately on breaking afloat
(cf. von Post 1948, p. 206).

The uplift of land

Well developed shore-lines are numerous in southern Varmland. They
have been especially investigated by von Post (e. g. 1915, 1925, 1929 a, 1948)
and Sandegren (1916, 1939). No special investigations of the shore-lines
were made during the mapping but some new material and views were ob-
tained:

The marine limit (MG). The MG in Virmland was studied by Gillberg
(1952). He found that the general rise of the MG towards the north is inter-
rupted by a somewhat steeper rise in Southern Virmland, followed by a
descent. After this descent the MG again rises with the normal gradient.
This MG-peak was called an »MG-anticline» and was claimed to be »due
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to isostatic retardations, implying three components: a short submergence, a
short standstill and then a probably very rapid emergence» (Gillberg 1952,
D=l

A critical examination of Gillberg’s diagrams, however, shows that the
steep rise of the MG-curves within Virmland is due only to a faulty method
of projection. The values have been projected in an east—west direction and
not along the isobases. In these parts of the curves the MG also has a steeper
gradient than the corresponding isochronous shore-lines which is impossible.
The descent of the MG-curves, however, is a reality but is not due to any
universal stagnation of the ice recession. The causes are Jocal and mainly
to be found in topographical features. The line of stagnation which has been
drawn by Gillberg (1952, fig. 16) has no reaiity.

Gillberg’s opinion that the so-called MG-deltas are not available for exact
MG-determinations, however, is correct. In many cases delta planes have
been built up to levels distinctly higher than the MG. Sometimes this may
be due to local dammings. In other cases the delta planes have not reached
the MG but are essentially lower.

These divergences in the opinions about the MG, however, do not influence
the general view upon the extension of the area that was covered by the sea.
This area is shown in Sw. ed. (fig. 16).

Late- and Post-glacial shore-lines. These shore-lines have been investigated
especially by von Post (cf. above). By means of a so-called relation diagram
(von Post 1929 a, pl. 1) he identified ten different lines: VFG 1—VFG 5 older
than the isolation of Lake Vinern and VG 1—VG 5 younger than the isolation.
Especially the VFG lines are important levels — even outside the Viner
basin. Due to the slower land uplift in the Viner area after the isolation, how-
ever, the last five lines are generally much better developed than the older
ones.

With this diagram von Post also showed that the land uplift in Virmland
was very irregular (1929, fig. 30).

As the diatom flora of the Viner basin was very uniform it is not of any
use for the identification of shore-lines (von Post 1925) but pollen analysis
was used in many cases. According to von Post seven lines are situated
within his often poorly differentiated zone VI that entirely belongs to the
time before the beginning of the Alnus curve (cf. p. 47). Among these shore-
lines are VFG I, VG I and VG 2 that in almost all cases were used as reference
lines in his relation diagram. As, however, new shore-lines now have been
found between von Post’s, his connexions of the observations within the diagram,
as well as the irregular isobases, now have to be considered as rather doubtful.

E. Nilsson (1953) showed that von Post’s shore-line observations might as
well be incorporated into a distance diagram, founded on regular isobases
in WNW—ESE. In this diagram several new levels were identified.

Though the shore-lines were not systematically investigated during the
mapping some observations of importance were made:
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1) Discontinuities of the land uplift might have taken place in Western
Virmland. If von Post’s (1929) observations from the Séffle district are put
into a distance diagram a very confusing picture is obtained. However, this
may also be an effect of the projecting. A small error in the course of the isobases
used will have a great influence in such a rich material. It is also probable
that the heights of the shore-lines may change with different exposition. As
the Viner shore-lines in this district are situated quite close to each other,
the latter condition will give shore-lines in almost all levels.

2) Observations of my own from the eastern side of the Viner basin and
unpublished observations by Magnusson from the Nyed district may be
fitted into a distance diagram. In this Nilsson’s (1953) levels and some new
ones can be distinguished.

3) On the geol. map sheet Otterbacken Sandegren (1916) followed a dis-
tinct raised beach, the gradient of which suddenly changes. This might be a
proof on an irregular land uplift. It is, however, possible that this beach is a
combination of the closely lying VG 1 and VG 2 shore-lines. In Western
Virmland von Post did not at once realize that the so-called Vianer limit
consists of two different shore-lines.

4) Sandegren (op. cit.) also described a stratigraphy indicating a trans-
gression. Later on the same conditions have been observed in several other
localities. They have been interpreted as the result of a great transgression
in the whole Viner basin. Earlier papers by von Post and Sandegren have
already, however, indicated another possibility: All the Vaner shore-lines
(VG 1—VG 5) were interpreted by von Post as due to small transgressions of
Lake Vinern. Its surface must have been very susceptable to changes in the
water supply and precipitation. This opinion is also supported by the fact
that still more shore-lines have now been found. Thus the possibilities of the
formation of transgression stratigraphies are very great. It is not necessary
to postulate large retiltings of the Viner basin, resulting in transgressions.
In some cases, however, true transgressions in local basins may have occurred.

Changes in sedimentation, too, may cause a similar stratigraphy. The
material, sedimentated in deep water, was deposited from a suspension and the
last sediments, deposited in shallow water, were transported as bed-load. In
this way unconformities may have originated (cf. J. Lundqvist 1957 a, p. 6).

5) As was shown by Sundborg (1956) and J. Lundqvist (1957) von Post’s
preliminary interpretation of the shore-line system of the Klarédlven valley
can not be correct. This is due to the fact that von Post considered all the
terraces in the valley as true shore-lines or equivalent to them, but this is
not the case. A tentative interpretation of these shore-lines was made by
J--Eundqvist (op. cit.).

The approximate extension of Lake Vinern at the time of its isolation is
shown in Sw. ed. (fig. 17). This is based upon the determinations of VG 1
(or VG 2) in Southern Virmland, extrapolated northwards. As the land uplift
was more rapid in the north the Viner limit becomes more vague towards
the north.
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Exposed bedrock and the thickness of the Quaternary deposits

Large areas of exposed bedroc: are characteristic for South-Western
Sweden SW of a line through Southern Virmland (fig. 4). The moraine
cover is very thin and the areas with exposed bedrock or thin moraine inter-
change with only narrow crevices filled with thicker moraine or sediments —
except from the broad sediment valleys. The crevices are often covered with
peat land. On the general map areas with very thin moraine cover are also
included in the »exposed bedrock» areas. On this map the Filipstad district
also seems to have a thin cover. However, the moraine here is rather thick,
though numerous small rocks outcrop.

It is not possible to solve the problem of the causes of the very thin moraine
cover in this area within one county only. This must be done in a larger area.
To some extent wave-washing may have had some influence but there must
be other reasons since large parts of the district were never covered by the
sea. In other cases areas that were covered even by Lake Vinern have a thick
moraine or gravel cover, e. g. the eastern side of the lake. If the moraine cover
ever had any greater thickness in the SW, wave-washed gravel etc. should have
the same extension there. However, the finest sediments generally rest directly
upon the bedrock.

It would also seem probable that the original moraine content of the ice
was caught by the large valleys at right angles to the direction of ice move-
ment, NE of the exposed area. However, this is not the case. The moraine
has no greater thickness in those valleys and the deposits mainly consist of
marine sediments.

What has here been said about the moraine also applies to the eskers. Even
in the large valleys in the south-western district they are rather small.

NE of the area described the thickness of the moraine and other deposits
increases. Fig. 4 gives some impression of this increase. The changes, how-
ever, are rather rapid. Similarly also it has not been possible to make a clas-
sification of the observations according to different kinds of deposits, but
observations in distinct valleys have been distinguished from others. In general,
however, the observations in the south-western area are referable to fine-
grained sediments (in some cases including a thin moraine bed at the bottom).
In other districts observations in the large valleys (the Klarilven, Fryken—
Ljusnan and Rottnan valleys) are referable to marine — or lacustrine —
sediments. Most other observations are referable to moraine. The moraine
under the sediments in the valleys seems mostly to be rather thin, with the
exception of the uppermost Klardlven valley.

The following features may be seen from the map:

1) In Southern Virmland the sediments outside the valleys are only seldom
thicker than 20—25 m (but as a rule thicker than 15 m according to Wenner,
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Fig. 4. Observations of the thickness of the Quaternary deposits in Virmland. On account

of the broken country, the map only gives an approximate picture of this thickness. The

shadowed line denotes the approximate border of the district in South-Western Varmland

where the bedrock is covered only with very thin deposits. Obliquely lined piles = observations
in fissure valleys, black piles = other observations. From Sw. ed. (fig. 18).
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1949). In the SW the thickness is small even in the valleys. In the large valleys,
however, it sometimes exceeds 100 m. In the Klarilven valley the recent maxi-
mum thickness of the sediments is about 50 m, corresponding to an original
depth of at least about 90 m.

2) The thickness of the moraine increases from about 0 in the SW to
about 30 m E of the upper Klarilven valley. In some high situated depres-
sions, however, the moraine is very thin. W of the Klardlven valley the
thickness is smaller than E of it.

3) The moraine does not — contrary to the sediments — show any distinct
tendency to accumulate in the valleys. The thickness increases more con-
tinuously towards the NE.

Moraine

During the mapping G. Lundqvist’s (1930, 1940) moraine classification
was used:

Considering the superficial boulder content four moraine types were dis-
tinguished 1) »Moraine with large boulders» (Sw. »storblockig») = moraine
rich in boulders, larger than 1 m. 2) »Moraine rich in boulders» (Sw. »block-
rik») = moraine, rich in smaller boulders and with only few large ones
(> 1 m). 3) »Moraine with normal boulder content» (Sw. »normalblockig») =
moraine with scattered small boulders and only few large ones. 4) »Moraine
with low boulder content» (Sw. »blockfattign) = moraine with almost no
boulders but sometimes rich in stones (< 10 cm).

The first two types were combined on the general map. The moraine with
normal boulder content in Viarmland often tends towards the type with low
boulder content.

Considering the fine material five main types of moraine were distinguished :
1) »gravelly» (Sw. »grusign), 2) »sandy» (Sw. »sandig»), 3) »with fine to very
fine sand» (Sw. »moig»), 4) »silty» (Sw. »mjilign) and 5) »clayey» (Sw.
»lerign). On the general map the types gravelly, sandy and »with sand to
fine sand» (Sw. »sandig-moig») were combined and are represented by the
light blue colour. The type »with fine to very fine sand» was designed with
a darker blue colour. A certain type, »with fine to very fine sand» to clayey
(Sw. »moig-lerig») in Northern Virmland was designated with a red-lined
blue colour. In order to avoid the complicated English translations of the
simple Swedish names, the simplified terms »coarse-grained», »fine-grained»
and »clayey» will be used for these three types when it is referred to the groups
as a whole.

Boulder content. The primary boulder content depends on: 1) the rock type,
2) the situation and 3) the transportation distance. The factors 2 and 3 are
often closely related. The rock types affect the moraine in the following ways:
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The granites produce moraines rich in large angular boulders. The boulders
not only occur in the surface but also in depth.

The gneisses give moraines with high to low boulder content. The boulders
are better rounded than the granite boulders and generally small; large
boulders do not occur.

The porphyries and quartzites of the Amal series are generally rich in
fissures and easily splintered. Their moraines are rich in boulders or stones,
but the boulders are always rather small.

The same moraine type is formed by the mylonites. When the mylonized rock
is a granite, however, large boulders may also be formed if the mylonization
is not too strong.

The hyperites give a moraine rich in boulders in close proximity to the
outcrop. As the hyperite is a rather tough rock, however, the boulder quantity
is too small to be of more than local importance. The boulders are resistant
and are only slowly ground down.

The oldest Archean granites of Eastern Virmland are somewhat gneissic
and do not produce such large boulders as the Varmland granites.

The moraines of leptites and hélleflintas are characterized by rather small
boulders. The quantity, too, is generally small but the tough halleflintas may
also give rise to moraines rich in boulders and stones.

The shale moraines of Eastern Varmland generally have a very low boulder
content.

The topographical influence upon the moraine is particularly distinct in
the valleys. Here the moraine is generally very rich in boulders. The reason
is to be found in the deglaciation conditions. In the valleys above or near
the MG the last ice remnants were lobes. Material from the valley sides slipped
down upon these lobes and this effect was probably increased by frost action.
Probably this was the principal manner in which a primary thick surface
moraine could be formed.

Especially in depressions on elevated ground dead-ice remnants were isolat-
ed. Originally the moraine content in their surface was low, as is seen on
recent ice sheets. During the ablation, however, the material was accumulated
in the surface layer and formed in this way a »secondary» surface moraine.
When the ice below this ablation moraine melted the finest material could
slip down and replace the ice easier than the boulder material. In this way
there was an enrichment of boulders at the surface. Therefore ablation moraine,
rich in boulders, is common in such depressions.

In Northern Virmland outside those depressions, the principles found by
G. Lundqvist (e. g. 1940) determine the boulder content. Thus the content
decreases towards higher levels. The highest parts have a low boulder content
while the lee-sides of the mountains and hills have a specially high content.

Boulder material. In order to be able to form an opinion of the distribution
of certain rock types in the moraine a number of boulder countings were made.

14—580257. 8. G. U. Ser. C. 559 Lundgquist




24 JAN LUNDQVIST

They were all carried out by N. H. Magnusson, partly in connexion with
this mapping, partly earlier. The distribution is shown in Sw. ed. (figs. 20—31):
Grey gneiss boulders mainly occur in Western Virmland where the bedrock
consists of this gneiss. The percentages, however, are often lowered by an
intermediate gneiss type and granites, occurring within the grey gneiss area.
Intermediate gneiss boulders occur in the whole of Southern Virmland
within the area of the grey gneiss as well as the red.

Red gneiss boulders often constitute nearly 60 9, of the boulder material
within the red gneiss area. The distribution also indicates that the border
towards the granites in the east is not quite sharp and that red gneisses also
occur within the grey gneiss area, e. g. W of Lakes Gla.

Veined gneisses occur among the grey as well as the red ones. The veined
types dominate among the grey gneisses, i.e. W of the mylonite zone. In
the red gneiss area they only occur S of a line Lake Ned. Fryken—Forshaga,
W of the River Klarilven.

Virmland granite boulders dominate in the east with percentages often
as high as 70. The percentages may only locally be reduced by other material
e. g. Gothian porphyries. W of the western limit of the granites their boulders
soon disappear. These granites also dominate in the north-western part of
the mylonite zone. In the south-eastern part the percentages are lower
due to a short distance of collection and possibly also due to stronger myloniza-
tion. W of the south-western granite area the boulders show that granites
occur to some extent among the grey gneisses.

Gothian porphyry boulders occur sporadically over the whole of Virm-
land. The distribution shows that there must be more occurrences that are
still unknown. The porphyry bodies in Northern Virmland only slightly
increase the percentages. The reason must be that these bodies are very narrow.

Gothian quartzite boulders mainly occur in connexion with the quartzite
areas around the Gillberga syncline, in the mylonite zone and at Rimsberg.
The distribution shows that there must be more such areas than are now known.

Hyperite boulders mainly occur in close proximity to the outcrops (cf.
p- 32). A few percent of hyperite boulders over the whole of South-Western
and Southern Virmland indicate that the decrease in hyperite content among
the boulders is due to dilution rather than crushing down.

Dala sandstone boulders occur in great quantities in Eastern Virmland and
are strewn throughout the county except in the westernmost part. Thus the
distribution towards the west is rather large. The sandstone area at the River
Svartalven only slightly increases the percentages. The cause must be the
flat bedding of the rock that protected it from a strong glacial erosion.

Dala porphyry boulders occur all over Virmland but the percentages are
very low, compared with those of the Dala sandstone. As the boulders occur
even in the westernmost parts the reason must be the same as in the case of
the hyperite, i.e., the percentages decrease more due to dilution than to
crushing down. The influence of the Svartilven porphyry area is clearly
visible.
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Oje diabase boulders occur in the whole of Virmland except the northern
and western parts.

Caledonian rocks from the high mountain region occur as boulders especially
in the north. The increase in their percentages S and SE of Sunnemo indicates
that the moraine in this region is rather far-transported.

Grain size. The mean composition of the fine material of the moraines is
shown in fig. 5.

From this figure it might seem somewhat improper that the type charac-
terized by sand to fine sand (Sw. »sandig-moig») was associated with the
coarse-grained group. The reason was, however, that the fraction »fine sand»
physically coincides with the coarser sand rather than with the »very fine
sand». On account of higher capillarity and lower water retention capacity
the latter fraction forms a soil that easily becomes liquid. On the contrary
a soil rich in »fine sand» and coarser fractions has a certain inherant capacity
for self-draining.

The composition of the fine material of the moraine types characterized
by different boulder content is shown in fig. 6. The type with large boulders
(Sw. »storblockig») is surprisingly fine-grained. This is due to the fact that
even a very fine-grained ground moraine may be covered with large boulders
which in reality is an extremely thin surface moraine i. e. not directly com-
parable with the ground moraine itself. The moraine with normal boulder
content (Sw. »normalblockig») closely resembles the type »with sand to fine
sand». The moraine with low boulder content (Sw. »blockfattign) has no
direct counterpart among the types characterized by different fine-material.
The reason is that this type may be either more or less clayey or gravelly to
stony.

In the moraine with large boulders the gravel, sand and fine sand fractions
show great variations while the silt and clay content is constantly rather low.
(cf. Sw. ed., fig. 38). In the boulder-rich moraine (Sw. »blockrik») the latter
fractions have increased slightly. In the other two types this increase is still
more distinct and the variations in the coarser fractions not so great.

From the parallelism between grain size and boulder content follow the
differences in mechanical composition between moraines in valleys and on
higher sites (fig. 7). The mean valley moraine is a sandy type, rich in boulders,
the other type is a moraine with normal boulder content and with fine to
very fine sand. In Southern Virmland, however, weathering of the thin
moraine cover may have given it a somewhat finer composition than the
primary one.

The main principle holds true especially in Eastern and Northern Virm-
land; less well in the SW. Here very fine-grained moraine is found also in
the valleys, probably due to transportation over a longer distance and perhaps
also to intermixing with older sediments (cf. Lag 1948, p. 94).

In a few cases the mineralogical composition of the clay fraction from such
fine-grained valley moraines were determined from X-ray powder diagrams
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and by differential thermal analysis. When compared with true weathered
moraines these analyses indicate that the valley moraines do not contain
weathered material to any noticeable extent but of course pure mechanical
sediments may be included.

The clayey moraine of Northern Virmland, which may be distinguished
on the general map, seems to be a valley moraine of a special type. Though
it is clayey it is also rich in sand and fine sand. It easily becomes liquid by
stirring. The bluish to dark grey colour is most characteristic. This, to some
extent, is possibly due to intermixing with a blue clay that has in one case
been found as preserved beds in a »Kalix till» (cf. p. 28). Also the rock material
may have contributed to the bluish colour. This moraine type contains, for
example, greenstone material to a distinctly greater extent than the com-
mon — sometimes overlying — moraine of the same region.

Wave-washed moraine mainly occurs everywhere below the MG and especially
in the region below the highest Viner limit. It is also common in the areas
which were covered by ice-dammed lakes or even by narrow marginal lakes
or lateral melt-water streams.

In the areas of wave-washed moraine on the general map the material is
very heterogeneous. Unwashed moraine and pure sediments also occur as
small spots everywhere.

The mean mechanical composition of the wave-washed moraine corres-
ponds to a normal moraine with sand to fine sand in which the silt and clay
fractions are lacking (Sw. ed., fig. 41).

Stratification and structure. As a rule the only stratification seen in the moraines
is a distinct tendency towards higher boulder content at the surface (cf. p. 23).

The most common structural feature is the thin beds and lenses of sediments
that may be observed in the ground moraine almost everywhere. They consist
of well sorted sand, fine sand or gravel (cf. G. Lundqvist 1940, p. 30, 1951,
p- 32). According to G. Lundqvist (1951, p. 56) they were formed in short
open channels in the ice. Often these beds may be followed several meters.
In these cases they are generally almost horizontal. Sometimes, however,
they are folded, indicating that the ice was still moving just before it dis-
appeared. The abundance of these beds indicates that the topography in
Vérmland was favourable for the formation of such open channels.

In connexion with the supra-marine eskers of Northern Virmland certain
types of sediment beds are common in the moraine. These beds consist of
gravel or sand. Through increased abundance of such beds continual transi-
tions between moraine and glacifluvial gravel are formed (Sw. ed., figs. 43
and 44). The beds are often folded, indicating small oscillations of the ice.

Through oscillations of the ice border in some cases thicker sediment beds
have been intermingled with the moraine material. They may be very fine-
grained but the clay content is always low. This probably indicates that the
sediments were deposited close to the ice border and that the oscillations might
have been very small.
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Fig. 5. Histograms showing the mean composition of the moraine types, characterized by different grain size. It is clearly
seen that finer fractions dominate in the more fine-grained types. For explanations of fraction names see pp. 9 and 25.
From Sw. ed. (fig. 33).
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The more coarse-grained beds of this type are to be found in Southern
Viarmland. They are interpreted by von Post (1929, p. 40) as sub-glacial.
This opinion is supported by the distribution and the occurrence, especially
at the southern end of mountains and smaller rises.

The latter moraine type is a transition to the so-called »Kalix till» that
almost entirely consists of pure, more or less folded, sediments of fine sand
(Sw. ed., figs. 44 and 45). This type is interpreted as an oscillation moraine
by i. a. Beskow (1935, p. 123), G. Lundqvist (1943, p. 126) and Hoppe (1948,
p. 67). On the topo. map sheet 94 Dalby other variations of Kalix till have
been observed. In one locality the common folding was entirely lacking. Several
faults and overthrust planes, however, were observed. This till was formed
close to an outlet from the South Finnskoga Ice Lake (cf. p. 15). In another
case even varved clay to silt was found among the coarser sediments of the till.

Only in one locality have undisturbed sediments under moraine been
found (topo. map sheet 87 Fryksinde). The topographical conditions show
that the stratigraphy must be the result of an oscillation of the ice border.

Double moraine which may not be a form of surface and ground moraine
have been observed only in connexion with the bluish clayey moraine of
Northern Virmland. Near Bograngen this was covered with a normaly greyish
to brownish moraine with lower clay content. The stratigraphy might be a
result of oxidation only but the rock material of the gravel fractions indicates
that there might be two quite different moraines (Sw. ed., p. 58). The upper
moraine was probably deposited during one oscillation of the ice.

Foliation of different types occurs in many places. In the county of Koppar-
berg G. Lundqvist (1940, p. 38) found that this structure mainly pertains to
the higher ground. In Southern and Western Varmland, however, it is generally
found in the valleys. This difference depends on the deglaciation type: In
this region the last ice remnants were mobile lobes in the valleys in contrast
to the Kopparberg region.

Microscopical long axis determinations of the grains of a foliated moraine
show that the grains are orientated parallel with the direction of ice move-
ment but at an oblique angle to the foliation planes. This indicates that the
foliation is probably a secondary feature.

Morphological features (fig. 8). In Western and Southern Virmland the
moraine cover is too thin to form any surface forms of its own except for certain
small forms. In the north and east where it is thicker it generally follows the
salient features of the bedrock. The flat depressions located on high ground,
however, are covered with ablation moraine (cf. p. 15) with quite different
forms.

The ablation moraines of Varmland above the MG are probably due to
the isolation of small dead ice caps from the ice margin or were formed in
depressions where the ice was protected against the movements of neigh-
bouring ice (cf. Ahlmann 1938, p. 28, G. Lundqvist 1940, p. 38). A com-
bination of these types is most common. Below the MG intra-glacially formed
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ablation moraine occurs in the narrow valleys (cf. G. Lundqvist, op. cit.).

Three morphologically different types of ablation moraine occur in Virm-
land: 1) With sharp irregular forms and sharp-edged boulders. 2) With
smoother irregular features and better rounded boulders. 3) With sharp
regular forms, ridges and sharp-edged boulders (G. Lundqvist 1943, p. 23).
Types 1 and 2 are most common. Type 3 — the so-called »Rogen type» —
only occurs at Lake Orsjén in the north (cf. Sw. ed., figs 142 and 143).

The following detail features have been observed in the ablation moraine
areas in Virmland: 1) Regular or irregular ridges. 2) Funnel-like hollows,
rich in boulders. 3) Small pyramidal hummocks with numerous large boulders.
4) Even plateaus with steep sides and often low boulder content. (The rim
ridges, described by Hoppe, 1952, do not seem to occur in Virmland.)

It seems clear that type 2 is a type of dead-ice hollow that was formed
when a buried ice-boulder melted. Type 3 must have been formed by material
which slipped down into crevasses in the ice. Type 4 consists of the sub-glacial
moraine — ground moraine s. str. — with ice contact slopes, formed against
isolated parts of the ice sheet.

The interpretation of the ridges is more complicated. Such ridges were
interpreted as terminal moraines, among others, by A. G. Hogbom (1894,
p. 76, 1920, p. 94) and G. Frédin (1925, p. 135 ff.). Tanner (1915, p. 222)
showed that this is not the case but that they were formed within the margin
of a stagnating ice sheet. Tanner (op. cit.), G. Lundqvist (1943, p. 23 f),
Mannerfelt (1945, p. 212) a. o. considered the ridges as mainly formed from
material that had slipped down into ice crevasses. Mannerfelt, however,
pointed out that no general interpretation of such ridges may be given. Hoppe
(1952, p. 54) was of the opinion that the material was squeezed into crevasses
from below (cf. also Mannerfelt op. cit.,, p. 216).

In the Orsjo area it can be stated that the coarse bouldery material can
never have been plastic enough to be squeezed according to Hoppe’s hypothesis,
however wet it might have been. The theory may, however, be applicable in
some cases S of Lake Orsjon. Here Kalix till (cf. p. 28) was observed in several
localities. Some squeezing may have taken place here though the folded beds
indicate a horizontal rather than vertical pressure. The small thickness of
the moraine covering may have favoured such a squeezing.

The orientation of the boulder material in the ridges is generally at right
angles to the ridges (cf. Sw. ed., fig. 48). Hoppe (op. cit.) found that the
boulders dipped towards the margin of the ridges. This orientation might
indicate a slight earth flow after the disappearance of the ice rather than a
squeezing (cf. G. Lundqvist 1949, Rudberg, 1958).

At Lake Orsjon a profile through a moraine ridge was observed that might
be of some importance for the interpretation of the ablation moraine: a)
11/, m surface moraine with large boulders b) 1—1'/, m glacifluvial gravel
¢) > 5 m ground moraine without boulders. The profile might be explained
as 1) oscillation stratigraphy 2) erosion remnants of a thin delta or 3) crevasse




30 JAN LUNDQVIST

filling. Especially from morphological reasoning the third alternative seems
to be the only possible one.

Thus, the ridges generally seem to be crevasse fillings. The orientation of
the ridges was determined by the crevasse systems of the ice sheet, i. e. the
movement of the ice just before the stagnation (cf. G. Lundqvist 1941, p. 390,
Mannerfelt 1945, pp. 136, 420 fI.).

The hummocky moraine that covers the bottom of some valleys even below
the MG is probably G. Lundqvist’s (1940, p. 39) intra-glacial dead ice
moraine.

Other detail forms of the moraine are drumlins, radial moraines and ter-
minal moraines. The drumlins mostly seem to consist of a rock core parallel
to the ice movement with a rather thin moraine cover (rock-drumlins; cf.
A. G. Hogbom 1905, pl. VII, fig. 9). They mainly occur in the broad valleys
of Central and Western Viarmland. The boulders of the moraine are orientated
parallel to the ridges. The same orientation is shown also by the superficial
boulders though it is here less pronounced (Sw. ed., fig. 50).

The drumlins only occur below the MG. The corresponding supra-marine
form are the radial moraines. Drumlins and radial moraines are often con-
sidered as synonymous forms. E. g. Tanner (1915), however, distinguished
between these forms. The radial moraines consist of loose surface moraine
or ground moraine. The former is probably a crevasse filling. The latter may
have been squeezed into crevasses from below (cf. Granlund, 1943, p. 43,
Hoppe 1952, fig. 30, Dyson 1952, p. 208 ff. and above, p. 29). The process
is reminiscent of the one discussed in connexion with the ablation moraine but
an important difference is that the radial moraines were formed by mobile
ice. However, in many places they gradually change to ablation ridges (cf.
Wahnschaffe 1909, p. 149).

Numerous terminal moraines occur, especially in the south-eastern part of
the county. Their height never exceeds about 5 m. The boulder material is
orientated at right angles to the ridges (cf. G. Lundqvist 1948, p. 22) which
are all of the annual type in sense of G. De Geer. In some cases, however,
calving may have contributed to their location as has been pointed out
especially by Hoppe (1948, p. 14 ff.; cf. also G. De Geer 1932, p. 15 and J.
Lundqvist 1954, p. 52). This may be the case N of the Arasviken bay, where
the ridges are sometimes rather irregularly orientated. Here they run almost
parallel to the eskers in many places, thus forming estuaries.

The terminal moraines occur in large groups with a tendency to orientate
parallel to the ice movement. This might be caused i. a. by a lobular move-
ment even of the compact ice sheet (cf. also G. Lundqvist 1954, p. 36 ff.).
Certain topographical features also favour the formation of terminal moraines.
Where a valley narrows, the ice movements might be stronger and increase
the capacity for forming terminal moraines. An ice-front with low moraine
content upon a flat rock surface also seems to be favourable (cf. p. 29).
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Fig. 8. The most characteristic surface forms of the moraine. Ablation moraine (dédismorin)
mainly occurs in the north-east. At the southern border of this area radial moraines (radial-
moriner) and drumlins occur. The latter are found only in the large valleys. Terminal moraines
(indmoriner) occur in large groups in the southern part of Virmland.
The map also shows the occurrences of Kalix till (Kalixpinnmo). They belong to the northern
part of the county, but a few less characteristic occurrences (K within brackets) have been
observed in the south-west. The triangle denotes moraine, resting upon undisturbed sediments.
From Sw. ed. (fig. 49).
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Chemical properties. A. Heavy mineral index (Sw. basmineral-
index = percentage of minerals with a density > 2.680 in the sand fraction)
is an important factor determining the fertility of the soil and was determined
according to Tamm (1934) and Jarnefors (1952; cf. also above, p. 10). The
mean value is rather low — about 10. The hyperites that almost only consist
of heavy minerals influence the indices only locally except from the eastern
part of topo. map sheet 71 Karlstad where they are most abundant. Higher
indices are caused by the presence of greenstones and other basic rocks at the
Gillberga syncline and in Eastern Varmland. The high values in the north
might be caused by Caledonian rocks (cf. Granlund 1943, p. 38). Low indices
occur especially where the moraine is influenced by the Dala sandstone. (Cf.
Sw. ed.; fiz. 52)

B. Potash was determined as easily soluble K,O in the fractions finer
than 0.2 mm. The method, however, is not the most suitable and no com-
prehensive conclusions may be drawn from the results. The common value
is about 2—5 mg/100 g. Western Virmland seems to be somewhat richer in
potash in the south; in the north, Eastern Virmland is richer. High values
seem to be due to the presence of Bohus granite, hyperites, greenstones and
shales. (Cf. Sw. ed., fig. 53.)

C. Phosphate was determined as P,O;, soluble in lactate, in the
fractions finer than 0.2 mm. What was said about the suitability of the potash
method is also applicable to the phosphate method. High values occur espe-
cially in Northern and Eastern Virmland. The values are increased by the
hyperites but probably they are more dependent on factors other than the
bedrock. No general differences are observed between samples from cultivated
and non-cultivated areas. (Cf. Sw. ed., fig. 54.)

D. Manganese. The manganese content, defined as the total per-
centage in the fine fractions, is highest along the broad part of the mylonite
zone. The values are distinctly increased by hyperites and greenstones. Low
values characterize Eastern Virmland. (Cf. Sw. ed., fig. 55.)

E. Titanium was determined as the quantity of extractable TiO,
in the fine fractions in order to trace the influence of the hyperites over a
greater distance than would be possible with the aid of heavy minerals. A
slight increase of the values might be seen on the lee side of the hyperite-
bearing zone. (Cf. Sw. ed., fig. 56.)

Connexion between chemical composition and the bedrock. The hyperites increase
the percentages of all the elements investigated (fig. 9). The influence, how-
ever, is of local importance only. Probably the effect is strengthened by the
strong weathering of the hyperite moraines. Besides relationships governed by
the presence of this rock the following relationships occur: Grey gneiss seems
to give the highest potash content while the red has the lowest. Grey gneiss,
furthermore, seems to give a lower phosphate content than red gneiss and gra-
nites. The titanium content is especially low in the granite moraines. There
are no variations between the manganese content in moraines of these rocks.
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Fig. 9. The variations of the content of heavy minerals, titanium, manganese, potash and

phosphate within a profile, parallel to the ice movement, across the hyperite mountain Koppar-

kullen (topo. map sheet 71 Karlstad). The hyperite outcrop is marked with black. A distinct

increase of all the contents is seen at the hyperite body. However, this influence seems to be
of very local importance. From Sw. ed. (fig. 57).

Arrhenius’ (1956) investigations indicate that there is a distinct connexion
between the bedrock and the resistivity (inversely proportional to the con-
tent of electrolytes) of the different soils. There are great differences within
each soil type as well as between samples from dry or wet localities. Thus,
one specific value is of no fundamental importance. However, the regional
variations are of a more significant order of magnitude and follow the varia-
tions of the bedrock. This suggests that the regional variations shown by the
figures cited might be real, even if factors other than the bedrock might be
the most important.
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Glacifluvial deposits

Except in the plain N of Lake Vinern the glacifluvial deposits mainly
belong to the valleys. A common type consists of one sub-aquatic and one
supra-aquatic part, separated by a delta near the MG. In the large valleys
sometimes lateral terraces occur.

Eskers. 'There are three distinctly different types of eskers: sub-aquatic,
supra-aquatic and sub-aérial. The sub-aquatic eskers are rather
high — often more than 30 m. In spite of this height they are generally divided
into short hills. The proximal ends of such hills are often very steep, indicating
an ice-contact. This type of esker was probably formed at the outlet of a sub-
glacial discharge river in the sea according to G. De Geer’s classic theory.

The sub-aquatic eskers of some large valleys in North-Western Virmland
do not show these variations in height. The width, however, varies rather
strongly. Moraine boulders and material are very common on these eskers,
indicating that they might have been formed sub-glacially.

The material of the eskers varies from coarse gravel to rather fine sand
(Sw. ed., fig. 58). In comparison with eskers in other districts it is, however,
rich in sand. The eskers often consist of a core of coarse gravel with a thick
cover of more sandy material. The surface again may be richer in gravel.
The surface gravel sometimes seems to be a result of wave-washing but some-
times it is probably primary. In some cases it is probably an outwash gravel,
according to Wadell (1936).

Faults and overthrusts are very common in the eskers. In some cases they
indicate oscillations of the ice (Sw. ed., fig. 59).

The supra-aquatic eskers sometimes consist only of a flat
valley filling. In many other cases they form long sharp ridges, sometimes
several parallel ones. Their material is a gravel with less sand and also less
boulders than is the case with the sub-aquatic eskers.

The sub-aérial type of eskers consists of short, sharp ridges in
the high parts of Northern Virmland. The positions often show that these
eskers must have been formed in open crevasses in the ice. Their material is.
often surprisingly fine. It may even contain several percent of silt.

Engorged eskers (Sw. »slukdsar», Mannerfelt 1945, e. g. p. 215)
seem to be rather common in Northern Varmland. They occur on the steep
sides of many valleys at right angles to the slope and may have been sub-
glacially or sub-aérially formed. The length of these eskers may be several
hundred m while the width only seldom exceeds 10 m. Shorter and broader
kame-like engorged eskers occur on the topo. map sheet 81 Filipstad. The
material is sand to fine, sharp-edged gravel, sometimes with moraine material.
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Deltas. In Southern Virmland a certain type of delta occurs which is merely
the broader part of a large esker (e. g. the Sérmon, the Fryksta delta). They
indicate a ceasation in the ice recession, probably depending on the relations
between water depth and ice thickness rather than climatic variations (cf.
p. 18). Also topographic conditions may have had some influence (cf. Wenner
1955), especially at the mouth of large valleys (Nelson 1910, p. 219) or in
the upper parts of the valleys (cf. p. 15). In the latter case there was a stagna-
tion while the deglaciation passed over from sub-marine to supra-marine con-
ditions. Such was the genesis of the large Brattforsheden delta (Hoérner 1927,
D 81)

The most common type of delta is the M G-delta. This type occurs
especially where a »hanging valley» opens out into a larger one. The delta
surfaces show very great morphological variations (cf. e. g. J. Lundqvist 1957).
They may be flat or hummocky. In some cases dead-ice hollows or stream-
channels occur. Large longitudinal or transverse eskers and kames also occur,

These deltas are approximately referable to the MG. However, the delta
surface may be situatedsabout 10 m above or below the MG (cf. p. 18, and
Gillberg 1952).

The material of the deltas shows the same great variation as that of the
eskers. Thus, it is rather rich in sand in the main part of the deltas. In the
proximal part it is commonly very coarse.

A sub-aérially formed delta (outwash cone) occurs at the opening of the
Morkdalen valley (topo. map sheet 94 Dalby). On its surface there is a very
low and sharp little esker. The material is a coarse gravel followed by a transi-
tion into boulders (diam. = 1 m) in the proximal part.

Lateral terraces. Large lateral terraces formed between the ice and the valley
side, occur in some broad valleys in Western Viarmland and e. g. in the Klar-
alven valley. Their surfaces may be flat or undulating, sometimes with shallow
stream-channels.

A somewhat different type of terrace is formed by an esker that approaches
a valley side. Examples occur at Hagfors and N of Kristinehamn.

The main part of the minute glacifluvial deposits of Western Viarmland
consist of very small lateral »terraces». Glacifluvial gravel is here attached
to the steep valley sides and has in some cases been squeezed into small cre-
vasses in the rock. This indicates that they were formed in narrow crevasses
between a mobile ice lobe and the valley side. The numerous fissure valleys
divided the sub-glacial discharge rivers into many small streams. Thus no large
glacifluvial deposits could be formed.

The lateral terraces mainly occur on the eastern sides of the valleys. This
is due partly to the general slope of the land surface and partly probably
to the »morning mist effect» (see p. 15 and G. Lundqvist 1935, p. 295). The
melting of the snow in recent time shows the same irregularity but here probably
also different precipitation on the two valley sides may have some influence
(cf. p. 43, and Sw. ed., fig. 63).
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The material of the lateral terraces shows the same variations as that of
the eskers and deltas but is often still more rich in sand. Only in the small
terraces of Western Viarmland does the gravel occur in greater proportion.

Erosive forms of the glacial discharge rivers. The most common traces of the
erosion of the glacial melt-water in Virmland are the lateral — or extra-
lateral — drainage channels (Sw. »skvalrinnor»), and the chutes (Sw. »sluk-
rannor»; erosive counterpart to the engorged eskers). Canyons, similar to
less typical col gullies (Sw. »sadelskdror»), have been observed in a few cases.

The typical lateral channels and chutes are very small and
occur grouped together in small areas especially within topo. map sheet 80
Uddeholm. In some large valleys, especially the Klardlven valley, the corres-
ponding channels are very long and straight (cf. Gillberg 1952). It seems doubt-
ful if they are really true lateral drainage channels. In some cases they con-
tinue just below the MG — even according to Gillberg (op. cit.). In some
cases it is also evident that their origin is to be found in the bedrock or moraine
forms. Anyhow they must have served as drainage channels to an ice lobe in
the valley — and probably also to ice caps in the surroundings. In some cases
they might, however, have been Late- or Post-glacially deepened. Thus, they
may be used for MG-determinations only with greatest care.

The canyons similar to col gullies always seem to be
related to fissure or fault zones in the bedrock. They generally cross over
ends of heights or higher parts of valley bottoms and are somewhat more
similar to the »kursu valleys» of Northern Sweden (Rudberg 1949).

Glacigenous sediments

On account of numerous transitions and doubtful cases it has not been
possible to discriminate between glacial and post-glacial sediments on the
survey map. There the finest sediments were only petrographically distin-
guished: heavy clays that have more than about 40 9, clay and light clays
with less clay content. On the map the latter were grouped together with the
areally unimportant silt and very fine sand. In this general description, how-
ever, the genetically different sediments may be treated separately.

“ The glacigenous sediments are the most distal sediments from the glacial
discharge rivers, i. e. the distal glacifluvial deposits. A continuous series is
formed by the glacifluvial deposits, the glacial very fine sand (fiord sediments)
and glacial silt and clay (fig. 10, cf. also Sw. ed., figs. 58 and 64). Generally
the glacigenous fine sediments are well sorted which indicates that they were
deposited from running water with rather continuously diminishing flow
velocity.

The fiord sediments were formed in narrow valleys, especially
the Klarilven valley, when these were occupied by long fiord-like inlets.
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Fig. 10. Diagrams showing the variations in composition of the fiord sediments and glacial

silt (left) and glacial clay (right). The difference between these two diagrams and the diagram

of the post-glacial sediments (fig. 11) is obvious. Explanation of the fraction names see p. 9.
From Sw. ed. (fig. 65).

During the deglaciation the water must have flowed rapidly in these inlets
and the sediments are therefore coarser than the sediments deposited in the
open sea. They mainly consist of very fine sand to silt and are commonly
beautifully varved (Sw. ed., fig. 66). The original thickness of the fiord sedi-
ments in the upper Klarilven valley was about 90 m. Mostly, however, the
fine sediments do not appear on the map. The reason is that the surface beds
consist of coarser sand. While the fine sediments were deposited from sus-
pension the surface sand is a bed-load deposit, formed when land uplift and
sedimentation had brought the sediment and water surfaces close to each
other.

Glacial silt is comparatively rare and was formed in some valleys
where the flow velocity was lower than in the upper Klarilven valley and
others with fiord sediments. It mainly occurs around the lower Klarilven val-
ley, more marginal than the fiord sediments. The silt, too, is generally varved.

The glacial clay mainly occurs around the eskers of Southern Varm-
land. Outwards from the eskers it gradually becomes thinner. Two different
types occur: the so-called red Bergslag clay and a more indifferent greyish
type (cf. J. Lundquist 1957 a, p. 4 fI.). The former is a rather heavy clay with
often more than 60—70 9, clay. It belongs to South-Eastern Viarmland.
The colour probably depends on the iron-rich rocks N of Filipstad and some
red Dala rocks (sandstone, porphyry, granites). Often this clay is distinctly
varved. Several different varve types occur (J. Lundqvist op. cit., p. 6 ff.).

The greyish type of the glacial clay dominates throughout Virmland W
of the region S of Brattforsheden. Its colour may change to brownish or redish
but never becomes as bright red as that of the first type. The clay may be heavy
but the variations are greater than those of the eastern type. The mean clay
content is about 50 9,. Varves are common but generally not through the
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whole bed. Most common is an alternation between pure clay and more sandy
layers. The clay may change rapidly from a varved to a symmict type. A thick
drainage varve seems to occur over most parts of Western Viarmland. It was
interpreted by von Post (1929, p. 47) as originating from the draining of the
Lower Glomma Ice Lake in Norway (cf. Holmsen 1915).

The varying composition is probably due to some extent to intermixing
with wave-washed material (J. Lundqvist, 1957 a, p. 11). The often rather
high content of silt and very fine sand often makes these clays become liquid
on stirring (cf. p. 41).

All the glacigenous sediments described above were deposited in the sea.
The sediments of the ice-lakes are generally beach sediments, formed by
wave-washing. These are of the same type as many post-glacial sediments
and will be described together with those. Only in few cases were glaci-
genous sediments deposited in the ice-lakes to a noticeable extent. The reason
for their scarcity must be that these lakes in many cases were narrow marginal
lakes only while the depressions were occupied by ice bodies (G. Lundqvist
1942). The observed sediments of this type are generally of a rather coarse
bedded sand. Only N of Aamik (topo. map sheet 88 Ekshirad) was very
fine sand of the fiord type observed.

Post-glacial sediments

The term »post-glacial sediments» is here used collectively for all sediments,
gravel to clay, that were formed by wawe-washing and transportation by
Post-glacial streams. Since wawe-washing already began in Glacial time the
term is not quite logical. As the sedimentation of this type did not dominate
over the glacial one until the ice had to some extent retreated, however, and
as the term is commonly used it will be retained.

Wave-washed gravel is the coarsest, most proximal sediment formed by wave
action upon moraine or glacifluvial gravel. It consists of gravel and sand in
varying proportions. The finer fractions are lacking. In some cases, however,
a considerable quantity of them may be found. Sometimes the reason is that
topographical conditions rendered their removal impossible. In other cases
fine material may have been infiltrated into the gravel. The stratigraphy of
the wave-washed gravel shows great variations. The dominating principle,
however, is an increase in grain-size upwards in the succession.

This gravel occurs in connexion with ice-lake areas as well as in the whole
region below the MG. In the former case it often belongs to certain levels
between unwashed moraine. Below the MG it generally occurs at any levels
but may often form distinct beaches.

Sand is the more distal sediment, formed by wave-washing. It occurs along
most slopes in Southern Virmland and especially along the large glacifluvial
deposits. Its composition shows great variations with changes between fine
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Fig. 11. Diagram, showing the variations in composition of the post-glacial clays. These
clays vary directly from clay to very fine sand, while the pure silt is almost completely
lacking (cf. fig. 10). For explanation of the fraction names see p. 9. From Sw. ed. (fig. 67).

gravel and fine sand. Especially the latter fraction is dominant in many sand
occurrences in Viarmland.

A certain type of sand was mentioned above (p. 37). This was transported
as bed-load with streaming water and deposited on top of the finer sediments
of broad valleys. This type of sand covers large areas, especially in the lowes
Klarilven valley.

The sediments of ice-dammed lakes generally consist of a coarse and less
well sorted sand.

Post-glacial clay. Two clay types — »Viner clay» and mud-clay — may
be distinguished from the Post- (or Late-) glacial clay in general. The term
»post-glacial clay» here includes the latter type only.

The diatom content shows that most of the superficial clays of Varmland
are Post-glacial. They are the most distal sediments formed by wave-washing
and transportation by rivers or streamlets. Only in Eastern Varmland, how-
ever, may they easily be distinguished everywhere from the glacial clay.

A triangular diagram containing all determinable post-glacial clays of
Virmland (fig. 11) shows a distinct difference from the diagram of glacial
sediments (fig. 10). While the latter vary from pure clay via pure silt to pure
sand, the post-glacial clays vary from a somewhat lighter clay directly to
sand. The difference is due to differences in sedimentation: The glacial sedi-
ments were deposited from a suspension in running water with gradually
diminishing flow velocity. The post-glacial sediments were transported partly
in suspension, partly as bed-load and deposited from a more irregularly flow-
ing body of water. The flow conditions were dependent mainly on wind and
topographical factors that must be rather irregular in broken country like
Virmland. Thus, the post-glacial sediments became more irregularly composed.
The pure silt that is deposited from a smoothly and regularly flowing body of
water is lacking among the post-glacial sediments.
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The colour of the post-glacial clays is greyish but may change to brownish
or redish due to oxidation of their iron content.

» Viner clap» (a term used on the old geological map sheets; e. g. S. Johans-
son, 1917, Sandegren, 1920, and von Post, 1929) in this paper denotes a clay,
very rich in fine and very fine sand (Sw. ed., fig. 69, cf. also von Post 1929,
p- 51). It is a typical so-called »land upheaval sediment», i. e. an extremely
sandy variation of the post-glacial clay. It mainly belongs to the region below
the highest Vaner limit (cf. p. 26). The land uplift conditions caused the special
development of this clay. After the isolation of the Viner basin the rate of
land uplift in Varmland was a result not of the real rate of uplift but of the
difference in rate between each individual part of the county and the outlet
of Lake Vanern. On account of this slower uplift the older deposits could be
washed more thoroughly than before, the amount of sediments therefore
becoming greater. On the other hand, the water was shallower than earlier
and the sediments could not easily be washed away. Thus, many different
fractions were deposited together.

The Viner clay shows an irregular bedding with numerous short layers
of pure sand. It often rests discordantly upon the older clay (cf. p. 19). Its
colour is grey without any red or brown shades. The thickness only seldom
exceeds a few dm.

Mud-clay. In isolated bays with a small supply of sediments the postglacial
clay was intermixed with microscopic organic remnants, mud (Sw. »gyttja»),

to a noticeable extent. The content of organic material is generally about
4.9 C.

The mud-clays of Virmland belong to two types: one greenish and one
black. The black type is sometimes not a true mud-clay but the so-called
»pitch-clay» (Sw. »becklera»), described i.a. by von Post (1929, p. 56).
In other cases, however, the black colour is caused by FeS. The green type
is always a true mud-clay the colour of which is caused by mud material.

The mud-clays are commonly very well sorted — in good agreement with
the sedimentation conditions (Sw. ed., fig. 70).

Chemical and physical properties of the sediments

Mineralogical composition of the clays. No investigations of the mineral content
of the clays have been made during this work. However, Soveri’s (1950, p. 72)
differential thermal and X-ray analyses may be mentioned. He found that
the clays of Varmland consist to a large extent of mica-like minerals and
weathered feldspars. A great part of these clays are thus composed of (Pre-
glacially) weathered material. However, no information is given concerning
the age of the clays investigated.
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Liquid tendency of the clays, 1. e. the tendency to become liquid, e. g. by stirring,
is dependent on the content of silt and very fine sand (cf. also salinity, below).
This property is due to the high capillarity, high capillary rising power and
low water-retaining capacity.

In nature the liquid tendency may be observed mainly from the formation
of ravines. These often occur close to the large glacifluvial deposits (cf. Sw. ed.,
fig. 71). Here the glacigenous sediments — the most proximal of glacial clays —
are rich in the fractions mentioned. Ravines also occur in great quantity in
the fiord sediment terraces of the Klaridlven valley. As these terraces are
narrow, however, the ravine areas here are small.

The terain conditions, too, have some influence upon the origin of ravines.
When the clay rests upon a coarse-grained porous substratum water may
be absorbed from below during freezing. When this water thaws it will make
the clay liquid (Wenner 1941, p. 79; cf. also Beskow, 1935 a.).

Potash content of the sediments. This was determined in the same way as for
the moraine. Thus the method was not the most suitable and each specific
value is not of any great importance. From the map of the potash content
(Sw. ed., fig. 72) it may be seen that the content is low in the north and east
and within a zone in NW—SE across topo. map sheet 70 Arvika. Between
these zones the content is higher.

The potash content generally increases with increasing clay content. Only
in the extreme south-west of Virmland is the proportionality inverted.
The reason might be that the potash-rich Bohus granite gives rise to a great
amount of muscovite, especially in the coarse fractions (Sw. ed., fig. 73).

No general difference between glacial and post-glacial clay or between
sediments from cultivated and non-cultivated areas was found.

Phosphate content of the sediments. These values are probably still more un-
certain than the potash values. From the map (Sw. ed., fig. 74) it might be
seen, however, that the phosphate content is highest in Eastern Virmland
and especially low on the peninsula of Virmlandsnis and NW of it.

Salinity of the clays was determined as the content of K and Na. The values
obtained (Sw. ed., fig. 75) show:

1) The salinity is high in comparison e. g. with the Baltic region (Stahl-
berg 1952). The H-quotients of Swedish clays published by Wenner (1949)
indicate that the clays of Virmland have a medium salinity.

2) The salinity distinctly decreases towards the NE. This fact probably contrib-
utes to a somewhat higher liquid tendency of the clays in Western Varmland.

3) The salinity is very low in the lowest beds from where it rapidly increases
to a maximum. It then gradually decreases upwards. The effect of the isolation
of the Vianer basin does not show, probably due to the fact that the water of
the basin only gradually lost its connexion with the sea. The low salinity in
the upper beds is an effect of leaching. The remaining low content is com-
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parable with the potash content treated above and dependent on local factors
and the mechanical composition of the sediment.

The rapid changes, observed e.g. at Grums, are caused by variations
in current conditions. On account of these the salt content of the water, as
well as the mechanical composition of the sediments, changes.

The varved clays show a distinctly lower mean salinity (0.51 ME/100 g)
than the symmict ones (0.80 ME/100 g) (cf. J. Lundqvist 1957 a, p. 10).
Where a faint varved character occurs the mean value is 0.63. Thus, the salinity
of the water was probably one reason for the different developments of varves
in different regions of Varmland.

Eolian sediments

The conditions were most favourable for the formation of eolian sediments
immediately after the retreat of the ice. Such sediments especially occur on
the large deltas close to the MG and were formed during a short period in
Fini-glacial time (I. Hégbom 1913, p. 156, 220 ff., 1923, Horner 1927, p. 162).
Younger deposits mainly occur on the large deltas of Southern Virmland and
on the terraces in the Klarilven valley. Small recent deposits occur at or near
the coast of Lake Vinern.

Four different dune types occur in Virmland: 1) large curved ridges,
2) long straight esker-like ridges, 3) low bank-like ridges and 4) small irre-
gular hummocks or drifts.

Type 1 mainly belongs to the Brattforsheden delta. These dunes have their
convex side to the SE. They were thoroughly described by Hérner (1927).
They were interpreted by him as transversal and by Enquist (1932,
p. 43) as longitudinal. The shape of the dunes — distinctly bent and often
with a somewhat steeper side towards the S — as well as the climatic conditions
(Sundborg 1955) make it rather clear that Hérner’s opinion holds true.

The Brattforsheden dunes are rather gently curved. Sharper curved dunes
occur in the Klarilven valley. Their shape may be similar to barchans but
the convex side is always turned from the wind direction. Their height may
be considerable: 20—30 m.

Type 2 only occurs in the Klarilven valley (J. Lundqvist 1957, p. 25).
These ridges follow the sides of the valley and may be as long as 5 km. They
attain a height of about 15 m. They were probably formed by winds from the
NNW along the valley (cf. Sundborg, op. cit.).

Type 3 is found on the southern slopes of the delta plains of Southern Virm-
land. Possibly they were originally formed as banks. The material was then
redeposited to some extent by the wind. It is quite similar to that of recent dunes.

Type 4 occurs in all dune-fields but is especially observed along the shores
of Lake Vinern. This type thus occurs as recent dunes in contrast to the other
types that form fossil dunes only.

On the height SW of the Brattforsheden dune field there are rather large
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deposits of so-called »windblown silt» (Sw. »flygmo»; according to the ter-
minology used in this paper it is a fine to very fine sand). The meteorological
and climatological conditions for its genesis and the problem of its geographic
location were recently treated by Hjulstrom (1955) and Sundborg (1955).
The windblown silt was deposited by »gradient winds from the northwest—
northeastern quadrant over the district around the highest coastline» (Sund-
borg op. cit., p. 110). The surface wind that formed the sand dunes was de-
flected from the gradient wind and followed the topography. Thus, the dunes
at Brattforsheden are orientated by winds from the NW—NNW. The fine
material that reached higher levels was deposited by gradually more unde-
flected winds on higher levels, i. e. in this case towards the SW.

Minute deposits of windblown silt occur W of the upper Klarilven valley
and W of the glacifluvial deposits along the river Svartilven. No surface forms
have been observed; the windblown silt always consists only of a thin bed
that may fill up small depressions.

The eolian sand is very well sorted. The dominating fraction is the sand
or fine sand. In the so-called silt fine sand and very fine sand dominate. The
bedding of the dunes is commonly rather regular, indicating that the strongest
winds — which were dune-forming (Sundborg, op. cit.,, p. 107) — were
regular and prevailing and came from the NW-—NNW.

Alluvial sediments

In this work the term »alluvial sediments» is used to represent the recent
or sub-recent sediments deposited by the water-courses partly along their
banks at highwater, partly as deltas at their mouths. There is no sharp limit
of course, between these sediments and older ones. The term alluvial sedi-
ments was therefore used where distinct surface forms indicate that the sedi-
ments were formed by flowing water.

There are two main accumulation forms, characterizing the alluvial fluviatile
sediments of Virmland: levées (Sw. »dlvbackar») and point bars (Sw. »élv-
vallar»). The lev ées are low banks along the shores of the water-courses.
They were formed at high-water when the normal banks were overflowed.
Thus, they may occur only where the region around the river is flat and the
river not too deeply situated. Therefore they are rather rare in most parts of
Virmland.

The point bars only occur in the meander section of the course of
the river Klarilven. The material eroded away on the upstream side of the
headland within a meander bend is redeposited mainly as a bed-load deposit
on the downstream side. Here it forms banks of different orders, the highest
of which is parallel to the shore. As the river lowers its course and moves
downstream these banks gradually become more elevated in relation to the
water surface. Suspended material is then deposited mainly on their crests.
In this way more or less sharp ridges, parallel to the banks are created — the
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point bars. Their genesis has been thoroughly treated by Sundborg (1956;
cf. also S. De Geer 1911 and J. Lundqvist 1957).

Other characteristic morphological features of the headlands in the Klar-
dlven valley are the steps between higher and lower parts of the headlands
(Sw. »nisavsatser») and abandoned loops. The former originated at times
when the vertical erosion of the river was more rapid than the horizontal (cf.
also S. De Geer, op. cit.). The abandoned loops, which are often filled with
peat bogs, are especially abundant along the lower Klarilven valley. Sande-
gren (1939, p. 34) showed that to a great extent they originated at the begin-
ning of the Sub-atlantic time when there was an increase in the discharge of
the river.

The mechanical composition of the alluvial deposits described corresponds
to a fine or very fine sand in the superficial parts. These fine sediments, inter-
bedded with coarser layers, rest upon a coarser sand with one or more thin
bottom beds of gravel (cf. Sundborg, op. cit., p. 272 ff. and J. Lundqvist
1957).

Large areas of alluvial gravel only occur in the upper Klarilven valley,
partly as redeposited glacifluvial gravel at the tributary deltas, partly as a
series of deltas N of Lake Vingingsjén (J. Lundqvist 1957, p. 32).

More fine-grained alluvial deposits were formed at high water in isolated
bays etc. Numerous transitions to heavy mud-clay occur.

Characteristic for all the alluvial deposits is a certain amount of coarse
organic material: wooden twigs, leaves etc. Sometimes these remnants
may form thick beds (cf. Sandegren 1939, p. 11).

Peat land

The peat land reaches its greatest areal extent in Northern and Eastern
Viarmland. South-westwards the area decreases and most parts of Virmland
have a rather small peat area. It should be observed, however, that in the
south-westernmost part the exposed bedrock occupies a large area; if the peat
land is compared only with the total area of Quaternary deposits this region
appears rather rich in peat land.

Types of peat land. As a collective term for peat land of any kind in this
paper the word mire will be used. According to their genesis the mires may
be divided into paludification mires (Sw. »forsumpningsmyrar»)
and encroachment (or basin) mires (Sw. »igenvixningsmyrar»).
The former were created by peat-forming vegetation directly on a moist
surface. According to Granlund (1932, p. 165 ff.) and G. Lundqvist (1928,
p. 155, 1955) paludification was most intense during the third millenium
B. C., the earlier part of the 2nd millenium B. C. and 500—1500 A. D. The
first origin, however, is much older: from the time immediately after the
deglaciation (e.g. Tamm 1931, p. 296). The encroachment mires were
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formed in a lake that was gradually filled up by mud and invaded by water
vegetation (reeds, sedge etc.). Through both the main processes described the
same kinds of mires may finally be formed.

According to von Post and Granlund (1926, pl. 10) and G. Lundqvist (1955)
the paludification mires dominate in Northern Virmland. Southwards the
encroachment mires increase in number and are, on the peninsula of
Viarmlandsnis, entirely dominant.

The most convenient classification of the mires, however, is founded mainly
on the vegetation. In this work the classification used by G. Lundqvist (1951)
in the county of Kopparberg (a modification of Malmstrém’s, 1940, classifica-
tion) was used. Three types of mires were distinguished: bogs (Sw. »mossar»),
mixed mires (Sw. »blandmyrar») and fens (Sw. »kdrr»). G. Lundqvist’s
fourth type, spring mires (Sw. »killmyrar»), seems to be of rather small im-
portance in Varmland. Only on topo. map sheet 71 Karlstad were numerous
spring mires observed.

The term bog in this work denotes a mire characterized by numerous
distinct Sphagnum hummocks with shrubs and often stunted pines. The bottom
vegetation mainly consists of sedges, lichens (Cladonia) and small shrubs.
The hillocks may be separated by wet hollows with sedges or Sphagnum cus-
pidatum. Sometimes the hollows are bare, with a surface of dy (chemically
precipitated humus substance).

The bogs of Southern Virmland are generally ‘raised bogs: The
bog is then surrounded by a wet fen-like (cf. below) zone — the lagg — with
sedges or open water or dy surfaces. The slope — the rand — from the lagg
towards the central beg-surface, described above, may be rather steep. The
vegetation here consists mainly of shrubs and trees on a Sphagnum bottom.

Mixed mires are characterized by small bog areas separated by
wet areas with sedges (Carex species, Eriophorum, Scirpus). In these wet surfaces
sometimes narrow ribs with a more bog-like vegetation occur. A wetter mire
may have ribs with sedge vegetation separated by dy hollows. The ribs run
parallel to the contour lines. The genesis of ribs was discussed i. a. by Auer
(1920) and G. Lundqvist (1951, p. 98 ff.). According to the latter it is signi-
ficant that the Scirpus caespitosus tussocks grow in rows. If these rows happen
according to Auer, a thrust caused by the ice may widen the hollows.

The fens are characterized by sedge vegetation. Also trees (mainly
birch and alder) and shrubs occur. Detail forms except small tussock-like
tufts are never observed.

The main part of the mires in Varmland are bogs. Mixed mires only occur
in Northernmost and especially North-Eastern Virmland. The fens mainly
occur in the southern and western parts (cf. von Post & Granlund 1926,
pl. 10 and G. Lundqvist 1955, fig. 1).

Peat types. The classification of the peat in this work followed the principles
of von Post, Granlund, Malmstrém and G. Lundqvist (ops cit.):
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1. Sphagnum peat mainly consists of Sphagna. The huminosity (degree of
decomposition) varies from H 1 (almost intact Sphagna) to H 10 (completely
decomposed).

2. Forest moss peat (Sw. »skogsmosstorv») is a Sphagnum peat with high
huminosity and rich in wood remnants.

3. Sedge moss peat (Sw. »starrmosstorv») consists of Sphagna and sedges
(mainly Eriophorum vaginatum and Scirpus caespitosus). The huminosity varies
from:H 1 to-H 10.

4. Sedge moss peat, rich in remains of shrubs (Sw. »rismosstorv»).

5. Sedge peat (Sw. »starrtorv») is formed by sedges (cf. above) and also
contains dy and Amblystegia. The huminosity is generally of average mag-
nitude.

6. Fen peat, rich in remains of shrubs (Sw. »riskdrrtorv»).

7. Dy is a chemical precipitate of organic matter (humus). Sedge remnants
occur and give transitions to sedge peat.

8. Birch or alder fen peat (Sw. »lovkarrtorv») is a dy rich in remains of
these trees.

9. Equisetum peat consists of Equisetum (horse-tail) remnants with dy or
mud.

10. Mud (Sw. »gyttja») in general is formed by organic detritus, diatoms
etc. It occurs as a substratum under many mires. Hollow mud (Sw. »flark-
gyttja») consists of Sphagnum and sedge detritus, diatoms and myxofyceae. It
occurs as beds or lenses within the peat stratigraphy and was formed in wet
hollows in the mire.

Stratigraphy. The stratigraphy varies from one mire to another. Some prin-
cipal features may be seen, however:

The bottom beds, at least in some parts of the mires, always consist of dy
or mud. Upon the mud substratum in some cases follows Equisetum peat.
Generally, however, sedge peat rests upon the mud and dy. The sedge peat
changes gradually towards the surface into sedge moss peat and nearer the
surface into highly humified Sphagnum peat. Sometimes the sedge compo-
nent may be lacking. In those cases the Sphagnum peat at the bottom may
be developed as forest moss peat. In other cases all these kinds of peat may
be replaced by birch or alder fen peat.

The Sphagnum peat becomes progressively less humified towards the surface.
The transition is often rapid. Such a sudden change, denoting a change to
wetter or colder climate, was called the »granshorisont» (border horizon) by
Sernander (e. g. 1909) and was claimed to be synchronous in all mires. G.
Lundqvist (1928, p. 155, 1930, p. 155 fI.) and Granlund (1932, p. 70 ff.),
however, showed that there were several such levels. Granlund (op. cit.)
called them »rekurrensytor». In this work the verbative English translation
»recurrence surfaces» will be used (see p. 48).

Thus the general development of the mires was from wetter to drier stages.
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Pollen diagrams. The pollen diagrams, published in Sw. ed. were dated
by aid of a few C'-analyses (J. Lundqvist 1957 b) and older diagrams published
by von Post (1930), Granlund (1931), Fromm (1938) and G. Lundqvist (1951).
Attention was also paid to the diagrams in the descriptions to older geological
maps (von Post 1929, Assarsson 1929 and Sandegren 1933, 1937) and to Fries’
(1951) diagrams. The datings, however, were rather difficult since the
diagrams from Virmland are not very well differentiated and since chronolo-
gical displacements of the levels occur (J. Lundqvist, op. cit.). The main
features of the different curves will be described below: T

The Picea curve begins as scattered low parts on different levels as early
as at the 7th millenium B. C. About 1000 B. C. the curve becomes coherent.
At the same time the large rise of the curve (the rational Picea limit, according
to von Post) occurred in Northern and Eastern Sweden (Granlund 1932,
Fromm 1938). In South-Western Sweden it is dated to about 300 A. D. (e. g.
Fries 1951). In Viarmland there is a chronological displacement from about
500 B. C. or earlier in the central and northern parts to about 200 B. C. in
the SW. Above this level maxima occur at about 600 B. C. and in the 16-17th
centuries A. D. The former becomes some hundred years more recent towards
the SW and the latter becomes more and more vague.

The Pinus curve is one of the dominating constituents of the pollen diagrams.
It is, however, an old experience that this curve is not of much pollenanalytical
use in its details. The curve is rather high at the level 6 000 B. C. From here
upwards it decreases to the 4 000 B. C. level. A low maximum occurs before
the rise of the Picea curve. After that the Pinus curve shows the inverse features
of the latter.

The course of the Betula curve is mainly the inverse course of the Pinus
curve. It is rather even but has sometimes maxima at the 5th and 4th millenia
B. C. and just before 1 000 B. C. From the rise of the Picea curve it gradually
diminishes towards recent time.

The Alnus curve is rather low. The beginning of the coherent curve — about
6 350 B. C. according to Fromm (1938) and G. Lundqvist (1956 a) — has
been observed only in the Stentjarn mire. From that level the curve rises to
a maximum at about 5000 B. C. The details of the curve seem to depend
on local factors mainly. E. g. about 3 000 B. C. there is a maximum in the
east. Towards the SW this maximum changes to a minimum. About 1 000
B. C. there is a distinct rise of the curve in the SW. A low maximum occurs
at 1200—1 300 A. D. After that the curve is very low.

The Corylus curve is very low. Only at about 3 500—2 000 B. C. is the
curve somewhat higher in the north. Towards the south this higher part of
the curve becomes broader but also more vague. In the last centuries the
curve is often completely lacking.

The curve of the mixed oak forest, too, is very low. It is coherent from about
6 000 B. C. and has a culmination about 3 000—2 000 B. C. This and other
culminations become more distinct towards the SW. Here the curve is also
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chronologically displaced about 500 years towards more recent time (cf. G.
Lundqvist 1951, p. 94).

Salix, Fagus and Carpinus pollens are too rare to be of much analytical use
and this holds true to a still greater extent with non-arboreal pollens.

Forest evolution. Immediately after the deglaciation (about 7 500 B. C.)
birch and pine were the dominating trees. However, a great deal of the Pinus
pollen is probably long distance pollen. At least before 6 000 B. C., however,
also alder, elm and hazel occurred. About 6 000 B. C. alder and birch in-
creased. During the next millenia birch dominated the forests and oak and
linden arrived. At this time also water chestnut (7rapa natans) occurred in
Viarmland (cf. Assarsson 1929, Malmstréom 1934, Fries 1951).

The warmth-requiring forests with oak, elm, linden and hazel began to
flourish between 5 000 and 4 000 B. C. These forests occurred even in Northern
Viarmland until about 1 000 B. C. In Southern Virmland they flourished until
about 500 B. C. when they reached their recent small extension.

The large increase of the fir occurred at about 500 B. C. in Middle Virm-
land and about 200 B. C. in the south (cf. p. 47).

During the last centuries there was a decrease in the mixed oak forest and
birch. This might, however, be caused by the cultivation since the lowlands
where these forests mainly grow became more and more cultivated.

Recurrence surfaces (cf. p. 46), occur in most mires in Virmland either as a
transition from highly humified to less humified peat or as thin heath layers.
The recurrence surfaces of Varmland were separately treated by J. Lund-
qvist (1957 b) to which paper reference is made.

The main result of that investigation was that these levels, as dated with
i. a. Cl4-analyses, show a tendency to chronological displacement towards
more recent time in the SW. Granlund’s (1932) five levels (RY I—RY V)
were identified. Their displacement may be as great as 2—3 hundred years.
However, it is a tendency only and probably rather irregular as regards detail.

Paludification and peat growth were also more thoroughly treated (J. Lund-
qvist, op. cit.). The results indicate that there was a rhythmic change between
periods of relatively warm — dry, warm — moist, cold — moist and cold —
dry climate. The recurrence surfaces were formed at the beginnings of the
wet or cold periods.

The vertical peat growth was most intense during the warm — moist periods.
According to Granlund (1932) paludification (= formation of new mires)
was most intense during the periods that were cold and moist. Thus there is
a certain difference between paludification and vertical peat growth.
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Salt water mollusca

Sand with salt water mollusca occurs at several localities within Virm-
land. Among these are the highest and northernmost of the occurrences in
Western Sweden. These occurrences were described by Rekstad (1922) and
Hiigg (1923, 1947, 1952). Their fauna is shown in a table in Sw. ed. (p. 117).

it is characterized especially by Macoma baltica, Mpytilus edulis, Balanus
crenatus and Saxicava arctica — i. e. not by an extremely arctic fauna. The
mollusca now probably occur on a somewhat lower level than where the
animals lived. As the highest occurrences are situated only about 20 m below
the MG the fauna must have invaded the region very soon after the deglaciation
— a hypothesis that is supported by the fact that the valleys of South-Wes-
tern Virmland were isolated and their water attained a low salt content
very early. Therefore the conclusion may be drawn that the climate during
the deglaciation was rather mild in Virmland or rather: The sea, which
reached Virmland, did not have extremely cold water (cf. Hessland, 1943,
D 286 )

Frost ground

The main type of frost phenomena seen in Virmland are the boulder
depressions (Sw. »blocksinkor», A. G. Hoégbom 1905a, G. Lund-
qvist 1937). These are flat depressions with boulders resting upon gradually
finer material. The necessary conditions for their genesis are 1) a certain
amount of boulders and 2) an impermeable bed of e. g. clay. The latter causes
the water to stay in the depressions. On freezing the boulders are lifted up,
and when thaw sets in the finest material is deposited first (cf. p. 23). Thus
a sorting of the moraine material was obtained (G. Lundqvist, op. cit.).

In accordance with this theory the boulder depressions are most frequent
in Eastern Virmland, where the granites make the moraine rich in boulders.
The coincidence, however, is not complete. In the area, rich in boulders, E
of the Rada valley no boulder depressions have been observed. N of Lesjo-
fors they are numerous in spite of the low boulder content. Most boulder
depressions occur in areas where fine sediments occur: 45 9, are situated within
areas that may have been covered by ice-dammed lakes and 25 9, below the
MG.

The material of the boulder depressions seems to be quite stabilized. Pos-
sibly they are rather old: it seems probable that the frost action was most
intense immediately after the deglaciation when still no vegetation protected
the ground.

Other types of frost ground have been observed only around Ransby Gil-
lersberg (topo. map sheet 95 Malung). These are stone pits (Sw. »sten-
gropar») and fossil flow earth (Sw. »flytjord»). Their localization
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is due to the more favourable topographic and height conditions in the area
mentioned.

Talus fields that are a result of mechanical frost bursting occur over
the whole of Varmland but are rather rare.

Interglacial finds

The topography of Virmland seems to be favourable to the preservation
of Interglacial deposits. In spite of this no such deposits in situ have been
found.

The only true Interglacial remains are pieces of wood; fir from the Fryksta
gravel pit described by von Post (1918). They were interpreted by him as
Finiglacial. A C-analysis, however, showed that their age is more than
30 000 years. Since Virmland became free of ice only about 9 500 years ago
(cf. G. Lundqvist 1954 b), this proves their Interglacial age. The gravel in
which they were found, however, must be Finiglacial.

It therefore seems surprising that, according to von Post, abundant fir pol-
lens were found in the glacial clay around the Fryksta delta. This fact might
be explained in three ways: 1) A confusion between glacial and post-glacial
clay may have been made. This is certainly the case in many other localities.
2) The fir must have been very abundant in this region in Interglacial time.
In this case, however, more finds should probably have been made in the
district (cf., however, Halden 1915, Sandegren 1948 and G. Lundqvist 1951,
1955 b). 3) The ice was rather inactive in this region, in which case even few
Interglacial deposits could be preserved. This might explain the thin moraine
cover of the region but seems rather improbable with regard to the lack of
other Interglacial finds. The forms of the rocks in South-Western Virmland
(p. 14) and the numerous terminal moraines (p. 30) also make this explanation
less probable.

Suggestions for further work in Virmland

As was pointed out already in the preface the aim of this paper is to give
a general account of the Quaternary geology of Virmland. Thus, there are
still several problems that have to be solved or worked out more in detail.

One of the most urgent of these problems is the question about the chrono-
logical displacement of the pollenanalytical levels, especially the recurrence
surfaces. This can hardly be solved without a large number of new Ct*-analyses.
Virmland, however, is a rather important region in this respect, as within
this county the transition from the pollen diagrams of the Norrland type to
the entirely different West Coast type occurs.

Another problem that has to be worked out is the land uplift. This, how-
ever, can not be done until the problem of the pollen diagrams has been
solved. The pollen and C'*-methods seem to be the only possible ways to date
the shore-lines. As it has now been shown that there are more shore-lines than
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were earlier known, however, frequent observations without too long inter-
polations will be necessary. A thorough study of the shore-lines and trans-
gression stratigraphies also may give a contribution to the climatic history of
Virmland.

Important problems that can not be solved within Virmland only, are
the distribution of terminal moraines and the thickness of the Quaternary
deposits. The first problem must be seen in connexion with the whole of Central
Sweden. In the second, especially the thin moraine cover of South-Western
Virmland is of interest. Here the conditions in the whole of South-Western
Sweden and in Norway must also be considered.
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Ser. Ad. Agrogeologiska kartblad i skalan 1:20000 med beskrivningar.

Priset for karta i ser. Ad med beskrivning dr 8:— kr, for karta enbart 6:— kr
(Price: map sheet + descriptive text Sw. cr. 8:—, map sheet Sw. cr. 6:—)
N:o 1  Hardeberga av G. ExstrOM. 1947, karta med beskrivning
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» 3  Revinge » » » t.v. utan beskrivning
» 4  Loberod » » PIEV N »
» 5 Ortofta » » Wity R »
» 6 Kavlinge » » 1955 t.v. » »
» 7  Teckomatorp» » 1955 t.v. » »
» 8  Trollendis » » 1955 t.v. » »
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N:o 545 BATH, M., An earthquake catalogue for Fennoscandia for the years 1891—
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» 546 Amman E., De glasiga dnabasgangarna i Djupviks kalkbrott, B_)orkvxks sin
Sédermanland. — With English abstract. 1957 . . . . . . . . . 2,00

» 547 LunpsrLap B., On the stratigraphical value of the megaspores of Lycostro-
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» 551 Lunpgvist, J. Geokronologiska undersoknmgar i Varmland Med en
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» 552 Sunp, R. B., Nyare undersokningar inom nordéstra Upplands berggrund.
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N:o 556 AssamssoN, G., Kristallisationserscheinungen und Paragenese in den Sy-
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» 557 Lunpgvist, G., C'*-analyser i svensk kvartirgeologi. — With English sum-
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With English summary. 1958 .
» 559 LunpQvisT, J., Studies of the Quaternary hxstory and dep051ts of Varmland
Sweden. Experiences made while preparing a survey map 1958

Ser. Ba.
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bladen sammandragen vid S. G. U. av K. E. Sahlstrém. Skala 1 :400000
Mellersta bladet, tryckt 1947
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Ser. Ca.
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dalsilvens dalgidng mellan Bergeforsen och Ragunda. — Med 6 planscher.

With Enchish summary. 1955 =5 e ceaaiain o o
» 37 GAVELIN, S. och KurLing, O., Beskrivning txll berggrundskarta over Vaster-
bottens l4dn: Description to Map of the Pre-Quaternary rocks of the Vister-
botten County, N. Sweden. Karta i skala 1:400000. With English summar-
ies. 1955. Beskrivning med karta
» 38 LunpgQvist, J., Beskrivning till Jordartskarta over Varm.lands lan (Quat-
ernary deposits of the County of Varmland). Karta i skala 1:200000. 1958.
Beskrivning med karta .
» 41 Opwmax, O. H., Beskrivning till berggrundskarta over urberget i Norrbot-
tens lan. English summary: Description to Map of the Pre-Cambrian rocks
of the Norrbotten County, N. Sweden, excl. Caledonian mountain range.
Karta i skala 1:400000. 1957. Beskrivning med karta . .
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