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ABSTRACT

By means of pollen analysis it has been possible to trace the late-Glacial periods
Alleréd and Younger Dryas in eastern Fennoscandia. These periods have been
correlated with the retreat of the ice margin and with the shore line displacement.
The results indicate that the Younger Dryas period corresponds to the standstill
of the ice margin at the Fennoscandian moraines, and the Alleréd period to the
Gothiglacial retreat of the ice to these moraines. The traasition from the late-
Glacial to the post-Glacial period coincides with the beginning of the Finiglacial
period of the ice retreat.



PREFACE

In Finland pollen analysis has mainly been used for the study of the
late- and post-Glacial shore line displacement. By this means it has been
possible to correlate the different stages of development (zones) in the
pollen diagrams with the evolutionary stages of the Baltic Sea. The
relationship has been accurately established by Sauramo’s work for the
pre-Boreal and Boreal periods corresponding to the development from
the Yoldia sea to the Ancylus lake. Less definite is the correlation of the
diagrams with the stages of the Baltic ice-lake (i. e., the formation of the
Salpausselkid ridges).

The present investigation illustrates, by use of pollen diagrams, the
development during the time of the ice retreat from the southern, south-
eastern and eastern parts of the country corresponding to the Gothiglacial
and oldest Finiglacial time. During The Baltic ice-lake stages only a few
islands existed in southern Finland, the major part of the land being
submerged. Consequently, there is only a limited choice of suitable sites
for pollen-analytical investigations of older deposits, especially of organo-
genic ones. One of the areas is the extensive plateau complex formed by
Salpausselki I to the west of the town of Lahti. This area is the more
suitable because the pollen diagrams may here be dated with the aid of
the shore line displacement.

The present investigation has been mainly concerned with this area.
Here a domed bog, Varrassuo, and two nearby lakes Tyotjirvi and Musta-
jarvi, have been the objects of study. The plateau complex is described
and discussed in detail, providing a basis for the pollen-analytical studies
and the connection of the pollen diagrams with the formation of the
marginal moraine deposits and the shore line displacement. In addition
to the pollen diagrams from the Lahti area, diagrams from other parts of
Fennoscandia are also discussed chiefly from southeastern parts (Finnish
and Russian Karelia), to find out whether in this area, which was dry
land during the stages of the Baltic ice-lake, the same development may
be traced as in southern Finland.

The field work was carried out during the summers of 1948, 1949 and
1950 and the pollen analyses were made at the Geological Institute of the
University of Helsinki mainly in 1949 and 1950.
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THE SALPAUSSELKA AT LAHTI
THE PLATEAU WEST OF THE TOWN

MORPHOLOGY

West of the town of Lahti Salpausselkéd I forms an extensive plateau
complex at the junction of the eastern ridge arc, here having a N. W.-S. E.
direction, with the western arc that continues S. W. towards the Hanko
peninsula (Fig. 37). The plateaus extend about 20 km to the west of the
town and their width varies from 1—2 km (in the eastern parts) to 5 km
at the broadest places. The area is formed by numerous more or less
well-developed plateaus of which only the one situated immediately to
the west of the town will be thoroughly discussed in the present work.

This plateau, the location of which is seen in Fig. 1, is clearly separated
from the surrounding country. It rises to an altitude of 150—155 m, the
ground on the southern side being about 100 m above sea level (Fig. 2).
On the N. E. side it is limited by Vesijarvi (81 m a.s.l.) while in the W.
and N. W. it gradually merges with a terrain rich in kettle-holes. The
plateau itself is 3 km long and 1 km wide.

o Skm

Fig. 1. The area investigated at Lahti. 1—10, location of the pollen diagrams studied. Y 1112,
the isobase for Yoldia 1112 m. The rectangles mark the situation of the maps in Fig. 2 and 9.
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Fig. 2. The plateau to the West of Lahti. 1, channel; 2, riage; 3, shore bar; 4, wave-cut cliff and shore terrace; 5, boulder rim; 6, clay;
7, cutting; 8, profile levelled along the bottom of the well-developed channel in the eastern part of the plateau. Contour interval 5 m.
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In describing the plateau Leiviskd (1920) mentions that there are in
some places irregular surface formations but that in general the surface
is even. Later Sauramo (1940) has noticed a channel, 50 m wide and
about 5 m deep, passing through the eastern part of the plateau. The
channel opens towards the proximal part but is closed towards the distal
part by a shore bar, here especially well developed, but visible also in
other parts of the plateau. (In Fig. 2 a levelled profile is given along the
bottom of the channel, 600 m long). A closer study reveals similar,
although somewhat shallower, channels crossing other parts of the
plateau. The directions of the channels drawn in the map (Fig. 2) were
determined with a compass but their width and their location in relation
to one another was only estimated. Thus the map is not quite exact. The
detailed topography has been mapped only on the plateau itself. The
channels are 10—50 m wide and 1—5 m deep extending through the
whole plateau from the proximal part to the distal part, where they are
all closed in the same way as the bigger channel mentioned above. The
channels occur most frequently in the central region of the plateau,
radiating fan-like from the proximal part. As seen from the map, the
largest channel crosses the smaller ones, orientated in N. W. direction, in
the eastern part of the plateau. Further to the east the formations are
irregular, only a couple of channels being clearly seen. Here, too, are
found short ridges, only 1—3 m high, orientated in the same direction as
the channels and, in addition, irregular pits. The N. W. part of the
plateau is also irregular, e. g., a kettle-hole more than 10 m deep being
found immediately to the south of the road. On the northern side of the
road there is a valley, orientated in an E.-W. direction and up to 100 m
wide, opening to the north at.its western end. Small circular pits are
found in the proximal parts of the plateau in addition to the channels.
These pits are often only a couple of meters deep and are probably kettle-
holes. The most even topographs of the plateau is found in the distal,
especially the western, region.

The distal slope, which in some places has a gradient of up to 30° has
been partly abraded. Here traces of shore lines are found. The altitudes
given are identical with those on the map published by Sauramo (1940)
and are based on the measurements by Leiviskd (1920). The highest
shore line has been mentioned earlier; the shore bar in some places is
well-developed its crest in the profile (Fig. 2) rising somewhat above
150 m. In another locality it reaches 151 m. Below this shore bar there
are two wave-cut cliffs, of which the lower one, at 140 m, is very well
developed especially in the distal slope facing south. Under the cliff a
terrace 20—30 m wide is situated. Above this cliff there is a second cliff,
less well developed, the altitude of which varies between 142 and 144 m.
In some cases the lower cliff at its highest points has caused the disappear-
ance of the higher cliff since the two are coincident at these places. Below

2342/71 9
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these shore lines there is at 135 m a boulder rim. Further diffuse shore
marks are found in some places at 112 m forming a smaller wave-cut cliff.

On the distal slope there are no other morphological features worth
noticing except the shore lines mentioned. In two places narrow spurs
run S. or S. E. (cf. Fig. 2), the longer one being about 600 m long and
about 200 m wide. In the proximal part of the northwardly inclining
terrain very irregular formations are found, e. g., kettle-holes 5—10 m
deep.

STRUCTURE

The structure of the plateau can be studied only in the small cuttings
in the distal slope. The largest one (Fig. 2) is situated just to the north
of the road from Lahti before the road ascends the plateau. Fig. 3 shows
a cutting in a W.-E. direction perpendicular to the inclination of the
layers. On the surface there is a boulder bed (with unsorted material)

Fig. 3. Cutting in W.-E. direction in the eastern part of the
distal slope of the plateau.
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Fig. 4. Cutting in N.-S. direction in the eastern part of the distal slope of the plateau.

under which are found cross-bedded layers of sand and gravel 3—4 m
wide. Under these layers of stratified material, boulder-rich layers (some
of the boulders having fallen down from the surface) can be seen in Fig. 3.
This coarse material is, however, found only over a limited area, the rest
of the material in the cutting consisting of sand and gravel only. In
Fig. 4 the layers are seen in a part of the cutting orientated in the same
direction as the inclination of the layers. These layers may also be
identified in two cuttings low down on the distal slope in the central
regions of the plateau.

The surface material on the plateau is very coarse, consisting of
boulders imbedded in sand and gravel. In the proximal parts the material
is coarser than in the distal parts, but nowhere is till found.

Where cuttings are lacking it is impossible to study more closely the
material immediately outside the plateau region. On the surface the
material is everywhere of fine grade consisting primarily of stratified
sand. In the proximal part, in the variable terrain situated to the north
of the plateau, the material is very irregular.

FORMATION .

The channels found on the plateau, running from its proximal part
towards the distal side, can scarcely be other than the grooves of melt-
water streams that flowed here at the end of the formation of the plateau.
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Sauramo (1940) has arrived at the same conclusion about the largest
channel. This channel was probably formed later than the other ones
since it crosses them. After the main flow of the meltwater reached the
»bay» of the plateau in its western part, as judged from the orientation
of the grooves (Fig. 2), a large stream, shortly before the retreat of the
ice margin, discharged at a more easterly point, giving rise to the above-
mentioned larger channel on its way over the plateau and producing a
larger groove than the other ones.

The meltwater channels indicate that the greater part of the plateau
surface was supra-aqueous. Quite a precise value for the water level at
the final stage of the formation of the plateau can be obtained from the
plateau itself. Nearly all channels leading towards the distal side are
there evened out and merge into the smooth surface of the plateau. From
this fact it may be concluded that the height of the water level has been
equal to the altitude of the edge between the plateau surface and the
distal slope. Those few meltwater channels that extend to the elistal
edge are there closed by a shore bar, which proves that the water stood
at this level also after the retreat of the ice margin (Sauramo, 1940).

Earlier Ramsay (1922) noted that the meltwater channels indicate
that the plateau surface was supra-aqueous. De Geer (1909), when
studying Dal’s Ed, found low ridges, rarely exceeding 15 m, radiating
from the proximal part. These possibly correspond to the ridges that are
found here and there on the plateau at Lahti, especially in the eastern
parts. Similar channels on marginal plateaus, as at Lahti, have been
described in Sweden by Nelson (1910), Sandler (1917), and Bjornsson
(1942) and in Norway by Holtedahl (1924), but in all these cases there
have been only a few channels on an otherwise quite even-surfaced plateau.
The radial arrangement of the channels is, however, consistently the case
as at Lahti.

As already seen it is impossible to form any idea of the internal
structure of the plateau on the basis of the few available cuttings in the
distal slope. It is evident, however, that the material is in origin glaci-
fluvial, although often unsorted. Some of this material has, however,
probably later been re-deposited, primarily on the distal parts, during
those periods when the shore line was at this level. It is probable that
the material seen in the cuttings (Fig. 3 and 4) is mainly of shore deposits,
re-deposition probably mnot having extended very deeply, due to the
relative coarseness of the material forming the plateau and also found
on the surface in the distal parts.

The material on the surface of the plateau is too coarse to have been
deposited by melt-water streams, whose existence can now be traced
from their channel system. The irregular surface formations of the middle
and proximal parts of the plateau indicate that the ice margin had for
some time a more advanced position, during which period the coarse
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material was deposited. Later, during the final stage of the plateau
formation when there must have been a standstill of the ice margin (as
judged from the abrupt boundary of the proximal part), these supra-
aqueous parts have been crossed by meltwater streams, whose erosive
power produced the channels now seen on the surface. Thus they depict
only the conditions during the last stage of the formation of the plateau,
but they also prove that the melt-water streams have played a great role
in this process. The distal part of the plateau is more uniform, the
material here being finer, indicating that the sedimentation in these
places has been more constant.

The finer material deposited immediately to the south of the plateau,
primarily sand, is probably of shore deposits. The main body of the
earlier mentioned (p. 10) extensions running S. or S.E., however, probably
represents primary deposits marking the position of especially strong
meltwater streams that have been able to transport material further
from the ice margin than the others. The surface features of these deposits
have certainly been later changed by erosion.

Till is found neither on the surface of the plateau nor in the few
available cuttings, but that does not exclude the possibility that there
may be a body of till at a greater depth.

The plateau discussed above must represent a terminal terrace, formed
wholly or to a great extent of glacifluvial material with some re-deposition
in the distal parts. The regular shape of the plateau with its sharp limits
necessitates the assumption that the ice margin during the last stage of
the formation has not moved, which fact is also indicated by the way in
which the melt-water streams radiate from the proximal part towards
the distal part.

Sauramo (1929, 1931, 1940) in his interpretation of the structure of
Salpausselki, says that the ridge is, in the ideal case, constituted of a
terminal moraine with a delta or a delta complex on the distal side in
which topset, forset, and bottomset beds are found. This interpretation
is based on De Geer’s (1897, 1909, 1910) theory that the eskers and
marginal formations were caused by subglacial rivers. This theory has
been accepted not only by Sauramo but by others, including Sederholm
(1910). Tanner (1933; Brenner and Tanner, 1930) in general accepts
Sauramo’s interpretation, but he especially stresses the significance of
the shore deposits and states that the Salpausselkd ridges can not be
said to be formed by homogenous glacifluvial formations. According to
Tanner three stages may be recognized in the marginal formations. First,
a »deposition of morainic drift at the edge of the land ice in the form of
marginal ridges and chains of mounds, partly sub-aqueously, partly
possibly supra-aqueously» has taken place (Tanner, 1933, p. 33). If
oscillations of the ice margin ocurred, overthrusts were formed, and in
that case glacifluvial layers are frequently found in the moraine. Then
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sub-glacial rivers deposited sorted material, in some places producing
delta-like formations. Finally shore erosion of the formations led to
re-deposition of both the glacifluvial material and the till, to a greater or
lesser extent depending on how exposed the marginal formation was.

The interpretation presented above of the formation of the plateau at
Lahti is in accord with the investigations referred to. These are based
primarily on studies of the more extensive cuttings through Salpausselki
at Hyvinkid, Lahti (east of the town), and Vierumiki (Sederholm, 1910;
Brenner and Tanner, 1930; Tanner, 1933; Sauramo, 1931).

From studying the cuttings of Salpausselki Frosterus (1890) points
out that Salpausselkd was formed in two stages and that during the
second stage a layer of till was formed that, for instance at Kouvola, was
deposited during an advance of the ice over the stratified drift earlier
deposited. Hyyppd (1951) has also found till in the proximal parts
covering the stratified drift. This has led him to the conclusion that
there has been a greater or lesser advance of the ice margin, till having
then been deposited upon the earlier formation. This interpretation
enables us to understand the occurrence of coarse material on the surface
of many of the marginal formations of Salpausselkd. The coarse material
seen on the surface and possibly also occurring deeper in the proximal
and middle parts of the plateau at Lahti is not formed of till but of glaci-
fluvial material, the deposition of which has not been consequent on an
advance of the ice margin. However, it is suggested that its occurrence
may have been due to a previous position of the ice margin somewhat
(about 500 m?) further to the south.

In Leiviskd’s (1920) detailed investigation of Salpausselkéd I and II
he rejects the »delta theory» and claims that the sorted material in the
marginal formations has not been deposited by subglacial streams but
has been washed down and partly transported away by streams from the
melting ice, being stratified and sorted in the process. Leiviskd then
credits a very great importance to the influence of the sea. From what
has been seen from the investigations mentioned above it is, however,
difficult to neglect wholly the significance of the subglacial streams.

The plateaus further west of Lahti are not so sharply delimited as the
one just described (Fig. 2). In them, however, in some places melt-water
channels may be traced similar to those mentioned above. About 15 km
to the west of Lahti, at Sairakkala, there is a comparatively large valley,

.about 1 km wide, having at its mouth a great number of kettle-holes
and being closed by a shore bar (Sauramo, 1940). The local deviations
in the formation of the plateaus in the Lahti area are probably due to
topographical differences. South of Vesijirvi the ice margin has not been
deflected by any hills, but further west the irregular nature of the terrain
has prevented any uniform sedimentation. The whole area south of
Tiirismaa (223 m a.s.l.) is incompletely filled while the western plateaus,
although irregular, are better developed, their distal parts frequently being
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only weakly inclined. The shore lines are here difficult to trace, although
the oldest wave-cut cliffs and the shore bars are in some places extensive.

SHORE LINE DISPLACEMENT

When studying the displacement of the shore line it is important to
determine the relation of the marginal formations to the sea level at the
time of their formation. According to Leiviskd (1920, 1929) the plateaus
of Salpausselkd were wholly formed under water, a fact that, according
to him, is shown by the general even level of their surface. Another idea
has, however, been presented by Ramsay and Sauramo. The former
(Ramsay, 1922) states that the distal edge approximately corresponds to
the surface level of the water when the plateau was formed. Using Lei-
viskd’s (1920) measurements Ramsay has shown that the measurements
of the altitudes of the distal edges give a smooth, continuous curve when
presented graphically, while those of the crests of the plateaus give a
rising and, falling curve. Furthermore, Ramsay emphasizes that the
system of isobases constructed for the plateaus of Salpausselké, based on
the values for the distal edges, provide us with synchronous stages.
Sauramo (1928), arriving at the same conclusion as Ramsay, especially
emphasizes the importance of the shore bar at the distal edge as an
indicator of the water level.

The marginal terraces of Salpausselkd and their shore lines have
provided the basis for the diagrams over the Baltic ice-lake stages studied
especially by Ramsay (1922, 1924, 1929, 1931) and Sauramo (1934, 1937,
1940). In the first Salpausselki stage (Salpausselkd I) two plateau levels
may be distinguished, the older lying about 25 m higher than the younger
one. Only in a few places in the marginal formations are they both
developed or do they even occur simultaneously. One of the best developed
of the plateau formations is situated at Utti, the older level being 120 m
and the younger one 95 m a.s.l. (Sauramo 1937). Only the higher level
is found in the Lahti area. As stated in the discussion of the plateau
immediately to the west of the town, the terrace is here situated at 150 m,
but further to the west it reaches 160 m a.s.l. (at Sairakkala). According
to the terminology used by Sauramo (1949), which is used in the present
work, this niveau is marked BI (Fig. 5). The ice margin, as already
mentioned, started its retreat when the surface of the water was still at
BI. Consequently the lower plateau for Salpausselkd I, 25 m below the
higher one, is not found here. Therefore traces of BI are also found in
the proximal parts as, for instance, on the eastern slope of the hill Haka-
laukunméki (about 3 km east of Tiirismaa) where a cliff is found at
153.2—155.2 m a.s.l. according to Hyyppé’s (1947) measurements. Earlier
the same shore line has been described by Berghell (1896), who measured
its altitude to be about 156 m at Messild and about 158 m on the northern
slope of Tiirismaa.
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On the high hills covered by till at Tiirismaa (223 m a.s.l.), traces are
found of shore formations above the level for B 1. Ramsay (1931) has
found glacifluvial deposits on the northern slope, north of Villipelto, up
to an altitude of 176 m. They are, however, limited to a smaller area and
it is probable, as pointed out by Ramsay, that these glacifluvial deposits
were formed in an ice-dammed lake. Nearby, at about the same level,
traces of erosion are in addition found in a cleft in N.-S. direction. It is
possible that the cleft formed a drain for the same ice-lake which produced
the glacifluvial deposits. On Tiirismaa Hyyppd (1945) has found traces
of erosion and ice-pushed shoremarks which, according to his measure-
ments, are found even at 215—216 m also on the southern slope. They
may have been formed either by local ice-dammed lakes around Tiirismaa
or in connection with earlier stages in the evolution of the Baltic Sea
before the surface of the water had sunk to B I (or perhaps partly in
local ice-dammed lakes and partly in connection with the Baltic Sea).
The abovementioned occurrence of glacifluvial material indicates that
local ice-dammed lakes have existed here, but it cannot be concluded, on
the basis of the investigations up to the present, whether or not all these
traces of shore lines have been formed by local ice-dammed lakes.

What is important in the present work, however, is to find a basis for
a correlation of the pollen diagrams investigated with the shore line
displacement. In this case it is the shore lines B I—Y I which are primarily
concerned. These are well-established in the Lahti area. The altitudes of
the profiles (no. 1—11) investigated by pollen analysis and their relations
to the shore lines are seen in the accompanying diagram (Fig. 5).



POLLEN DIAGRAMS FROM THE LAHTI DISTRICT
INTRODUCTION
PREPARATION OF SAMPLES FOR POLLEN ANALYSIS

Pollen samples have been prepared from the organic deposits, here
mostly lake muds and peats, by direct treatment with 10 9, caustic
potash (KOH). When the peat has been deficient in pollen, the method
of acetolysis and oxidation as developed by Erdtman (G. Erdtman and
H. Erdtman, 1933; G. Erdtman 1934, 1943) has been used. The same
method has been employed for samples for the determination of the
absolute frequency of pollen (APF). When investigating samples of clay
and silt the siliceous matter has been removed by treatment with hydro-
fluoric acid (Assarsson and Granlund, 1924). As it has been observed
that the two latter methods do not affect the percentual composition
(Wenner, 1948), it has been possible to use all three procedures in the same
diagram. Oxidation of samples of peat, deficient in pollen, has, whenever
possible, been avoided since it has been shown (see, e. g., Faegri and
Iversen, 1950) that in this case some destruction of pollen may also occur.

SAMPLE FREQUENCY AND THE RELIABILITY CF THE DIAGRAMS

Shortening the sampling interval has led to a much greater reliability
and use of pollen analysis technique, especially in shore line investigations,
as is evident from Sauramo’s (1946, 1947, 1949) work. Other investigators,
for instance von Post (1947) in Sweden, have stressed the importance of
taking the samples at small distances apart. With a sampling interval of
10 em, in some instances of 5 cm, as in earlier investigations, important
details could be missed. Sauramo has therefore, in the case of older
deposits used even 1 cm intervals in limnic deposits. Thus new details
have been found. The number of diagrams thoroughly investigated in
this way is already so great that it can be clearly seen that this decrease
in sampling interval is justified in the case of older deposits. The interval
to be adopted must, however, be determined separately in every single
case. Attention should then be paid mainly to the rate of growth of the
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deposit in question. Consequently, limnic sediments as a rule must be
studied with shorter intervals than terrestric.

In the interpretation of pollen diagrams statistical errors must also be
taken into account. This source of error has been studied by Faegri
(1945, 1947), who has calculated the standard variation for different
percentages and the dependence of the variation on the total number of
pollen grains counted. In general the statistical certainty improves as
more pollen grains are counted, but it has become evident that the values
between 20 9, and 80 9, are satisfactory for a lesser incidence of pollen
than the values under 10 9, and over 90 9,. Faegri points out that the
results in general are of a satisfactory certainty when 150 pollen grains
have been counted, but also mentions that practice has shown that in
every case the character of the diagram must be taken into account when
determining how many grains shall be counted. It is justifiable, according
to Faegri, when studying very pollendeficient samples, to count only 50
pollen grains from each preparation, but in such instances the details of
the diagram must be said to be very uncertain. On the other hand in
order to get a reliable picture of variation of components that are re-
presented by only a small percent, many hundreds of pollen must be
counted. The same feature, concerning such low values, is seen also in
the table made by Erdtman (1921) where the percentages are given for
different numbers of pollen grains counted. In connection with pollen-
analytical investigations in Labrador Wenner (1948) has counted so many
grains in some pollen spectra that the percentages remain constant after
a while, and he has given the values for every extra hundred grains
counted. From the results he concludes that an essentially correct diagram
is obtained after counting 100 pollen grains.

In the samples investigated usually 150 pollen grains have been
counted, but in some cases as, for instance, in Varrassuo bog at Lahti,
where the lowest layers of peat are very deficient in pollen, only 60—100.
In order to get a picture of how much the percentages in these diagrams
change between counts of 50 and' 100 pollen grains, the percentages of
Alnus, Betula, and Pinus have been noted corresponding to 50, 100, and
150 grains counted in a part of a diagram from Varrassuo-bog (Fig. 6).
The maximum difference in the percentages between the values calculated
from 50 and 150 pollen grains is for Betula and Pinus 13 and 14 9,
respectively and between the values calculated from 100 and 150 grains
9 9, for both. The curve from a count of 50 pollen grains is not essentially
different from that for 150 pollen grains for these two tree species. (When
Betula and Pinus are the main components it is natural that they are
dependent on each other to a great extent). Thus it can be said that for
Betula and Pinus quite a satisfactory result is obtained by counting
50—100 pollen grains. However, the result is more uncertain when
smaller percentages are involved, which is evident from the values given
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for Alnus. (The variations do not stand out clearly in the diagram). In 6
samples where 1 %, Alnus was obtained after 150 grains had been counted,
only 2 gave any Alnus at all after 50. Although the material is small, the
facts mentioned above confirm the view, mentioned earlier, that it is
difficult to interpret the low percentages unless a reasonably high number
of pollen grains have been counted. As there is often only a small percent
of Alnus, Corylus, Ulmus, and Picea in the older parts of the diagrams
their curves are very unreliable in cases where only small numbers of
pollen grains have been counted.
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Fig. 6. Diagram giving the percentages of Pinus, Alnus, and Betula for 50, 100, and
150 pollen grains counted in a part of a diagram (No. 1) from Varrassuo bog.

Figure 6 also shows that little or no error in the counts arises from
any uneven distribution of the pollen grains due to selective spreading
under the cover glass. Comparing the percentage variations with the
pollen density, that is the number of pollen grains per cm 2 (the cover
glass = 5.5 cm?), it is evident that the variations do not show any definite
trend. This means that the percentage of pollen of a certain size, for
instance the smaller Befula pollen, is not greater after counting 50 pollen
grains than after counting 100, in those cases where only one cover glass
has been used. Disturbing differentiations in the preparations used have
thus not occurred.

In some of the diagrams, especially in those from peat deposits, the
percentage for a single kind of pollen may be unusually high, the absolute
frequency of pollen being simultaneously higher than usual. This is due
to local over-representation by some heavy pollen producer in the
immediate neighbourhood of the place where the sample has been taken.
Sometimes a diagram may give a quite erroneous picture due to such
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disturbances. Usually these are greatest in peat deposits, which ought on
this account to be avoided wherever possible, and limnic sediments
should be used to the greatest possible extent. In the pollen-analytical
studies on the plateau at Lahti it has been possible to compare the
diagrams from Varrassuo bog with those from mud deposits from the
nearby lakes Tyotjiarvi and Mustajirvi. Thus a control has been obtained
as to what extent the limnic deposits differ from the peat.

The local effect is small if only arboreal pollen (AP) are concerned but
more pronounced, in respect to nonarboreal pollen (NAP). (The influence
of the NAP will be discussed later on).

When studying late-Glacial samples, representing woodless periods,
in which the absolute frequency of pollen is very low, pollen may
surprisingly occur that represent quite a different type of vegetation than
that evidenced by the other pollen types. Such occurrence of foreign
pollen, which rarely exceeds 1 9, has been explained as due to long-
distance transport. An immediate proof of this is given by Aario’s (1940 a.
1940 b) investigations of subrecent peat from the Lapland tundra in the
Petsamo district. In some of the samples he has thus found pollen of
both T"lia and Ulmus. In order to find out the extent of the long-distance
transport actual measurements have been made, for instance, by Hessel-
man (1919 a, 1919 b) in the southern parts of the Gulf of Bothnia, and by
Hyde and Williams (1944) in Great Britain. According to these investiga-
tors long-distance transport is very extensive and thus one must be
extremely careful in the interpretation of such small percentages.

Earlier, organogenic and minerogenic deposits were used, indiscrimi-
nately for pollen analysis, which led to wrong interpretations, especially
of the late-Glacial period. The pollen composition of minerogenic deposits
was studied first of all by Iversen (1936), who showed that in the Danish
sediments secondary pollen occur abundantly, as for instance Alnus,
Corylus (-type), Picea, Tilia, Ulmus, and Quercus which originate from
earlier, interglacial deposits. Iversen has worked out a method of sub-
traction that he has used, e. g., in investigations at Nerre Lyngby where
fossil-deficient sandlayers were utilized for the reduction (Iversen, 1942).
Also in other parts of Europe the influence of secondary pollen has been
demonstrated (Erdtman, 1943; Firbas, 1949), but owing to the varying
conditions under which the different minerogenic deposits have been
formed the secondary influence varies greatly; sometimes it is nearly
nonexisting, sometimes so extensive that the diagrams obtained are
wholly misleading.

In Finland the effect of secondary pollen was first studied by Hyyppa
(1936), who in his pollen-analytical studies in northern Finland also
analyzed samples of till. He found that only the highest layers, primarily
from 0 to 1.50 m, contained pollen and that the most common types were
Pinus and Betula. Deeper in the till, according to Hyyppé, only a small
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number of pollen grains occur, which were difficult to determine. None
of the samples studied by Hyyppé contained pollen of rare deciduous
trees; the only arboreal pollen present was of Pinus, Betula, Picea, and
Alnus. Pollen from Ericaceae and spores from Lycopodium, Polypodiaceae
and Sphagnum were also common. Hyyppi states that the pollen has
been more evenly distributed within the till by running water in post-
(lacial, and partly also in late-Glacial, time. According to him secondary
pollen is found only in regions where the till contains interglacial or
tertiary sediments rich in pollen.

The investigations on the pollen percentage in tills from different parts
of Finland made by Mr. L. Heinonen, M. A. (unpublished) have shown
that these contain pollen not only of Pinus, Betula, and Alnus but also
of Corylus, Quercus, and Tilia and that they do not occur only in the
surface layers. Thus it is impossible to explain their occurrence by assum-
ing that the pollen grains have been deposited or distributed by running
water. Consequently, they originated at some interglacial period.

Comparing organogenic deposits with clays of equal age Sauramo
(1949) has observed that secondary pollen occurs in the latter especially
in those layers that have been formed when the pollen production has
been feeble (which can be seen from the quantitative investigations of the
corresponding organogenic deposits). In these older clays the occurrence
of pollen of rare deciduous trees is noteworthy, being the same ones that
Heinonen has found in samples of till. As a rule these do not occur in
the corresponding organcgenic deposits. Although it is impossible to
interpret the development of the vegetation on the basis of pollen diagrams
from clays, one is able by comparison with other diagrams from organo-
genic deposits to identify the different sections or zones and thus to
determine the age of the clays. In addition to secondary pollen an over-
representation of Pinus is often observed, sometimes to such a high
degree that a determination of the age of the deposit is thereby rendered
impossible. This over-representation has been assumed to be caused by
irregularities in pollen sedimentation, but the problem is not yet wholly
clarified. The strong rise of the Pinus curve observed in some diagrams
from Finland (Sauramo, 1949) is apparently caused in the first place by
over-representation and to a less extent by presence of secondary pollen.

METHODS USED IN THE STUDY OF THE FOREST LIMIT

The stage at which a transition from tundra to forest has taken place
may already be concluded from the AP composition in some diagrams.
This question has been studied in particular by Aario (1940 a, 1940 b)
who has analyzed samples of semirecent peat from Petsamo-Lapland.
These investigations have shown that although the pollenrain in a pine
forest area is dominated by Pinus pollen (reflected as a Pinus maximum
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in the pollen spectra), and that in a birch forest by Betula, there is still
an appreciable amount of Pinus pollen in the pollen rain in the latter
area, up to 359,. When moving to the tundra the amount of Pinus rises
and gives in the tundra the same percentages as for the pine forest region.
While the composition of the arboreal pollen in the forest areas corres-
ponds, with regard to the species represented, to the relative composition
of the forests, the tundra gives a composition that is wholly determined
by long-distance transport. Here the character of the surrounding forests
is depicted, and thus the AP composition in Aario’s work corresponds to
the forest type in northern Lapland. Spruce, however, is often over-
represented, the chances for long flights for the pollen rising strongly
with the height of the starting point. Thus the spruce, which in Lapland
as a rule is taller than the other trees, has a very-favourable position as
producer of pollen. The relatively abundant occurrence of Pinus and
Picea pollen is, according to Aario, not due to the better flying capacity
of the pollen grains but, as mentioned above, the composition of the
pollen rain is determined by the vegetation over a relatively wide area.
Auer (1927) obtained, practically the same results as Aario when studying
the pollen content of peat deposits from different mountains in Lapland.
However, when trying to prove the existence of woodless areas, the mass
effect of the vegetation over a large area must be taken into account, as
pointed out by Firbas (1949). Consequently it is not self-evident that an
excess of Pinus is always the indicator of tundra.

The transition from tundra to forest can most easily be demonstrated
by the aid of the NAP, as revealed by study of the great number of
diagrams published from different parts of Europe. From the summary of
the forest history of central Europe by Firbas (1949)it can be seen that the
amount of NAP (generally expressed as a percentage of the AP) in forest
areas rarely exceeds 1009, while in the existing tundra territories and in
woodless coastlands as well as in Glacial and late-Glacial deposits it often
reaches 1000 9,. However, the figure varies considerably in different
areas, hence the character of the deposits and the habitat conditions must
be taken into account in every instance. A thorough picture of the
variations in NAP is revealed from Aario’s (1940 a, 1940 b, 1944)
investigations in Petsamo-Lapland. He has found that the average NAP
value on the tundra is 122 9, but single values may in certain cases be
under 10 9,. Aario states that even 30 9 is sufficient as an indicator of
woodlessness providing not more than half of the amount is of one and
the same type of pollen. In general a high NAP value is the more reliable
in this respect, the more types of pollen there are represented. In the
forest territories in the Petsamo area, the value is between 9 9, and 34 9
but the influence of Ericaceae pollen may raise it over 100 9%,. It is thus
impossible to use Hricaceae pollen alone as indicator of tundra. The
presence of subalpine birch forest in an area cannot be demonstrated by
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the aid of the NAP value, the percentage here being as low as in the
forest areas.

Aario’s investigations dealt only with peat deposits where the effect
of the local vegetation is more predominant than in limnic deposits. In
clay too other disturbances occur, in the first place the secondary
deposition influence and the over-representation of Pinus. In all these
deposits, however, variations in the amount of NAP due to the transition
from tundra to forest are seen, but a high NAP value in, for instance, a
peat, does not always signify woodlessness since it may be caused by a
local over-representation. No effort, however, has been made to eliminate
this influence in the diagrams here investigated, other than in the limnic
deposits where the water plants have been excluded from the total NAP
value.

In the diagrams the NAP has been divided into five groups, which
provides the possibility of presenting their variations graphically in
connection with the AP diagrams. The following categories have been
used: Chenopodiaceae (and Caryophyllaceae), Cyperaceae, Ericales, Gra-
mineae, and Varia. All less abundant pollen grains are referred to the
latter group, which generally represents Compositae (mostly Artemisia),
Cruciferae, Epilobium, Hippopha?, Ranunculaceae, Rosaceae, and Umbelli-
ferae. For a more detailed picture of the variations in NAP, than that
obtained from the diagrams, tables are included which give the actual
percentages of the different components. But even in the tables the
division in some cases is rather crude, Ericales, for instance, comprising
both Ericaceae and Empetraceae. Salixz, which is of great importance
when investigating the late-Glacial period, has been plotted separately in
the diagrams, the values in comformity with the NAP values being the
number of pollen relative to 100 AP counted. The spores, generally
representing Hquisetum, Lycopodiaceae, Polypodiaceae, and Sphagnum
have not been included in the diagrams.

In addition to the NAP changes information can be obtained about
the evolution of forest from the pollen density (PD) and the absolute
frequency of pollen (APF). The former value expresses the number of
arboreal pollen grains per cm? of the preparation and is to a great extent
dependent on the procedure used by each investigator, thus making a
comparison with other work difficult. Very marked differences may,
however, be traced by these values. In the present diagrams, the PD
value is often the average of that of 2—5 preparations, especially in the
diagrams having a small sampling interval. In this way the error due to
difference in the thickness of the preparation is to some extent eliminated.
It must, however, be noted that although exact values have been given
for PD and APF, only clearly defined, large maxima may be used in the
subsequent interpretation. Better results are often obtained with the
aid of APF than studying PD. The application of both these methods,
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however, requires the peat being investigated to be homogeneous
throughout the profile. This, of course, limits the usefulness of the
methods. Mud may also be used to some extent but the values obtained
cannot be compared with those from peat.

The APF value is the number of arboreal pollen in 50 mg of air-dried
material (of this amount only a part has been analyzed). The factors
causing variation in the APF have been explained by Aario (1940 a,
1940 b, 1942, 1944) in investigations on subrecent samples of peat. It
has been observed that the degree of humification has remarkably little
influence on the values for APF, though the values for PD increase as
humification becomes more complete. The percentage of pollen depends
primarily on the rate of growth of the peat, being usually high in well
humified peat since such peat often has a slow rate of growth. By
comparing the APF from different kinds of peat Aario has shown that
Carex-peat gives the highest values, because this peat type usually
represents fen conditions with a slow rate of increase in height. A Carex-
Musci-peat has as high an APF provided that conditions are favourable
for pollen preservation.

The APF values have been found to be higher in the stratigraphic
samples than in the subrecent ones, probably because the latter not yet
have attained their final value. According to Aario, it is possible, with
the aid of APF, to demonstrate the existence of tundra, of sub-alpine
birch forest, and of other forest types, though without distinction between
the different types of forest. He has obtained the following averages for
APF (the first number given is from subrecent samples; the second, in
brackets, from stratigraphic): tundra 69 (64), sub-alpine birch forest
1072 (1415), and the forest region 1520—1951 (2694—3451). According
to Aario all samples giving a lower APF value than 100 may be claimed,
with a great certainty, to have been formed in a tundra region. Where
large areas of tundra are involved the value may be very low and, on the
other hand, if the growth of the peat has been slow, the values may be
higher. According to Aario, tundra may be demonstrated, in general,
from a relatively limited material, whereas a much more extensive
material is demanded before one can say that here existed a sub-alpine
birch forest. If this region had been more extensive in Lapland than at
the present time it would have been correspondingly more easily
detectable in studies of NAP, APF, and PD values of the deposits.

BETULA ANALYSIS

Investigations, chiefly by Faegri (1936, 1940, 1944) in Norway, have
shown that measurements of the size of the Betula pollen, that is a »Betula
analysisy, may be used to discriminate between the different species and
that it is possible by this method to distinguish between late-Glacial and
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post-Glacial deposits. He starts from the results which Eneroth
(unpublished) arrived at when measuring the pollen grains of different
Betula species. Betula nana has been shown to possess the smallest grains,
then follow B. verrucosa, B. pubescens, and B. tortuosa in the order
mentioned. This order has been verified by Miss Helvi Uutela, M. A.
(Kujala, 1946) whose results are given in Fig. 7. The samples have been
treated with alcohol before measurement.
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Fig. 7.- Table giving the size of the pollen grains of different Betula species (according to
Kujala, 1946).

In Faegri’s (1940) opinion the most important geological result of the
Betula analysis is that the size of the Betula pollen shows a relationship
to temperature. Thus the B. »verrucosa» type has the highest temperature
demands and the smallest pollen grains, the largest being from the B.
stortuosan-type, while the intermediate type B. »pubescens» has pollen
grains of intermediate size. Betula nana possesses the smallest pollen
grains of all and thus falls outside this series. Whatever may be said
about identifying the different species it is, however, evident that the
circumstance that smaller pollen grains signify a higher temperature
demand may be used for analytical purposes. It is also important that
the role and influence of Betula nana is now known. Hyyppid (1936) and
Aario (1941) have shown that B. nana generally furnishes only a small
part of the total birch pollen rain but it may form a very disturbing
factor in woodless regions.

Contrary to Faegri, Aario (1941) from investigations in Lapland
states that a satisfactory result is not obtained by Betula analysis owing
to too great sources of error. According to Aario the size of the pollen
grain varies according to the kind of peat. The changes are most marked
in strongly humified peat and least in raw Sphagnum peat. He thinks it
probable that the chemical and physical effect of the surrounding deposit
on the pollen grains is different for the different Betula species. Aario
based these assumptions on analyses from peat where the sources of error
are most marked. Faegri (1944) points out that, when analyzing peat
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comparison with analyses from lake sediments has to be made to make
possible a correct interpretation of the variations.

When investigating the Varrassuo bog at Lahti in the present work a
Betula analysis was made for a few samples from the oldest sections to
find out whether the transition from tundra to forest. as detected by
other methods, can be demonstrated. That such a small number of
measurements have been made is due to the low pollen content of the
samples which necessitated the use of the acetolysis method. Such samples
can not be used in the Betula measurements since the pollensgrains have
been shown to increase in size during the procedure (Faegri and Iversen,
1950). The use of hydrofluoric acid also causes size-changes. Thus it has
been impossible to analyze the samples from Tyotjirvi and Mustajirvi,
that otherwise would have been more suitable, because the lowermost
samples are so rich in sand and silt that it has been necessary to treat
them with hydrofluoric acid. To provide comparison with the
measurements from Varrassuo bog the size of Betula pollen grains from
Hiilisuo bog in Russian Karelia has been measured.

Wenner (1948), who has made similar determinations in diagrams
from Labrador, points out that as it has been observed that the size of
the pollen grains varies in different kinds of peat, comparative measure-
ments ought to be made with other types of pollen grains in order to
find out whether the variations are of the same order in each case. The
older deposits have been utilised chiefly in the measurements from Varras-
suo. In these deposits, the pollen content is very poor, consisting princip-
ally of only Betula and Pinus. Thus in the Betula analysis only Pinus
pollen grains could be used for a comparison. The variations of these
have, however, been found to be much too great. The length, for instance,
varies by up to 20 u which is too great variation to provide a useful
average from samples poor in pollen, especially considering that the
variations between the average for the difficult Betula species is only
2—4 wu.

100—120 pollen grains have been measured, the values being the
greatest diameter, from the outer edge of a pore to the other wall, and
measured with an accuracy of 2 u. The samples have been treated with
potassium hydroxide.

SUMMARY OF THE FOREST HISTORY OF FINLAND AND OTHER PARTS OF EUROPE AS
COMPARED WITH THE ICE RETREAT

By diminishing the sampling interval and taking the influence of
secondary pollen into account, Sauramo (1946, 1947, 1949) has been able
to apply the same zones to the Finnish diagrams as those introduced by
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Jessen (1935) in Denmark. This zonation has been generally accepted
in other parts of Europe, particularly in Germany and England (see,
e. g.. Firbas, 1949; Godwin, 1943). This conformity has been established,
however, only for the oldest of the post-Glacial zones while the younger
ones have as yet been neither so uniformily accepted nor even recognized
in investigations up to the present day. In the following pages is given a
short survey, following Sauramo (1949), of the zones hitherto recognized
in southern and central Finland.

IV. Pre-Boreal. — This zone, the oldest one hitherto found in
Finland, is characterized by a prominent Betule maximum, with values
often rising to 80—90 %. Pinus and low percentages of Alnus are
occasionally found in the upper part of the zone. The curves for Corylus
and Ulmus regularly start here, though seldom exceeding 2 9. On these
grounds it is possible to distinguish between a lower part of zone IV,
having only Betula and Pinus, and an upper part regularly containing
Corylus and Ulmus, sometimes Alnus. From the standpoint of forest
history the shore lines Y I, Y II, Y III, and Y IV (Sauramo 1949), belong-
ing to the Finiglacial Yoldia Sea, fall within the older part of the pre-
Boreal Betula maximum.

During the pre-Boreal period forest occurred commonly, as evidenced
by the high values for APF and PD.

V. Boreal. — A careful investigation employing close samples shows
that zone V is divided into three parts. The lowest, V a, and the highest
one, Ve, is dominated by Pinus the intermediate part (V b) showing a
rise of Betula. Corylus, Ulmus, and Alnus are found, the last somewhat
irregularly, though seldom exceeding 5 9. The first two do not show
any regular variations corresponding to the subzones, Alnus as a rule
showing a rise in V b in those diagrams in which it has already appeared
by this zone. (From what has been said it is evident that the marked
Boreal Corylus maximum found in central Europe is not obtained here).

These three subzones are nearly always found in the diagrams studied
(with sufficiently close sampling) from southern and central Finland.
Although it is shown that this triple division generally occurs the cause
is, however, unknown. Whether these three subzones may be traced
elsewhere than in Finland, in the first place in Scandinavia and in the
territory around the southern parts of the Baltic Sea, cannot at present
be determined from the investigations available. That the Boreal zone
can be subdivided is, however, demonstrated by investigations in England
(Godwin 1943). Although these minor zones cannot be directly compared
with those from Finland, the need of a more careful investigation of the
diagrams than before is evident.

The shore lines for Rha I and A. G. (= Ancylusgrenze) fall within
zone V (Sauramo, 1949); the former representing a marine transgression
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stage in V a and the latter giving the limit of the Ancylus transgression
in Ve. The preceding low level of the sea corresponds to V b.

The transition from zone IV to V is marked by a strong increase in
the Pinus curve, usually to 60—70 9,. At the upper zone-limit of V
the Pinus curve generally sinks. The transition to the following zone VI
is, however, definitely indicated by the steep rise of the Alnus curve up
to 10—20 9. It is notable that the continuous curve for Alnus in some
diagrams starts somewhere in zone V but in these cases, too, the upper
zone limit is marked by a steep rise.

VI, VII and VIII. Atlantic and sub-Boreal —These
zones comprise the region between the steep rise of the Alnus curve and
the rise of the Picea curve that marks the beginning of the sub-Atlantic
period. Deliminations of the three zones cannot be based on changes in
the values for Betula and Pinus since their curves have a different course
in different diagrams. In most of them Betula is dominant. Nor does
the curve for Alnus display any regular fluctuations. Corylus and Ulmus
occur regularly here in their highest values rarely, however, rising above
5 9. Often Tilia shows a continuous curve in the upper part. This
provides a distinction between zone VI and zones VII and VIIL, in which
Quercus is found as well as T'ilia, although irregularly. Here Corylus and
Ulmus frequently have higher values than earlier. According to this
division, zone VI is the section in which, besides Betula, Pinus, and Alnus,
only Corylus and Ulmus are found. The two following zones show in
addition 7'ilia and Quercus. Since these occur sparsely in some diagrams
only, the division is thereby rendered uncertain.

Concerning the evolution of the Baltic Sea the zones mentioned
correspond to different stages of the Litorina Sea. This can, for instance,
be seen from the investigations of Hyyppéa (1937) and Aurola (1938) in
the coastal region in southern Finland.

IX. Sub-Atlantic. — Picea occurs here abundantly. rising
generally to 20—30 9, and sometimes, especially immediately above the
lower limit of this zone, exceeding even 50 °;. Although this zone is the
first in which Picea shows a strong rise it may have a continuous curve
rising to 5 9, already earlier during the Atlantic or sub-Boreal period in
some diagrams. In zone IX, Pinus frequently has values as high as in
zone V, the curves for Betula and Alnus sinking. At the lower limit of
this zone the curves for 7Tlia and Quercus usually stop and Corylus and
Ulmus disappear. The latter at any rate show a marked decrease and
even if they still appear they no longer have continuous curves.

The curves for the different kinds of trees have been discussed above
in connection with the zonation, but the actual evolution of the forest
has not been touched upon. Already during the Yoldia-period, that is,
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the time of shore lines Y I, Y II, Y III, and Y IV (Sauramo, 1949) that
falls in zone IV, forest was as already mentioned, common in the southern
and central parts of Finland. The main features of the subsequent
evolution is wellknown, as can be seen from a summary by Sauramo
(1941). Concerning the development of the vegetation in Finland during
the retreat of the ice from southern and eastern Finland and during the
formation of the Salpausselki moraines, the Gothiglacial period in the
ice retreat according to De Geer, our information is scanty. Before
mentioning the investigations on this period carried out in Finland the
development in other parts of Europe will be reviewed to give a back-
ground for a discussion of the evolution in Finland and the investigation
thereof.

The pre-Boreal zone IV, also found in Finland, is preceded by three
zones which Jessen (1935) has called Older Dryas (I), Alleréd (II), and
Younger Dryas (III). During the general improvement after the last
glaciation in northern Europe the Allerdd indicates a transient optimum
of temperature, the Allerdd period being followed by a colder period,
Younger Dryas. After this the climate has improved again during the
pre-Boreal period (zone IV) that marks the transition to the post-Glacial
period, according to Jessen. The three earlier stages form the late-Glacial
period in this classification. As this two-fold division has been generally
accepted (see, e. g., Firbas, 1949), it has been used also in the present
work to prevent any confusion in the terminology arising when comparing
diagrams from Finland with those of other areas. The zones hitherto
established in Finland are thus all referred to the post-Glacial. The late-
Glacial development, characterized by the three climatically different
zones which have been demonstrated in widely separated parts of Europe,
is expressed in various ways in the diagrams. This depends on the
relationship of the deposits concerned to the proximity of the retreating
ice margin. A betterment or a worsening of the climate caused a
corresponding displacement of the different vegetational belts existing
beyond the ice margin. Such reciprocal displacements occurred during
the two late-Glacial zones II and III, which is made evident in the
detailed survey of the forest history of central Europe by Firbas (1949).
In this summary, containing many diagrams that throw light upon
conditions during the late-Glacial period, only a few diagrams are found
which show the same characteristic features of the curves for the different
kinds of tree as shown in the Finnish diagrams. One from Menturren in
eastern Prussia studied by Gross (1937, Fig. 10; 1938, Fig. 3) and also
published by Firbas (1949, Fig. 141) may be mentioned as an example
of such a diagram. Here zones IV and V can be compared directly with
the corresponding Finnish zones while the younger zones cannot yet be
equated. It is evident from a comparison made by T. Nilsson (1948)
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between the lowlands of north-western Germany and the Netherlands
and on the other hand southern Scandinavia that the post-Glacial zones
can in fact be equated with those in central Europe.

The three late-Glacial zones represent such pronounced -climatic
fluctuations followed by changes in the vegetation that they ought to
indicate synchronous stages in the development over great areas as
pointed out, by Gross (1937) among others. It is thus natural that they
should have been found in diagrams from different parts of Europe, since
they are a consequence of fundamental changes in the climate. In central
Europe a great number of diagrams have been published all of which
show the three late-Glacial zones, evident from the summary by Firbas
(1949). In Denmark all three zones are also found as, for instance, in a
diagram from Brondum in northern Jutland published by Jessen (1935).
Alleréd and Younger Dryas have been particularly studied by Iversen
(1947) who has been able to investigate the true late-Glacial development,
correcting his values against secondary influence. In the Netherlands
too the late-Glacial zones have been recognized, among other by van der
Hammen (1949) and De Planque (1950). In France, Georges and Camille
Dubois (1944) claim to have found deposits of the Alleréd period. In
the British Isles a development in the late-Glacial period has been
demonstrated as identical with that found on the European mainland.
After Erdtman (1928) had shown, by the aid of pollen analysis, that the
course of vegetational history had been essentially the same in England
as in Scandinavia during the post-Glacial period, the age of the different
deposits could be determined by this method. The zones introduced by
Jessen (1935) could in a modified form also be used. The post-Glacial
period in England has been particularly studied by Godwin (e. g., 1943).
Continued investigations have shown that late-Glacial deposits also exist
in the British Isles. In Ireland Jessen and Farrington (1938) have studied
a group of peat deposits which may be compared with the Danish ones
with the aid of stratigraphy and pollen composition. Here the three
zones I, II, and IIT are clearly distinguished. More recently Mitchell
(1940, 1951) and Jessen (1949) have studied the late-Glacial period in
Ireland and Pennington (1947) the same period in England.

It is not possible to connect the different late-Glacial zones with the
stages in ice retreat in the territories mentioned above since the ice
retreated from central Europe long before the Alleréd period. In Den-
mark (Iversen, 1947) Allerod deposits are found in northern Jutland and
Sjaelland and in Bornholm. Since these deposits are not covered by
glacial ones the ice must already have retreated from these parts. The
conclusion is that the Allerod period corresponds to, or is younger than,
the Gothiglacial stage in the ice retreat. Tracing the occurrence of
Alleréd deposits to the north, it is possible to gain further information
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about the age of this period. Zone II is, however, difficult to demonstrate
because further north it loses its warm character.

In Sweden the late-Glacial period has been studied by pollen analysis
by T. Nilsson (1935) who has made investigations in Skane. His zonation
is, however, in many cases probably erroneous because it is based mainly
on the variations in the AP curves, the NAP curves not being used. His
use of minerogenic deposits has also led to false interpretations since he
uses no correction for secondary pollen. In zones II and III, which
Nilsson calls XI and X, pollen grains of Alnus and Corylus are often
found, in the former even 7ilia. The stratigraphy, in many cases quite
varied, and the pollen zonation have not been compared by Nilsson with
the complicated displacement of the shore line in southern Sweden. Thus
it is difficult to co-ordinate the different zonations with each other. If a
comparison is made with late-Glacial diagrams from other parts of Europe,
especially Denmark, the same features can be recognized. Allerod and
Younger Dryas show up with great certainty in the diagrams from the
lake Ramnasjon, the Kaffatorp bog, the Ageréd bog, the Allerum bog,
and the Vanstad bog. The small amounts of Alnus, Corylus, and Tilia
in the older parts are probably of secondary origin. In a few diagrams
Nilsson has not divided the late-Glacial period into the usual zones but
has separated two sections « and g, falling between zones IX and XII
(= IV and I?). When compared with other diagrams it is seen, however,
that probably in these diagrams Allerod and Younger Dryas are the
most clearly identifiable features. B would then correspond to Allersd
and « to Younger Dryas. In both of the bogs Bokmossen and Amossen,
B is represented by a mud deposit covered by clay representing «. Judging
from both the stratigraphy and the pollen composition Alleréd and
Younger Dryas probably occur best in these diagrams, mentioned above,
in which Nilsson has not been able to use his general zonation.

In the diagrams from Skane, the Betula curve is regularly higher
during the Allerdd than during the Younger Dryas, which is characterized
by a transitory Pinus maximum. (Besides Betula and Pinus, Saliz is
common in all the late-Glacial zones). The curve for Betula rises strongly
at the transition to the post-Glacial period. The series of samples studied
usually comprise organogenic deposits from the pre-Boreal time onwards.
Zone IV (corresponding to Nilsson’s zone IX) is clearly seen, as are the
following zones. Nilsson’s investigations show that the ice retreated from
Skane before the formation of the Alleréd deposits. This means that the
Allerod period must be younger than the halt stages of the ice in southern
Sweden (= The Scanian Moraine). Nilsson points out that it is impossible
to compare the subsequent late-Glacial development with the retreat of
the ice sheet on the basis of the evolution in Skane. Nevertheless he
finds it probable that the cold oscillation during the Younger Dryas
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period (zone X of Nilsson) corresponds to the standstill of the ice margin
at the terminal moraines in central Sweden and that the Allersd period
corresponds to the retreat of the ice sheet through Smaland to these
terminal moraines. Nilsson’s (1935) conception is strongly supported by
the diagrams published by Mohrén (Berlin and Mohrén, 1942). Mohrén
has studied 2 profiles from Smaéland (Angands and Tjurken) and has
been able to demonstrate both Alleréd and Younger Dryas comparable
with Nilsson’s diagram from Ageréd bog. In addition he gives as a
comparison a diagram from Gothenburg. Although the late-Glacial zones
separated by Mohrén in Smaland are represented by clay, it is possible
by means of the curves for Betula and Pinus and the stratigraphy to
recognize the same features as in Nilsson’s diagrams. The warm character
of Alleréd is, however, due to the northern situation less marked than
in sites further south. Stratigraphically the Younger Dryas period is
evidenced by an admixture of sand in the clay. If the dating made by
Mohrén is correct it means that the ice retreated from Smaland already
during the Alleréd as assumed by Nilsson.

When equating the Younger Dryas period with the stages in evolution
of the Baltic Sea and the retreat of the ice sheet, some help is obtained
from the investigations in Gotland and Oland. In Gotland von Post
(Munthe, Hede and von Post, 1925) has been able by the aid of pollen
diagrams and macrofossils, to prove the existence of an arctic-alpine
vegetation preceding the Finiglacial improvement of the climate.
Comparison with the shore line displacement has led von Post to conclude
that the more warmth-demanding flora first occurs between the last
draining of the Baltic ice-lake and the Ancylus stage, that is during the
Yoldia stage. At that time a general expansion of the forest took place.
Since the arctic-alpine phase probably corresponds to the Younger Dryas
period and the first expansion of the forest to the pre-Boreal period,
then the transition from zone III to zone IV probably coincides with the
last draining of the Baltic ice-lake. The two developmental stages above
mentioned called IX (= IV ?) and X (= III ?) by von Post have been
demonstrated by Lundqvist (1928) in Oland, for instance in Lunda bog.
Zone X is here expressed as a strong Pinus maximum, but as the deposit
itself is a clay it is possible that it is a false maximum due partly to
secondary pollen, indicated by the occurrence of Corylus and Tilia, and
partly to an over-representation of Pinus commonly occurring in clays.
But since the Pinus maximum also continues in the sand and chalk-mud
covering the clay it is probable that the course of the curves in the clay
depicts the primary pollen composition. In zone X of Lundqvist, (1928)
there is a pronounced maximum for Saliz, which, however, according to
reinvestigation by Erdtman (1946) has been shown mainly to consist of
Artemisia. This zone cannot be equated with the stage in evolution of
the Baltic Sea with the aid of the shore lines investigated by Lundqvist.
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From the pollen-analytical studies in Sweden it is difficult to form a
clear idea of the character of the late-Glacial vegetation, mainly because
the majority of the deposits investigated are minerogenic. However, the
diagrams show the same main characteristics as those from Denmark.
During the Alleréd period there were probably thin birch forests in
southern Sweden, a »park-tundra» like the one i northern Denmark
(Iversen, 1947). Nearer the ice margin there was primarily tundra (Berlin
and Mohrén, 1942). During the Younger Dryas period the forest retreated
so that probably the greater part of Sweden was covered by tundra.
Because the NAP values have not been studied more extensively the
distribution of the forest cannot be determined with any certainty.

As mentioned previously, Alleréd deposits may be found even in Sma-
land (Berlin and Mohrén, 1942). In addition the start of the post-Glacial
period is probably synchronous with the start of the Finiglacial stage in
the retreat of the ice (Munthe, Hede and von Post, 1925) which
corresponds to the Yoldia stage in the evolution of the Baltic Sea. The
investigations in Sweden thus indicate that the Younger Dryas period
corresponds to the standstill of the ice at the terminal moraines in central
Sweden, while the Alleréd period corresponds to the retreat of the ice
sheet from southern Sweden to these terminal moraines. From his
investigations in eastern Prussia Gross (1937) has concluded that the
Younger Dryas period and the post-Glacial improvement of the climate
represent such great climatic changes that they must have had an
appreciable influence on the retreat of the ice sheet. Hence he equates
Younger Dryas with the great standstill of the ice in Fennoscandia that
led to the formation of the Salpausselkid moraines in Finland, the terminal
moraines in central Sweden, and the Ra moraines in Norway. The post-
Glacial improvement of the climate, according to Gross, caused the
rapid, Finiglacial retreat of the ice sheet. The above-mentioned concept
that the Younger Dryas period corresponds to the formation of the
Fennoscandian moraines is supported by investigations in England,
where Pennington (1947) has found out that during zone IIT (Younger
Dryas) a temporary expansion of the already strongly diminished ice sheet
took place. Thus it seems that here too the deterioration of climate has
influenced the melting of the glaciers.

This conception of the age of Younger Dryas is accepted by the
authors mentioned above and by many other workers, as made evident
in the summary by Firbas (1949) on the forest history of central Europe.

In Jaeren, in south-western Norway, Faegri (1936, 1940) has found
developmental stages that he has correlated with the Alleréd and Younger
Dryas periods. In Norway too, according to Faegri, the transition to
post-Glacial time is very marked indicating that this change was probably
synchronous over a large area.

2342[51 5
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In Finland Hyyppa (1933, 1936, 1937, 1941, 1943 a), especially in his
earlier investigations, arrived at a conclusion about the correlation of the
late-Glacial period with the ice-retreat stages different from that which
has been discussed above. In his interpretation of the history of climate
and vegetation of southeastern Finland Hyyppi# mainly uses diagrams
from the Karelian isthmus. He has, for instance, studied samples of
varved clay from Kivennapa where H. Lindberg (1910, 1916) found
macrofossils of Salixz polaris and Dryas octopetala, thus traces of an arctic
flora. Hyyppid supports his results by reference to investigations from
the Leningrad district (Markow and Poretzky, 1935 a, 1935 b) where the
deposits, -however, probably are erroneously dated (Sauramo, 1947).
This problem will be dealt with later on. Hyyppéd claims that on the
Karelian isthmus tundra occurred for only a short time after the retreating
ice margin. The Alleréd period, found in southern Sweden and in Den-
mark, would, according to Hyyppéd (1936) correspond to the Salpaus-
selké stages. According to this interpretation the climate began to
lose its glacial character before the Salpausselkd stages. During the
earlier of the Baltic ice-lake stages the climate ought to have been sub-
arctic, while during the Yoldia stage any change of the climate for the
worse ought to have caused a decrease of the spruce and the rare
deciduous trees. Hyyppid (1937, p. 216) himself, however, points out
that »on the basis of my present material it is evident that the dating of
the late-Glacial period based on the microflora is as yet on an insecure
basis in its detailsy. Considering that the interpretation is mainly based
on analyses from clay, which contrary to what Hyyppé (1936) has believed
contains much secondary pollen and other disturbances, as mentioned
before, it must be said to be very unreliable.

Hyyppéd (1941) points out that at the retreating ice margin followed
a zone of tundra with a corresponding climate, the influence of which,
however, did not extend over any greater area. In a diagram from Kuu-
samo from northern Finland, which will be discussed later, Hyyppé (1941)
has found that the Baltic ice-lake stage was synchronous with a tundra
phase, demonstrated principally by the NAP that reaches 500 9%,. During
the Yoldia stage forests were already common with birch as the dominant
tree. According to Hyyppéd the occurrence of tundra at Kuusamo was
due to the proximity of the ice margin, the tundra being only a short
transitory phase in the vegetational succession. The relation between
Alleréd and Salpausselkéd is not discussed in his later investigations
(e. g., 1941).

Aario (1940 a, 1940 b), applying the results obtained when studying
subrecent samples of peat from Petsamo Lapland, has investigated late-
Glacial clays in western Uusimaa in southern Finland. He has concluded
that tundra occurred in Finland during the earlier of the Baltic ice-lake
stages. The tundra was followed by subarctic birch forests or mixed
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forests dominated by birch, during the Rha-period. Aario’s results must
be said to be very uncertain considering that he has compared peat
deposits with clays. Hyyppi (1943 a), criticizing Aario’s results, points
out that, when interpreting the pollen composition of these clays it must
be remembered that they are deposits laid down in water often long-
distant from land since the whole of southwestern Finland was sub-
merged during the Baltic ice-lake stages.

Our knowledge about the forest history in Finland has been vastly
increased through the thorough pollen-analytical studies of Sauramo
leading to a correlation with the zonations used in central Europe.
Summarizing the forest history, Sauramo (1942) points out that the
pollen from rare deciduous trees found in the deposits of the Baltic ice-
lake are obviously of secondary origin or are derived by long-distance
transport. This conception is further supported by Sauramo’s later
investigations (1946, 1947, 1949) as pointed out before. The diagrams
published by Sauramo primarily concern the older part of the post-
Glacial period. As mentioned earlier it has been found that the lower
part of the pre-Boreal zone IV can be equated with the various Yoldia
levels (Sauramo, 1949), the forest already being widespread in the southern
and central parts of Finland. The late-Glacial stages of evolution are
thus older than the Yoldia stage. Younger Dryas, zone III, which
preceded the pre-Boreal period, then probably comprises those stages of
the Baltic ice-lake which correspond to the formation of the Salpausselki
ridges, a concept which would agree with the investigations in Sweden
(in the first place Munthe, Hede and von Post, 1925; T. Nilsson, 1935;
Berlin and Mohrén, 1942). In some of the diagrams published by Sauramo
(1947, 1949) zone III can be recognized in the sediments from the Baltic
ice-lake, as indicated by him, though since NAP is not accounted for to
any great extent in the diagrams the interpretation is uncertain. Some of
the diagrams will be discussed later.

The latest investigations in Finland by Sauramo, as well as the
investigations in Sweden mentioned above, indicate that the last phase in
the late-Glacial development, the Younger Dryas period, represented a
temporary deterioration of the climate and may correspond in time with
the formation of the Fennoscandian moraines. This parallellism has not,
however, been definitely established with the aid of the pollen-analytical
methods available, especially for those for the study of the forest limit.
In addition the important datum level between the late-Glacial and
post-Glacial periods has not yet been dated with certainty.

THE VARRASSUO BOG

The bog investigated is situated immediately to the east of the lake
Tyotjarvi that lies about 10 km west of the town of Lahti. The lake is
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Fig. 8. Air photograph of Varrassuo bog (1946, General Survey Office).

about 1 km in diameter and its surface level is 142.5 m over sea level.
It is dammed up by a narrow ridge belonging to Salpausselkéd. The surface
of the lake has been higher but after two falls in level about 50 years ago
the present level has been established. The successive falls in level may
be traced as two shore lines, one at 143.5 m and the other one meter
higher. Small variations of the surface level have occurred since the lake
formerly had no outflow. These variations will be discussed later.

The bog has a maximum diameter of somewhat over 800 m and is ,
connected with Tyo6tjirvi by a narrow bog-filled channel connecting the
main bog area with the open tarn. The bog is a domed bhog covered with
sparse pine forest. The lagg, seen in the air photograph (Fig. 8) as a
white strip, is especially well developed in the south-eastern part ot the
bog. The curvature of the bog plane is small which is seen from the profile
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Tig. 9. The lakes .Tyétjirvi and Mustajarvi and the Varrassuo bog. 1—G, pollen
diagrams investigated.

levelled in a N.W.-S.E. direction through 3 of the 4 points at which series
of samples have been taken (Fig. 9 and 10). The eastern border of the
bog lies at 146.5 m. In the profile the highest parts of the bog plane
rise to only a little over 147 m and fall again to nearly 146 m, whereafter
the narrow bog-filled channel falls steeply towards the lake level (142.5 m).
Furthermore the profile shows that the bottom of the bog is even and
at about 143 m. The depth in all the 4 bore-profiles taken is about 4 m.
The places where the bore-profiles have been taken are indicated on the
maps, Fig. 9 and 10. The three first bores are situated along a levelled
transect while the fourth is located in the southern part of the bog. The
bases of the bore-profiles from which pollen diagrams have been con-
structed were at the following altitudes: 1 = 143.1 m, 2 = 143.1 m,
3= 143.2 m, and 4 = 144.0 m.

The stratigraphic records to the diagrams 1—4 (Fig. 12—16) show
that limnic sediments are wholly lacking in the bog; the peat has been
formed directly on the underlying fine sand. The lowermost layer (5—20
cm) is formed of a strongly humified and compressed peat. In the first
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Fig. 10. A profile of Varrassuo bog. 1—3, points investigated.

two bores (Fig. 12 and 13) the lowermost deposit is a
Brown-moss- Equisetum-peat containing remains of a
Carex and some Sphagnum. Then follows uninterrupted
Sphagnum-peat up to the surface. In the other two
bore-profiles (Fig. 14 and 15) there is a layer of Carex-
peat directly above the mineral substratum. The peat
about 10 e¢m thick is rich in Brown-moss basally. This
layer is followed, as in the other bore-profiles, by Sphag-
num-peat. Dr. R. Tuomikoski has kindly determined the
Brown-moss species in samples from the lowermost peat
layers in bore-profile no. 1 (362, 372 and 379 cm depth)
and has found that it is Drepanocladus fluitans.

The zones hitherto found in Finland, beginning at
zone 1V, can be separated by studying the variations
of AP only. One of the best studied features is the Boreal
Pinus maximum comprising zone V. From the present
diagrams it can be seen that in this work too the maxi-
mum is sharply defined. Downwards it is bounded by
the steep rise of the Pinus curve coincident with a de-
crease in Betula. The upper limit of zone V is defined
by the steep rise of the Alnus curve up to 10—20 9
and a decrease in the amount of Pinus. The three sub-
zones a, b and ¢ in zone V may be separated on a basis
of the variations of Betula and Pinus. The Pinus domi-
nance, amounting to 60—70 9, is regularly interrupted
by a Betula maximum of 40—60 9, demonstrating that
the division into three is a very clearly established fea-
ture. The small-scale variations, often restricted to a
single sample, which cause minor differences between the
various diagrams are, on the other hand, insignificant
details caused by statistical errors and local disturbances.
Among the other tree species Alnus occurs regularly in
small amounts (up to 5 9,) in zone V,although in some
cases, ag in diagrams 3 and 4, in such amounts that it
forms a continuous curve that directly continues in the
steep rise of the Alnus curve at the zone boundary
above. In addition Corylus and Ulmus regularly occur
in zone V, while Picea and Tilia are found only occasio-
nally.

Only one of the bore-profiles (no. 2, Fig. 16) has been
investigated right up to the surface level. From this and
from protile 4 it can be seen that the limits between the
subsequent zones VI, VII,and VIII cannot be distinguished
here either, only their approximate positions may be
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Fig. 15. Pollen diagram 4, Varrassuo bog.

indicated. It seems as if the fluctuations of Pinus and Betula in these
sections of the diagrams do not permit of any generally valid division.
Generally the warmth optimum reflects a Betula dominance but it is
irregularly interrupted by Pinus maxima in different diagrams. In zones
VII and VIII both 7ilia and Quercus form continuous curves which
cease simultaneously with the curves for Corylus and Ulmus at the
beginning of zone IX where the spruce rises to values exceeding 30 9.
Tt is to be noted that the Picea curve is continuous already in zones VI1I
and VIII up to a maximum of 5 %, In zone IX the warmth demanding
elements are nearly totally absent and, in addition, the curves for Betula
and Alnus sink, the latter to about 5 %.
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The recurrence surfaces in domed bogs, used by Granlund (1932)
among others, have not been accounted for in the study of Varrassuo
since only one profile has been investigated right up to the surface. For
the clear recognition of possible recurrence surfaces it is necessary to
have a succession of diagrams, from which the different surfaces and
their levels may be compared.

When the upper parts of the diagrams have been dated according
to the normal zonation ciiteria, there still remains a Betwle maximum
basally, the birch here regularly rising to 80—90 9,. The continuous
curves for Corylus and Ulmus also start at this point, though with
values of only 1—2 9%, The subzones a and b in zone IV described
by Sauramo (1949) may here be identified. The limits of these sub-
zones have, however, not been marked in the diagrams due to the inac-
curacy, caused by statistical errors, local disturbances, and long distance
transport, that may occur when small percentages are concerned. In
addition to Corylus and Ulmus, Alnus and Picea occur occasionally the
former only in the upper part of zone 1V.

The Betula curve reaches its maximum at values of about 90 %.
Prior to this it reaches about 75 9%, in the lowermost peat layers though
only to about 55 %, in the upper layers of the mixed bed of sand and
peat in the single diagram (no. 2, Fig. 13) in which this deposit has been
investigated. The lowest samples of peat contain, besides Pinus and
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Betula, no other AP than Picea, which occurs regularly in all the diagrams
(I-—3 9%). Since the deposit investigated is a peat the occurrence of
Picea and the higher values for Pinus (with correspondingly lower values
for Betula) cannot be due to secondarily derived pollen. It is improbable
that this feature is merely a haphazard variation of the percentages
since the shapé of the curves is the same in all diagrams.

Some aid in the interpretation of the lowermost layers is obtained by
study of the PD and APF values. When comparing the PD values in
the different diagrams from Varrassuo bog the significance of the rate
of growth of the peat is clearly seen, at best in the oldest layers where
the PD value is low. When, for instance, zone IV is compared in the
diagrams 2 and 3 the PD value in the former diagram is 10—20 while
in the latter it rises to 30—40. In common for all diagrams, however,
PD is lowest in the lowermost layer, being in diagrams 1 and 2 about
10 in the other diagrams showing somewhat higher values (15—27).
From these values the only conclusion can be that the sedimentation of
pollen has been less extensive when the lowermost peat-layers were being
formed than later on. More definite results are obtained with the aid of
the APF values. Determinations have been made in two of the diagrams;
in that kind of peat having apparently the slowest rate of growth (Fig.
15) and in that kind of peat having the highest rate (Fig. 13), so that the
influence of the rate of growth may be demonstrated. As mentioned
before the degree of humification does not affect the APF value to any
considerable extent. (APF has not been determined in the very lowest
samples of peat since they contain sand). When the values for the
lowermost layers are compared it is found that the Betule maximum
divides into two parts; a lower region with an APF of 308 in the former
diagram and 413 in the latter and an upper region having 2260 and 737
respectively. In the boreal Pinus maximum the APF is 5110—8664 in
the former and 1152—1892 in the latter. According to Aario (1942) it
is possible, as mentioned before, to demonstrate the existence of tundra
by the aid of APF, sometimes even of the subalpine birch forest. Aario
considers all samples having an APF below 100 as samples of tundra
origin. In the diagrams here described there is, especially in no. 4 (Fiz.
15), a strong increase between the lowermost value and the subsequent
ones. It is improbable that the differences could be due to variations in
the stratigraphy since Aario has found that APF does not vary consider-
ably in the different kinds of peat. However, he has observed that the
value is higher in Carex-peat than in Sphagnum-peat, which in the present
diagrams would mean that the kind of peat may to some extent increase
the values for the lowermost layers.

If the value for the lowermost layer of peat (308—413) is interpreted
in accordance with Aario’s values it ought to signify some intermediate
conditiorn between tundra and sparse forest, but considering that the
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peat here is strongly compressed and humified it may be concluded that
the value most likely represents tundra. On the other hand the other
values in the diagrams indicate forest vegetation. It is true that the
value in diagram 2 (Fig. 13) is only 737 in the upper part of the pre-
Boreal Betula maximum but that is very likely caused by the more rapid
growth of this peat. With this in mind the real ditference, to the lowest
value 413, is greater than the numbers indicate.

Thus, by the aid of APF, a period in the lowest part of the diagram
can be demonstrated representing tundra or, possibly a period of very
sparse forest vegetation.

Already in those sections in which the Betula curve has risen to 80—
909, APF has such high values that a continuous forest vegetation must
have existed at this time. The same circumstance may be observed and
studied more deeply with the aid of NAP. From the diagrams it is seen
that NAP does not show any considerably percentages elsewhere than
in the lowermost samples. Higher up values of 5—10 9, occur and only
in one exceptional case (zone Ve diagram 2) so much as 20 %, In the
tables (1—3) are reproduced those sections of the diagrams that precede
the Boreal Pinus maximum, zone V. (The diagram no. 4 has not been
included, the NAP values here being derived from1 APF determinations).
Every diagram shows a strong NAP maximum at the base. Here a
region may be distinguished with an NAP value of 40—100 9,. When
the NAP flora is examined it is found that the upper region of the maxima
is caused by a high value for Cyperaceae, which may also give rise to
smaller maxima higher up in the diagrams as seen, for instance, in no. 2
(Fig. 13). Any greater significance cannot, however, be attributed to
these Cyperaceae maxima, especially since they occur irregularly in the
different diagrams. The lower peat being in part formed by Carex it is
natural that Cyperaceae pollen are here more abundant than higher up
in the Sphagnum-peat. In the basal sandy peat, however, the NAP flora
is composed of so many types of pollen that when compared with Aario’s
values it may reasonably be assumed to represent tundra. Accord-
ing to Aario (1940 a and b), as mentioned previously, samples may be
said to represent open forest already at values of 30 9, for NAP, if not
more than 50 %, is due to one type of pollen. The present works” NAP
maximum of 40—100 9 is composed of mainly Cyperaceae and Ericales
together with smaller amounts of Chenopodiaceae, Gramineae, Rosaceae,
locally Compositae (mainly Artemisia), Epilobium, Hippophaé, Ranuncu-
laceae, and Umbelliferae. This lowermost NAP maximum is thus formed
by a great variety of pollen. In addition Salix has a continuous curve
in the lowest samples that stands out especially well in diagram no. 2,
with values of up to 10 9. According to Firbas (1949) Salixz regularly
occurs together with a high NAP value and so may be used as an addi-
tional indicator of tundra.
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Thus, in the lowermost layers of peat in Var-
rassuo bog a tundra period can be demonstrated,
by the aid of APF and NAP, which has preceded
the pre-Boreal period, zone IV. In the diagrams this
basal tundra period has been labelled zone I1I. Whether this zone only
depicts a local development over a small area, or whether it can be
connected with the general N. W. European zonation and shown to be
equivalent to the Younger Dryas period will be discussed later.

The limit between the zone III and IV has been drawn in the dia-
grams first and foremost on the basis of the NAP values and has been
placed at the point where the uniform NAP maximum ceases.

In order to form a more complete picture of the first flora than that
obtained by AP and NAP studies alone, the macrofossils have been
investigated. The samples have been taken from the basal peat-layers
at the sites where the bore-profiles 1, 3 and 4 were taken (Fig. 9). The
poor flora found fron: the pollen analysis is depicted also in the macro-
fossils. At site 1 only fruits of Carex rostrata were found at a depth
corresponding to zones I11, IV and V a. At site 3 at a depth corresponding
to zones III and IV fruits of Carex lasiocarpa (filiformis) and seeds of
Menyanthes trifoliata were found. Higher up in zone V seeds of Andro-
meda polifolia were found. At site 4 the macrofossils were the same as
at site 3.
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Fig. 17. The size of the Betula pollen grains
in zones ITT, IV, V, and VII in diagram 4.

In diagram 2 the size of the Betula pollen grains has been measured
in zones IIT and IV and in diagram 4 in addition in zones Vand VII (Fig.
17 and 18). Some information can thereby be obtained about the
variation in the pollen size throughout the older zones. From zone IV
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onwards a 40—50 9, maximum is obtained of 24 x grains while in zone
III a maximum at 28 y is found which exceeds even the maximum at
24 u by some percent. Zone III thus differs from the others in this
respect, that the Betula grains here are larger which, without defining
the Betula species concerned, indicates that the temperature demands
have been lower (Faegri, 1940) i. e. assuming that no change has taken
place in the size of the pollen grains due to chemical or physical agents
(Aario, 1941). If one assumes that changes due to external agents have
occurred it is difficult to explain why two separate peaks are fornied in
zone 1IT; one at 24 p and the other at 28 x. It seems more probable that
in zone IIT a certain »species» occurs that has been prevalent only in this
zone or whose influence became strongly reduced at the transition to
zone IV. When the table published by Kujala (1946) (Fig. 7) is considered
it seems probable that the Betula tortuosa is the dominant in zone IIIL.
According to Kujala’s table the average for Betula nana lies at 22 u for
which value there is no considerable percentage in either of the diagrams,
Fig. 17 or 18. The conclusion is, although with some uncertainty, that
Betula nana has had no marked influence in the sampies here investigated.
It is difficult to conclude on the basis of Kujala’s table what the maximum
at 24 u represents. It would seem most likely that it represents Betula
verrucosa, while a maximum for Betula pubescens ought to lie at 27—28 u.
It is, however, possible that the peak at 24 p is composed of both these
species.

Thus it may be concluded from: the Betula analysis that the influence
of Betula nana in the diagrams is small and that the composition of Betula
species occuring in zone III has been dominated by less warmth demand-
ing »species» than in the subsquent zones. Possibly Betula tortuosa occurred
in zone III.

If it is true that the variations in the size of the pollen grains found
in the Varrassuo bog are due to the occurrence of certain Betula species
having differing temperature optima these measurements would supply
a valuable method of approach in tracing such former changes in climate
through their effect on the vegetation. The usefulness of the measure-
ments is further demonstrated when the Hiilisuo bog from Russian Karelia
is discussed.

THE LAKES TYOTJARVI AND MUSTAJARVI

From Tyotjirvi (Fig. 9) from about 7 m depth and from Mustajirvi,
a lake about 400 m long immediately to the north of Tyd&tjiarvi, from
about 5 m depth samples have been taken to investigate the pollen
composition in limnic deposits which give more reliable results and make
possible a comparison with the pollen composition in peat. In both
profiles the bottom is formed by sand, as in Varrassuo bog. Only the
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Fig. 19. Pollen diagram 5, lake Tydétjirvi.

lowest layers from the mud have been used, mainly because the upper
layers are so loose that it is difficult to obtain reliable samples. In the
diagram from Tyotjarvi (Fig. 19) all the previously mentioned zones may
be identified without difficulty. Although the thickness of the layer
containing the Boreal Pinus maximum is only 20 cm all the subzones in
zone V can be recognized. In this zone Alnus is usually abundant but the
actual rise of the curve is so sharp that there is no doubt about the point
where the boundary to zone VI should be placed. In the very narrow
pre-Boreal Betula maximum the lower limit for Corylus and Ulmus is
very marked. In agreement with the earlier diagrams the Betula
percentages in the basal samples are lower than those immediately above.
Picea, too, is found in the lowermost samples of mud. Thus AP here
shows the same changes as in the domed bog investigated. NAP, however,
does not have the same strong peak in the lowest layers, only values
below 10 9, are found, which is seen from the table (Table 4). Based on
the values for AP and NAP it may be assumed that the layers representing
zone 11T are situated immediately below the lowermost samples investi-
gated and thus that the boundary to zone IV would be the border between
mud and sand. This assumption is supported by the following diagram:.

In the diagrams the values for PD have been given to illustrate how
much richer in pollen the limnic deposits are than the terrestric. The
values do not, however, do justice to the real relationship since in those
cases where the samples have been rich in pollen the pollen slides have
been made correspondingly thinner than usual in order to obtain more
accurate results on analysis.

The diagram from Mustajirvi (Fig. 20) has the same character as the
preceding one. Here, however, the Boreal Pinus maximum is very
compressed rendering it impossible to separate the subzones. Furthermore
the Betula percentages are in general unusually high, especially in zone V
which may be due to local over-representation in the pollen sedimentation.
The lowest part of the diagram is as equally well developed as in the
preceding diagram; the limit for Corylus and Ulmus is very sharp, Betula

Y
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Fig. 20. Pollen diagram 6, lake Mustajarvi.

here having its highest peak, about 90 %, In this profile it has also been
possible to analyze the top layer of the sand to about 10 em depth owing
to its high content of organic matter. Here Pinus reaches as much as
30 9%, and Picea (4 %) is also present. Since traces of neither Corylus
nor Ulmus nor of any other kind of warmth demanding species occur
and after comparison with the diagrams from the bog it seems evident
that there is scarcely any secondarily derived pollen in the sand. A strong
NAP maximum is found (66 %, see Table 5). The NAP flora is composed
of numerous elements, Cyperaceae, Ericales, and Ranunculaceae showing
high values and in addition pollen of Chenopodiaceae. Salix, at the same
time, has the unusually high value of 18 9. Thus here, too, zone III is
present as in the bog. The zone IV boundary is the boundary between
the mineral layer and the mud as already demonstrated in the preceding
diagram:.

No essential differences are found” on comparing the latter two
diagrams with the diagrams from Varrassuo bog. Both in the mud and
in the peat the different zones stand out in the same manner. The greatest
difference is that the rate of growth of the mud has been considerably
less than that of the peat. Zone V, for instance, represents in the peat
a layer of up to 50 e¢m thickness while the corresponding layer in the
mud is 10—20 cm.

DIAGRAMS FROM THE YOLDIA LEVELS

The diagrams from the plateau at Salpausselkd have been compared
with similar diagrams from sites nearer sea-level for the dating of the
oldest zones. Some series of samples from sites around the Yoldia levels
from the neighbourhood of Seesta, N. E. of Lahti have been analyzed
(cf. the map in Fig. 1). In addition two other diagrams are given; the
first one from Roéykka about 80 km S. W. of Lahti between Salpausselké
I and TII, and the second one from Vanaja between Salpausselkd II and

u
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Fig. 21. Pollen diagram 7.

I1I earlier published by Sauramo (1949). The latter two diagrams are
situated in the same relation to the shore lines as those from Seesta.
Therefore they are discussed in connection with the Lahti area although
situated outside it.

The first diagram (no. 7, Fig. 21) is taken from the lake Lukumies-
lampi S. W. of the lake Sarkijirvi, at 113 m altitude. The lowermost
layers of the profile are clay, from 420 cm downwards, covered by lake
muds extending nearly to the surface and capped by a thin layer of peat.
Only the lowermost layer of mud, from 350 cm downwards, and 20 ¢m
of the clay have been investigated by pollen analysis. Although the rise
of the Alnus curve is less steep than usual zone V is clearly seen and the
different subzones may be separated. The Betula values are unusually
high even exceeding the Pinus values in zone V. Zone IV appears very
definitely in the lowermost layers of the mud and the curves for Corylus
and Ulmus start here. In the three clay samples investigated Pinus
shows considerably higher values than in the lowermost samples of mud.
In the basal sample of clay Pinus amounts to more than 509,. In addition
to Pinus and Betula also Alnus (even up to 10 9), Picea, Corylus, and
Ulmus are found in the clay. Considering the NAP values it is probable
that zone III is represented in the samples of clay, as in Varrassuo bog
and the lakes Tyotjirvi and Mustajirvi. The NAP value is here 27—36
% with many components: Chenopodiaceae, Cyperaceae, Ericales, Grami-
neae, Artemisia, Cruciferae, Rosaceae, and Ranunculaceae (Table 6). Salix,
too, occurs in abundance from 6—16 %,. It is true that the NAP values
are lower than the earlier ones obtained from zone III but that seems
natural considering that the local vegetation cannot have produced the
same effect on pollen sedimentation in the lake as on the peat. In the
Varrassuo bog, for instance, the Carex-peat naturally has high values for
Cyperaceae. The main difference from the earlier diagrams appears in the
AP composition. In the clay Alnus, Picea, Corylus, and Ulmus occur,
none of which is found in zone III in the previous sites. This is obviously
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due to secondary influence. It cannot, however, be deduced whether or
not Pinus is affected. It is of course possible that an over-representation
of Pinus occurs, as is often observed in clays. No foreign elements occur
in the NAP flora, that is such elements that are not found in the
previous diagrams, except Cruciferae pollen. They are, however, common
in the older sections of other diagrams that will be discussed later. Thus
they need not be of secondary origin. Consequently it is probable that
the NAP flora or at least the main body of it, is of primary origin the
clay representing the deposit of the same tundra stage which characterizes
zone IIT here as in the previous sites. The limit to zone IV coincides
with the change-over to mud and thus represents the shift to a closed
forest vegetation and cessation of soil erosion and supply of mineral
material to the lake deposits. In the following diagrams from Seesta,
from about the same altitude in relation to the shore lines as the one
discussed above, the lowermost part of the clay has not been analyzed
owing to the excess of pollen of secondary erigin. The clay in these
diagrams may, however, be said to represent the same stage as the clay

in diagram 7, i. e. zone III.
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Fig. 22, Pollen diagram 8.

The diagram no. 8 (Fig. 22) is taken from the lake Hessunlampi about
2 km S. E. of Seesta. The lake is at 120 m altitude and is surrounded by
a bog covered by pine forest. The bottom is of clay covered by a 5 em
layer of clay-mud. Then follows 1.5 m mud the lowest part of it (55 cm)
being a fine detritus-mud. A Phragmites-peat uppermost reflects the

2342(51 7
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final infilling of the lake. Here the diagram ends, 260 cm below the
surface.

Although the thickness of the layers representing zone IV and V is
small the characteristic features are clearly recognisable. The relative
amount of Betula is greater than usual hence the Boreal Pinus maximum
does not exceed the Betula value. The abrupt lower limit for Corylus
and Ulmus in zone IV clearly stands out in this diagram as in the others.
In zones VI—VIII the course of the curves is very even, especially the
course of the Betula curve that remains at about 50 %,. The increase in
Picea indicating the transition to zone IX is followed by a decrease in
Corylus, Ulmus, and Quercus while T'ilia still shows a low but continuous
curve of about 1 9%,. Picea occurs commonly in this diagram, as in those
from Varrassuo, being up to 9 9, in zones VII and VIII. The highest
value for NAP is only 6 %, Neither the NAP curve nor the Saliz curve
has any maximum in zone IV in this diagram.
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Fig. 23. Pollen diagram 9.

The following diagram (no. 9, Fig. 23) is from a site on the northern
shore of the lake Isolampi (at 122 m altitude). Lowermost at a depth of
295 cm is a clay which is followed by a 40 cm thick mud layer, the lowest
5 cm of which being a clay-mud. An Equisetum-peat is found uppermost.
Only in the lowermost layers under the peat do the different zones stand
out. Zone 1V, basally, has a higher NAP value than in other parts of
the diagram, though rising to only 8 9,. While the curve for Corylus
in the usual manner starts in the upper part of zone IV Ulmus is so
sparsely represented that the curve is discontinuous. Zone V is marked
by a well developed Pinus maximum. The subzones cannot be identified
with certainty. The Alnus curve shows a marked rise in the topmost
layer of mud to nearly 30 9,. Above zone V there is a general decrease of
Betula and Alnus, Pinus becoming practically 100 9, dominant in the
upper part of the diagram. This unusual course of the curves starts at
the transition to the Equisetum-peat, making it appear probable that
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there has been some disturbance of the normal pollen sedimentation due
to the change-over from limnic deposits to telmatic peat. While the
course of the curves in the upper parts of the diagram must be said to
be directly misleading due to local disturbances they are, however,
probably normal in the lower deposits which are open-water lake muds.
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Fig. 24, Pollen diagram 10.

The diagram no. 10 (Fig. 24) is taken from the lowest layers of a bog
at 130 m. The bottom, at a depth of 6.7 m is, in contrast to the previous
sites, formed of sand. Then follow 20 c¢m of fine detritus-mud. Above
the limnic deposits there is a Sphagnum-peat. The features of the different
zones stand out very well in the diagram. The Boreal Pinus maximum
is very sharply defined below by the strong decrease in the Betula curve
and above by the rise of the Alnus curve to 20 9,. The subzones in zone
V are clearly seen. Above zone V Betula generally dominates although in
some places interrupted by Pinus. This demonstrates the absence of
any regular course for the Pinus and Betula curves in the zones following
zone V, excluding zone IX.

Below zone V the pre-Boreal Betula maximum appears with as much
as 89 9, Betula. The limit for Corylus and Ulmus is sharp in the upper
part of zone IV. The highest NAP values (18 9,) are obtained from the
lowermost samples, where Saliz also is commoner than higher up.
However, the NAP value is so low that it does not indicate the presence
of zone III, as earlier demonstrated. As seen from the diagrams from the
Varrassuo the NAP value may still be of this magnitude in zone IV. It
may thus be stated that the lowermost Betula maximum wholly represents
zone IV.
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Two samples from the bog discussed above have been investigated
for macrofossils. Samples taken from 630-—655 cm depth, corresponding
to the lower part of zone V and the upper part of zone IV, contained
the following macrofossils: Catkin scales and fruits of Betula »albay, seeds
of Pinus silvestris, fruits of Carex lasiocarpa, fruitstones of Comarum
palustre and a seed of Nymphea cfr. candida.
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Fig. 25. Pollen diagram 11.

Diagram no. 11 (Fig. 25) from Roykkd is quite similar to the previous
ones in character. The profile, taken from a small former lake, wholly
consists of lake muds covering the sandy bottom. This diagram does not
reveal any new characteristics, supporting however the picture of the
development obtained from the other diagrams. The different zones are
well separated; even in zone V the subzones are seen although the whole
zone is represented by only 10 cm of mud. In this diagram the NAP
values are not given the analyses being incomplete (the diagram being
completed already in 1948 before the ones mentioned above).

Diagram no. 12 (Fig. 26) is taken from Vanaja, situated between
Salpausselkéd IT and IIT from 135 m altitude at the Yoldia limit. It has
been published by Sauramo (1949, Fig. 5) and the analyses has been
made by Mrs. Lyyli Virtanen, M. A. The profile consists of a basal sand
followed by lake muds of which the lowest 1.3 m have been investigated
(the bottom is at 6.3 m). In the diagram the limnic deposits represent
zones IV to VII. Of these zone IV is very well developed being of about

30 em in extent. 3
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Fig. 26. Pollen diagram 12, Vanaja (Sauramo, 1949; Fig. 5).

Ericales, in this case primarily Empetrum, forms the main constituent
of the NAP flora while the other NAP elements contribute from 1—5 9.
The total NAP rises however in the sand to 63 9, (Table 7). On the
basis of the NAP alone it is very uncertain whether this section may be
said to correspond to zone III since the investigations by Aario (1940 a
and b), mentioned previously, have shown that Ericaceae pollen alone can-
not be used as an indicator of tundra (Aario classes Hmpelrum together
with the Ericaceae ). The composition of the remaining NAP is very sparse;
only single pollen grains of Chenopodiaceae, Cyperaceae, Rosaceae, and
Umbelliferae and in addition Artemisia and Hippophaé which are typical
representatives of a pioneer flora. Furthermore the Salixz value is as
much as 3 9. In the samples of sand analyzed, in addition to Pinus
and Betula, Alnus was found in two samples (1—2 9;) and 2 9, of Corylus
in the lowermost sample. Picea was found in two samples. It is
noteworthy that Pinus has higher values in the sand than in the lower-
most layers of mud. It is possible that here the same features are seen
as in the diagrams from Varrassuo bog at the transition from zone IIL
to IV. This conclusion is, however, less certain in the case of the present
diagram though on consideration of the stratigraphic evidence it is
probably correct (cfr. page 55). The occurrence of Alnus, Corylus, and
Picea in the lowermost samples is probably due to secondarily deposited
pollen, or conceivably long-distance transport, especially with regard
to Picea’s occurrense.
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DEVELOPMENT IN THE LAHTI AREA AND THE RELATION OF THE DIAGRAMS
TO THE SHORE LINE DISPLACEMENT

A closer dating in zone III of the pollen diagrams can be made by
studying the deposits in relation to the shore line displacement. In
Varrassuo bog a maximal age may be determined for the oldest deposits
(which, however, does not give the maximal age for the whole tundra
period represented by zone III). The situation of the different sites in
relation to the shore lines is given in the shore line diagram (Fig. 5).
The lower cross at Tyotjarvi indicates the altitude of the bottom of
Varrassuo which gives the highest possible sea level when the formation
of peat started. On considering the shore lines it becomes evident that
the level of the bases of the diagrams no. 1-—3 correspond in altitude
(143 m) to the shore line B III, which means that peat formation may
have started at earliest at the time of formation of Salpausselki II since
the sea level was higher prior to that stage. Sea level has never since
stood at this position. (The base of diagram 4 is about 1 m higher than
than the rest which may have permitted formation of peat somewhat
earlier here than in other parts of the bog).

The upper cross at Tyotjarvi in the shore line diagram (Fig. 5) indi-
cates the level when the lake became isolated from the sea and thus the
level for the corresponding change in diagrams 5 and 6. In the lowest
samples from these diagrams the diatoms have been studied. Only small-
lake forms are found which, when the stratigraphy is also considered,
suggests that the lakes Tyotjarvi and Mustajiarvi became isolated from
the main Baltic ice-lake already before the lowermost layers of sand
extensively mixed with mud were formed. This indicates that their
maximal age is restricted to the time of the isolation that took place
between the shore levels B II and B III somewhat prior to the second
Salpausselké stage.

It has been assumed above when discussing the maximal age of the
peat that the lake level sank at first to a level corresponding to the level
of the Baltic ice-lake. Only such a fall can have allowed bog formation
to start at the 143 m level already during the formation of Salpausselki
II (= BIII) since the isolation level of Tyotjarvi is 144.5 m. Some
samples analyzed from the northern shore of the lake show that the
surface level of the lake has in fact been very low. The samples have
been taken immediatly above the sandy bottom and consist of Carex-
peat. The bottom is here at 141.5 m altitude (the depth of the bog being
4 m). The following pollen spectra were obtained.

Alnus 8 9, Betula 47 9, Pinus 41 %, Corylus 2 °, Ulmus 1 %, Tilia 1 %,
» 12 » » 56 » » 25 » » 4 » » 1» » 2 »
» 7 » » 48 » » 43 » » 2 » » - % » - »
» T » » 33 » » 58 » » 1 » » 1 » - »
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The samples, collected at 10 cm intervals from the bottom upwards,
represent zone VII or VIII (or both) judging from a comparison with the
other diagrams. The surface level of the lake must obviously have been
below 141.5 m still during the Atlantic and sub-Boreal periods and thus
considerably lower than the isolation level (144.5) and the present level
(142.5 m). Therefore, during the sub-Atlantic period the surface of the
lake must have risen by at least two metres.

It is thus possible to refer the start of peat formation in Varrassuo
and of mud sedimentation in the lakes to about the time of formation
of Salpausselkéd 1I. The transition from zone III to IV cannot, however,
be dated by the aid of the diagrams from Varrassuo or from the two
lakes mentioned above. This must be accomplished instead by a compa-
rison with diagrams from other sites.

All the diagrams from Seesta (no. 7—10) and the one from Roykki
(no. 11) are situated from 2—13 m above the highest Yoldia level, YI
(Fig. 5) and thus below all levels of the Baltic ice-lake. In three of the
diagrams (no. 7, 8, and 9) the lowermost deposits are clays. This
presupposes that they have been formed in deep water, evidently in the
Baltic ice-lake, whereas the mud covering these layers has been formed
after the isolation of the small lake basins, as indicated by the diatom
flora. It is, namely, in all diagrams composed of small-lake forms even
in the lowermost samples of mud. Consequently the transition from clay
to mud gives us a dating for the last drainage of the Baltic ice-lake
corresponding to the regression from B VI to Y I (Fig. 5). In two of the
diagrams (no. 8 and 9) the lowermost mud covering the clay is rich in
sand as in corresponding sites published by Sauramo (1949). As
established previously the clay represents zone III (diagr. 7, Fig. 21)
and the transition to zone IV corresponds to the change-over to mud.
This implies that the zone III deposits were formed prior to the Yoldia
stage and during the Baltic ice-lake stages. The transition to zone IV
thus coincides with the retreat of the ice from Salpausselkéd III.

In diagram 10 from Seesta and 11 from Roykkd only sand is found
under the mud. It is possible that below the sand the same Baltic clay
occurs as in the other sites, though here it may be missing for some
reason or other. In diagram no. 12 from Vanaja, between Salpausselka 11
and III, too, the lowest layer consists of sand deposited before or during
the last drainage of the Baltic ice-lake. The pollen flora, although with
some uncertainty, supports the conclusion that zone III is represented
in the lowermost layer of sand. Zone IV, the pre-Boreal period, is
represented in the overlying mud, that has been formed after the isola-
tion. Thus the different Yoldia levels are synchronous with the pre-
Boreal Betula maximum. Hence this diagram confirms the conception
stated above regarding the age of zone III.
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At the time when peat formation was assumed to have started in
Varrassuo there were only small and scattered areas of dry-land in the
southern part of the country. The Lahti area was an island in the Baltic
ice-lake and formed chiefly of the plateaus of Salpausselki I. This island
was separate from the more extensive dry-land areas in the eastern parts
of the country and to the south of the Gulf of Finland. The values for
NAP and APF have revealed that there was probably no forest vegeta-
tion on this island, indicating that the total amount of AP in the lower
parts of the diagrams is due to long-distance transport. The AP composi-
tion thus depicts the type of forest found in the areas situated at a greater
distance from the ice margin. In the Lahti diagrams the course ot the
curves for Betula and Pinus illustrate the same development as is found
in Lapland at the transition from tundra to forest (Aario, 1940 a, and b)
with the sole difference that in the Lahti diagrams Pinus never exceeds
Betula. Such a maximum for Pinus may, however, be assumed to exist
in a yet earlier phase of zone III, since Pinus regularly shows a sharp
rise basally as if being a part of an earlier maximum. As well as Pinus
and Betula zone III regularly contains Picea (1—3 9,) which is also
common in subrecent samples from the Lapland tundra. To judge from
the Betula measurements made in the present work it is probable that
some proportion of the Betula pollen has been produced by Betula tortuosa.
Possibly this birch species occurred in the Lahti area before the closed
birch forest invaded this territory during the pre-Boreal period.

A gradual change at the base from sand to peat is obszrved regularly
in the series of samples from Varrassuo bog. A sharp change is never
found. This continuation of sand deposition took place while the lowest
layer of peat was forming during zone III. The vegetation cover was
probably still incomplete. Thus fine sand could be transported by the
wind to lower lying areas andin this way could become incorporated in the
peat. In the Netherlands van der Hammen (1950) has been able to
demonstrate a similar incorporation of sand in peat deposits caused by
the wind during the Older and Younger Dryas periods. In the diagrams
from the bottoms of the lakes Tyotjirvi and Mustajiarvi it has been
shown that the change from sand to mud coincides with the transition
between zones III and 1IV. The quantity of organic material contained
in the sand at the bottom of the lakes is, however, large enough to render
possible a pollen analysis of the samples.

The sandy muds and peats investigated have thus not been formed
in the same manner as the late-Glacial sediments deposited in water-
basins. Hence it is natural that secondary pollen are absent from the
surface layers of the mineral deposits of the bottom of Varrassuo bog
and the lakes Tyo6tjarvi and Mustajéirvi.

Based chiefly on the amount of the NAP it has been concluded that
the lowest samples in the diagrams indicate the existence of a tundra
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vegetation. The NAP flora also contains elements typical of the pioneer
flora generally found following the retreating ice margin. The occurrence
of such elements is not caused by the climate but by the lack of competi-
tion (Erdtman, 1946, 1948, 1949; Firbas, 1949). Artemisia and
Hippophaé, regularly found in late-Glacial samples of tundra, above all
belong to such a flora. Both of them occur in the lower parts of the dia-
grams from Varrassuo bog, although not in greater amount than 2 9%,
As has been mentioned previously the main bulk of the NAP flora is
formed by Cyperaceae and Ericales while the pollen produced by other
families and genera rarely exceeds 10 Y.

The conclusion from the foregoing is that the tundra stage (zone I11)
traced in the Lahti area was replaced by the forest of the pre-Boreal
period (zone IV) at the time of the last drainage of the Baltic ice-lake
when the ice margin retreated from Salpausselké III and the Fini-
glacial period of the ice recession began. In the diagrams the transition
from zone III to zone IV is well-marked; both the stratigraphy and the
pollen flora depict the effect of a considerable improvement of the climate
such that in a short time the forest invaded the area investigated. At
the beginning of the pre-Boreal period only birch forests occurred, mixed
with some pine, but already at the end of zone IV Corylus and Ulmus
and occasionally Alnus are to be found.

As the marked change at the transition to zone IV probably
corresponds to the onset of the more rapid melting of the ice during the
Finiglacial period it is unlikely that the sudden occurrence of forest is a
consequence only of the greater area of dry-land following on the
regression to the Yoldia levels. The transition must also have been due
to a general, climatic change demonstrable in other areas. Accordingly
the transition from zone IIL to zone IV must correspond to the
improvement of the climate clearly manifested in diagrams from other
parts of Europe and e. g. by Gross (1937) and Faegri (1936, 1940) stated
to constitute a synchronous, regular and clearly established reference
level. If the beginning of zone IV is probably synchronous over a large
area the tundra stage, zone III, found at Lahti must correspond to the
preceding worsening of the climate, called the Younger Dryas period
demonstrated from other parts of Europe.

Although the beginning of peat formation in Varrassuo has been
fixed to the time of formation of Salpausselkd II the period representing
zone III may have begun earlier. It is probable that the prevailing
climatic conditions were the same already during the stage corresponding
to Salpausselké I since it is difficult to imagine that there was a change
in the climate between the first two Salpausselké stages. Hence zone 111
may be said to correspond to the time of formation of all three Salpaus-
selkd moraines. Zone 111 in the diagrams from Lahti therefore only depicts
the end of the climatically unfavourable period during Younger Dryas.

2342[51 8
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The Alleréd period preceding zone III cannot be identified in the
diagrams from the Lahti area, but judging from investigations in Sweden
(Nilsson, T. 1935; Berlin and Mohrén, 1942) it probably corresponds to
the period of the Gothiglacial ice retreat to the Fennoscandian terminal
moraines. According to this interpretation the standstill of the ice
corresponds to the climatic deterioration during the Younger Dryas
period, while the more rapid melting and retreat of the ice both before
and after this standstill, that is during the Gothigiacial and Finiglacial
stages, correspond to the amelioration of climate during the Alleréd and
the pre-Boreal periods.

Since it has been observed in the pollen-analytical investigations at
Lahti that a development can be traced in the oldest deposits, those
formed immediately after the area had become dry-land and the ice
margin had retreated, indicating a change-over from tundra vegetation
to forest it might be expected that a forest vegetation always has been
preceded by a tundra phase during the retreat of the ice. That is
probably not the case. The sites investigated by Sauramo (1949, and a
number of unpublished ones) indicate that within the Salpausselki ridges
in the central parts of Finland no tundra stage preceding the forest can
be demonstrated. If there has been a tundra border at the ice margin
it must have been so narrow that it cannot be detected by pollen analysis.
Although the retreat of the ice during the Finiglacial stage was relatively
rapid the forest has been able to follow close up to the retreating ice
margin. Furthermore the vegetational development during the later
stages, viz. the pre-Boreal and Boreal periods, has been found to have
been similar and probably, in general, synchronous over a large part of
southern and central Finland (Sauramo, 1949). From the pre-Boreal
period onwards the climate appears to have progressively ameliorated.
On the other hand the climate during the Younger Dryas period has
been almost arctic.

The pollen-analytical investigations in the Lahti territory are restricted
to a relatively small area. The development of climate and vegetation in
southern Finland only may be interpreted from the diagrams. Since
this part of the country, however, was in the main submerged during
the Baltic ice-lake stages it may be thought that the development differs
from that in other parts of Fennoscandia where more extensive areas of
dry-land were to be found beyond the retreating ice margin, as was the
case in eastern Fennoscandia and southern Sweden. In the following
chapter some pollen diagrams from these areas will be discussed in order
to decide whether or not the development has been essentially similar
to that found in the Lahti area. In addition a comparison will be made
with some diagrams from the Leningrad district which have been the
subject of varying interpretations regarding late-Glacial conditions here.



COMPARISON WITH OTHER PARTS OF FENNOSCANDIA AND THE
LENINGRAD DISTRICT

OMBERG IN SWEDEN, EAST OF LAKE VATTERN

Omberg, the crest of which rises to 263 m above sea level, is situated
south of the central Swedish terminal moraines, east of lake Vittern
(88 m a.s.l.) on the level Ostgota-plain forming an isolated hill about
10 km long and 2—3 km wide. Limnic and peat deposits occur at high
levels on Omberg, which, on account of their situation yield valuable
data for the study of late-Glacial history. In the following section pollen-
analytical studies of two fens, Ragelskirr and Langbergskérren, will be
described. They are both situated, according to the map compiled by
Hedberg (Hedberg and Ohrn, 1950), at about 220 m altitude. In Ragels-
kirr (diagram no. 13, Fig. 27) the fen bottom consists of a very firm
and hard glacial deposit probably a till. Above this is a 30 em thick
calcareous, reddish, clay deposit. Upon this clay there is a 40 cm layer
of gray clay, also calcareous and rich in sand and gravel. There is a
sharp limit between the two layers of clay. These are covered by 1 m
of chalk-mud and then wood-peat to the surface. Only the basal part
of this wood-peat has been analyzed up to about 150 cm from the surface.
The whole series collected covers a depth of only 4 m.

The continuous curve for Alnus does not start before the onset of
wood-peat formation but since it is very irregular and in no sample does
it exceed 10 9, it is difficult to locate the limit between zone V and VI.
This limit cannot be determined with the aid of the Pinus curve either,
this showing no diminution. It seems probable that local effects in the
wood-peat cause the irregular course of the curves. Since the rise of the
Alnus curve is found at a depth of only 2 m it is probable that the peat
formation has ceased at an early stage so that the younger post-Glacial
deposits are missing.

The Pinus maximum occurring in the wood-peat already starts in the
upper region of the chalk-mud. That part of the maximum situated
below the beginning of the Alnus curve probably comprises zone V.
There is no clear division into two of the Pinus maximum here as in the
diagrams from the Lahti area. Below the Pinus maximum a strong
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Fig. 27. Pollen diagram 13. The fen Ragelskdrr on Omberg, Sweden.

Betula maximum is found rising to 80 9, and beginning in the lower
region of the chalk-mud. In the upper part of this maximum the curve
for Corylus commences and reaches values of nearly 20 9%, later in zone V.
It is obvious that the extensive Betula maximum represents the pre-
Boreal time, zone IV. It is noteworthy that Ulmus occurs very sparsely
in this diagram, not having a continuous curve before the topmost
samples in zone VI and even here reaching only 1 9.

Below zone IV there is a Pinus maximum that culminates at the
limit between the clay and the chalk-mud. The curve for Pinus shows
the highest values in the gray clay containing sand and gravel coincident
with a strong maximum of the NAP curve. Here the value is as much
as 509, (in one sample 2409, predominantly however Gramineae pollen)
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the values for NAP higher in the diagram being only 10—20 9,. The
NAP flora (cf. Table 8) is mainly composed of Chenopodiaceae, Cyperaceae,
Ericales, Gramineae, and Rosaceae. Artemisia is common and Hippophaé
occurs abundantly in the chalk-mud but not in the samples of clay.
Contemporary with this NAP maximum Saliz has higher values than in
other part of the diagram. The Salixz pollen has been examined with the
aid of a pollen key by Straka (1950) for identification of the different
Saliz species and it is likely that at least some of the pollen is of Saliz
herbacea.

From study of the diagrams from the Lahti area and from the
diagrams discussed from other parts of Europe it is evident that the
high NAP values in conjunction with the Pinws maximum are indicative
of deposits belonging to the Younger Dryas period being of the same
character here as in the earlier diagrams. When clay or sediments
containing clay are used the pollen flora may have been affected by
secondary deposition or by other disturbances. It is, however, probable
that the secondary deposition has not been of any greater significance
considering that the clay does not contain in abundance any arboreal
pollen other than Betula and Pinus. The occurrence of 1 9, of Picea and
Alnus in a few samples may be due to long-distance transport.

In the reddish clay the Betula curve is somewhat higher than in the
overlying clay containing sand and gravel and the NAP values are about
20—30 %,. When interpreting changes in the NAP flora of the clay
layers the different manner in which the deposits have been formed must
be taken into account. Possibly differences in the NAP values may then
be found to have no great significance.

In an investigation of Gothiglacial ice-lakes in southern Sweden
published by E. Nilsson (1942) in which he discusses displacement of the
shore line he concludes that the higher shore line from the Baltic ice-
lake lies at 150 m altitude on Omberg and that the ice margin at that
time was standing at the central Swedish terminal moraines. The Yoldia
level is, according to Nilsson, a little over 110 m altitude. It is likely
that Omberg is situated on approximately the same isobase as the plateau
at Lahti and that the 150 m level at Omberg corresponds to the level of
the higher plateaus of Salpausselkid I (BI). Concerning the earlier
development of Omberg Nilsson states that small ice-lakes have been
formed here the deposits of which are found at higher levels. Munthe
(1940) has found glacial clay at 180 m and he concludes that the clay
has been formed in the Baltic ice-lake and not in a local, ice-dammed
lake. According to Munthe the highest shore lines are found at about
196 m altitude. When the clay in Ragelskidrr was formed at over 200 m
altitude the surface level of the water must have been considerably
higher than the highest shore line mentioned by Munthe. Irrespective
of whether or not the clay has been formed in a local ice-lake or in the
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Baltic ice-lake during some earlier stage it still represents a stage of the
ice retreat that has preceded the standstill of the ice at the central Swedish
terminal moraines and the lowering of the water level to BI. At the
time when this clay was formed Omberg must have been largely sub-
merged. The clay, rich in sand and gravel, is of quite another character
than the underlying clay and it must be assumed that the surface level
of the water had fallen already before the formation of the former clay.
It seems probable that it has been formed in the hollow in which Ragels-
kiirr lies by solifluction during the arctic conditions prevailing during
the Younger Dryas period.

Thus it seems likely that the differences in the NAP values between
the two layers of clay may be explained as due to the different manner
in which they have been formed. However the AP composition also
shows a difference at the transition from the older reddish clay to the
younger clay containing sand and gravel. In the older lower clay Betula
has 10—20 9, higher values and Pinus correspondingly lower ones than
in the younger clay. This difference cannot have been produced by the
local conditions at Omberg since the total amount of arboreal pollen is
probably due to long-distance transport. Therefore it must have been
caused by a change in the composition of the forest in areas more distant
from the ice margin. Assuming that there have been no disturbances in
the pollen sedimentation when the layers of clay have been formed it is
probable that the AP curves illustrate the transition from Alleréd to
Younger Dryas. The course of the curves is similar to that seen in
diagrams from Smaland investigated by Mohrén (Berlin and Mohrén,
1942). In these diagrams where the late-Glacial deposits are clays the
curve for Betula rises only little during the Allerdd and the transition to
Younger Dryas is no more pronounced than in the diagram from Omberg
mentioned above. The Allerod period is, as pointed out by Mohrén,
difficult to demonstrate in regions near to the ice margin since its warm
character is much less prominent here than further south.
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Fig. 28. Pollen diagram 14. The fen Langbergskirren on Omberg, Sweden.
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The second diagram (no. 14, Fig. 28) from Omberg is from the fen
Langbergskirren. It differs from Ragelskérr in that the reddish layer of
clay is absent. Directly overlying the fen-bottom of till (?) there is a
40 cm layer of clay rich in sand, similar to the upper layer of clay in
Ragelskarr. Then follow chalk-mud and wood-peat. The depth of the
whole profile is only 2 m.

Only the first 20 em of the wood-peat has been analyzed, the peat
higher up being very deficient in pollen. In the lowest region of the
wood-peat the Alnus curve rises and the Pinus curve has a pronounced
maximum which may be said to be identical with the Boreal Pinus
maximum although the curve for Alnus already is present. Zone IV
occurs in the lower part of the chalk-mud as in the Ragelskirr diagram
and there is a continuous Corylus curve from this zone upwards, (except
a small break at the transition to zone V). Ulmus occurs sparsely as in
Ragelskérr.

The clay rich in sand exhibits a Pinws maximum. The NAP value
(cf. Table 9) here rises to 30—60 9, making it fairly obvious that the clay
dates from the Younger Dryas period. The curve for Saliz is also higher
(about 5 9,) than in other parts of the diagram. It should be noted that
there was 32 9, Artemisia in the lowermost sample. The occasional appea-
rance of Alnus, Corylus, Ulmus, Tilia, and Picea, in the lowest part of the
diagram is probably due to long-distance transport or, possibly, to secon-
dary deposition.

In accordance with the Ragelskirr diagram the Younger Dryas
period is represented also in Langbergskirren by a clay rich in sand and
gravel probably formed by solifluction during the period of arctic climate.
In the latter fen the reddish clay probably corresponding to the Allersd
period for some reason is missing in the place where the samples were
taken.

The pollen determinations made by Erdtman (1949) in samples from
»Morka haly (The Dark Hole) ought to be noted in connection with this
description of the conditions at Omberg. This is a peat deposit from the
southern part of Omberg at 160—165 m altitude thus about 50 m lower
than the above mentioned sites. Erdtman has analyzed 4 of the samples
taken by O. Isberg in 1922; two from the lowermost layer of clay, at a
depth of 820—845 cm, and two from the chalk-mud covering the clay,
at a depth of 770—795 cm. Above these layers there is 150 c¢m of
unknown material and then »marly, detritus-mud and peat. In all four
samples Pinus is predominant (81—98 9%,) and considering the high value
of NAP (23—54 9,) it is evident that the samples are late-Glacial in age.
Erdtman states that the highest sample represents the Allerod period
and that the other three belong to the Older Dryas period though he
mentions that it cannot be decided whether this dating is correct before
the whole deposit has been more closely studied. Considering the
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conclusions from the two diagrams discussed above it is possible that the
lowest clay layer dates from the Alleréd period, the occurrence of Older
Dryas deposits being uncertain.

FINNISH AND RUSSIAN KARELIA

The diagrams that will be dealt with in this chapter are all from sites
in the large dry-land area in eastern Fennoscandia that was free from ice
during the Salpausselki stages. The first two diagrams are from Jaakon-
vaara 15—20 km E. of the southern part of lake Pielisjarvi and N. W.
of lake Koitere. The first one (no. 15, Fig. 29) is taken in the
neighbourhood of a pond about 100 m long at 160 m altitude about 500 m
to the south of lake Siikajérvi. (The altitudes of the sites from Jaakon-
vaara have been determined from the topographical map 1: 100 000).
The profile mainly consists of lake-mud, and only at the surface is there
peat although this has not been analyzed. The bottom is at a depth of 6.5 m
and is of fine sand. In the diagram the transition from zone V to VI is
manifested by the rise of the Alnus curve to 10 %, and by the simultaneous
decrease of the Pinus curve from 75 9, to about 50 9,. Within the Boreal
Pinus maximum the three subdivisions a, b, and ¢ may be distinguished.
Alnus already occurs in the lower part of this maximum in subzone V a
in small amounts (1—2 %) the rise into zone VI being, however, distinct.
Zone 1V is very well-marked with a Befula dominance of 90 %,. At the
same time the curves for Corylus and Ulmus commence in the upper
part of the zone. Corylus has a continuous curve up to zone VI although
only values of 1-—3 9. Ulmus occurs more irregularly.
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Fig. 29. Pollen diagram 15, Jaakonvaara, Karelia.

Lowermost in the diagram, at the limit between the sand and the
mud Betula has values about 20 9, lower than higher up (and Pinus
correspondingly higher values) and the NAP curve shows a pronounced

peak reaching 38—58 9, while the value does not exceed 12 9, in the
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higher parts. The Saliz curve also shows a rise in the lowest part of the
diagram. The NAP flora (cf. Table 10) consists chiefly of Cyperaceae,
Ericales (mainly Empetrum), and Gramineae and in addition Ranwuncu-
laceae, Rosaceae, and Artemisia (1—2 %,). On the basis of the AP curves
and the NAP flora it may reasonably be concluded that the base of the
diagram belongs to the Younger Dryas period. As has been the case in
Varrassuo at Lahti the formation of organic deposits has started at the
end of the Younger Dryas period. Here as in earlier profiles isolated
pollen grains of 4lnus, Corylus, and Picea are found in the basal samples
not however exceeding 1 9, indicating that they are derived from long-
distance transport. Judging from the high NAP values it must be
assumed that the whole amount of AP is derived from long-distance
transport which is further substantiated by the higher values for Pinus
here than in zone 1V.
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The following diagram (no. 16, Fig. 30) is from a bog at 220 m altitude
about 200 m to the north of the pond Sarkilampi. Once again the profile
shows a basal fine sand covered by mud and peat (the peat has not been
analyzed). This diagram is on the whole similar to the preceding one
except that the Betula curve here regularly has higher values than in
diagram mno. 15, reaching, for instance, 97 9, in zone IV. Furthermore
the different subzones of zone V cannot be distinguished and the transi-
tion to zone VI is diffuse. Zone III is again found at the base of the
diagram and NAP (Table 11) rises to 79 9, in the lowermost sample of
sand, Saliz reaching 12 9%,. The NAP flora is dominated by Ericales.
The transition between zone IIT and IV is again located in the lowest
mud samples. N

The profile for diagram no. 17 (Fig. 31) has been taken by Dr. A. L.
Backman at Lylynkoski to the north of the village of Ilomantsi at an
altitude of about 150 m (according to the topographical map 1: 100 000).
The sand bottom at a depth of 4 m is covered by mud. The lower part
of the Boreal Pinus maximum in zone V is seen at the top of the diagram.

2342/51 9
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Fig. 31. Pollen diagram 17, Lylynkoski, Karelia.

In zone IV the birch reaches 90—95 %,. Corylus and Ulmus occur in
only a few samples and do not form continuous curves as in the previous
diagrams. On consideration of both the AP curves and the NAP values
(Table 12) zone IIT may again be recognized occurring at the base of the
diagram. The NAP curve, here reaching 102 9, is chiefly composed of
Ericales though Cyperaceae and Rosaceae are fairly common (10—20 9%).
Saliz shows a maximum (12 9,) being elsewhere found only in one sample
in the region of zones IV and V. The upper limit for the Younger Dryas
is again situated near the boundary between the sand and the mud. In
all three diagrams (no. 15, 16, and 17) the limit between the mineral bed and
the mud is not sharp there being a gradual change. It is probable we are
dealing with a similar incorporation of windblown fine sand as has been
proposed for Varrassuo. Nevertheless the diagrams indicate that pure
organogenic deposits were not formed here before the end of the Younger
Dryas period.
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Fig. 32. Pollen diagram 18, Loimola, K.-F. 8. S. R.

The next diagram (no. 18, Fig. 32) is from Loimola, N. E. of
lake Ladoga at about 150 m altitude. The profile has been taken by
Sauramo and analyzed by Mrs. Tellervo Suomalainen, M. A. The lower-
most layer of the profile consists of fine sand mixed with clay and silt
and contains remains of Hquisetum, Carex, Brown-moss and Sphagnum.
Then follows a 5 e¢m thick mud layer and 85 cm of dy containing the
above mentioned plant fragments in abundance and in addition remains
of Eriophorum. The dy is covered by Carex-peat.
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Only the lowest 1.5 m of the full 5 m of the diagram are given. As the
samples have been analyzed at 5—10 cm intervals it is natural that no
details appear and it is thus impossible to decide whether the Boreal
Pinus maximum can here be divided into three. Furthermore it is
difficult to locate the limit between zones V and VI accurately as Alnus
has a continuous curve already during the Pinus maximum. The pre-
Boreal Betula maximum stands out clearly. It is remarkable that in one
sample Betula reaches 100 9,. In the lowest parts of the diagram in the
basal sand Pinus (20 9,) is somewhat higher than in the lower regions of
the dy, which may be due to secondary deposition since 4Alnus (up to
3 %) also occurs in these basal samples. The secondary effect is, however,
scarcely extensive since neither Corylus nor Ulmus are found basally.
The cause of the high Picea value (4 9,) cannot be settled with any
certainty. The pollen may be of secondary origin but may also be primary
as in the case of Varrassuo bog in which Picea regularly occurred in the
basal samples.

Already on the basis of the AP values and the stratigraphy it may be
assumed that the lowest section of the diagram corresponds to zone III
and this conclusion is supported by the APF values and the NAP curve
The APF is low (636) in the lowermost layer of dy whilst reaching 2385
and 2960 in the pre-Boreal Befule maximum in zone IV and in zone V
rising even to 14300. Although the values for APF are unsafe in the
case of the dy the lowermost value is so small in comparison with the
other ones that it may reasonably be claimed to indicate tundra condi-
tions. The amount of NAP (Table 13) is unusually high as compared
with the preceding diagrams and is still over 30 9 in the upper part of
zone IV. Basally the value is 106 9%, whence the curve diminishes
continuously upwards, and the constituent flora is varied. Thus this
basal region of the diagram in all probability represents zone 111, Younger
Dryas. In zone IV the main part of the NAP flora is of Ericales, in zone
IIT it is extremely varied. The group Varia, for instance, reaches as
much as 74 9,. Cruciferae and Scrophulariaceae are especially well repre-
sented. Rosaceous pollen such as Comarum, Filipendula, Rubus, and
Sorbus occur. Cyperaceae pollen, however, are predominant in zone III.

In agreement with the previously discussed Karelian diagrams the
transition from zone III to zone IV coincides with a change in deposit-
type from humus-rich sand to purely organic lake-muds.

Diagram no. 19 (Fig. 33) is from a site on the water-shed between the
lakes Onega and Seesjérvi in Russian Karelia at 117 m altitude. It has
been analyzed by Mrs. Tellervo Suomalainen, M. A. in 1944—45 and has
been previously published by Sauramo (1947, diagram 10). It reaches a
depth of 6 m consisting from 380 cm downwards of clay interrupted by
a thin layer of sand at 460 cm. Here and there the clay is fairly rich in
sand and silt especially above the sand band. This indicates that the
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Fig. 33. Pollen diagram 19. Water-shed between the lakes Onega and Seesjarvi, K.-F. S. S. R.
(Sauramo, 1947; Fig. 10).

clay need not have been formed in very deep water. The clay is covered
by mud and Carex-peat to a depth of 3 m, then there is a layer of wood-
peat that continues to the surface. The steep rise of the Alnus curve
falls within the lower region of the wood-peat and zone V is found in the
underlying layer of mud and Carex-peat. Pinus in zone V reaches more
than 90 9%, Zones VI, VII and VIII comprise a peat layer of only 50 cm
thickness while zone IX is represented by 2 m. Its lower limit is marked
by the steep rise of the Picea curve to 35 %,.

The pre-Boreal Betula maximum of up to 90 %, occurs in the upper
part of the clay but lower in the diagram the curves are very irregular
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Fig. 34. Pollen diagram 20, south of Petrosavodsk, K.-F. S.S. R.

this probably being due to extensive secondary deposition as indicated
by the common occurrence of Alnus and Picea (up to 15 9,). In addition
Corylus, Ulmus, and Tilia occur in smaller amounts. It may, however,
be concluded from the NAP curve that the lower layer of clay represents
Younger Dryas. A strong maximum is namely found here, in one sample
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as high as 208 9; (Table 14). It has, however, been impossible to identify
many of the NAP components mainly because the pollen grains have
been very corroded. It is possible that at least a part of these pollen
grains are of secondary origin. Even if these are not included in the total
the NAP value is still so great that the lowermost part of the diagram
must be said to represent zone III. The NAP flora is similar in its
composition as in the previous diagrams. Chenopodiaceae, however, here
show unusually high values. Saliz, that is absent in the higher part
of the diagram, is well represented in the clay.

The samples for diagram 20 (Fig. 34) have been taken by Sauramo in
1942 south of Petrosavodsk on the western shore of lake Onega. Hiilisuo
bog is situated at 147 m above sea level. The profile 7 m deep has been
analyzed by Mrs. Tellervo Suomalainen, M. A. but has later been
completed by APF determinations on which the majority of the NAP
values are based. Because of this the NAP curve drawn is based on only
a few determinations giving, however, some indication of where the
highest values are to be found.

Clay, that considering that this area has been dry-land has probably
been formed by solifluction, occurs basally in the profile. The clay is
covered by a 25 ¢m thick layer of mud, followed by Phragmites- Equisetum-
peat and Hguiselum-peat to the 510 cm level. The remaining strati-
graphy up to the surface is very variable both terrestric and telmatic
peats being found. As the samples have been taken at 10 c¢m intervals
no curve-details appear, as, for instance, the triple division of the Boreal
Pinus maximum. The Alnus curve in this diagram has very low values
and its rise at the beginning of zone VI is obscure. The Pinus curve,
however, sinks simultaneously with the start of the continuous curve for
Alnus, hence the zone limit between zones V and VI must be located
here. In the higher parts of the diagram influence of the easterly situa-
tion is clearly detectable. The Picea curve already rises close to the rise
of the Alnus curve and gradually reaches over 30 9%, It is thus difficult
to determine where the transition to zone IX is located. Probably the
limit is approximately where the Alnus curve sinks and Corylus and
Ulmus cease. The latter two in addition appear very sparsely in this
diagram; lower, in zones IV and V, they are found only in a few samples.
Tilia has been seen only in a single sample. Thus neither in this diagram
nor in the preceding one can the characteristio rise of the warmth
demanding elements be traced as in the preceding diagrams.

Below zone V there is still a 1.5 m region dominated mainly by Betula.
This dominance is interrupted by a narrow Pinus maximum. Based on
the AP it may already be assumed that the upper Betula maximum
corresponds to zone IV the underlying region belonging to the older late-
Glacial zones. In the lowermost samples Picea occurs frequently reaching
10 9, at the time of the Pinus maximum. Study of the APF and NAP
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values make it evident that this part of the diagram represents Younger
Dryas. The APF is here only 603 being higher in the Betula maximum
2105, and higher still (893) lower in the diagram. The same tendency is
displayed by the PD values where the minimum value of 8 is obtained
in the same part of the diagram as the minimum for APF. When these
values are considered it is evident that the lowest Befula maximum
corresponds to zone II, the Alleréd period. The same conclusion is
reached on study of the NAP values, viz. at the Pinus maximum 165 %,.
The NAP maximum is, however, mainly caused by a pronounced increase
in the Gramineae, probably to a great extent due to Phragmites whose
macroscopic remains are found in abundance in the peat. But even if the
Gramineae pollen is neglected the NAP value is still very high and the
constituents are varied enough to support the assumption that it
represents tundra or possibly sparse forest conditions. The group Varia
contributes as much as 50 9, but its highest value is found somewhat
below the Pinus maximum, which is coincident with the highest values
for Cyperaceae (13 9,) and Ericales (4 °,). As the NAP counts have
been made at great intervals the limit for this period of tundra cannot
be accurately located but it is, however, seen that the peak of the NAP
maximum coincides with the Pinus maximum.

The lowest part of the diagram is in all respects so different from zone
III as described above that it may be claimed to belong to zone II, the
Alleréd period. The values for APF and NAP indicate the presence of
an at least partly closed vegetation consisting chiefly of birch forest.
Picea is not only unusually abundant in zone IIT but occurs also in zone
II. It must be said to be an east-European element found already during
the Allerdd period near the birch forest region. However, in Finland it
regularly appears in zone III too, because all the AP in this zone is
derived from long distance transport. Thus such an occurrence is of the
same type as that in subrecent samples from the tundra in Lapland
(Aario, 1940 a).

The appearance of Alnus in those samples analyzed from the lowest
layers of the clay is probably due to secondary deposition. The effect
of this regarding the other AP cannot be decided. Because of the varied
character of the Alleréd period in different regions (Iversen, 1947) the
subzone which the lowest layer of clay represents cannot be decided.

In all the diagrams previously discussed the Younger Dryas period
has displayed severe, practically arctic conditions that have not allowed
the formation of organic deposits earlier than immediately prior to the
transition to the pre-Boreal period. At Hiilisuo, in the only diagram
from eastern Fennoscandia where the Allerdd is represented, the Younger
Dryas period displays much better climatic conditions. The (sparse)
birch forest dominant during the Alleréd period has in fact been forced
to retreat but a Phragmites- Equisetum-peat has been formed at Hiilisuo
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in zone III indicating that the cooling influence of the ice sheet on the
local climate has not been as pronounced as in the other areas investi-
gated, the ice margin at this time being situated at the Salpausselki
ridges.
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Fig. 35. The size of the Betula pollen grains
in zonmes II, TIT, IV and VI in diagram 20.

As zones II, III, and IV in the diagram from Hiilisuo are represented
by comparatively thick layers they offer an excellent opportunity for
studying the size variation of the Betula pollen. The size variations are
shown in Fig. 35. As is the case in the diagram from Varrassuo there is
a maximum at 28 g in zone III with a minor peak at 24 u while in the
following zones IV and VI (there is no analysis from zone V) there only
is a strong maximum of 50 9, at- 24 x. In the sample analyzed at the
transition from zone II to zone III the peak at 28 4 is less pronounced
as compared with that at 24 4 than in zone III. The measurements
thus indicate that the change in Befula composition occurring in zone
IIT has been of a transitory character, the Alleréd period having a similar
birch vegetation as prevailed later during the pre-Boreal period. Judging
from the analyses from Varrassuo and Hiilisuo it seems evident that a
prominent maximum at 28 x probably only occurs in samples from
tundra. It seems probable that this peak has been caused by Betula
tortuosa which possesses the largest pollen grains of all the Betula species
(Kujala, 1946).

NORTHERN FINLAND

As it has been shown that the ice sheet early retreated from north-
eastern Finland, already before the Salpausselki stages (Hyyppd, 1936),
it is possible to find suitable late-Glacial deposits for investigation ever
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in this area. In the diagrams available from this territory (Kilpi, 1937;
Hyyppi, 1936, 1941; Virkkala, 1948) it is difficult to identify the same
zones as in more southerly regions since the course of vegetational history
has been different in these northerly regions. That these profiles have
been sampled and analyzed at only 10 cm intervals is an added
disadvantage. Furthermore it is difficult to recognize the late-Glacial
zones when the NAP curves have not been taken into account in the
pollen diagrams. One of the best diagrams from north-eastern Finland
is that published by Hyyppé (1941) from Kuusamo. The lower parts of
it have therefore been reproduced here (diagram 21, Fig. 36) to provide
a comparison with the preceding diagrams. The profile has been taken
from a bog at Marjovaara between the lakes Kuusamonjirvi and Naa-
mankajirvi at 275 m altitude. According to Hyyppa (1936) this area
was free from ice already before the formation of Salpausselkd I and the
bottom of the bog is situated above the level for the third Baltic ice-lake
(B III). At the bottom of the profile extending to a depth of over 6 m
there is clay-mud rich in organic matter and containing some sand. This
has been formed, according to Hyypp#, in a small lake. Then follow
dy, Brown-moss-Carex-Equisetum-Sphagnum-peat and Carex-Equisetum-
Sphagnum-peat. According to Hyyppéa the lowermost Pinus maximum
represented in the clay-mud and in the dy corresponds to a tundra period
during the Baltic ice-lake stages. Pinus reaches high values as is the
case in Aario’s (1940 a) pollen samples from present-day tundra areas.
In addition the NAP is as high as 500 9,. Such a value must be said to
indicate tundra conditions even though Cyperaceae constitute 95 9, of
the total. In the limno-telmatic peat overlying the dy a Befula maximum
is found containing 45—50 %, Betula nana (15—20 p in KOH prepara-
tions). Since the APF rises to values of 600 and 575 and the NAP value
decreases to 144—167 9, Hyyppé concludes that at this time the pioneer
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Fig. 36. Pollen diagram 21, Kuusamo, Northern Finland
(Hyyppd 1941; Fig. 1).
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birch forest penetrated the area, contemporary with the Yoldia stages
in the development of the Baltic Sea. The pollen flora gives evidence
for the presence in the area at this time of T'ypha latifolia, Menyanthes
trifoliata, and Nymphea sp. In Hyyppi's opinion the presence of these
plants indicates that the climate already was favourable and that the
summer temperature was at least as high as nowadays. The tundra flora
found in the bottom layers depicting an arctic climate and the subsequent
period when the forest expanded and there was a strong improvement
of the climate provide a good parallel with the development found in
the preceding diagrams from southerly sites at the transition from the
late-Glacial to the post-Glacial period, it being evident that the lower-
most tundra stage corresponds to the Younger Dryas period and the
subsequent birch forest stage to the pre-Boreal period. (This zonation
has been introduced in the diagram, Fig. 36, which has been redrawn and
Hyyppé’s original omitted). The later development is not discussed
here as it is of minor importance in this connection. It may, however,
be mentioned that the transition from zone IV to zone V is not so well
defined as in many of the previous diagrams. Immediately above the
Betula maximum in zone IV there is a peak for Picea of about 10 9 that
disappears higher up. Hyyppé states that this maximum is a feature
of the late-Glacial period (which in his division also includes the Yoldia
stage) and he compares it with, among other sites, the occurrence of
Picea in the late-Glacial deposits in the Leningrad district. As will be
seen later there is, however, probably a great difference in age between
these two deposits. It is possible that the Picea maximum in Kuusamon-
suo bog illustrates no more than a local development, an advance of
the spruce into this area from eastwards.

In the interpretation of this diagram Hyyppd mentions that the
climate had lost its arctic character shortly before the expansion of the
forest but he thinks that the retreating ice margin was closely followed
by a narrow tundra belt that together with the corresponding climatic
conditions did not extend over any great area. From what has been
said above it is, however, probable that the stage equated to the Younger
Dryas period, previously identified in Kuusamonsuo bog, and expressing
in all diagrams from northern Europe a tundra stage with arctic condi-
tions, represents a synchronous development over a large area and simi-
larly the general expansion of the forest at the beginning of the post-
Glacial period caused by the marked amelioration of the climate. The
correspondence of the tundra period (zone III) represented basally in
the Kuusamonsuo bog to the time of the Baltic ice-lake stages when
the Salpausselki ridges were formed is thus not purely coincidental but
illustrates an identical development stage as in other parts of Fenno-
scandia.
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THE LENINGRAD DISTRICT

Late- and post-Glacial developments in the Leningrad district have
been studied by Jakovleff (1926) and Markow (1931; Markow and
Poretzky, 1935 a and b). There are differing interpretations of the age
of the shore lines discussed in that work. In the south-eastern parts of
the Gulf of Finland three elevated shore lines may be traced of which
the two lower ave situated at 19—20 and 23—24 m altitude south of the
Neva river while the third one is 8—--10 m higher. While Jakovleff
considered the two lower shore lines to represent the Yoldia and Ancylus
levels, Markow (1931) agreed with Ramsay’s (1929) interpretation that
the shore lines represent the levels for the Baltic stages. Markow
supports his view by evidence from investigations of varved clay, from
pollen analyses, and from determinations of the diatoms, the latter being
carried out by Poretzky. Markow has for example studied a peat deposit
at Gorelovo, 20 km S. W. of Leningrad, covered by silt and sand due to
a transgression. Both Jakovleff and Markow (and Poretzky) have found
salt water diatoms in the silt overlying the peat. On this fact Jakovleff
connects the formation of this layer of silt with the Yoldia sea whilst
Markow states that the salt water forms are secondary and occasional.
He states that the transgression that has covered the peat layers has
occurred during the Baltic ice-lake stages B IL and B III (Ramsay,
1929) which corresponds to the levels for Salpausselkéd I and II (naturally
the higher level of S.I) and in addition he relates the peat formation to
the last stage of the Baltic ice-lake (B III according to Ramsay).

Sauramo (1947) in the course of consideration of shore lines in other,
surrounding areas has also studied the development in the Leningrad
district and arrived at another conclusion than Markow’s about the age
. of the transgression. The highest shore lines described by Markow in
Ingermanland, the Karelian isthmus and in the territory between Estonia
and lake Ladoga may be equated with the shore lines in south-eastern
Finland. Also in Sauramo’s interpretation the two lower shore lines
correspond to the levels for Salpausselkd I and II, while the highest
shore level, the inclination of which in the higher isobase latitudes is
considerably greater than that of the others, is Gothiglacial in age. At
Gorelovo the underlying sand is situated at the same level as Salpaus-
selkd I, but since a silt occurs here below the sand which overlies the
peat the formation of these layers presupposes deeper water than would
have existed if the surface of the water had stood at this level. There-
fore the transgression must have reached the subsequent level, that is
the highest shore line (excepting the shore lines of the local ice-lakes).
This implies that the transgression is Gothiglacial. The salt water
diatoms, earlier mentioned, indicate that it is of marine origin and this
is further emphasized by investigations in Russian Karelia where the
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highest limit for the Gothiglacial transgression also can be demonstrated
(Hyypp#, 1943 b; Sauramo, 1947).

According to this interpretation the peat deposits at Gorelovo may not,
according to Sauramo, have been formed during the Baltic ice-lake
stages, but must have been produced earlier during the Gothiglacial ice
retreat, that is during the Allerdd period. An accurate dating of the
peat deposits based on the pollen flora is impossible because its composi-
tion varies from one profile to another. Betula and Pinus, however,
regularly dominate. In addition pollen of Picea (up to 33 9%,) and in
smaller amounts Alnus and Saliz appear. Considering that there, too,
macrofossils of Betula pubescens have been found it is evident that during
this time — the Alleréd period — forest occurred in this area, which
conclusion is in good agreement with the results of investigations of
deposits from this period carried out in other parts of the Baltic Sea
region. The occurrence of Picea and Alnus is unusually widespread.
When, however, taking into account that Picea is also relatively abundant
in the late-Glacial zones in Hiilisuo (Fig. 34) and that it is a typical
eastern-European element it seems quite natural that its influence should
be traceable also here. The appearance of Alnus is difficult to interpret
as it is absent in other Allerod deposits from the southern Baltic Sea
region. The possibility that we are dealing with secondary pollen cannot
be excluded considering that the peat deposit is situated between two
minerogenic deposits. If that be true then the pollen flora ought also
to be misleading in other respects, which may provide an explanation
of the great deviation found between the different diagrams.

DISCUSSION

Zone II1I, Younger Dryas period, found in the Lahti area can. as has
been seen, also be traced in other regions at or outside the Fennoscandian
marginal moraines and in two of the diagrams discussed (no. 13, Fig. 27
and no. 20, Fig. 34) zone II, the Allerod period is also present. The
Younger Dryas period can be dated primarily with the aid of the
diagrams from Lahti and Omberg and it has been seen that this period
corresponds to the standstill of the ice at the Fennoscandian moraines.
The Alleréd period is then correlated with the Gothiglacial retreat of the
ice to these moraines. This is made evident from the map (Fig. 37)
showing the Alleréd deposits investigated in the Baltic Sea region.
Similar maps have been presented previously by Schiitrumpf (1943) and
Gams (1950). In the present map the following Allerdd sites have been
included: Leningrad (Markow and Poretzky, 1935 a, b), Kunda in Estonia
(Thomson, 1935), the lake Gabriaurischkis in Lithuania (Thomson, 1931),
eastern Prussia (Gross, 1935, 1937, 1938), the isle of Riigen (Boehm-
Hartmann, 1937), Niedersachsen (Overbeck and Schneider, 1938), Hol-
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Fig. 37. Allerdd deposits (dots with circles) and Younger Dryas deposits (dots) studied in f.fle
Baltic Sea territory and their relation to the Fennoscandian moraines. 1—21, pollen diagrams
discussed in the present work.

stein (Schittrumpf, 1935, 1936, 1939), Denmark (according to a summary
by Iversen, 1947), Jaeren in Norway (Faegri, 1940), Skane (Nilsson, T.
1935). Smaland and Gothenburg (Berlin and Mohrén, 1942). In addition
earlier investigations of Younger Dryas deposits on Gotland (Munthe,
Hede and von Post, 1925) and on Oland (Lundquist, 1928) are marked
on the map. The locations of the sites for diagrams 1—21 of the present
work are also given on the map. Of these no. 12 (Sauramo, 1949), no. 19
(Sauramo, 1947) and mno. 21 (Hyypp#d, 1941) have been published
previously.

Although Alleréd deposits have not been found near the Fenno-
scandian marginal moraines in the east as seen from the map, it is,
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however, evident on considering the results obtained in Sweden and
Norway that the Alleréd period correlates in time with the Gothiglacial
retreat of the ice to these moraines.

This dating of Alleréd and Younger Dryas agrees with the interpreta-
tions presented by many investigators, among others by T. Nilsson
(1935), Gross (1937), Mohrén (Berlin and Mohrén, 1942), Firbas (1949),
and Gams (1950).

In the preceding discussion of the relation of the zones to the ice
retreat the chronology based on varved clay analysis has not been used,
primarily because recent investigations (Sauramo, 1949) have shown that
the dates previously determined are probably incorrect. According to
De Geer (1940) the last drainage of the Baltic ice-lake (thus from B VI
to Y I) occurred at 7912 B. C. while according to Sauramo (1940) this
took place at 7858 B. (. The transition from the late-Glacial to the
post-Glacial period must according to these determinations have occurred
at about 7900 B. C. Sauramo (1949), however, concluded that there is a
gap between the chronology presented by Lidén (1948) for the post-
Glacial period (of the ice retreat) and the chronology determined by De
Geer for the Finiglacial period. Sauramo (1949) estimates the gap to be
about a thousand years which means that the Finiglacial period would
have started at approximately 9000 B. C.

The astronomical calculations of the solar radiation to the earth made
by Milankovitch (1941) show a maximum at about 8000 B. C. (at 10 000
when taking 1800 A. D. as the datum). According to the chronology
based on varve analysis this maximum would coincide with the Salpaus-
selki stages in the retreat of the ice which has caused Hyyppd (1941)
among others to assume (also on other grounds) that a favourable climate
and not an arctic one prevailed during the standstill of the ice. When,
however, the time for the Salpausselkd stages is set to 9000 B. C. (Sau-
ramo, 1949) the above mentioned maximum then falls at the beginning
of the post-Glacial period characterised in the pollen diagrams by a
considerable improvement of the climate. The explanation that the post-
Glacial warmth period appears much later than this maximum of the
solar radiation may be that a great part of the heat energy during the
initial stages of the Finiglacial and early post-Glacial periods of the ice
retreat was consumed in melting the ice sheet which was at that time
still fairly extensive. It must, however, be kept in mind that the climate
was not only dependent on the variation in the intensity of the solar
radiation mentioned above but that also other factors were at work,
primarily changes in atmospheric circulation and marine currents (Milan-
kovitech, 1941).

The climate oscillation during the Younger Dryas period cannot be

explained by the aid of the determinations by Milankovitch of the solar -

radiation. (It seems to be more natural to call the Younger Dryas period
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an oscillation during the general climatic improvement after the ice age
rather than the Allerdd period).

The values calculated by Milankovitch, however, cannot possibly
reflect any transitory climatic changes since the values have been given
at very great intervals (the last values are from 0.6, 5, 10, 11.1 and 15
thousand years before 1800 A. D.). The climatic improvement occurring
during the Allerdd period causing a rapid retreat of the ice is synchronous
with the pronounced increase in solar radiation before this increase had
reached its maximum.



SUMMARY

From study of the pollen diagrams (no. 1—21) from sites in the Lahti
area in southern Finland, in Finnish and Russian Karelia and from Om-
berg in Sweden and by a comparison with earlier diagrams from other
areas (Fig. 37) it has been possible to demonstrate the same late-Glacial
developmental stages (Alleréd and Younger Dryas) as in other parts of
Europe. Furthermore this work has provided a basis for a correlation
of the development with the stages of the ice recession and the shore
line displacement.

The zonation used in Finland by Sauramo (1949) and first introduced
by Jessen (1935) in Denmark has been applied in the present pollen
diagrams. The following development during the late-Glacial and early
post-Glacial time may be demonstrated in eastern and south-eastern
Fennoscandia on the basis of the diagrams investigated:

Late-Glacial period.

Zone II, Aller6d. This zone occurs in eastern Fennoscandia
only in the lowermost layer of peat in one diagram from the western
shore of lake Onega (diagr. 20). The AP chiefly consists of Betula (about
90 %) and in addition to Pinus, Picea is found in small amounts (2—3 %,).
The APF value and the NAP value indicate the existence of sparse birch
forests.

At Omberg in Sweden (diagr. 13) the Allerod deposit is represented
by a clay formed during the Gothiglacial stage. From this diagram and
from previously published ones (Nilsson, T. 1935; Berlin and Mohrén,
1942) it may be concluded that the Alleréd period corresponds to the
Gothiglacial retreat of the ice to the Fennoscandian marginal moraines.
The warm character of the Alleréd period was less pronounced near the
ice margin which renders it often difficult to detect in the pollen record
and stratigraphically.

Zone III, Younger Dryas. Zone III, according to the
diagrams from the Lahti area and from Omberg, corresponds to the
standstill of the ice at the Fennoscandian marginal moraines and to the
stages BI—B VI in the development of the Baltic ice-lake (Fig. 5).

The AP flora is dominated by Betula (to some part probably B.
tortuosa) and Pinus, the latter here having higher values than in zone
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IV (and zone II) sometimes even exceeding the value for Betula. In
addition Picea in the east reaches values of up to 10 9%, and occasionally
Alnus, Corylus, and Ulmus are found though never exceeding 1 9%, except
in purely minerogenic deposits showing secondary deposition. From the
values for APF and NAP (30—200 9,) it may be concluded that the
areas investigated were covered by tundra, implying that all or most of
the AP flora is derived from long distance transport. The NAP flora
mainly consists of Chenopodiaceae, Cyperaceae, Ericales, Gramineae,
Cruciferae, Scrophulariaceae, Ranunculaceae, Rosaceae, and Umbelliferae.
Artemisia, Hippophaé and Salixz are nearly always present.

Arctic conditions prevailed close to the ice margin;in the organic deposits
an incorporation of finer mineral material took place due to wind trans-
port and in addition some traces of solifluction phenomena may be found.
Only at the end of Younger Dryas were pure organogenic deposits formed
in regions lying near the ice margin. Further away, as on the western
shore of lake Onega (diagr. 20), peat deposits were formed during the
whole period indicating more favourable climatic conditions.

Post-Glacial period.

Zone 1V, pre-Boreal. The transition to zone IV corresponds
to the beginning of the Finiglacial ice recession and to the drainage of
the Baltic ice-lake to the Yoldia level (B VI—Y I). Zone IV in the
diagrams is characterised by a strong Betula maximum rising to 80—90 %,.
In the lower region of this zone only Pinus is found in addition to Betula
but in the upper region the continuous curves for Corylus and Ulmus
regularly start. Their occurrence is not, however, so constant in diagrams
from more easterly sites.

At the transition from zone III to zone IV the NAP curve usually
sinks to values below 10 9, and simultaneously the values for APF (and
PD) are observed to rise. During the pre-Boreal period there was a
general expansion of the forest due to a marked climatic amelioration
which was synchronous over the whole of north-western and northern
Europe.

The correlation of the late-Glacial and early post-Glacial development
with the stages in the retreat of the ice and with the shore line displace-
ment as established in the present work is tabulated in Fig. 38. The
relation of the pollen zones to the stages in shore line displacement during
the early post-Glacial period and the names of the early late-Glacial
developmental stages of the Baltic Sea have been taken from Sauramo
(1949). The three subzones of zone V have been included in the table
although this subdivision has been demonstrated with certainty only
in diagrams from a limited area in central and southern Finland.

2342/51 11
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Table 2. NAP-composition in diagram 2.
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Table 5. NAP-composition in diagram 6.
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Table 8. NAP-composition in diagram 13.
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Table 10. NAP-composition in diagram 15.
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Table 13. NAP-composition in diagram 18.
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ABSTRACT

The varved schists form strata about 3 kilometers thick, containing approxi-
mately 40000 varves, in the lowest stratigraphical horizon of the Archean schist
formation in the Tampere area. The different types of the varved schists and
associated rocks are described and many varve profiles are presented. Altogether
about 4000 varves were measured. The petrographic features of the varved
sediments, illustrated by the field observations, microscopic studies, and chemical
analyses, show conspicuous similarities to the graywacke slates of many orogenic
belts. The occurrence of angular or partly rounded quartz and feldspar grains in
a fine-grained clayey matrix is a typical feature of graywacke sandstones, and
furthermore small pebbles of sedimentogenic rocks have been observed in the
sandstone portions of the varves. The remarkable thickness of the continuous
varved strata and their association with basic volcanics support the hypothesis
of a geosynclinal sedimentation. The varved strata have undergone an intensive
deformation caused by the compressive force acting along North-South lines.
Tectonic observations and structural history of the varved sediment are described.

CONTENTS

Page

INTRODUCTION . .. it ittt e e oe oo o enoeesseeasneneeasenaeannenss 94
PETRBOGRAPHY ; ;oo v wm s oo wans kg @ 8 5 im 6e o s & 69 8 5 & @ 609 5§ %00 8 4@ @5 86 5@ 94
THIN-BEDDED VARVED SOHIST .. .. .0 vttt vevene cr oenene it cnienenee... 96
NORMAL VARVED SCHIST . .ttt vttt vt ae et ot et et te et e et eeie e e en . 98
MBCGAVARVES s b 56 6 s o s 508 508 516 076 55 5 9 5% 53 55 53 65 65 0% 64 ¥ s wememaman 108
ANOMALIES IN THE VARVES . .0 vcvuveonononnnosonceneennensonnenesss 104
CONCRETIONS & 4t vt vt vt te vt ot ot e et e et te it et it e et et e e e e, 104
TUFFITIC INTERCALATIONS . .. vi it it on s e e e aeee ieaeinee e e e, 104
THIN QUARIZITR INTEROATATIONS v i e ore o5 58 5506 63556 55 55 65 63 ssmswaemen 10D
DEABASE STLES 5 :5ys: @5 5807 5055 aw e o 3RS A I nimsBitn ihis 15 93 45 miminsm 100
HROTONTIEE oo ses mmm o 5 m 6% 605 w59 5 s 50 B a8 50% s 598 wa i 55 0 805 598 @ B 5
ATTITUDE OF BEDS .+ttt ittt it ittt ae ot e e ee ee e e eeee e eeee e, 106
SUPERPOSITION OF BEDS s s wvs s ivve st i o0 i sl s @ 58 8% 65 56 si @3 ssgswamew 100
FOLIDS 5 45 55 550560 5% 88 555 85 55 5.6 5ok 505 5185 s o foes o 05) im0 5 o0 § 60 5 20 55 Smod & imrdim ot ik 3t MO

CLEAVAGE .« .ttt it te it ot et ee ee bt it et et e e et e ettt e e e, 109



94 Bulletin de la Commission géologique de Finlande N:o 154.

LINEATION & oo v et ee ev ee et oe oe oe oe ot sa e ee e eneesesasnanoneeeensn.. 110

STRUCTURAL HISTORY . ottt vt vt it it e et et et e eeae eeieeeee e anen e, 110

CONDITIONS OF DEPOSITION .consicisidinsiis s@Bausspssss@mus i 111

REFERENCE S . i it it it it ittt st s bttt o oo s o ie st e oo st e 118
INTRODUCTION

The excellent ice-polished exposures of the Archean varved schists
along shores of Lake Nisijarvi north of Tampere are classical to students
of pre-Cambrian geology, because there for the first time the actualistic
method proved correct in the study of the Archean sedimentary forma-
tions (Sederholm, 1897). The varved schists of Lake Nisijirvi are also
well-known as country rock of the cell-shaped, carbonaceous sacs which
were interpreted by Sederholm (1913) as Archean fossils and named
Corycium enigmaticum. Rankama (1948, 1950) recently discussed the
origin of the pre-Cambrian carbon in detail and proved, by means of the
(C12/C13 ratios, the organic origin of the Corycium carbon.

The origin of the varved schists in the Tampere area has been
discussed by the eminent Finnish geologists, J. J. Sederholm and Pentti
Eskola. Sederholm (1897) considered the varved schists as water-laid
sediments deposited under seasonal control, and he drew attention to the
structural similarity between the Archean varved rock and the Pleistocene
late-Glacial varved clay. Eskola (1932) pointed out the significance of
the varved structure in the interpretation of conditions during the earliest
geological times; he considered the varved sediments as seasonal deposi-
tions under cold or temperate climatic conditions.

New important data on Archean sedimentation and on the varved
rocks were presented by Pettijohn (1936, 1943, 1949) from the Canadian
Shield. His papers inspired the present authors to carry out, during the
summer of 1950, a detailed study of the exposures of varved schists on
the shores of Lake Nisijirvi. The western shore was studied in particular
detail, and about 4000 measurements of varve thickness were made.

This investigation supplements several recently published papers
(e. g., Neuvonen and Matisto, 1948; Seitsaari, 1951; Simonen, 1951), is
based on the geological re-mapping of the Tampere schist area carried
out by the Geological Survey of Finland, and deals with the petrographic
and structural features of the varved schists and the conditions of their
deposition.

PETROGRAPHY

The varved schists of Lake Nisijiarvi, usually called phyllites, form
the lowest stratigraphical horizon in the Bothnian supracrustal forma-
tion of the Tampere schist zone. Its intensively folded strata are
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Fig. 1. Distribution of the different rock types on the western shore of Lake Nisijirvi and

measurements of the varves in separate sections. 1, thin-bedded varved schist; 2, normal varved

schist; 3, megavarves, thicker than 0.9 m; 4, concretmn bed; 5, tuffite intercalation; 6, diabase

sill. This method of illustration is used also in Figs. 2 and 7. Letters a-e show the location
of varve profiles presented in Fig. 3.

approximately 3 km thick. The whole supracrustal series is at least 8
km thick (cf. Simonen, 1951) and contains metamorphozed slates, gray-
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wackes, arkoses, conglomerates, and volcanics of predominantly basic
composition. The new geological maps and the petrographic descriptions
of the different rock types in the vicinity of Lake Nasijarvi have been
presented in the papers of Seitsaari (1951) and Simonen (1951). The
new studies of the Bothnian formations in Finland suggest the idea that
Bothnian rocks were folded and metamorphozed during the Earlier
Archean, or Svecofennidic orogeny.

All exposures of the Bothnian phyllites on the shores of Lake Nisi-
jérvi are characterized by graded beds showing gradual transition from a
coarse-grained base into a fine-grained top of a varve (Plate I, Figs.
1—2). The varve thickness varies from a few millimeters to more than a
meter; one distinct varve as thick as 2.8 m has been found. The
measurements of the varves in separate sections are presented in Fig. 1
which shows also the areal distribution of the different rock types on the
western shore of Lake Nisijirvi. The distribution of the different rock
types on the eastern shore is given in Fig. 7.

The classification of the varved schists into different types is based
on the average varve thickness. A rock having an average varve thickness
less than 5 c¢m is called thin-bedded varved schist. If the average varve
thickness is more than 5 e¢m the rock is called normal varved schist,
because this type has the widest areal distribution. The third type of
the varved rock is represented by the megavarves, which do not form
long sequences but occur only as a few intercalations in the normal varved
schist. The locations of all megavarves thicker than 0.9 m are presented
in Fig. 1.

THIN-BEDDED VARVED SCHIST

A long section of extremely thin-bedded varved schists, intercalated
with minute parts of normal varved schist, occurs south of Valkeekivi.
A detailed illustration of the thin-bedded strata is given in Fig. 2. Most
of the varves are thinner than 1 cm and the maximum varve thickness
does not usually exceed 5 cm (see Fig. 2, a-b).

The thin-bedded varved schist shows conspicuous similarities to the
diatactic varves of the Pleistocene late-Glacial clays in Finland described
thoroughly by Sauramo (1923). The fine-grained, light-colored siltstone
grades upward into the dark-colored, very fine-grained slate, and the
demarcation between the siltstone and the slate is usually sharp. The
varve profiles (Fig. 2) show that fluctuation in thickness from varve to
varve is very similar to that shown in the Pleistocene Glacial clays.
Pettijohn (1936) described an exactly similar varved slate from the
Archean of the Canadian Shield on Minnitaki Lake, Ontario. The siltstone
and slate portions in the thinnest varves are often approximately of the
same thickness, but in the thicker varves the siltstone and slate are
associated usually in a ratio 1:1—4: 1.



Suomen Geologinen Seura. N:o 24, Geologiska Sillskapet i Finland. 97

N Average
varve ficknesses
cm

|| wHI }%

Fig. 2. Thin-bedded strata showing variations of the varve thickness and varve profiles in the
different parts of the section. South of Valkeekivi. Location of this section is seen in Fig. 1.
This series of strata, measuring 370 meters in thickness, contains approximately 18000 varves.
The arrow shows the direction toward base. The vertical line of the varve profiles shows the
thickness of the light-colored portion, and black represents the slaty portion of the varves.
A dotted line means that only the total thickness of the varve has been determined, and a broken
line with a number shows the thickness in centimeters of the strata which are not exposed.
This method of illustration is used in all varve profiles of this paper. The varve profiles a-b
have been gathered from many short separate sections and the thickness of the unexposed strata
has not been presented.
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Short sections of thin-bedded varved schist associated with normal
varved schist occur also in Nutturaniemi, and only a few sequences
shorter than one meter have been observed in the southern part of the
area studied. On the eastern shore of Lake Nisijiarvi the thin-bedded
varved schist occurs only in the northern part, both south and north of
the intermediate quartz-feldspar schist area and in the same manner as
on the western shore (cf. Fig. 5).

The main minerals of the siltstone are quartz, feldspar, biotite, and
chlorite. The grain size varies from 0.08 to 0.04 mm. The amount of
the mica minerals increases in the slaty upper parts of the varves and
their grain size is less than 0.01 mm (Plate II, Fig. 3). The thin-bedded
varved schist south of Valkeekivi is highly metamorphic and shows a
granoblastic texture. In the neighbourhood of the quartz diorite contact
sericitized pseudomorphs after some aluminous silicate mineral, perhaps
andalusite, occur in the slate portions of the varves. The chemical bulk
composition of the metamorphic thin-bedded varved schist south of
Valkeekivi (Table II, Anal. 1) shows characteristics of an argillaceous
chemical composition.

NORMAL VARVED SCHIST

Long sections of normal varved schist occur on both sides of Lake
Nisijirvi, and some varve profiles of these sections from the western
shore are presented in Fig. 3. The greatest part of the varves (over 80 %)
are thinner than 20 cm and show always a gradual transition from a
coarse-grained, grey-colored sandstone portion into a fine-grained, dark-
colored slaty top of a varve (Plate I, Figs. 1—2). The thicker varves,
including the so-called megavarves, are very similar to the normal varves,
but the sandstone portion is usually coarser-grained and contains minute
rock fragments visible to the naked eye.

Altogether 3589 measurements of varve thickness of the mnormal
varved schist were carried out on the western shore of Lake Nésijirvi.
The average varve thickness calculated from these measure nents is 12.7
cm. It is very similar to the average varve thickness, 14 cm, determined
by Sederholm (1913) on the eastern shore of Lake Nisijarvi. The sandy
and slaty parts are associated, on an average, in a ratio 3.3: 1, but in
the individual varves the ratio varies greatly and sometimes the slaty
part is thicker than the sandstone portion.

The varve-thickness frequency of all measurements in the normal
varved schist and of a long coherent section are presented in Table 1.
According to Pettijohn (1949), the thickness of the varves in long sections
varies according to the log normal probability law. He writes: »Statistical
analysis of the thickness variations of the graded beds reveals a remark-
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Fig. 3. Varve profiles of normal varved schist on the western shore of Lake Nisijarvi. The
loeations of the sections are seen in Fig. 1. The arrow shows the direction toward the base.
The explanation of the varve profiles is given in Fig. 2.

able conformity to the log probability law in the cases studied. When
the measured thicknesses are grouped into classes and the frequences
cumulated, they are found to plot as a straight line on log probability
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Table I. Varve-thickness frequency
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1. Varve-thickness frequency of all measurements in the normal varved schist
on the western shore of Lake Niisijiarvi. 3589 varves measured.

2. Varve thickness frequency of a long coherent section (Fig. 3, a—b) from
the western shore of Lake Nasijéarvi. 125 varves measured.

paper. The distribution, therefore, is log normaly. Pettijohn has illus-
trated this by means of measurements on the Pleistocene lake sediments
from Patagonia and on the Archean varved slate from Ontario. The new
observations on the Archean varved schists from the Tampere area are
in this respect in very good harmony with the conclusion drawn by
Pettijohn (see Fig. 4).

The microscopical texture of the sandstone portion of the varves is
blastoclastic, showing angular or partly rounded quartz and feldspar
grains in fine-grained matrix rich in mica (Plate II, Fig. 4). The grain
size varies from 1.2 to 0.01 mm. The feldspar is usually plagioclase
(Any, 4), but especially in the thicker varves grains of microcline have
also been observed. The graywacke character of the sandstone is revealed
by the occurrence of minute rock fragments of quartzite, slate, and a
very fine-grained quartz-feldspar rock in the coarse-grained parts of the
thicker varves. The fine-grained, mica-rich matrix between bigger mineral
grains and rock fragments is similar to the slate of the upper part of the
varve (Plate II, Figs. 4—6). The grain size of the slaty portion varies
from 0.06 to 0.01 mm. The normal varved schist contains as accessories
apatite, magnetite, and, especially in the slaty portions, tourmaline and
disseminated carbon. Chlorite, sericite, and epidote occur as alteration
products of other minerals.
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Fig. 4. Varve thickness plotted on logarithmic probability paper. 1,
Archean varved slate from Ontario, 44 varves measured, according to
Pettijohn (1949); 2, Pleistocene lake sediments from Patagonia, 124
varves measured, according to Caldenius (1932); 3, Archean varved schist
from Lake Nisijarvi, Finland, 3589 varves measured. The varve thick-
nesses of the long coherent section (Table I, 2) plot on the same

straight line as those of all measurements.

Table 1. Chemical analyses of varved schist on shores of Lake Nisijirvi

\
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1. Strongly recrystallized thin-bedded varved schist. 200 m south of Valkee-
kivi. Anal. H. B. Wiik.

2. Slaty, darker portion of a varve. Ajonokka. Eastern shore of Lake Niisi-
jarvi. Anal. P. Eskola (cf. Sederholm 1913, Eskola 1932).

3. Coarse-grained, lighter portion of the same varve as in Anal. 2. Ajonokka.
Anal. P. Eskola.

. Varved schist. Valkeekivi. Anal. H. B. Wiik.

. Coarse-grained base of a megavarve rich in quartzite pebbles. Reuhari.
Anal. H. B. Wiik.

(Sl

Chemical analyses made from the sandstone and slate portion of the
same varve from the eastern side of Lake Nisijirvi (Table II, Anal. 2—3)
show that the sandstone portion of the varve is richer in SiO, and lower
in Al,0, and K,O than the slaty part. The chemical composition of the
sandstone portion indicates that chemical weathering of the deposited
material has not been complete. This is seen especially in Anal. 4 (Table
IT), made from the normal varved schist at Valkeekivi in which the
Al,0; excess is very low and the Na,O content is higher than that of
K,0. The chemical analyses 3 and 4 show similarities to the chemical
composition of the graywackes whose chemical composition can be
approximated, according to Pettijohn (1943, p. 947), as averaging about
two parts shale and one part arkose. Anal. 4 is especially similar to the
average chemical composition of graywackes, calculated from 30 analyses
(cf. Tyrrell, 1933).

Table I11. Spectrographic determinations of the boron content of the
varved schists carried out by means of visual comparison with standard
spectra. Anal. Oiva Joensuu

g
|
‘ 1
| Thin-bedded varved schists: ‘
‘ L POBBOL 55 5imm 0 o 0w 08 s mivns 65w s @ g0 555 § a0 56 Somrd § 8@ wme feemes 1.0
2. South of Valkeekivi (Table II, Anal. 1) ...... .. ... i 0.03
| Fine-grained slate portions of the varves: |
3. Southern shore of Reuhari ........ ... i, 0.1
Ay INOKAS, 0 36m0 50 marsisrers orsumsls s muinin s 65 5 w555 10870700 20 16T 013 S SIOEEL S & 73700058 | 0.05
Coarse-grained sandstone portions of the varves:
5. Nokia (same varve as 4) .......ccovuuueiuiineetrenrnenennenannnns 0.05
| 6. Southern shore of Reuhari, mica-rich megavarve .................... 0.1
| 7. Southern shore of Reuhari, mica-poor megavarve (Table 11, Anal. 3) .. 0.01
Varved schists: l
8o MAKIEYIB o500 5055 500055 505 RIS & brorn M5 8042t 08190 81508 13551 067088 8 (e S 0 00 8 0.03
Qo INDREL 516,505 5 pnnvissis mpapn s grmmiasin . smseaetions geemsrs) 60 omame oo o Tsaatil s HISTSRsc oo i 0.03
10. Valkeekivi (Table II, Anal. 4) ... ..o e | 0.08

The regular occurrence of small dark-colored tourmaline grains in the
slate portion or in the mica-rich, fine-grained matrix of the sandstone
part is interesting, because the boron is a thalassophile element indicating
marine conditions of deposition. The marine sediments contain 0.05 —
0.03 9% of B,0O; while the average content of the igneous rocks is only
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0.001 9% of B,O; (cf. Goldschmit and Peters, 1932; Landergren, 1945;
Sahama, 1945). To obtain information regarding the boron content of the
varved schists a few spectrographic determinations by means of a visual
comparison with standard spectra were carried out by Mr. Oiva Joensuu,
M. A.. The determinations (Table ITI) show that the B,0, content of the
varved schists is typical of marine sediments, whereas the voleanics and
infracrustal rocks of the Tampere area showed a B,0, content of 0.01 9,
or even less. The thin-bedded varved schists and slate portions of the
thicker varves contain more B,0,; than do the coarse-grained sandstone
portions. Furthermore, the sandstone portion, containing mica-rich
cement, shows higher a B,04 content than the mica-poor type of sand-
stone. These relations indicate that tourmaline has not been the primary
mineral of deposition, but that the boron has been enriched from sea
water into the hydrolyzate component of the varved sediment.

MEGAVARVES

Megavarves occur only sporadically as intercalations in the normal
varved schist (see Fig. 1). The coarse-grained sandstone part of the
megavarves grades upward into the slate and is usually much thicker
than the slate portion, in an average ratio of 6.9: 1.

The sandstone of the megavarves is characterized by distinct clastic
texture and contains angular or partly rounded quartz and feldspar grains
and fragments of quartzite, slate, and a very fine-grained quartz-feldspar
rock (Plate IT, Figs. 5 and 6). The rock fragments are up to 5—7 mm in
diameter and are surrounded by a fine-grained matrix, usually rich in
mica. The pebbles are predominantly sedimentogenic rocks, but a few
fragments of basic igneous rocks with blasto-ophitic texture were observed.
The mica of the pebbles is predominantly sericite, but in the fine-grained
matrix between rock fragments biotite and chlorite are the essential
constituents. The mineralogical composition of the matrix is often similar
to that of the slates containing, as accessories, disseminated carbon and
tourmaline which are typical of the slates in the area discussed. The
graywacke character of the sandstone is predominant and the deposition
of the sandy and slaty material has taken place contemporaneously.

A chemical analysis was made of the coarse-grained part of a mega-
varve, containing abundantly rounded quartzite pebbles (Table II,
Anal. 5). The analyzed specimen does not contain such great amounts of
mica minerals as is usual in the fine-grained matrix. The Al,O4 content
is, however, rather high, showing that in this case also the argillaceous
material has been deposited partly into the sandy portion of the
megavarve.
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ANOMALIES IN THE VARVES

In some cases the varved texture is not quite regular. Temporary
floods have interrupted the normal deposition, and one can find indistinct
layers in the sandstone part or many slaty layers in the upper part of a
varve. Angular fragments of the varved rock occur sometimes in the
thick sandstone beds, indicating that the flood has been strong enough to
loosen the earlier deposited clay.

Distinet evidence of cross-bedding was not observed on the western
shore of Lake Nisijirvi. Only a very few indistinctly developed cases
were seen in the sandstone portions of the megavarves. Sederholm (1897,
1913) described some observations on the cross-bedding from the eastern
shore of Lake Nisijarvi, but, in general, the cross-bedding must be con-
sidered as an anomaly in the graded beds.

CONCRETIONS

Concretions occur in the sandstone portions of the varves and often
form rows of lenticular bodies up to a few decimeters in diameter. On the
rock surface they occur usually as deeply weathered cavities. The distribu-
tion of the concretion beds is presented in Figs. 1 and 7.

Concretions are rich in quartz and contain abundant calcareous
silicate minerals, such as hornblende, epidote, basic plagioclase (Angg ,45,)
and garnet (probably grossularite). Minute amounts of calcite occur
usually, and biotite and chlorite represent the mica minerals.

Similar concretions were described by Eskola (1932) from many places
in the Archean terrane of Finland. According to Eskola, they were
originally similar to the calcareous concretions in the Pleistocene clays
which contain calcite, quartz, and argillaceous matter, but lost their
primary carbon-dioxide content during metamorphic reecrystallization.

TUFFITIC INTERCALATIONS

A few intercalations of a dark-grey, hornblende-bearing rock have
been observed in the varved schist south of Valkeekivi. These inter-
calations are from 1 to 10 m in thickness, and although the rock does
not show graded bedding it sometimes contains irregular intercalations
of slaty material. Microscopic study reveals big partly rounded plagio-
clase (An,;-,;) grains in a matrix containing hornblende, biotite, plagio-
clase, and quartz. The rock is similar to the pyroclastic intermediate
tuffites occurring abundantly north of the varved schist area, and it
indicates that volcanic processes were already active during the deposi-
tion of the varved sediment.
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The thickest intercalation of tuffite, measuring 10 or 11 meters in
thickness, occurs on the small islet about 700 m south of Valkeekivi
(Fig. 8 a). This bed has been repeated through the isoclinal folding and
is seen again on the northern shore of Siivikkala 22 m south of the islet;
it appears also in a place 650 m to the east. On the eastern shore of Lake
Nisijiarvi a thick tuffite bed, measuring 12 m in thickness, occurs about
750 m south from the intermediate quartz-feldspar schist area; its petro-
graphic characteristics are similar to those of the tuffite intercalation on
the small islet south of Valkeekivi. Possibly the above-mentioned tuffite
occurrences on the opposite shore of Lake Nisijiarvi are exposures of the
same bed (see Fig. 5).

THIN QUARTZITE INTERCALATIONS

Some few very thin intercalations of pure glassy quartzite have been
observed in the varved schist, occurring regularly along the boundary
lines of the varves. The thickest quartzite intercalations, found in the
thin-bedded varved schist south of Valkeekivi are about 10 or 20 cm in
thickness, but usually the thickness of quartzite beds is only a few cm.

The quartzite is strongly recrystallized and contains, besides quartz,
only very few flakes of biotite and a small amount of ferric-oxide pigment.
The origin of the rock is obscure, because all primary textures have been
destroyed in the metamorphic recrystallization. Thin beds of chert,
recrystallized in the metamorphism into pure quartzites, are, however,
commonly found in the geosynclinal sediments of graywacke character
(cf. Pettijohn, 1943).

DIABASE SILLS

Diabase sills are common in the varved schist and usually indicate
contact-metamorphic action in the surroundings. The slate has been
recrystallized into a mica schist containing sericitized pseudomorphs after
porphyroblastic aluminous silicate minerals (cf. Simonen, 1951). A
diabase sill about 3 m thick occurs in the northeastern part of Reuhari.
It is strongly recrystallized but shows, however, a blasto-ophitic texture.
The dominant minerals are plagioclase (An,, 5), hornblende, and biotite.

Many thin metadiabase sills have been found on the eastern shore of
Lake Nisijarvi. One of these cuts the bedding of the varved schist.

TECTONICS

Sederholm (1897) supposed that the Bothnian schist belt in the Tam-
pere area has not undergone an intensive folding but represents only a

23 4251 14
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bundle of supracrustal rock beds turned into a vertical position. The
new studies of the Tampere schist area indicate, however, that the
structure is more complicated than was supposed by Sederholm (cf.
Neuvonen and Matisto, 1947; Seitsaari, 1951; Simonen, 1951). The
present investigation deals only with the structural features of the varved
schists on the shores of Lake Nésijirvi.

ATTITUDE OF BEDS

The strike of the bedding on both sides of Lake Nisijirvi is
approximately E.-W. and the dip is steep, deviating usually from 0° to
20° from the vertical position
(Figs. 6 and 7). In the nort-
hern part of the varved
schist area, the dip is regu-
larly to the north, but in the
southern part there are also
dips to the south. Only a
very few gently dipping or
horizontal beds were obser-
ved in the crests and troughs
of isoclinal folds. Many beds
continue across Lake Nisi-
jarvi, and the correlation of
some characteristic beds on

Fig. 5. Geological map of the surroundings of Lake
Nasijarvi. 1, varved schist; 2, quartz-feldspar schist; A .
3, tuffite; 4, diabase; 5, quartz diorite. Correlation of the opposite shores is pre-

some characteristic beds on the opposite shores of Lake

Niisijirvi: a, thin-bedded varved schist; b, tuffite bed. sented in Flg' 5.

SUPERPOSITION OF BEDS

The intense folding of the varved schists has been revealed by the
successions determined by the graded beds (Figs. 6 and 7). The base of
the steep or vertical beds is alternately to the south and north so that
the biggest folds recognized by the base determinations of the varves are
a few hundred meters across, but there are also minor folds only some
meters in width. The limbs of many folds dip at the same angles and in
the same direction, suggesting almost vertical or slightly overturned
isoclinal folds with axial planes parallel to the bedding planes. The fold
axes seem to be nearly horizontal, as the strikes of the beds do not usually
converge.

The varved schist on the western shore of Lake Nasijarvi has been
folded more intensely than that on the eastern shore. The determination
of the succession by means of graded beds in the northern part of the
varved schist area shows that the varved schist is stratigraphically
beneath the rest of the supracrustal rocks.
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FOLDS

The structural picture of the folded strata obtained by the successions
of the beds was completed through the study of the folds visible in the

0 Tkm g -

Fig. 6. Tectonic observations on the western shore of Lake Nasijarvi. 1, bases of the varves

to the north; 2, bases of the varves to the south; 3, strike and dip of bedding and bedding

cleavage; 4, fold axes; 5, fold axes of minor folds; 6, fracture cleavage; 7, lineation; 8, fault.

Drawings of the folds: A, undulation and minor folds with shear fractures on the limb of an

isoclinal fold; B, minor fold with fracture cleavage and shear joints; C, overturned isoclinal
fold; D, monocline; E, steeply dipping fold.
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field. The trend of the folds is along west-east lines. The axial planes of
the folds are commonly parallel to the steep or vertical bedding planes,
and the fold axes plunge usually to the east at varying angles. Only very
few fold axes plunging to the west were observed. Observations of the
fold axes and some drawings of the different types of folds on the western
shore of Lake Nisijirvi are presented in Fig. 6.

quartz-feldspar schist

= intermediatiiitne
T quarts feldepate o

= basic fuffite -

Fig. 7. A. Distribution of the different rock types on the eastern shore of Lake Nisijirvi. The
key is like that of Fig. 1. B. Tectonic observations on the eastern shore of Lake Nisijirvi.
The key is like that of Fig. 6.

Gently plunging, vertical, or overturned isoclinal folds are pre-
dominant, but there are also sporadically, on a minute scale, structures
similar to monoclines and structural terraces. All folds show the charac-
teristics of true or flexure folding. They are open folds in which the
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thickness of the folded bed is the same in all parts of the fold. The de-
formation of the varved sediment seems to have resulted only from
sliding caused by bending.

Assuming the regular thickness of beds in the different parts of the
folds, it was sometimes possible to identify varves on the opposite limbs
of a fold from their distinctive features and by means of the varve profiles.
This method of correlation is like that used in the geochronology of the
Pleistocene varved clays. Some corresponding beds and varve sequences
on the opposite limbs of folds are presented in Fig. 8.

Fig. 8. Correlation of a tuffite bed and varve };rofil'és' on the opposnehmbs of
isoclinal folds. 1, tuffite; 2, slate. The arrow shows the base of sequence deter-
mined by graded beds. The locations of these pictures (a-c) are seen in Fig. 6.

On the limbs of the isoclinal folds the sliding package of strata has
been thrown into undulations and minor folds associated with shear
fractures (Fig. 6, A—B). The undulation seen in the vertical limbs of the
folds develops sometimes into minor folds with steep or nearly vertical
fold axes. The horizontal projection of these fold axes deviates about 50°
from the east-west line and approximately parallels the direction of the
shear fractures. The relation of these minor folds to the east-west trend
of the principal folding is seen very well on the northern shore of Sii-
vikkala (Fig. 6).

CLEAVAGE

The cleavage in the varved schist appears as parallel orientation of
platy minerals and is in all parts of the folds parallel to the bedding.
This bedding cleavage is due to the isoclinal folding through bending.

Another kind of cleavage occurs sporadically as fracture cleavage,
especially in the incompetent slate portions of the varves. It appears as
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closely-spaced jointing, the distance between the cleavage planes varying
from a few centimeters to a fraction of a millimeter. The strike of the
fracture cleavage is commonly N. 50°—70° E. at a position transverse
to the bedding cleavage, and its dip is vertical or very steep (see Figs. 6
and 7). The angle between the planes of bedding and fracture cleavage
is, on the average, 35°, but in the northern part of the varved schist area
this angle is more acute than in the southern part. Some joints and faults
have also been developed at the same direction as the fracture cleavage
which resulted from shear fractures due to horizontal compression acting
in a north-south direction. On the western shore of Lake Nisijirvi only
one set of shear fractures has been developed, but on the eastern shore

there is in addition a steep or vertical fracture cleavage in the direction
N. 60°—75°W.

LINEATION

The lineation in the varved schists was described by Neuvonen and
Matisto (1948), who observed on the bedding planes striation caused by
lamellar differential movements at right angles to the fold axes, and
found the elongation of the concretions to be perpendicular to the fold
axes.

The steep or nearly vertical lineation appears also as a small crenula-
tion on the bedding planes due to the undulation and minor folding of
the strata on the nearly vertical limbs of the isoclinal folds. In addition,
the elongations of some recrystallized mica aggregates on the bedding
planes are approximately parallel to the nearly vertical axes of minor
folds.

The elongation directions of many concretions are perpendicular to
the fold axes in the plane of bedding, but in one minor fold the concre-
tions have been elongated in the direction of the local fold axis (N. 60°
E., 50° N.E.) deviating from the east-west line. The diameters of elongated
concretions are, on the average, 3 X 8 X 30 cm.

STRUCTURAL HISTORY

The cause of deformation producing the east-west trend of isoclinal
folds and bedding cleavage was horizontal compression along north-south
lines. The folding was a bending connected with a sliding of the beds
past one another, and it was succeeded in the later phase of deformation
by undulations and minor folds on the nearly vertical limbs of the isoclinal
folds. The compressive force tilted the limbs of the folds into nearly
vertical positions, and the latest phase of deformation is represented by
vertical shear fractures developed at an acute angle to the bedding. This
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shear phenomenon appears as fracture cleavage, diagonal joints, and
faults. The lineations belong genetically to different phases of deforma-
tion. The east-west fold axes, the striation on the bedding planes, and
the elongation of some concretions perpendicular to the fold axes
originated in the principal folding; but the crenulation on the bedding
planes, together with elongations of the recrystallized mica aggregates
and some concretions, occurred in the later phase of deformation in
connection with minor folds having steep fold axes on the limbs of the
isoclinal folds. In terms of the strain ellipsoid, the deformation of the
varved strata resulted in the axes of the greatest and the least strains
being horizontal, while the shear fractures were parallel to the surface
of no distortion.

CONDITIONS OF DEPOSITION

The most characteristic structural feature of the varved schist is the
thick continuous succession of the graded beds, indicating that the deposi-
tion, taking place through still bottom water, allowed sand and clay to
accumulate in the same locality. Graded bedding like varve structure
were observed in many geological formations of different age, and most
students approved the seasonal control of origin, although other inter-
pretations were also presented (e.g., Bailey, 1936; Sundius, 1923). The
explanation of the megavarves as annual deposits was especially subject
to criticism, but here one must observe that Caldenius (1932) described
truly annual megavarves, measuring about one meter in thickness, from
the Pleistocene lake sediments in Patagonia.

The Archean varved schists of Lake Nasijirvi show many features
similar to the known annual deposits of the Pleistocene late-Glacial
clays. Applying the actualistic method, Sederholm (1897) and Eskola
(1932) pointed out the seasonal control of deposition. In spite of the
striking similarities between the Archean and late-Glacial varve structure,
there are in the varved schists of Lake Nisijarvi many features indicating
that the deposition has not taken place under glacial control. Eskola
(1932) remarked, as special features, the considerable thickness of the
Archean varve sequence not known in glacial sediments, the lack of
tillites characteristic of glacial sediments, and the failure of the layers
to show a diminution in thickness upward from the base, as do the glacial
varves, owing to ice recession.

The minimum thickness of the varved schist strata in the Tampere
area is about 3 km, measured in the section along the eastern shore of
Lake Nisijirvi where the strata are not considerably repeated through
folding and where the whole thickness of the associated supracrustal
formation is at least 8 km (Simonen, 1951). The remarkable thickness of
the strata and the petrographic features of the varved sediment, showing
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a predominant graywacke character of the sandstone portions of the
varves, are characteristics of geosynclinal deposits.

The predominant occurrence of graywackes, showing an intimate
association of the arenaceous and argillaceous materials and graded
bedding, has been described by many authors (Bailey, 1930, 1936; Tyrrell,
1933; Jones, 1938; Pettijohn, 1943) as a typical feature of the sediments
in orogenic belts. Pettijohn discussed the graywacke problem in detail
and showed that the Archean sediments of the Canadian Shield are rather
similar to the geosynclinal facies of later age. He writes:» excessive
thickness, especially of the conglomerates, abundance of graded bedding,
rarity of cross bedding, and absence of ripple mark, the graywacke nature
of the arenaceous beds, the absence of true quartzites and limestones and
scarcity of mormal argillaceous sediments, and the association with
greenstones and tuffs are all the earmarks of a geosynclinal facies of
sedimentationy (Pettijohn, 1943, p. 926). The supracrustal formation of
the Tampere area shows all the characteristics listed above (see, e. g.,
Simonen, 1951), and the present authors join in Pettijohn’s conclusion
that sthe deep erosion has left only the axial portion of the Archean
geosynclins and hence only orogenic sediments» (op. cit., p. 926).

The graywacke character of the sandstone portions of the varves
shows that erosion, transportation, and sedimentation were rapid, whereas
chemical weathering and sorting of material were incomplete. The fine-
grained clayey matrix between coarse mineral grains and rock fragments
shows that the deposition of the arenaceous and argillaceous material
started simultaneously, but the deposition of clayey material has
continued after settling of the coarse detrital phase. The intimate
association of the slate and sandstone is probably the result of floccula-
tion of argillaceous material through salt water (see, e.g., Pettijohn,
1943). The high boron content of the varved schists suggests also marine
conditions of deposition. The coarse-grained parts of the varves show
that the depth of the water has not been very great, but the continuous
sedimentation of thick varved strata has been possible through down-
sinking of the geosynclinal basin during the course of accumulation.

The rate of sedimentation has been rapid, 12.7 ecm per year in the
normal varved schist, if the varves are to be considered annual deposits.
The time required for the accumulation of the strata 3 km thick would
be about 24000 years. In addition, there is the long sequence of thin-
bedded varved sediment, and the time required for its sedimentation is
approximately 18000 years. As a whole, we may state that in the ex-
cellent exposures of varved schists on the shores of Lake Nisijirvi has
been registered a story of Archean sedimentation about 40000 years long.

GEOLOGICAL SURVEY OF FINLAND, DEcEMBER 1950.
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EXPLANATION OF PLATES

PLATE I

Fig. 1. Varved schist. Western shore of Lake Nisijarvi. Nutturaniemi. Photo: A. Simonen.
Fig. 2. Varved schist. Eastern shore of Lake Nasijarvi. Ajonokka. Photo: V. Piikkinen.

PLATE 11

Fig. 3. Thin-bedded varved schist. S. of Valkeekivi. 20 X.
Fig. 4. Blastoclastic normal varved schist. Demarcation between slate portion of a varve and
overlying varve. Ajonokka. 20 X.

Fig. 5. Sandstone portion of a megavarve containing quartzite pebbles. Reuhari. 10 X.
Fig. 6. Sandstone portion of a megavarve containing big mineral grains and rock fragments in
in the fine-grained, mica-rich matrix. Siivikkala. 20 X.

Photo: Arvo Matisto.
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SPATHYDROTHERMALE BILDUNGEN IM KIESERZ VON
OTRAVAARA, OSTFINNLAND

VON

MARTTI SAKSELA

REFERAT

Die Hauptmasse des Kieserzes von Otravaara ist nach ihrer Bildung zweimal
ziemlich kréaftiger und einmal offenbar einer schwachen Dislokationsmetamorphose
ausgesetzt gewesen. Die Zwischenrdume der Bruchstiicke in den entstandenen
Breccien sind in erster Linie von Quarz, Caleit und Plagioklasen verkittet worden.
Auch Erzarten, hauptsichlich Zinkblende und Bleiglanz, gehéren zu den spit-
hydrothermalen Bildungen. Der Ca-Gehalt der Zwischenmasse der Breccien stammt
wahrscheinlich von dem urspriinglichen Nebengestein des Kieserzes her, aus dem
er in den fritheren metasomatischen Prozessen ausgelaugt worden ist.
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VORWORT

Als Nachhall der Hauptvererzung hat man in vielen metasomatischen
Kieserzlagerstitten Bildungen gefunden, deren Mineralzusammensetzung
sehr ungewohnlich und wechselvoll ist. Verfasser hat vor kurzem der-
artige Bildungen aus dem Erzgebiet von YIlojirvi beschrieben, wo sie
durch einen bedeutenden Gehalt an Antimon und Edelmetallen charak-
terisiert sind (Saksela, 1947). Die spéathydrothermalen Bildungen, die
sich in kleineren Mengen an das Kieserz von Otravaara anschliessen und
die in einer fritheren Publikation des Verfassers kurz erwihnt worden
sind [Saksela (Saxén), 1923], verdienen nicht wegen ihres Mineralreichtums
besondere Beachtung. Weil sie jedoch in erzgenetischer Hinsicht interessant
sind und auch das Bild von der Bildung des Hauptteils des Otravaara-
Erzes verdeutlichen, verlohnt es sich, sie etwas niher zu beschreiben.
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DIE HAUPTMASSE DES KIESERZES VON OTRAVAARA

Auf Grund seiner Untersuchungen hat Verfasser das Kieserz von
Otravaara in die Reihe der metasomatischen Kieserzlagerstitten gestellt
[Saksela (Saxén), 1923, 1933, 1934, 1947]. Bevor die eigentliche Erz-
bildung anfing, wurde das Nebengestein (Amphibolite, Leptite, Meta-
gabbros) metasomatisch umgewandelt. Das Endprodukt der Umwand-
lungen ist durch einen, von Eisenkiesen, stellenweise auch von Kohlen-
substanz impriagnierten sericitreichen Schiefer vertreten. In den meta-
somatischen Prozessen, die sonst so stark gewesen zu sein scheinen, dass
das Endprodukt wesentlich unabhingig davon ist, welcherlei Gesteine
urspriinglich der Metasomatose unterworfen gewesen waren, kann man
folgende drei zeitliche Hauptphasen unterscheiden, nidmlich mit der
ersten beginnend):

Natrium-Aluminium-Kieselsduremetasomatose
Kalium-Aluminium-Titan-Bor-Chrommetasomatose
Schwefel-Kohlenmetasomatose
In der ersten Phase ist also das Nebengestein mit albitischem Stoff be-
reichert worden. Die letzte Phase hat zur Bildung von Eisenkies- und
Kohlenimpriagnation gefithrt. Das Nebengestein hat wahrscheinlich den
Schwefel als eisenfreie Verbindungen empfangen, die dann mit den eisen-
haltigen Mineralien unter Bildung von Eisenkiesen reagiert haben.

Das eigentliche Erz bildet eine linealférmige Masse, deren horizontaler
Schnitt an der Erdoberfliche die Form eines Linsenquerschnitts (im
Areal etwa 140 m?) besitzt. Das Erz besteht zum grossten Teil aus fein-
kornigem Schwefelkies. Magnetkies findet sich bedeutend weniger vor
und ist hauptsichlich auf die Randteile des Erzkorpers beschrinkt.
Kupferkies ist eine ziemliche Seltenheit. Makroskopisch hat man ihn im
schwefelkiesreichen Erz nie beobachtet. Gemiss mehreren Analysen, die
aus den Generalproben des geférderten Erzes gemacht sind, betrigt der
hiochste Cu-Gehalt 0.02 9. An edlen Metallen ist in missiger Menge
(etwa 8 g pro Tonne) Silber vorhanden. Gold dagegen fehlt ganz.

Unter dem Erzmikroskop beobachtet man in der Schwefelkiesmasse
einzelne zerstreute Korner von Magnetkies. In den magnetkiesreichen
Partien des Erzes (siehe oben) findet man hie und da vereinzelte Schwefel-
kieskorner. Der Schwefelkies ist hier ziemlich grobkérnig und kommt
oft in gut entwickelten wiirfeligen Kristallindividuen vor. Auch etwas
Kupferkies tritt in der Magnetkiesmasse auf. Er scheint sich hauptsich-
lich rings um die Schwefelkieskérner gesammelt zu haben und dringt
bisweilen als schmale Géinge in die Schwefelkieskristalle ein. Auch Magnet-
kies scheint hie und da auf die letztgenannte Weise aufzutreten.

Von Gangarten findet sich hauptsichlich Quarz vor, der rundliche
Korngruppen bis zur Nussgrosse bildet. Neben Quarz findet man etwas
farblosen Glimmer und natronreichen Plagioklas. Das letztgenannte
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Mineral kommt an einer Stelle in hellgriinlichen Kérnern von 1.5 em
Durchmesser vor. Die Zusammensetzung des Plagioklases ist Ang.

Threr Struktur nach ist die ganze Kieserzmasse breccienartig. Man
findet niamlich in ihr bruchstiickdhnliche, kleinere und grossere (bis ein
paar m im Durchmesser) Partien von schwach kiesimpragniertem, sericit-
reichem Schiefer. Der Kontakt zwischen den Bruchstiicken und dem sie
umgebenden reichen Kieserz ist verhiltnisméssig scharf. Offenbar ist
die Erzablagerung in gewissen Schwiiche- oder Bruchzonen im Gesteins-
grund vor sich gegangen.

Verfasser hat schon frither betont (Saksela, 1923, 1933, 1947), dass
das massige, reichere Kieserz sich nicht auf dieselbe Weise wie die als
Imprignation im Nebengestein (und in den obengenannten Bruchstiicken)
auftretenden Hisenkiese hat bilden kénnen, sondern das Kiesmaterial hat
sich als solches aus der Losung ausscheiden miissen (vgl. auch Gavelin,
1939; Odman, 1941). Die Kuristallisationsfolge im Kieserz scheint die
gewohnliche zu sein: erst Schwefelkies, dann Magnetkies und Kupferkies.
— Die Erzbildung ist in relativ niedrigen Temperaturen, im hydrother-
malen Bereich, geschehen.

DIE SPATHYDROTHERMALEN BILDUNGEN

Nach ihrer Bildung ist die Erzmasse ziemlich starker Dislokations-
metamorphose ausgesetzt gewesen, was zur Bildung von schénen Breccien
gefiihrt hat (Fig. 1). Die scharfkantigen Bruchstiicke, die aus feinkorni-

Fig. 1. Schwefelkieserzbreccie, Otravaara. 14 der nat. Grisse.
a. Weisse calcitreiche Masse.
b. Eine aderférmige quarzreiche Partie, deren dunkler mittlerer Teil
hauptsichlich aus Plagioklas besteht.
Photo A. Matisto.
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gem Schwefelkies bestehen, sind hauptséchlich durch Quarz verkittet
worden. Die Korngrosse des Quarzes variiert innerhalb weiter Grenzen
und besonders die grosseren Korner besitzen eine kriftige undulése Aus-
l6schung. — Neben Quarz findet man in geringeren Mengen Plagioklas,
Calcit und Glimmer. Der letztgenannte kommt als verhédltnisméssig
grosse Schuppen vor, die bisweilen rings um die Schwefelkiesbruchstiicke

Photo V. Riisinen,

Vergr. etwa 15 X.

rau) in Kieserzbreccie. Die Bruchstiicke bestehen aus feinkérnigem Schwefel-
Otravaara.
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angeordnet sind. Der Glimmer ist meistenteils farblos; nur selten kann
schwacher Pleochroismus beobachtet werden (e ist farblos, g und y
schmutzig blassgelb). Die Zusammensetzung des Plagioklases ist An_,.
In der Regel tritt er in unmittelbarer Nihe der Erzbruchstiicke auf. Er
ist triibe geworden und ldsst kleine Epidotkorner und Sericitschuppen
erkennen. Der Plagioklas, sowie teilweise auch der Glimmer scheinen zu
den Erstkristallisationen der Zwischenmasse der Erzbreccie zu gehoren.

Eine neue Entwicklungsphase in der Erzbil-
dung ist von den in der oben beschriebenen Breccie hie und da sicht-
baren schmalen Zinkblendegéingen vertreten. In der schon fest ge-
wordenen Breccie sind Risse und schmale Bruchzonen entstanden, die
spiter mit Zinkblende ausgefiillt worden sind (Fig. 2). Es sei erwihnt,
dass derartige ziemlich geradlinige Zinkblendeginge nur in der oben
geschilderten Erzbreccie, nicht anderswo in der Erzmasse, angetroffen
worden sind. Offenbar sind die breccierten Stellen des Erzes schwach
geblieben und in den tektonischen Bewegungen leichter als die iibrigen
Teile zerbrochen worden.

Unter dem Erzmikroskop sind in Zinkblende in ziemlich reichlicher
Menge kleine Magnetkies- und Bleiglanzkérner zu sehen. Die ersteren
sind rundlich, die letzteren mehr unregelmissig geformt und oft scharf-
kantig. — In welchem Masse Gangartmineralien sich an die Zinkblende-
ginge anschliessen, ist schwer zu entscheiden.

Dipl.-Ing. N. Lounamaa hat spektrographisch die Gehalte der Zink-
blende an Sb, Ni, Co, Cu und Ag bestimmt. Die drei erstgenannten sind
von der Grossenordnung 0.01 %, der Gehalt an Cu betrigt 0.03 9, und
der Gehalt an Ag ist 0.0003 9,. As, Bi, Hg und Te fehlen ganz. Der
Gehalt an Pb, der von der Gréssenordnung 0.1 9, ist, diirfte wenigstens
zu einem bedeutenden Teil von den in der Zinkblende enthaltenen Blei-
glanzkornern herrithren. Der Ni-Gehalt kann teilweise in den Magnet-
kieskdrnern enthalten sein.

Nach der Bildung der Zinkblendegénge ist die
Erzmasse wieder ziemlich starken Dislokatio-
nen ausgesetzt gewesen, wobei das Erz gerade an den Stellen
der oben beschriebenen Schwefelkiesbreccien zerbrochen worden ist. So
sind Breccien entstanden, deren Bruchstiicke aus der in der fritheren
Phase gebildeten Breccie bestehen. In den verhiltnismissig weiten, oft
linglichen Zwischenrdumen findet man bald reichlich Quarz, bald reich-
lich Calcit. Die Bruchstiiche sind oft klein und dann vollig in calcit-
reiche Masse eingebettet.

Man kann in den Bruchstiicken zahlreiche schmale Risse beobachten.
Lings diesen Rissen sind u. a. die Zinkblendegédnge abgebrochen und im
Verhiltnis zueinander verschoben worden (Fig. 2). Es sei in diesem
Zusammenhang erwihnt, dass die Zinkblendeginge an der Grenze zwi-
schen den Bruchstiicken und der Zwischenmasse schroff ausgehen, welcher
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Umstand mit Deutlichkeit zeigt, dass die beobachtete letzte Breccierung
erst nach der Bildung der Zinkblendeginge geschehen ist.

Die Zwischenmasse der jiingsten Breccien verdient noch etwas niher
beschrieben zu werden. Fig. 1 zeigt eine aderformige Partie (b), die
schon makroskopisch deutlich gebéndert ist. Derartige »Génge» sind an
mehreren Stellen gefunden worden. Die Randteile der Ginge sind quarz-
reich, die mittelsten Partien wiederum enthalten reichlich irgendein
schmutzigbraunes Material. Dazwischen liegen calcitreiche Streifen. Die
Grenzen zwischen den verschiedenen Béndern sind nicht scharf. U. d. M.
sieht man, dass die quarzreichen Randpartien etwas farblosen Glimmer
und Calcit enthalten. Bisweilen sind kleine Flecke von irgendeiner dunklen
und tritben Substanz, die man mikroskopisch nicht mit Sicherheit hat
bestimmen konnen, beobachtet worden. Moglicherweise handelt es sich
teilweise um Kalifeldspat. Nach innen nimmt der relative Calcitgehalt
stark zu. Die mittleren Partien enthalten viel Plagioklas, in kleineren
Mengen farblosen Glimmer, Quarz, Calcit sowie etwas Klinozoisit, der
offenbar ein Umwandlungsprodukt von Plagioklas darstellt. Das letzt-
genannte Mineral ist oft so dunkel und triibe, dass genauere optische
Bestimmungen sich als unausfiihrbar erwiesen. Stellenweise ist der
Plagioklas jedoch besser erhalten und deutlich lamelliert. Die Zusammen-
setzung ist etwa Anys.

Diejenigen Partien der calcitreichen Zwischenmasse (a in Fig. 1), die
den Bruchstiicken zunéchst liegen, sind in der Regel quarzreich. Stel-
lenweise kann der Quarz sogar das dominierende Mineral sein. U. d. M.
bemerkt man neben Calcit und Quarz zerstreute Schuppen von farblo-
sem Glimmer und besonders an den calcitreicheren Stellen etwas Plagio-
klas. — Undeutliche Bénderung ist zu beobachten.

In den quarzreichen Teilen der Calcitmasse sind streifenférmige
Partien von fein- oder mittelkérnigem Bleiglanz angetroffen worden.
Unter dem Erzmikroskop haben in Verbindung mit Bleiglanz keine
selteneren Erzarten beobachtet werden konnen. Dagegen findet man
Zinkblende und Magnetkies in kleinen rundlichen Kérnern. Dazu kom-
men einige sehr lappige Korner von Schwefelkies vor.

Gemiss spektrographischen Bestimmungen von N. Lounamaa sind
die Gehalte des Bleiglanzes an einigen Metallen von folgender Grossen-
ordnung: Bi = 0.1 9%, Ag und Cu = 0.01 9%, samt Sb = 0.03 9.

Die verschiedenen Phasen in der Bildung des Otravaara-Erzes lassen
sich in folgender Weise schematisch veranschaulichen (Tabelle 1). In
Klammern sind diejenigen Mineralien gesetzt worden, die in jeder ein-
zelnen Phase nur in kleineren Mengen vorkommen,

Es diirfte aus dem Obigen hervorgehen, dass die spiathydrothermalen
Losungen immer kalziumreicher geworden sind. Dies dussert sich in der
Zunahme des Anorthitgehalts des Plagioklases sowie in dem immer reich-
licheren Vorkommen sowohl des Plagioklases als vor allem des Calcits.
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Tabelle 1

Prozesse | Produkte

Das Eindringen der hydrothermalen Losun- | Das Endprodukt der Metasomatose:
gen in die Bruchzonen des Gesteinsgrundes. | Sericitreicher Schiefer, der von Lisenkiesen, ‘
Metasomatische Umwandlung des Neben- stellenweise auch von Kohlensubstanz,
gesteins. xmpra"mert mt :

Die Ablagerung des Hauptteils des Kieserzes. | Schwefelkies, Magnetkles (l\upferkleQ)
\ erz (Glnnmor Albltnhm)l\lus)

Ziemlich starke Dislokationen.
Blecclemm der Kieserzmasse. |

Verkittung der schwefelkiesreichen Bruch-

Plagioklas Angg-gs, Glimmer.
stucko

Quau (Glimmer, Calcit).

Schwache Breccierung der friiher gebildeten "
Erzbreccien.

Starkere Dislokationen. Breccierung der 1
frither gebildeten Breccien und der Zink- \
blendevanve

Quarz, (Glimmer, Calcit, Kalifeldspat?),
(Magnetkies, Zinkblende, Schwefelkies,‘
Bleiglanz.

Calcit, Plagioklas An,s, (Quarz, Glimmer).
Calcit.

| Ausfullung der entstandenen Hohlrdume.

Die Aufmerksamkeit wird auch darauf gerichtet, dass in den Erzarten,
die in den letzten Phasen aus den spidthydrothermalen Losungen aus-
geschieden worden sind, ein deutlicher Gehalt an Ag, Bi und Sb fest-
gestellt werden kann, obschon eigentliche Ag-, Bi- oder Sb-Mineralien
nicht gebildet worden sind. '

Bei dem Studium der metasomatischen Prozesse erhebt sich gewohn-
lich die Frage, wo diejenigen Stoffe der Palasome, die aufgelost und in
die hydrothermalen Losungen eingetreten sowie von diesen weggefiihrt
worden sind, sich jetzt finden. Die Frage ist meistens unbeantwortet
geblieben. Es scheint dem Verfasser, als ob man im Otravaaragebiet sich
in dieser Hinsicht in einer gliicklicheren Lage befinde. — Es sind ins-
besondere Ca und Mg, die im Otravaaragebiet aus dem Nebengestein aus-
gelaugt worden und in die hydrothermalen Losungen eingetreten sind.
Offenbar wurde diesen Losungen spéter von aussen her Kohlensiure zu-
gefiigt, was zur Folge hatte, dass wenigstens ein Teil der Ca-Ionen in
Form von CaCO, ausfiel. Es ist dieses Material, das den Calcit bildet,
der jetzt in der Zwischenmasse der oben beschriebenen jiingeren Breccien
zu finden ist. Die iibrigen Ca-Ionen sowie vor allem die Mg-Ionen sind,
wie ja zu erwarten ist, in den hydrothermalen Losungen geblieben und
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haben mit diesen ihre Wanderung fortgesetzt. — Es mag noch erwiihnt
werden, dass moglicherweise auch der Na-Gehalt der in den spéthydro-
thermalen Bildungen enthaltenen Plagioklase von dem urspriinglichen
Nebengestein herstammen kann.
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4
»LILLIANITE» FROM IILIJARVI, ORIJARVI REGION

BY
0. VAASJOKI axp S. KAITARO

ABSTRACT

Lillianite from Iilijdrvi has been shown by means of x-ray powder and polished-
section study to be seleniferous cosalite mixed with some galena.

A selenium-bearing lillianite is reported by Borg-
strom (1910) from the locality Tilijarvi about 1 %, km N. W. of the Ori-
jarvi mines in southwestern Finland. According to him the lillianite was
found in the western part of the mined zome of Iilijarvi, where poor
sulphide ores of no economic value occur associated with quartz veins.
The paragenesis of these deposits is as follows: lillianite, galena, chalco-
pyrite. pyrrhotite, arsenopyrite, pyrite, sphalerite, and native gold. To
this list presented by Borgstrom tetrahedrite, native bismuth, and galena
of a second generation are added by the present authors. The original
lillianite-bearing specimens from Ililijarvi, collected by Borgstrom, were
available for this investigation.

Under the micro-
scope it can be noted that
the lillianite is intergrown es-
pecially with galena (Fig. 1),
which also occurs as small,
elongated flecks in lillianite.
These flecks are mostly ac-
companied by bismuthinite
and bismuth, which form
myrmekite-like  structure,
sometimes occurring also
within the border zone of
galena and lillianite (Figs. 2

5 s Fig. 1. Polished section of the sulfide ore of Iilijarvi.
and 3). With the exception ,~ chalcopyrite; gn, galena; co, cosalite; bit, bismuthi-
of these formations which nite; po, pyrrhotite. There is a black grain of spha-

lerit r th ighthand f the picture.
undoubtedly belong .t erite near the uppell\'a;;,;. 121161 ><?omer of the pic
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second generation of the primary phase, the mineral designated as lillianite
is rather homogeneous in character. Its main color is galena white, but in
some positions it is slightly greenish-grey because of a weak pleochroism.
The anisotropy is rather distinct and the hardness is greater than that of
galenal. The etch tests were negative for FeCl;, KCN, HgCl,, and HCL.
The treatment with HNO, caused rapid blackening of the mineral 2
The microscopic proper-
ties of the investigated min-
eral agree best with cosalite
except for the anisotropy ob-
served between crossednicols.
Normally, cosalite should
be only weakly anisotropic
(Ramdohr, 1950), but in the
present case this phenomenon
is rather distinet. The anoma-
lous anisotropy may be con-
nected with the noteworthy

Iig. 2. Border zone of galena and cosalite. Etched with : 2
FeClg (1:1). Galena appears greyish black. The myr- content of selenium in the
mekitic bismuth has also been etched black but the nlineral, which in turn calls

bismuthinite is unaltered. Magn. 110 x.

into the mind the selenocosa-
lite of Boliden (Odman, 1941). At the authors’ disposal were some speci-
mens from Boliden containing selenocosalite (stope 23, level 210), kindly
presented by Dr. O. Odman to one of the authors in 1946. A microscopic
study carried ovt on this mineral showed that it is perfectly identical
with the lillianite of Iilijirvi.

The chemical analysis on which Borgstrom (1910, p. 1527)
has mainly based his mineral identification gave: 43.83 9%, Pb. 26.43 9
Bi, 5.30 % Sb, 15.93 %, S, 2.9 % Se, 2.65 % Cu, 1.23 9, Fe, 0.49 %, Zn,
0.88 9% Ag; total 99.71 9%,. Mr. N. Lounamaa, M. A., of the Technical
University at Helsinki, analyzed by a semi-quantitative spectrochemical
method the material studied by the authors, and his results agree with
the analytical data given above. The chemical composition of the Iili-
jirvi lillianite is very similar to that of selenocosalite (Odman, 1941). For
this correlation it must be considered that the analyzed material of Tili-
jirvi probably contained as impurities most of Cu, Fe, and Zn, as well
as some of Pb and S. All are caused by the admixture of chalcopyrite,
sphalerite, pyrite, and galena, which cannot be avoided if the separation
of material for analysis has not been made by micro-drilling under the
microscope, by which method the material for analysis and x-ray diffrac-

1 Measured by the Bergsmans’ micro-tester the hardness is 120 + 5 Vickers units. The
hardness of galena in the neighbouring grain is 80 4 Hunits. The weight used in the tesst
was 50 g.

2 The dilution of all solutions used was 1: 1.
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tion study was obtained in [
the present investigation. The
content of selenium in sele-
nocosalite is about two times
as great as in the Iilijarvi
lillianite. _
For x-ray powder
study the method used
was the same as that previ-
ously used by the authors :
(1950). The x-ray diffraction 3 » |
data of the Iilijarvi lillianite Fig. 8. Myrmekitic intergrowth of bismuth (bi) and
are identical with those of DPismuthinite with galena, completely surrounded by

. . cosalite. Probably cosalite has been decomposed to
cosalite given by Harcourt galena, bismuthinite, and native bismuth. Oil immer-

(1942)'. Even the weakest li- sion. Magn. 290 x.

nes show such slight differen-

ces that it is not reasonable to list the values in this paper. In conformity
with its microscopic properties the selenocosalite from Boliden gives also
a similar powder pattern. Unfortunately, the material used for the x-ray
study contained some galena as impurity and consequently the inter-
pretation of the diagram was not unequivocal. According to available
x-ray data it seems unnecessary to consider the selenocosalite as a distinct
species. The investigation of the Iilijarvi lillianite shows that it is a
seleniferous cosalite.

The material of the original locality (Lillian mine, Colorado) proved
to be a mixture of galena, bismuthinite, and argentite (Emmons, Irving,
and Loughlin, 1927). The lillianite of Gladhammar, Sweden, is a mixture
of galenobismutite and galena (Berry, 1940) and, so far as is known, the
two other Swedish localities have not been investigated by modern
methods. All recent determinations, however, show that lillianite is not
homogeneous and probably not a stable mineral species. Thus »lillianite»
offers a good example of the fact that minerals identified chemically, in
spite of the similarity of chemical composition, may still be mixtures of
different components, which even vary in different localities.
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ANCIENT CLAY BALLS IN FINNISH ESKERS

BY
VEIKKO OKKO

ABSTRACT

Some ancient clay balls have been found in Finnish eskers. Comparing them
with one another as well as with the armored mud balls from Las Posas Barranca,
California, the writer comes to the conclusion that the sandy and gravelly crust
discovered in a radial esker at Urjala, southwestern Finland, has been transported
by a rather strong melt water stream about 4.5 km, while the clay chunks with
light armoring found in end moraines in southeastern Finland suggest a shorter
transport in streams with low wvelocities.

On the other hand, the appearance of clay balls in glacial drift supports other
observations concerning the oscillation of the ice margin during the last phases
of the glaciation.

THE URJALA BALL

On the 24th of October, 1950, a hollow ball with a sandy and gravelly
crust was sent by Mr. V. Mononen to the Zoological Institute of the Uni-

Fig. 1. The Urjala ball with the hole in front. Natural size. Photo E. Halme.
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versity of Helsinki. The specimen was found by a schoolboy at a sand pit
excavated in a radial esker ridge, in the parish of Urjala, S.W. Finland.
Thinking that the ball ought to belong to the field of geology, the Keeper
of the Zoological Museum, Dr. Olavi Kalela, gave the specimen to Dr.
Martti Salmi, State Geologist, who handed it over to the present writer
for investigation.

The sender of the ball reports that the crust when found was not
whole, but had a hole of about 6 mm in diameter. Before the specimen
came to the present writer the hole was enlarged (Fig. 1). The average
diameter of the ball was 6.29 cm (average of 10 measurements), the longest
diameter being 6.52 cm. The ratio between the mean diameter and the
longest diameter is thus 0.96, indicating that the ball has a high degree
of sphericity (Fig. 2). The average thickness of the crust was about 5 mm
and its weight was 120 g, but the real weight of the whole crust (with
the matrix) must have been a little more, approximately 130 g.

The crust of the ball consists of sand and gravel grains cemented
together by a clayey matrix. The crust was removed by boiling water,
and after the clay was separated the grains were dried up and their sizes
determined by sifting.

Diameter Weight
> 4 mm 7 9%
4 — 2 » 19 »
2 -1 » 25
1 0.5 35 »
0.5 -0.2146 » 6 »
0.246-—0.074 » 4 »
< 0.074 » 4 »

The grains are angular and their shape varies even in coarser fractions
where only the corners of the grains are rounded. On the basis of the
sphericity it seems that the grains should not have been very much
worn by water erosion (Wadell, 1932).

The lithologic composition of the grains in the two coarsest fractions,
determined in cooperation with Dr. M. Hirme, was as follows: grey
biotite-plagioclase granite 25 9, reddish microcline granite 4 9, biotite
gneiss 42 9, quartz grains 13 9, and grains containing quartz, mica, and
feldspars 16 9,. The last-mentioned group can originate from any of
the three first-mentioned groups.

The count shows that the grains come from granitic and from gneissose
bedrock. The former (the so-called Urjala granite) is prevailing in the
vicinity of the find while the latter has been met in the area which begins
about 5 km in a W. N. W. direction, or in the village Urjala, east of the
lakes Rutajiarvi and Kortejarvi (Sederholm, 1892). No occurrences of the
microcline granite are found in this area, but according to verbal informa-
tion from Mr. K. Neuvonen, M. A., the microcline granite outcrops in
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Fig. 2. The same ball as in Fig. 1 seen from another side. Natural size.
Photo E. Halme.

the area of the Urjala granite some kilometers farther away to the south-
east. Analogically, it could be thought that somewhere in the Urjala
granite area there should be occurrences of the microcline granite also
in other directions from the find. In every case one sees that at least
25 9, of the grains came from the local bedrock. In reality the percentage
should be still higher because the majority of the quartz grains very
likely have their origin in the Urjala granite where the quartz particles
are equal in size. In the grains of the biotite gneiss the quartz particles
are much smaller. Supposing that the quartz comes from the Urjala
granite, the share of the local bedrock increases from 25 to 37 9, of the
coarser grains. Thus it is most likely that 14 of the grains have their
source at a distance less than 5 km from the find. This agrees with the
observations concerning the shape of the grains.

The amount of the clay increases towards the interior of the crust,
which is clayey, the outside being quite clean. The clay contains only a
few microfossils: pollen (2 Betula and 1 Pinus), spores (2 Sphagnum),
and diatoms. The following diatoms were found by Dr. Karl Malder:
Pinnularia borealis (11 specimens), Melosira granulata var. angustissima
(2 specimens). In addition to these, four fragments of a large Pinnularia
(perhaps P. nobilis) are present. Because the diatoms indicate no salinity
and the pollen flora is so scarce, it could be thought that the clay was
deposited near the ice margin. In Urjala the clay of this phase is very
stiff, the hygroscopicity being 19 and the plasticity 44. The latter value
is the highest of all Quaternary clays investigated in Fennoscandia
(Soveri, 1950).

2342/51 17
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THE LAPPEENRANTA BALLS

During the geological mapping in the Viipuri area, Berghell (1898)
found clay balls in a gravel pit west of the town Lappeenranta in the
proximal side of the large end moraine of the Salpausselkd I. His descrip-
tion runs as follows (translated by the present writer): »Of great interest
are the occurrences of small, well rounded clay chunks like esker pebbles
at a depth of 5—6 m under the surface, imbedded in the undermost
sand and fine gravel layers in the last-mentioned gravel pit. The clay of
these chunks, which are evidently worn by water, has a clear schistosity
consisting of varying brown and yellow-grey schists» (Berghell. 1898,
p- 35). According to Berghell’s idea the clay balls were formed under
glacial conditions: the readvancing ice border picked up clay chunks,
which were — perhaps in a frozen condition — transported by melt
water streams to the front of the ice sheet. There the balls were deposited
with the other material of the end moraine.

The locality was later visited by Brander (1943) and by the present
writer, viz. in 1945 and 1950. Unfortunately, on the basis of Berghell’s
information the site could not be exactly located by us, and we both
suppose that the section situated N. W. of the town Lappeenranta along
the road to Tyysterniemi is the place in question. While Brander could
find there only one fragment of a clay ball (one side being covered with
a light sandy armor) consisting of late-Glacial clay (Brander, 1943, p.
112), the present writer found, evidently from the same locality (so called
Pallo section), two armored clay balls. The armor was built up of coarse
sand and in both cases it was very light. The core was formed by a
yvellow-brownish varved clay. The clay of the ball found in 1945 contained
neither pollen nor diatoms, and even in another ball their share was
rather unimportant (4 Betula and 1 Alnus pollen, 2 Melosira islandica
ssp. helvetica). The balls had a low sphericity and were flattened ellip-
soids, the longest diameter being about 10 cm.

The balls were situated in the lowermost part of the eastern wall of
the section, where they were imbedded in stratified sandy drift. The
bedding, however, was strongly deformed and on the top of the stratified
drift there was a layer of till. The stratigraphy was very clear in 1945,
but since then the section has been enlarged and in 1950 the share of till
that was left was very insignificant. The stratigraphy, as it was seen in
1945, confirms the assumption presented by Berghell (1898) and seconded
by Brander (1943) that after the depositing of stratified drift the ice
margin readvanced to the Salpausselké ridge.

THE VUOKSENNISKA AND ROUHIALA BALLS

About 40 km eastwards along the Salpausselkid I, at Vuoksenniska,
Brander found clay balls in two gravel pits. Both of them were excavated
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Fig. 3. The Rouhiala ball with light armoring and low sphericity. !, naturzal
size. Photo Roos (Brander, 1937, Table 1).

in the Salpausselkdéd end moraine. The clay balls encountered in the

Peltonen gravel pit were the size of a man’s head. They lay in the wall

of the section that was over 10 m high, both in the topmost layer with

nearly horizontal bedding and in the inner, more irregularly deposited
layers of the end moraine. The clay of some balls had no schistosity

while others were clearly varved (Brander, 1943, p. 113).

From the Russian side of the present Finnish-Russian frontier, in
the parish of Jidski (about 15 km S. E. from Vuoksenniska) clay balls
are known from three gravel sections which have all been dug out in
small marginal eskers. On the basis of its rich microflora the origin of
the clay has been discussed by Brander (i. a., 1937, 1943) and by Hyyppi
(i.a., 1937) as to whether it was deposited during an interglacial period
(Brander’s idea) or during an interstadial phase (Hyyppé’s opinion). The
shape and material of the balls (A—F) found in the sand pit in Jirven-
kyld, near the Rouhiala power plant, and in the railway section near the
Kuitu Company (G) have been described by Brander (1937, 1943):

A. A well-rounded bzll with a shape of a flattened ellipsoid. The diameters are 8,
18, and 25 cm each. The surface is rustycolored and armored with a thin layer
of sand and small pebbles (Fig. 3). The interior consists of dry light greyish
clay with a weak varvity or schistosity destroyed by rusty cracks. The mecha-
nical composition of the core is as follows:

Diameter Weight
> 0.06 mm 1 9%
0.06 —0.02 » 5 »
0.02 —0.006 » 9 »
0.006 — 0.002 » 36 »

< 0.002 » 49 »
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B. A well-rounded ball, size 15 x9x7 cm. The clay has a distinct varvity formed
by alternating fine grey and still finer rusty-brown clay laminae. They have
been strongly affected by pressure.

C. A more angular clay chunk only the edges of which are rounded. The size is
25 X 30 cm, the chunk being the largest of all clay balls investigated by
Brander. The schistosity of the clay is caused by rusty-colored thin schists.

D. A clay chunk with the shape of a flattened ellipsoid. The size is 20 X 20 x
10 em.

E. A clay chunk broken strongly by pressure but still showing a schistosity caused
by rusty coloring.

F. A strongly deformed clay chunk, but in primary shape a flattened ellipsoid.

G. A clay chunk with a diameter of 25 cm.

In addition to these notes, Brander states that the clay in most cases
was very plastic and soft, only the shell being hardened in any degree.
According to the workers’ estimate, the balls in the Jérvenkyld section
varied from the size of a fist to that of a man’s head, but their sphericity
was always low, the edges only being rounded. The balls lay rather
dispersed in the stratified drift, the frequency being highest in the lower-
most part of the section; from the depth of 5 m upwards the balls were
lacking, as well as from the lateral parts of the ridge. When digging out
the center of the ridge the workers could have filled lorries with clay
balls. Brander suggests that these small end moraine ridges (»ransversal
eskers») containing clay chunks were built up in front of the ice margin
by melt water streams which were rather insignificant and of a low
velocity. The clay must have been deposited somewhere in the area
situated in a northwesterly or north-northwesterly direction from the
finds (very likely in the basin of Lake Saimaa). From this locality the
advancing glacier picked up big frozen clay chunks and transported
them with the ice flow. Some of these chunks were also carried by melt
water streams to the ice margin. During the transport the chunks were
broken and their particles worn and eroded like harder stone pebbles.
Judging from the softness of the material Brander supposes that the main
part of the frozen clay was ground into a powder (Brander, 1937).

COMPARISON

Because the clay balls described above were imbedded in glacial drift
they might be called ancient clay balls. At Urjala the stratified drift
forms a radial esker while in other localities the clay balls lie in end
moraine ridges.

The Urjala ball differs greatly from the others. It is smaller, its armor
thicker, and its sphericity (0.96) higher than in balls found in end moraines
(on the basis of Brander’s description the clay chunks A, B, and D have
sphericities 0.680, 0.683, and 0.830). In addition to these, the Urjala ball
was hollow when found, while the others had a clayey core. In most
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instances the interior, however, was soft and plastic, so that it might be
thought that the core of the Urjala ball was at first in a frozen condition
— like the clay balls found in end moraines — but that after the melting
process the core became wet enough to run through the hole in the armor.
That the crust could be preserved up to the present time may be caused
by the stiffness and the plasticity of the clay, because the armor could
therefore grow unusually thick and firm.

The clay balls described above resemble armored mud balls known
in modern and ancient deposits (Pettijohn, 1949). They have been found
upon beaches where the waves roll chunks of clay fallen from banks or
dislodged from tidal deposits. In superabundance the mud balls occur in
fluvial deposits formed when the stream cuts banks consisting of a dry
argillaceous material. The balls are also known in glacial drift, but the
cores are then composed of till.

The armored mud balls formed by the spring flood of the river Las
Posas Barranca in California in 1938 were thoroughly investigated by
Bell (1940). The flood removed from a clay bank over 15 m high big
blocks and boulders of dry clay and carried them with the stream. During
the transport boulders were reduced in size, their sphericity became
higher, and their surfaces were armored by pebbles and sand grains.

According to Bell’s investigation, the maximum size of the balls
depends on »the balance between forces of impact and forces of cohesion»
(Bell, 1940, p. 30). Experimentally it could be shown that the velocity
of the stream is inversely proportional to the maximum size of the balls.
In a silty stream (density 1.2) with velocities of 5, 8, 16, and 32 feet per
second the mud balls can have sizes of 12, 8, 4, and 2 inches. The maxi-
mum size of the balls gives thus a conception of the velocity of the stream.

The sphericity of the armored mud balls varies as the cube root of
the distance traveled. The balls traveling /,, 1, and 2 3/, miles had mean
sphericities of 0.784 (55 balls), 0.839 (76 balls), and 0.898 (161 balls
measured). In the last-mentioned locality (the distance being 2 3/, miles),
32 9, of the balls measured had sphericities above 0.95, 12 9, above 0.99,
and nearly 7 9, had a sphericity of 1.00. The mean diameter of the balls
was 2.9 inches. The balls were lying in the fluvial deposits the grain
sizes of which were much smaller than the diameters of the balls. The
interior of the balls was, according to Bell, dry when the balls were rolling.

Attention has also been paid to the thickness and the weight of the
armor as well as to the grain size. Among the balls with a high sphericity
the bigger balls seem to have a heavier armor to a unit area than smaller
ones, but balls with lower sphericities have a lighter armoring. In the
mud balls with a high degree of sphericity and a surface area from 100 to
150 em?2, the weight of the armor varied from 50 to 100 g. A certain
distribution of the grain size in the armors could also be noted: the bigger
the mud ball was, the coarser were the grains in its armor, too.
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A comparison between the Finnish clay balls and the armored mud
balls investigated by Bell is of great interest. When comparing one must,
of cource, keep in mind that the results obtained by Bell cannot be
directly compared with the observations made in Finland. In spite of
this, the armored mud balls have so many similarities with the material
presented above (cf., e. g., Fig. 2 with Fig. 7 in Bell, 1940, and with
Plate 3 in Pettijohn, 1949; and Fig. 3 with Fig. 10 in Bell, 1940) that in
both cases the balls might have been worn by running water. In Cali-
fornia this happened in arid conditions, the clay being dry and therefore
light enough for rolling. In Finland the balls were formed in glacial
circumstances: it has been assumed that the clay was in a frozen condition,
its weight being reduced so that the clay balls could roll along the stream
bed.

Assuming that the density in a silty melt water stream in Finland
was 1.2 and the frozen clay ball had a density of 1.7 (as in Las Posas),
the following comparison can be made:

1. The ball found in the radial esker at Urjala corresponds to the
armor of the mud balls. Its shape and its high degree of sphericity
indicate that the ball was transported by a rather strong stream (velocity
about 9 m/sec) a distance of 4.5 km.

2. The clay chunks and balls met with in the end moraines in south-
eastern Finland were transported by streams with lower velocities (about
1.5 m/sec.) from much shorter distances (the first armored mud balls in
Las Posas could be found at a distance of half a mile from the source).

The transport of the Finnish esker material earlier reported by Hel-
laakoski (1930), Okko (1945, 1949), and Virkkala (1949) corresponds
with the distance traveled by the Urjala ball. For that reason one could
think that the comparison presented above is correct in its main features.
If so, it could be judged that the esker material in Urjala has been carried
by a melt water stream about 4.5 km, and that the melt water action in
the end moraine material in southeastern Finland has been more insigni-
ficant, the transport taking place from a shorter distance with the aid
of weak streams.

On the other hand, it is difficult to understand the deposition of the
clay balls with glacial drift without supposing that oscillations of the
glacier have taken place in the areas where clay balls have been found.
From the above-mentioned studies of Berghell and Brander as well as
from the observations presented by Aurola (1949), it is evident that in
southeastern Finland the glacier advanced again. Oscillations of the
same kind are also known from localities lying farther away to the west:
in Kouvola (Frosterus, 1890), in the Hameenlinna area (Sauramo, 1929),
and in the Archipelago of S. W. Finland (Edelman, 1949). This question
has recently been referred to by Dr. Esa Hyyppéa in a lecture before the
Geological Society of Finland in 1950. On the basis of many observations,
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Hyyppé states that oscillations of the glacier have occurred along the
whole I Salpausselkd (Hyyppd, 1951). These statements give a natural
explanation for the appearance of the ancient clay balls in Finnish eskers.
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UBER EINIGE IN OSTFINNLAND ANGETROFFENE KIESERZ-
GESCHIEBE

VON

MARTTI SAKSELA

REFERAT

Verfasser beschreibt die Mineralzusammensetzung und die Struktur mehrerer
in Ostfinnland angetroffenen Erzgeschiebe, deren Abstammungskluft fortfahrend
in Dunkel gehiillt ist. Im unmetallischen Teil der Geschiebe kénnen so bedeutungs-
volle, und zwar fazielle, Verschiedenheiten festgestellt werden, dass die Geschiebe
nach Verfassers Meinung nicht von einer und derselben Erzlagerstitte herstammen
konnen. Dagegen ist es noch nicht moéglich anzugeben, wo die Abstammungs-
kliifte am ehesten zu suchen wiren.
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EINLEITUNG

Im Laufe dieses Jahrhunderts sind in Ostfinnland, besonders in der
Gegend der Stadt Joensuu, Kieserzgeschiebe gefunden worden, deren Ab-
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stammungskluft, trotz umfangreicher Untersuchungen, fortfahrend in
Dunkel gehiillt ist. Zwar sind iber die Herkunft Meinungen in dieser
und jener Richtung ausgesprochen worden, aber Gewissheit in dieser
Hinsicht hat man noch nicht gewonnen.

Wenn die ausgefiihrten Erzsuchungen néher betrachtet werden, ist zu
beobachten, dass die Erzgeschiebe selbst in unzureichendem Masse Auf-
merksamkeit auf sich gezogen haben. Vor kurzem hat Marmo (1950)
einige von den Geschieben erzmikroskopisch untersucht, aber auch diese
Untersuchung gibt weder ein vollstindiges noch ein richtiges Bild von
der Struktur und der Mineralzusammensetzung der Erzgeschiebe. Ver-
fasser hat deshalb die genannten Geschiebe aufs neue einer Untersuchung
unterzogen, wobei auch der unmetallische Teil der Geschiebe beriick-
sichtigt worden ist.

BESCHREIBUNG DER ERZGESCHIEBE

DAS KUPFERERZGESCHIEBE VON KIVISALMI, KIRCHSPIEL RAAKKYLA

wurde im Jahre 1908, beim Riumen des Kivisalmi-Kanals, in einer Tiefe
von 3 m unterhalb der Wasserfliche, gefunden (siche Fig. 1). Das Ge-
schiebe war aussergewohnlich gross; es hatte nach Triistedts Schatzung
einen Rauminhalt von ung. 5 m?. In seiner urspriinglichen Lage war das
Erzgeschiebe ginzlich von Morinenschotter umhiillt. Es war gut
gerundet, und die Kiesmineralien an seiner Oberfliche waren nur schwach
oxydiert. Eine Generalprobe des Geschiebes wurde mit folgendem
Resultat analysiert (Analytiker Pentti Eskola):

Cu% Ni% Zn% Fe% S% Unlosl. Summe

3.74 0.064 0.11 29.85 33.63 33.49 100. 884 9,

Nach I. G. Sundell enthielt das Geschiebe nur Spuren von Gold. Es
sei erwihnt, dass in Kivisalmi noch mehrere grosse Stiicke des ange-
troffenen Erzgeschiebes anzutreffen sind. Sie befinden sich im Schutz-
pflaster der Kanalbinke. Die folgende Untersuchung bezieht sich auf
Material, das diesen Stiicken entnommen worden ist.

Im Kivisalmi-Geschiebe konnen wir zwischen zweierlei Erzsorten
unterscheiden. Die eine ist deutlich gebidndert (oder geschichtet), und
man kann eine schone Wechsellagerung von schwefelkiesreichen und
quarzreichen Schichten beobachten. Die andere Erzsorte ist ganz massig
und enthélt reichlich Kupferkies, Magnetkies und stellenweise sogar
Zinkblende. Die gegenseitigen Verhiltnisse dieser beiden Erzsorten
konnten nich vollig geklirt werden, aber sehr wahrscheinlich stehen diese
im gleichen Verhéltnis zueinander wie die entsprechenden Erzsorten in
den Geschieben von Roksd und Sortavala (siehe S. 147 und 150).
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In der gebanderten Erzsorte
zeigen die Schwefelkieskorner
ziemlich schlecht entwickelte
Kristallumgrenzungen und sind
oft kataklastisch zerbrochen.
In Schwefelkies kann man u. d.
M. vereinzelte Magnetkieskorner
und in Gesellschaft mit diesen
Kupferkies, bisweilen auch Zink-
blende. beobachten. Der Kup-
ferkies dringt als schmale Adern
in die Schwefelkieskorner ein,
wobei bisweilen ein wirkliches
Netzwerk entstanden ist, oder
er kommt in der aus Fig. 5
ersichtlichen Weise mit Schwe-
felkies verwoben vor. Offenbar
ist Schwefelkies teilweise von
Kupferkies verdriangt worden.
Magnetkies dagegen scheint sich
ziemlich inaktiv zu Schwefelkies
zu verhalten. Ausgeprigte Ver-
drangungsstrukturen zwischen
diesen Mineralien sind nicht zu
beobachten. Hie und da sieht
man im Magnetkies lamellen-
formige, flammenartige oder
mehr unregelmissig geformte
Einschliisse (Fig. 2). Diese sind
deutlich heller als das Wirtmi-
neral, schwach pleochroitisch
und deutlich anisotrop. Die
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Fig. 1. Das karelische Schiefergebiet in Ostfinnland.
Nach Vayrynen (1939). 1. Prajatulische Granite; 2.
Prijatulische Schiefer; 3. Autochthone jatulische
Sedimentgesteine; 4. Allochthone jatulische Sedi-
mentgesteine; 5. Postjatulische basische Gesteine;
6. Kalevische Quarzite und Konglomerate; 7. Ka-
levische Phyllite; 8. Postkalevische Granite; 9.
Tektonitische Gneise; 10. Rapakiwi. — Die Fund-
stelle eines im Text beschriebenen Erzgeschiebes ist
von Verf. auf Viyrynens Karte mit einem schwar-
zen Punkt bezeichnet, der mit Pfeil und Nummer
versehen ist. 1. Der kieshaltige Quarzitblock von
Reposaari; 2. Das Kupfererzgeschiebe von Kivisal-
mi; 3. Der Schwefelkieserzblock von Puntarikoski:
4. Der schwefelkiesreiche Quarzitblock von Paiho-
la; 5. Der Kieserzblock von Nord-Eno; 6. Die Erz-
blocke Selkie I und II; 7. Der kupferkieshaltige Stein
von Havukkalampi; 8. Das Kupfererzgeschiebe von
Rokséd; 9. Das Kupfererzgeschiebe von Sortavala.
Q = Outokumpu.

Schleifhiirte ist der des Magnetkieses sehr d@hnlich, in den meisten Féllen
eine Spur niedriger. Im allgemeinen kommen die Einschliisse nur in
kleineren Mengen und ungleichmissig verteilt im Magnetkies vor. Wegen
der Kleinheit der Einschliisse ist es nicht moglich gewesen, sie vom
Magnetkies zu trennen. Unter diesen Umstdnden ist ihre chemische
Zusammensetzung noch ungeklirt geblieben.

Die dominierende Gangart des gebinderten Erzes ist Quarz, aber auch
andere (Gangarten kommen in unerwartet grossen Mengen vor. Der
Quarz zeigt oft eine stark undulése Ausléschung, und seine Korngrosse
variiert deutlich schichtenweise. Bisweilen kann man u.d. M. in der
quarzreichen Masse breccienartige Partien beobachten, wo die kleinen
Quarzbruchstiicke durch Sulfidmineralien verkittet worden sind.
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Fig. 2. Helle Einschliisse in Magnetkies. Das Kupfererzgeschiebe
von Kivisalmi. Vergr. 200 x.

Diopsid kommt hie und da in verhéltnismissig grossen Stengeln vor, die,
wie auch die Tremolitstengel, in der Regel kriftig serpentinisiert sind
(Fig. 3). Die Serpentinisierung geht von den Spaltrissen oder anderen
geeigneten Spalten aus. In den Diopsidstengeln kann man stellenweise
schmale Karbonatstreifen ung. in der Richtung der c-Achse, kleine
rundliche Quarzkorner samt Tremolitnadeln, die keine bestimmte Orien-
tierung besitzen, wahrnehmen. — Anorthitreicher Plagioklas kommt

Fig. 3. Ein teilweise serpentinisierter Tremolitstengel in Quarzit. Schwarz ist
Erzsubstanz. Gebindertes Erz im Erzgeschiebe von Kivisalmi. Vergr. 208 x.
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fleckenweise vor und ist grosstenteils in ein Mineralgemisch umgewandelt,
das viel Klinozoisit, etwas feinverteilten hellen Glimmer und einige
Karbonatkérner enthélt. Diese epidotreichen Flecke sind zuweilen
dunkelgriinlichgrau. Wovon diese griinliche Farbe herrithrt, ist unbe-
kannt. — Glimmer kommt, ausser in den obengenannten epidotreichen
Flecken, als vereinzelte grossere Schuppen oder feinschuppige Gruppen
in der Quarzmasse vor. KEr ist zuweilen schwach pleochroitisch: « ist
leicht griinlichblau, A gelblichgriin, y bldulichgriin. Es handelt sich in
diesem Falle um fuchsitischen Muskovit. — Das Karbonatmaterial
kommt hie und da als unregelmiissig geformte Flecke vor, die schon mit
blossem Auge deutlich sichtbar sind. Es ist ziemlich grobkérnig und der
chemischen Analyse gemiss reiner Calcit. Ausserdem beobachtet man
im Quarzit kleine zerstreute Karbonatkorner, die in der Regel serpen-
tinisiert worden sind. Bald sind nur die Randpartien der Korner, bald
auch die inneren Teile der Serpentinisierung anheimgefallen (Fig. 4).
Dies deutet darauf hin, dass das Karbonatmaterial in diesem Falle magne-
siumhaltig (dolomitisch) ist. Die Erzmineralien scheinen in gewissem
Masse das Karbonatmaterial zu verdréingen. — Titanit tritt nur spérlich
und als gut entwickelte keilférmige Kristalle auf.

e g

Fig. 4. Ein teilweise serpentinisiertes Dolomitkorn in Quarzit. Gebédndertes
Erz im Erzgeschiebe von Kivisalmi. Vergr. 135 X.

Die massige Erzsorte enthélt neben den obengenannten Sulfidminera-
lien etwas Schwefelkies, der als zerstreute Korner, die oft gute Kristallum-
grenzungen zeigen, vorkommt. Stellenweise ist Schwefelkies, wie auch
Zinkblende, von Kupferkies verdringt worden. Zwischen Magnetkies
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und Schwefelkies haben sich nicht eindeutige Verdringungs- oder Um-
wandlungsstrukturen entwickelt. — Die Magnetkieskorner enthalten in
verhiltnismissig reichlichen Mengen helle Einschliisse, die darin von den
frither beschriebenen abweichen, dass die Schleifhirte in den meisten
Fillen eine Spur hoher ist als bei Magnetkies. Sie sind deutlich anisotrop
und in den Aufhellungslagen bldulichgrau (die entsprechenden Farben
des Magnetkieses sind grau). In Magnetkies konnen zuweilen Risse beob-
achtet werden, von denen eine gewisse Umwandlung ausgegangen ist.
Das Umwandlungsprodukt ist leicht schmutzig grau, anisotrop und
hédrter als Magnetkies. Die Gangarten sind bisweilen von Magnetkies
ringférmig umhiillt. — Die Zinkblende enthélt tropfen- oder spulformige
Kupferkieseinschliisse, die meistens hintereinander in Reihen, sehr wahr-
scheinlich lings den Grenzflichen zwischen Zinkblendelamellen. ange-
ordnet sind.

Es sei in diesem Zusammenhang erwiahnt, dass in der Umgegend von
Kivisalmi im Sommer 1947 mehrere Quartzitblocke, die etwas Kies-
mineralien, in erster Linie Schwefelkies und Magnetkies, enthielten,
gefunden worden sind. Kiner von den Blocken lag im Ufergersll der
kleinen Insel Reposaari, ung. 2 km nach Siidwest von Kivisalmi (Fig. 1).
In diesem Block kann eine schone Wechsellagerung von fein- und grob-
kornigen Quarzitschichten beobachtet werden. Die Schichtung kommt
auch dadurch sehr deutlich zum Vorschein, weil die feinkérnigen
Schichten von Kohlensubstanz dunkel gefarbt sind und einige Schichten
ausschliesslich aus pordsem Quarzgestein bestehen. Die letzteren ver-
treten kiesreiche Lager, aus denen die Sulfidmineralien spiter grossten-
teils wegverwittert sind. Nur wenige kleine Schwefelkieswiirfel sind
iibriggeblieben. Der Block enthilt etwas Uwarowit in gut entwickelten,
ein paar mm im Diameter messenden Kristallen sowie hellen fuchsi-
tischen Glimmer.

DIE ERZBLOCKE IM DORF SELKIE, KIRCHSPIEL KONTIOLAHTI
SELKIE I

Der 35 kg schwere Erzblock, Selkie I genannt, wurde im Jahre 1919
in der Nihe des Gehofts Kalliola, ung. 20 km nach Ostnordost von der
Stadt Joensuu, aufgefunden (Fig. 1). Triistedt (1926) berichtet tiber die
Beschaffenheit des Erzblockes u.a. folgendes: Im Erzblock ist eine
schone Wechsellagerung von Quarz- und Schwefelkiesbéindern zu beob-
achten. Die Binder sind meistens flach wellig. Das Gestein ist starken
Dislokationen ausgesetzt gewesen, wobei die Bédnder zerbrochen worden
sind. Jiingere Infiltrationen von Kupferkies und etwas Zinkblende sind
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dann in die schmalen Bruchspalten, die ung. senkrecht gegen die Binde-

rung stehen, eingedrungen. — Triistedt legt folgende zwei Analysen vor:
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Die Analyse I bezieht sich auf einige grossere dem Erzblock ent-
nommene Splitter, die Analyse II wieder auf eine »gute Generalproben.
Der unlosliche Teil im letztgenannten enthilt 95.88 9 Kieselséure.

Im Auftrage der Geologischen Forschungsanstalt Finnlands unter-
suchte Prof. Georg Berg im Jahre 1927 erzmikroskopisch einige Proben
des jetzt zu beschreibenden Erzblockes. Er berichtet u.a. (Berg 1927),
dass Spuren von Schichtung auch im Anschliff ganz deutlich zu sehen
sind und dass das Ganze den Eindruck eines vollkommen rekristalli-
sierten Fahlbands aus den kristallinen Schiefern macht. Die dominierende
Erzart, der Schwefelkies, kommt in stets mehr oder weniger idiomorphen
Kornern vor und findet sich auch in ganz kleinen Kristéllchen mitten in
die Quarzkorner eingeschlossen. Magnetkies ldsst sich nicht nachweisen.
— Berg hat in den Probestiicken verschiedene sekunddre Mineralien, wie
Malachit, Covellin, Hydrohdmatit (?) und Kupferglanz, gefunden. Der
letztgenannte ist nach Berg immer mit Kupferkies verbunden. Er um-
schliesst zackige Reste von Kupferkies und ist durch geringe Cementa-
tionsprozesse aus letzterem entstanden.

Wie aus Fig. 2 (Taf. I) ersichtlich, ist das Erz in Selkie I »zweiteilig».
Es ist aus einem gebinderten, schwefelkiesreichen Teil, der dem gebin-
derten Erz im Kivisalmi-Geschiebe dhnlich ist, und aus aderférmigen
jingeren Infiltrationen zusammengesetzt. Besonders die letzteren sind
stark rostverwittert, was in hohem Grade die mikroskopische Unter-
suchung erschwert. Die gebanderte Erzsorte enthilt neben Schwefelkies
auch Kupferkies. Dieser verdringt Schwefelkies und tritt gewohnlich in
der aus Fig. 5 ersichtlichen Weise auf. In Gesellschaft mit Kupferkies
kommen kleine zerstreute Zinkblendekorner vor. Magnetkies fehlt gianz-
lich. Die Hauptmasse der jingeren Infiltrationen besteht aus Kupfer-
kies. Daneben beobachtet man etwas Zinkblende und in Verbindung
mit dieser Zinnkies. Die Erscheinungsweise des letzteren geht aus Fig. 8
hervor. Magnetkies kommt nur spérlich in kleinen rundlichen
Kornern vor.
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Fig. 5. Verwachsung von Schwefelkies (hellgrau, mit Relief)
und Kupferkies (etwas dunkler grau). Der Erzblock Selkie
II. Vergr. 570 x.

Was die sekundiren Erzarten anbelangt, so hat Verfasser Kupfer-
glanz in den untersuchten Anschliffen nicht feststellen kénnen. Dagegen
tritt Covellin ziemlich allgemein auf und scheint sich nicht nur an Kupfer-
kies sondern auch an Zinkblende anzuschliessen.

Als Gangart kommt im Erzblock Selkie I nur Quarz vor.

SELKIE II

wurde im Jahre 1923 in nur 200 m Entfernung von Selkie I gefunden.
Dieser Erzblock war ung. 15 kg schwer, stark rostverwittert und der
Form nach platt in der Richtung der Schichtung. Nach Eskola (1923)
konnten im Querschnitt folgende Schichten beobachtet werden: 5 cm
Quarz-Schwefelkies-Kupferkieserz, 6 cm feinkérniger quarzvermengter
Schwefelkies und 8 em Quarzit, der reichlich Schwefelkies enthilt. Als
Gangart kommen neben Quarz in ziemlich geringen Mengen chromhaltiger
Diopsid und Tremolit sowie Chromgranat vor. — Triistedt (1926) teilt
u. a. mit, dass der Erzblock Selkie II neben Kupferkies und Schwefelkies
auch Magnetkies und Zinkblende enthélt und dass die Tremolitnadeln
parallel mit der ausgeprigten Schichtung des Quarzits angeordnet sind.
Er legt folgende Analyse vor:

Cu S Fe Unlosl. Summe

0.89% 18.4 9% 15.92 9% 63.6 % 98.22 9,

Verfasser hat in seinen mikroskopischen Untersuchungen feststellen
konnen, dass der Kupferkies in Selkie IT sich eng an Schwetelkies an-
schliesst, mit dem er hauptsichlich in der aus Fig. 5 ersichtlichen Weise
verwachsen vorkommt. Zinkblende ist sehr spiérlich vertreten und tritt
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vorzugsweise in engem Zusammenhang mit Kupferkies auf. Magnetkies
scheint sich hauptsdchlich in gewissen diinnen Lagen im Erzblock ge-
héuft zu haben.

In Quarzit beobachtet man als unmetallische Bestandteile neben
Quarz, dessen Korngrosse deutlich schichtenweise variiert, etwas fuchsi-
tischen Glimmer, schmutziggrauen Granat sowie die schon oben erwéhnten
chromhaltigen Mineralien. Der Granat kommt in &dusserst zerlappten
Kornern vor, an deren Réndern Anh#dufungen von Erzmineralien zu
sehen sind. Es ist nicht unmoglich, dass Granat, wie auch andere Gang-
arten. teilweise von der Erzsubstanz verdringt worden sind.

DER KUPFERKIESHALTIGE STEIN VON HAVUKKALAMPI

ist ein paar Faust gross, ziemlich gut gerundet und stark rostverwittert.
Er wurde im Jahre 1920 am W-Ufer des kleinen Tiimpels Havukkalampi,
in 2 km Entfernung nach Siidost von dem Fundort der oben beschrie-
benen Selkie-Blocke (Fig. 1). Das Gestein stellt eine deutliche Breccie
dar, in der die eckigen Bruchstiicke aus vollig richtungsloser Quarzmasse
bestehen und hauptsédchlich durch Kupferkies verkittet sind.

Unter dem Erzmikroskop beobachtet man in Kupferkies etwas Zink-
blende und einige zerstreute Korner von Schwefelkies. In Diinnschliffen
kann man in den Zwischenridumen der Bruchstiicke ziemlich viel Pennin
und pistazitreichen Epidot, in geringeren Mengen farblosen Granat und
farblosen monoklinen Amphibol wahrnehmen. An den Riéndern der
Granatkorner wie auch in den inneren Teilen derselben finden sich in der
Regel kleine Epidotkérner. Es sieht aus, als ob der Granat teilweise
epidotisiert worden wére. Der Amphibol bildet sehr zerlappte Kristall-
individuen, und auch dieses Mineral dirfte sich in irgendeinem Zer-
setzungszustand befinden.

Die Bruchstiicke enthalten neben Quarz vereinzelte Korner und
Schuppen von Epidot und Chlorit. Die Grosse der Quarzkorner variiert
innerhalb weiter Grenzen, und man kann in ihnen deutliche kataklas-
tische Ziige wahrnehmen.

DER SCHWEFELKIESREICHE QUARZITBLOCK VON PAIHOLA, KIRCHSPIEL
KONTIOLAHTI

wurde im Jahre 1928 am E-Ufer der Landzunge Pitkéniemi, 8 km nach
Nordwest von der Fundstelle der Selkie-Blocke, gefunden (Fig. 1.). In
dem quarzitischen Gestein kann man eine schone Wechsellagerung von
hellgrauen, brdunlichen und dunkelgrauen Schichten beobachten. Das
Kiesmaterial hat sich in einigen bestimmten Schichten gesammelt,
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wihrend die dazwischen liegenden Schichten so gut wie kiesfrei sind. Die
Schichtung kommt auch u. d. M. sehr deutlich zum Vorschein, was in
erster Linie darauf beruht, dass die Korngrosse des Quarzes schichten-
weise wechselt. Wie zu erwarten (vgl. z. B. Vayrynen, 1928, 1935), sind
die dunklen Quarzitschichten, die in merkbaren Mengen sehr feinver-
teilte Kohlensubstanz enthalten, die feinkornigsten. Der Quarzit enthilt
etwas fuchsitischen Glimmer, der gleichméssig in allen Schichten verteilt
vorkommt. Besonders die grosseren Glimmerschuppen sind parallel mit
den Schichtflichen angeordnet.

Die einzige Erzart des Paihola-Blockes ist grobkorniger Schwefelkies.
Die Schwefelkieskérner zeigen mangelhaft entwickelte Xristallum-
grenzungen, was auch auf starker Verwitterung beruhen kann. Die
Korner sind oft kataklastisch zerbrochen.

DER SCHWEFELKIESERZBLOCK VON PUNTARIKOSKI, KIRCHSPIEL KONTIO-
LAHTI

wurde im Jahre 1928 in der Gegend der siidlichsten Ecke des Sees Hoy-
tidinen, 20 km westlich von der Fundstelle des Paihola-Blockes, ange-
troffen (Fig. 1). Das quarzitische Gestein ist deutlich geschichtet, was
auch u.d. M. zum Vorschein kommt, und das Kiesmaterial hat sich in
einigen bestimmten Schichten gehduft. Der Erztypus gleicht sehr stark
dem des Paihola-Blockes. Der erstgenannte Block ist jedoch kiesreicher,

i i

Fig. 6. Wasserkiesbildung im Erzblock von Puntarikoski. Mitten im Wasserkies
unumgewandelte Reste von Magnetkies (hellgrau). Die hellgraue Masse an der
oberen und der unteren Kante der Abbildung besteht aus Schwefelkies. Vergr. 104 x.
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das Kiesmaterial ist im allgemeinen feinkorniger, und die erzfithrenden
Schichten darin bestehen aus beinahe kompakter Kiesmasse.

Unter dem Erzmikroskop kénnen in Schwefelkies Magnetkieskorner
und in Gesellschaft mit diesen Kupferkies beobachtet werden. Bisweilen
bemerkt man in Schwefel- oder Kupferkies vereinzelte Zinkblendekorner.
Der Magnetkies ist oft in Wasserkies umgewandelt, und diese Umwand-
lung hat zu gleichstruierten Bildungen wie im Jéarvenpéadgebiet (siehe
Saksela, 1947) gefithrt. Innerhalb der konzentrisch angeordneten ver-
schiedenartigen Umwandlungsprodukte finden sich noch Reste von
unumgewandeltem Magnetkies. Diese sind zuerst von einer schwarzen
Substanz, die sich nicht polieren lasst, umgeben. Danach folgt eine ring-
formige Zone von einem graugelben, schwach anisotropen Material,
dessen Schleifhidrte etwas niedriger als bei Schwefelkies ist (Fig. 6).
Mitten im Wasserkies kann man stellenweise auch einige Schwefelkies-,
Kupferkies- und Zinkblendekérner, die scharf gegen die umgebende
Masse begrenzt sind, wahrnehmen. Offenbar sind diese von den Um-
wandlungsprozessen ganz unberiihrt geblieben.

DAS KUPFERERZGESCHIEBE VON ROKSA, KIRCHSPIEL KITHTELYSVAARA

wurde im Jahre 1928 am Ufer des kleinen Timpels Kortelampi, 4.5 km
nach Ostsiidost von der Fundstelle des kupferkieshaltigen Steins von
Havukkalampi, gefunden (Fig. 1). Nach ungefihrer Schitzung war es 6 t
schwer. Es lag in Mordnenschotter so begraben, dass nur eine rostbraune
Flache von 1, m? sichtbar war.

Das Erz im Roksid-Geschiebe hat eine schone Breccienstruktur, die
jedoch erst an polierten ebenen Flidchen deutlich zum Vorschein kommt
(Fig. 3, Taf. I). Als Bruchstiicke treten abgebrochene Quarzitstreifen
auf. Die Zwischenrdume wiederum sind von einer richtungslosen kupfer-
kies- und magnetkiesreichen Masse angefiillt. Die Bruchstiicke sind
auch nicht frei von Erzsubstanz; sie enthalten lagenweise mehr oder
weniger Schwefelkies, stellenweise auch etwas Kupferkies. — Eine der-
artige Breccienstruktur gleicht sehr stark der Struktur, die man im Aus-
gehenden des Outokumpu-Erzlagers beobachtet hat und von der die vier
Zeichnungen in der Fig. 7 einen guten Begriff geben. Das Erz im Roksi-
Geschiebe gleicht strukturell auch den Erzen in den Geschieben von
Kivisalmi, Selkie I und Sortavala.

U.d. M. kénnen in Quarzit Spuren von starker mechanischer Bean-
spruchung festgestellt werden. Die Quarzkorner zeigen eine Husserst
starke undulése Ausléschung, und im Quarzit finden sich schmale Bruch-
spalten, die mit Erzsubstanz angefiillt sind (Fig. 8). — Neben Quarz
kommen als Gangart Tremolit und Muskovit vor. Beide sind spirlich
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Fig. 7. Breccienstruktur im Erz vom Ausgehenden des Outokumpu-Erzlagers.

vertreten und sie scheinen im Gestein keine bestimmte Orientierung zu
besitzen.

Die erzmikroskopische Untersuchung zeigte, dass Kupferkies im
gebidnderten Teil das Erzes die Gesellschaft des Schwefelkieses sucht und
mit diesem dhnliche intime Verwachsungen wie im gebédnderten Erz des
Kivisalmi-Geschiebes bildet. — Im massigen Teil des Erzes findet man
neben Kupfer- und Magnetkies auch Schwefelkies und Zinkblende. Auch
hier sind in Magnetkies helle Einschliisse enthalten, die ein wenig hérter
als das Wirtmineral sind. Hie und da sind die im Erz enthaltenen Gang-
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Fig. 8. Bruchspalte, die mit Erzsubstanz (schwarz) gefiillt
ist, in Quarzit. Das Kupfererzgeschiebe von Roksi, Kirch-
spiel Kiihtelysvaara. Vergr. 23 x.

Fig. 9. Zinkblende-Zinnkiesdoppelkorner in Kupferkies (hell-
grau). Zinkblende ist dunkelgrau, Zinnkies etwas heller graun.
Das Kupfererzgeschiebe von Roksi, Kirchspiel Kiihtelysvaara.
Vergr. 570 x.

artmineralien ringférmig von Magnetkies umrahmt. Der Schwefelkies
kommt zuweilen in schonen wiirfeligen Kristallindividuen vor. Oft sind
die Schwefelkieskorner zerbrochen und die entstandenen Spriinge mit
Kupferkies, stellenweise auch mit Zinkblende, angefiillt. — Ausser den
obengenannten Erzarten hat man in einigen Anschliffen, in enger Ver-
bindung mit den in Kupferkies eingeschlossenen Zinkblendekornern,
Zinnkies beobachtet (vgl. Fig. 9). Auch in Magnetkies treten Zinnkies—
Zinkblendedoppelkorner auf.
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Es sei zum Schluss erwdhnt, dass die Metallgehalte im Roksi-
Geschiebe von derselben Grossenordnung wie die durchschnittlichen
Gehalte im Outokumpu-Erz sind.

DAS KUPFERERZGESCHIEBE VON SORTAVALA

Dieses Geschiebe wurde im Jahre 1939 beim Grabenziehen nicht weit
vom Bahnhof der Stadt Sortavala gefunden (Fig. 1). Nach giitiger
Mitteilung von Mag. phil. V. Piaikkonen war das Erzgeschiebe ung. 3 t
schwer, flach gerundet und vollig in glazialen Ton eingebettet. Es war
umbhiillt von einer 5—8 e¢m dicken festen Schale, die in reichlichem Masse
1—100 mm im Diameter messende, von limonitischer Substanz ver-
kittete quarzitische Splitter enthilt.

In struktureller Hinsicht besteht das Erz im Sortavala-Geschiebe aus
gleichartiger Breccie wie das Roksd-Erz. Als Bruchstiicke kommen
lingliche Quarzitstreifen vor, die lagenweise Sulfidmineralien, vor allem
Schwefelkies, enthalten. Die Zwischenrdume sind mit einer kupferkies-
und magnetkiesreichen Masse angefiillt (Fig. 1, Taf. I).

In den Quarzitstreifen findet man verhdltnisméssig viel stengeligen
Tremolit und feinkdrnigen Klinozoisit. Letzterer bildet unregelmissig
geformte Flecke, die auch etwas Quarz und farblosen Glimmer enthalten.
— In den Quarzkornern treten hie und da diinne Sillimanitnadeln auf.
Auch Titanit ist im Quarzit gefunden worden.

Die massige KErzsorte enthilt, ausser Kupfer- und Magnetkies,
Schwefelkies und Zinkblende. Nur in einem Anschliff sind in Verbindung
mit letztgenannter Erzart Zinnkieskérner beobachtet worden. Der
Zinkies kommt auf dieselbe Weise wie im Roksé-Geschiebe vor (Fig. 9).
In Magnetkies beobachtet man wieder helle ldngliche Einschliisse.
Kupferkies dringt stellenweise als sehr schmale, geschlingelte Adern in
Schwefelkies ein und scheint diesen zu verdréingen. An einigen Stellen
hat man Verwachsungen von Schwefelkies und Magnetkies wahrgenom-
men, aber eindeutige Verdringungs- oder Umwandlungsstrukturen
zwischen diesen Mineralien sind nicht entwickelt worden.

DER KIESERZBLOCK VON NORD-ENO

Dieser Erzblock (Fig. 1) besteht aus einer quarzreichen Masse, die
von Schwefelkies, Magnetkies, Kupferkies und Zinkblende kriftig, aber
ungleichmissig impragniert ist. Die erstgenannte Erzart kommt am
reichlichsten, die letztgenannte nur in sehr geringen Mengen vor. Magnet-
kies ist zu einem bedeutenden Teil in Wasserkies umgewandelt. Kupfer-
kies tritt hie und da in schmalen ader- oder streifenférmigen Partien auf
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Fig. 10. Eine streifenformige Kupferkiespartie (weiss) in Quarzit,
der von Schwefelkies und Magnetkies (hellgrau) imprigniert ist.
Der Kupfererzblock von Nord-Eno. Vergr. ung. 5 x.

(Fig. 10). Offenbar handelt es sich hier um eine jiingere Kupferkies-
generation, die in schmale Bruchzonen eingedrungen ist.

Besonders u. d. M. bemerkt man, dass das Gestein, das wahrscheinlich
einen Quarzit vertritt, stark mechanisch beansprucht ist; die Quarzkérner
zeigen in der Regel undulése Ausloschung und sind oft kataklastisch
zerbrochen. Stellenweise ist eine deutliche Mértelstruktur zu sehen. Das
Gestein ist meistenteils ganz richtungslos. Nur an einigen Stellen kann
man undeutliche Schichtung wahrnehmen. Das Gestein enthélt ziemlich
viel Dolomitkorner sowie grissere zerstreute Schuppen oder unregel-
missig geformte feinschuppige Flecke von farblosem Glimmer.

UBER DIE HERKUNFT DER ERZGESCHIEBE UND DIE VON IHNEN
VERTRETENEN ERZTYPEN

sind verschiedene Auffassungen ausgesprochen worden. So kénnen nach
Eskola die beiden Selkie-Blécke von verschiedenen Teilen einer und der-
selben Lagerstitte herstammen, die in Polvijarvi gelegen ist und mit den
W- und NW-seits des Sees Hoytidinen hinziehenden Serpentinzonen in
Verbindung steht. Aber die Abstammungskluft kann nach Eskolas
Meinung viel nédher gelegen sein. Schon das Auffinden von zwei nahe
liegenden Erzblécken stiitzt ja in gewissem Masse eine derartige Annahme.
Es gibt nach Eskola noch eine dritte Moglichkeit: die Erzblocke konnen
von den schwimmenden Eisbergen an ihre jetzigen Stellen verfrachtet
worden sein. Hierdurch erweiterte sich in hohem Grade dasjenige Gebiet,
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in dem die Abstammungskluft liegen kann. — Im Jahre 1923 teilt Eskola
mit, dass die Erzblocke Selkie I und II sowohl ihrer Zusammensetzung
als auch ihrer Struktur nach in hohem Grade vom Outokumpu-Erz
abweichen. Spiter erwithnt er (Eskola, 1935) jedoch, dass die Erzblécke
von Selkie vom Outokumpu-Erztypus sind.

Triistedt (1926) erwihnt, dass er, nachdem er die Struktur und die
chemische Zusammensetzung des Outokumpu-Erzes einerseits und der
Selkie-Blocke anderseits sorgfilltig miteinander verglichen hatte, zu der
Uberzeugung gekommen war, das die beiden Selkie-Blécke sehr wahr-
scheinlich von Outokumpu-Kupfererzvorkommen herstammen.

Berg (1927) teilt mit, dass er, nachdem er die beiden ihm zu-
gesandten Erzproben von Outokumpu und von dem »Diluvialgersll von
Selkie» (Selkie I!) eingehend metallographisch untersucht hatte, »nicht
mehr daran zweifelt, dass sie demselben Lagerstittentyp angehéren, dass
also das Selkie-Geschiebe entweder von dem Outokumpu-Vorkommen
selbst oder von einem Wiederauftreten derselben TLagerstitte in NO
stammbn.

Viyrynen (1928, 1935) ist der Meinung, dass die Selkie-Blécke (also
Selkie I und II) keinesfalls von Outokumpu gekommen sein konnen,
sondern dass die wahrscheinlichste Abstammungskluft in der Gegend von
Polvijarvi gelegen ist. Viyrynen hat im nordlichen Teil des karelischen
Schiefergebiets zwischen Kieserzen zweier Typen unterschieden, die nach
ihm hinsichtlich der Mineralparagenese so bedeutende Verschiedenheiten
aufweisen, dass man annehmen muss, sie seien in verschiedenen physiko-
chemischen Verhiiltnissen entstanden. Die Kieserze vom »Typus Outo-
kumpu» sind durch einen hohen Gehalt an Magnetkies charakterisiert,
sie konnen aber, besonders wenn es sich um grossere Kieskonzentra-
tionen handelt, auch Schwefelkies enthalten. Diese Erze sind nach
Viyrynen unter pneumatolytischen Bedingungen, jedoch unterhalb der
Gleichgewichtstemperatur der Reaktion CaCO,4 +4-Si0, = (aSiO; + CO,
entstanden. In Kieserzen vom »Typus Polvijirviy verschwindet der
Magnetkies so gut wie vollstindig, und sie bestehen nur aus Schwe-
felkies. Wo Magnetkies noch in kleinen Mengen angetroffen wird, ist
seine unvollkommene Umwandlung in Schwefelkies noch zu beobach-
ten. Diese KErze sind nach Viyrynen unter hydrothermalen Bedin-
gungen entstanden. — In den beiden Erztypen kann u.a. Kupfer-
kies enthalten sein. — In grossen Ziigen dominieren die Kieserze vom
Typus Outokumpu in westlichen Teilen des genannten Schiefergebiets,
und sie kommen in Zonen vor, deren Kalksilikatgesteine durch einen
Gehalt an Diopsid charakterisiert sind. Die Erze vom Typus Polvijiarvi
wiederum sind vorzugsweise in den Ostlichen Teilen des Schiefergebiets
anzutreffen, in Zonen, deren Kalksilikatgesteine durch Tremolitgehalt
charakterisiert sind. — Nach Véyrynen gehoren die Selkie-Blocke zu
den Kieserzen vom Polvijiarvi-Typus.
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Nach Sauramo (1940) sind die Erzblocke von Roksd und Selkie offen-
bar von Nordwest her, in erster Linie aus Gegenden zwischen Polvijirvi
und Kaavi gekommen. Outokumpu als Abstammungskluft ist unwahr-
scheinlich. Doch ist es nicht absolut sicher, dass die Blécke iiberhaupt
vom Inlandeis an ihre jetzigen Stellen verfrachtet worden sind. Es gibt
niamlich auch nach Sauramo die Moglichkeit, dass die Eisberge den Trans-
port besorgt haben. Die Abstammungskluft kann demnach sogar irgendwo
in Sid- oder Mittelfinnland gelegen sein.

Was das Kivisalmi-Geschiebe anbelangt, so scheint die herrschende
Meinung zu sein, dass es von Outokumpu herriithrt. Dies ist wohl darauf
zuriickzufiithren, dass das Auffinden des betreffenden Erzgeschiebes
seinerzeit zur Entdeckung der Kupfererzlagerstitte von Outokumpu
gefithrt hat. Bindende Beweise zur Stiitze der Auffassung sind nicht vor-
gelegt worden. — Bei eingehenderer Erforschung der glazialgeologischen
Verhiltnisse in der Umgegend des Kivisalmi-Geschiebes ist sofort zu
bemerken, dass die Herkunft des Geschiebes aus Outokumpu keineswegs
ohne weiteres klar ist. In den Gegenden von Kivisalmi, sowie {iberhaupt
stidlich der Randbildung von Jaamankangas, ist ndmlich die west-ostliche
Schrammenrichtung sehr stark ausgebildet. Auch hat man Transport
von Steinmaterial in dieser Richtung feststellen konnen (siche z. B.
Saksela 1939, 1948). Doch ist es nicht unmdglich, dass das Kivisalmi-
Geschiebe von Outokumpu gekommen wiire, denn auch sidlich vom
Jaamankangas sind, wie die von der (Geologischen Forschungsanstalt in
der letzten Zeit angestellten Untersuchungen gezeigt haben, an mehreren
Stellen #ltere, mehr nach Siiden gerichtete Schrammen zu beobachten.

Die oben dargelegten Gedanken geben Anlass, die von den Erz-
geschieben vertretenen Erztypen nochmals in Erwigung zu ziehen. In
den meisten Geschieben befinden sich die Erzarten in quarzitischem
Gestein. Eine Ausnahme bildet nur der Havukkalampi-Stein, dessen
Erzmaterial in Gangquarz liegt. Der Stein ist wahrscheinlich ein Nahge-
schiebe. Viyrynen (1920) hat nédmlich in der Néihe in anstehendem Fels
grosse Partien von Quarz gefunden, der, wie der Havukkalampi-Stein,
etwas Chlorit, Epidot und Amphibol enthéilt. Ausserdem hat Viyrynen
hier unter den quarzreichen Bliocken einige kupferkieshaltige angetroffen.

Was die Struktur der beschriebenen Erzgeschiebe anbelangt, so ist
starke Abwechslung zu beobachten. In erster Linie richtet sich die Auf-
merksamkeit darauf, dass das Erz in einigen Geschieben »zweiteiligy,
breccienartig, in anderen wieder »einfach struiert» ist. Dieser Umstand
braucht jedoch nicht darauf hinzudeuten, dass die Geschiebe von ver-
schiedenen Erzvorkommen herstammten. So ist ja in der Struktur der
nahe liegenden Blocke Selkie I und II, die aller Wahrscheinlichkeit nach
von einer und derselben Kieserzlagerstitte herrithren, gerade dieser
Unterschied wahrzunehmen.
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Im Erzmaterial der Geschiebe finden wir sowohl hinsichtlich seiner
Menge als auch Art bedeutende Variationen, aber es ist nicht maglich,
auf Grund dieser Abwechslung eine Verteilung auf verschiedene genetische
Erztypen zustande zu bringen. Auch scheint eine Gruppierung im Sinne
Viyrynens (sieche oben) nicht zu einem sicheren Resultat zu fithren. Die
meisten Erzblocke enthalten sowohl Schwefelkies als Magnetkies. Gewiss
kommt letzterer bisweilen in sehr geringen Mengen vor, aber auch in
diesem Falle sind keine deutlichen Umwandlungsstrukturen zwischen
den beiden Eisenkiesen entwickelt worden. Sie scheinen miteinander im
Gleichgewicht zu stehen. Der Erzblock von Paihola enthélt nur Schwefel-
kies. In genetischer Hinsicht kann diesem Umstand doch kaum eine
entscheidende Bedeutung beigelegt werden, denn z. B. in dem Block
Selkie II, der ziemlich viel Magnetkies enthélt, konnen einige kiesreiche
Schichten ganz frei von Magnetkies sein. HEs sei in diesem Zusammen-
hang darauf hingewiesen, dass in Selkie I Magnetkies eine Seltenheit und
nur in den jiingeren Infiltrationen zu finden ist.

Erst wenn man den unmetallischen Teil der Erzgeschiebe niher be-
trachtet, kénnen solche, und zwar fazielle, Verschiedenheiten festgestellt
werden, dass von verschiedenartigen Krztypen die Rede sein kann, ob-
schon die gegenseitigen Verhiltnisse der Erz- und Gangarten noch nicht
vollig klargelegt worden sind. Die Verschiedenheiten sind m. E. so bedeu-
tungsvoll, dass die Erzblocke nicht von einer und derselben begrenzten
Erzlagerstitte herstammen kénnen. — Der Erzblock Selkie I enthilt als
Gangart nur Quarz, aber in Selkie II finden wir u. a. Tremolit und Diopsid.
Eine derartige Paragenese deutet auf verhiltnisméssig hohe Tempera-
turen, in erster Linie auf Bedingungen der Amphibolitfazies hin. — Im
Roksi-Geschiebe finden wir neben Quarz und Muskovit nur Tremolit,
was offenbar auf etwas niedrigere Temperaturen als im vorigen Falle
hindeutet. — Im Kivisalmi-Geschiebe beobachten wir sowohl Tremolit
und Diopsid als auch Plagioklas, aber diese sind zu einem bedeutenden
Teil in Mineralien umgewandelt, die eine Fazies von viel niedrigeren
Temperaturen vertreten. Die Dolomit- und Quarzeinschliisse im Diopsid
scheinen darauf hinzudeuten, dass die bekannte Diopsidreaktion
CaMg (CO,), + 2 SiO, = CaMg (SiO;), + 2 CO, (vgl. z. B. Eskola, 1922;
Viayrynen, 1935) in irgendeiner spéterer Phase in entgegengesetzter
Richtung und die Umwandlungen also wenigstens teilweise im Bereich
der Griinschieferfazies geschehen sind. — Der Erzblock von Nord-Eno
weicht seiner Mineralzusammensetzung nach von den anderen oben-
beschriebenen Erzblocken ab. Die Aufmerksamkeit wird besonders
darauf gelenkt, dass Quarz und Dolomit im Gleichgewicht vorkommen.
— Im Sortavala-Geschiebe deutet der Reichtum von Tremolit und Epidot
auf die Bedingungen der Epidotamphibolitfazies hin. Hinsichtlich der
Fazies kommt das Geschiebe von Sortavala am ehesten dem Roksé-
Geschiebe gleich. Die Mineralzusammensetzung ist jedoch eine andere.
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— Die Erzblocke von Puntarikoski und Paihola, in denen Schwefelkies
vorherrscht, scheinen eine eigene Gruppe zu bilden.

Die oben vorgelegten Betrachtungen haben zu dem Schlussresultat
gefiihrt, dass die beschriebenen Blocke mehrere Erztypen vertreten, dass
also in Ostfinnland mehrere unbekannte Kieserzvorkommen sich ver-
bergen. Dagegen ist es noch nicht moglich genau anzugeben, wo die
Abstammungsklifte am ehesten zu suchen sind. Es sei erwihnt, dass
Verfasser in einigen Diinnschliffen das schwefelkiesreiche gebiénderte
Erz aus dem Ausgehenden des Outokumpu-Erzlagers untersucht und
dabei Plagioklas, der teilweise epidotisiert ist, farblosen Glimmer und
Dolomit, der zu einem bedeutenden Teil serpentinisiert ist, hat feststellen
konnen. Die faziellen Umstidnde diirften also nicht gegen die Annahme
sprechen, dass das Kivisalmi-Geschiebe von Outokumpu herstamme.
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ERKLARUNG VON TAFEL I

Fig. 1. Breccienartig struiertes Erz im Erzgeschiebe von Sortavala. Ung. von nat. Grisse.
Fig. 2. Gebiindertes Erz mit jiingeren Infiltrationen. Der Kieserzblock Selkie I, Kirchspiel
Kontiolahti. Ung. von nat. Grosse.
Fig. 3. Riksi-Erz, das eine breccienartige Struktur zeigt. Ung. von nat. Grisse.

Photo A. Matisto
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GLACIAL ABRASION AND ICE MOVEMENT IN THE AREA OF
ROSALA—NOTO, 8. W. FINLAND

BY

N. EDELMAN

ABSTRACT

This paper deals with the different marks produced by glacial abrasion found
in a limited area of the archipelago of S.W. Finland and with the chronology of
the ice movements during the last Pleistocene Ice Age.
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INTRODUCTION

The present paper is a revised translation of a thesis in geology and
paleontology (Edelman, (1949 b). It is based on investigations made in
connection with the surveying of Sheet 1033 of the Geological Map of
Finland.

The area discussed lies in the archipelago of S. W. Finland. Some
results have been published earlier (Edelman, 1949 a).

During the summer of 1948 T principally studied the glacial abrasion
and the effect of the microrelief on the ice movements, whereas during
the summers of 1949 and 1950 I laid more stress upon the chronology of
the ice streams. Hence the observations from the separate summers are
not quite comparable. There seems, however, to be reason to publish all
the observations, because the glacial geology of the present area is very
little known (Moberg, 1879, 1887, 1898; Berghell, 1892).
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OUTLINE OF GEOLOGY

The bedrock belongs to the Svecofennidic zone. The degree of
metamorphism is high, and connected with this fact is the uniformity in
large measures. In details, however, the bedrock shows great variations.
The dominating rock is a migmatite with all intermediary forms between
supracrustal rocks, gneisses and amphibolites, or infracrustal rocks,
gneissose granites and gabbros, and veined gneisses, agmatites, and
microcline granites. These granites, sometimes almost homogeneous, in
general are nebulitic with the original fragments or schlieren visible as
ghostlike remnants somewhat darker in color. The granites are often
porphyritic with large microcline porphyroblasts commonly subparallelly
arranged.

In the S. E. part of the area there occurs a banded gneiss-amphibolite,
which contains layers of ultrabasic fragments. Transitional forms between
this banded suite and ultrabasic breccias are seen in many places. The
banded suite on the other hand often has a supracrustal appearance.

A dike of sandstone found in Sisan, a small rocky islet in the S. part
of the parish of Hitis (Hiittinen), is the only exposed remnant of un-
metamophosed solid rocks that has been discovered during the field work.

Morphologically the present area belongs to the archipelago of the
»skirgard» type (Kranck 1948). It is a roches moutonnées field, a glaciated
peneplain, where the bedrock in general is well exposed on the shores of
the rocky islands. The summit level slopes very gently southward, being
in the N. E. part of the area about 40 m above sea level and reaching
the sea level among the seaward skerries.

Gullkronafjirden, a basin or graben (Edelman, 1949 ¢) covered by
the sea, occupies the middle of the N. part of the area. The throw is
about 40 m.

The Pleistocene deposits are in the main part hidden by the sea,
because the breaking waves remove the loose deposits when the islands
slowly rise over sea level. The W. end of the end moraine Salpausselki
IT forms some large islands in the E. part of the map area, and the end
moraine Salpausselké IIT cuts the N. W. corner. The material of these
moraines seems to be of glaciofluvial origin, because the sorting as well
as the roundness is in general good. Some small drumlin-like ridges have
been found. They consist of till and are elongated in the direction of the
striae. In their proximal ends they have roches moutonnées.

The deepest joint valleys or channels seem, on the basis of the contour
lines and measured depths on the nautical charts, to cut the end moraines.
If this is the case, the ice front apparently floated in these places. Because
the sea level during the Salpausselki stage was about 130 m higher than
at present in these regions (Sauramo, 1940), the depth of the channels
was then 180 m and the thickness of the floating ice front cannot have
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exceeded 200 m. Probably it was much smaller. This value agrees rather
well with Sauramo’s (1923, p. 147) results »near. the present Baltic a
little more than 100 metres» if we remember that the thickness of the ice
varied along the front (Sauramo, 1923) as well as during the different
Salpausselkid stages.

ERRATICS
Sandstone boulders occur locally in large quantities. Petrographically

they resemble the sandstone from the dikes of S. Kimito (Kemio) (Eskola,
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1913). The age of the sandstone seems hence to be Cambrian, but there
occurs with certainty also Jotnian sandstone among the erratics. The
boulders sometimes have dimensions up to 2 m across and the thickness
may exceed 1 m. They have in many cases broken into plates, which
often lie in situ in the till showing the shape of the original boulders.
The strong post-Glacial disintegration compared with the unimportant
Glacial one of the sandstone shows that the transport in the ice must have
been very short.

In order to determine where the sandstone occurs, I counted the
sandstone boulders I observed as I walked along the shores. Only boulders
more than 25 cm across were taken into consideration, because large
boulders are more probably local than small pebbles. In some cases the
sandstone percentage was determined by counting 200 boulders. Fig. 1
shows the results and the probable situation of a sandstone remnant on
the sea bottom. Similar remnants occur no doubt in many places in the
surroundings as well as in other parts of S. W. Finland (Sauramo, 1916).

The W. limit of the boulder train seems somewhat sharper and more
distinet than the N. E. limit. This difference would possibly be more
pronounced if we should plot on the map the percentage and not the
number of the erratics. If the ice moved in different directions at separate
times it is clear that the boulders quarried by the last ice stream were
transported along an almost straight line, whereas boulders quarried
during earlier stages had possibilities of being transported several times
in different directions (Saksela, 1949). If the direction of the ice move-
ment has turned clockwise from 300° to 10° (the degrees counted clockwise
from N. = 0°, E. = 90° . . .), then the W. limit of the boulder train must
be more distinct than the N. E. one as is the case in the present area.

Erratics of Silurian limestone are very rare in the discussed area, and
consequently one cannot suppose that any remnant of this rock occurs
there. Eklund has studied the influence of the Silurian limestone in the
till on the flora. He states that there is between the W. part of the present
area and the Aland area N. W. of this a zone where the till is almost
free from Silurian limestone (Eklund 1935, 1948). If the till really becomes
poorer in Silurian limestone in a northwesterly direction from the present
area, then the till must have been transported from another direction,
probably from W.S.W.

GLACIAL ABRASION

Roches moutonnées, striae, polished facets, crescentic gouges, and
crescentic fractures are the most common visible results of the glacial
abrasion. Good summaries of our knowledge about crescentic gouges and
fractures have been published (Ljungner. 1924: Lahee. 1941: Harris,
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1943: Okko, 1950). The polished facets have also been discussed in some
papers (Ljungner, 1930; Edelman, 1949 a).

There seems to be a close connection between the rock and the above-
mentioned erosional forms. The polish dominates in fine-grained or basic
rocks producing roches moutonnées and facets. The striae are sharp and
easily visible on the smooth surfaces. Fractures, especially crescentic
gouges and crescentic fractures, are on the other hand much more common
in quartz-bearing medium- or coarse-grained rocks. The surface is also
rougher and the striae are broader and more uneven. In some veined
gneisses or gneissose granites the striae may be represented by strings of
chattermarks, especially if the striae cut the strike nearly at a right
angle. The more or less homogeneous mediumgrained microcline granites
are a transitional type. They have in general rather well-polished surfaces,
but fractures are very common too. In coarse-grained rocks the cleavage
of the individual grains plays such a role that the rocks does not react
isotropically within a few centimeters. The fractures become therefore
more irregular in these rocks and typical crescentic fractures or gouges
can hardly develop.

Roches moutonnées with rounded stoss sides and quarried lee sides are
common in the archipelago. The stoss side is a more or less elongated
ridge sloping in proximal direction and a horizontal section of it, e. g.,

Fig. 2. Old stoss side Fig. 3. Stoss side dis-
as a facet on a youn- cordantly striated by a
ger one. younger ice stream.

the shoreline, is semioval. The direction of the ice movement that
produced the stoss side was parallel with the symmetry plane of the
stoss side. However, this is the case only if the rock is sufficiently homo-
geneous. Dikes of more resistant rocks have produced ridges in different
other directions.

Polished facets occur often on the roches moutonnées (Sauramo, 1923,
1929: Ljungner, 1930; Hyyppé, 1948; Edelman, 1949 a). A part of these
are polished scars after quarried rock fragments, but many of them must
be considered as remnants of older roches moutonnées for the following
reasons:

1) the Size: the facets are sometimes of the same magnitude as the

stoss sides.

2342/51 21
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2) Location: the facets lie as a rule on the W. side of the stoss sides
in the present region.

3) Striae: the striae are parallel over the whole facet showing no
deflections close to the edge, and the striae are within large areas
parallel on different facets, whereas striae on scars are often cur-
ved (Edelman, 1949 a).

Figure 2 shows these roches moutonnées. On the facets a few striae
parallel with the striae on the stoss sides may occur, but striae parallel
with the striae of the facets do not occur on the stoss sides. Sometimes
the facet edge is lacking and the facet is represented by a lee slope with
older striae. In the abovementioned cases one is able to determine the
relative age of the striae. The moving ice had during an earlier stage
produced stoss sides and later, as the ice moved in another direction, it
began to abrade new stoss sides. If the later abrasion has not had
sufficient time for finishing its work, remnants of the older stoss sides
remain as facets.

The younger ice movement has, however, in some cases used the older
stoss sides without producing any facets. There is then an angle between
the striae and the symmetry plane of the rockes moutonnées as is seen in
Fig. 3. Whether the former or the latter type has originated depends
obviously on the plasticity of the ice.

The following scheme is therefore reached. The stoss side represents
the last strong abrasion, and striae on facets or facet-like lee slopes are
older, whereas striae which occur on the stoss side and make an angle
with its symmetry plane are younger than the last strong abrasion. The
angle between the different directions of abrasion is in general 10°—I15°
or more, and signs of abrasion in intermediary directions are lacking or
very rare. The abrasion cannot therefore have been continuous; there
have been hiatuses between the separate abrasion stages, and the abrasion

Fig. 4. N. W. shore
of Sandholms Kum-
melskér. The dotted
lineshowstheformer
extent of the cliff
S. E. of the sheet
joint plain. The cliff
has deflected the
stream as shown by )

the striae. Fig. 5. Striae (330°) lying »on echelon» on the sheet

joint plain in Fig. 4.
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shows discordances. Short striae almost at right angles to the shore line
are probably recent ones caused by the action of winter ice (Leiviski,
1905).

Small unevennesses in the topography are able to deflect the ice
streams or the striae. Steep stoss sides may like wedges slit up the ice
stream. The angles between striae on the sides and the middle part of
the roches moutonnées, are sometimes several tens of degrees (Helaakoski,
1943). On the Kalvholm peninsula a deflection angle of 50° was observed.

Another good example of the influence of the topography is found in
Sandholms Kummelskédr. On a horizontal sheet joint plane limited by a
cliff in the S.E. there occur striae in different directions. A closer
examination shows that the ice during an earlier stage has moved around
a rocky corner formerly situated on the present exposed joint plane
(Fig. 4). Some striae on this horizontal plane lie »on echelon» (Fig. 5).
This fact indicates that the boulders have rotated sidewards in the
moving bottom layer. The ice has moved in different directions at
different heights (Wennberg, 1949, p. 29), and the upper layers have
been deflected by the cliff more than the lower ones. The bottom layer
has the highest content of debris and thus is more rigid than the upper
ones (Lundqvist, 1940); the friction is therefore at its maximum in the
surface between the solid rock and the bottom layer. Similar striaer »on
echelon» occur also on slopes, but they are in these cases not so illustrative
as in the one described above where they lie on a horizontal plane.

Figure 6 shows a groove parallel
with the striae. Minute striae on eit-
her side are deflected and run down into
the groove. The boulders or stones of
the basal debris are not affected by the
gravity to such a degree that they would
move against the lowest point, or in
this case down into the groove. The
gravity is of course the ultimate cause
of the motion of the glaciers, but the
influence of the gravity on the diffe-
rential movements within the basal
layer is probably very small.

When a stone sinks down into the
groove an equivalent amount of mate-
rial must escape from the groove. The
velocity of the ice must therefore be

, Fig. 6. Fine striae running down into
greater, and according to Demorest , groove. Island 200 m S. of Storholm.

(1938), the pressure must be lower in
the groove than in the surrounding bottom layer. The greater velocity
and the lower pressure have probably dragged the material from
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the sides down into the groove. There was in the groove no room
for large boulders, and consequently the material was more fine-
grained there than elsewhere. The plasticity was therefore greater
and the friction was probably less in the groove than in the other parts
of the basal layer. These facts were seemingly the principal causes of
the difference in velocity and pressure.

striated

. Very great deflections may occur on the distal

_— side of small cliffs and in eroded joint zones

o/ (Edelman, 1949 a). On the S. W. point of Bodé.
\i% S. of No6to, for instance, the glacial striae curve

behind a rocky knob. The angle between the striae
Fig, 7. Profile of a steep deflected around the opposite corners of the knob

cliff on the proximal shore is 110°.
of Skadaharu. The ice has If the proximal side of a rocky hill is a steep
moved from the left almost 5 s . ,
along a shear surface (the OTr vertical cliff, the ice has sometimes not abra-
dotted line). The dead ice ded its very base. The movements in the ice
below this surface has pre-
served the rock rongh and have taken place along shear surfaces and the
unstriated. ice close to the base has been dead (Edelman,

1949 a, Fig. 12). An instance of this phenomenon occurs on the N. E.
shore of Skadaharu (Fig. 7).

In order to get a true conception of the general ice movement the
observations were, if possible, made on surfaces horizontal or sloping in
proximal direction, far enough from cliffs or rocky knobs which had been

able to cause local deflections of the ice streams.

Y
X
NE 50

ICE MOVEMENT

Figure 8 shows observations of the different kinds of glacial abrasion.
The greatest part of the striae and the stoss sides have directions between
315° and 330°. Older stoss sides and striae on older facets with directions
between 300° and 315° are rather common. Striae with directions between
270° and 295° occur more rarely on facets. Because as great deviations
to the K. from the dominating direction are much rarer and often
evidently depend on the topography, it seems probable that the ice during
an earlier stage has moved in the direction 270°-—295° as is the case
further eastward in the Helsinki (Helsingfors) area (Hyyppi, 1950).

Crescentic gouges indicating an ice movement E. N. E., direction 240°,
have been found in three places (Fig. 9). Messrs. V. Okko, M. A., and
K. Virkkala, M. A., (oral communications) have found crescentic gouges
showing an ice movement E. N. E. of the bottom of a gravel pit W. of
the church of the parish of Kaarina near Turku (Abo), about 60 km. N.
of the present area. The origin of these gouges is to some degree uncertain,
but it seems very improbable that anything other than an ice sheet could
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Fig. 9. Crescentic gouges showing an ice movement in
the direction 240° (from W. S. W.). W. shore of an is-
land 4 km S. of the E. end of Viind.

have produced such parallel gouges in places so far from one another.
These crescentic gouges must be older than all other cracks or striae,
because they have been preserved so rarely and because they have been
strongly ground by younger ice movements (Fig. 9). The distribution of
the erratics of Silurian limestone indicates also an ice movement E. N. E.
(see p. 160).

A plausible explanation of this ice stream from W.S. W. to E. N. E.
is that the ice divide has been S. of Aland. According to Ljungner (1949)
the ice divide was not S. of Aland during the last Pleistocene Ice Age,
but his opinion is based upon rather few observations. Another explana-
tion, propounded by Dr. E. Hyyppé (oral communication), is as follows:
As the ice during the advance through the Aland Sea reached the Baltic
Sea, it was deflected eastward by the threshold at Svenska Bjorn —
Sarjewo (on Swedish maps spelt Sarjeva) extending several tens of km
eastwards from the N. end of the archipelago of Stockholm. This threshold
rises from Aland Sea with depths more than 200 m up to about 20 m
below sea level. It dammed up the advancing ice, but it is not quite
certain that the surface of the ice sheet got a sufficiently great slope
E.N. E. for an advance up to Kaarina. Wennberg (1949, p. 177) has
discussed the influence of the thresholds between Aland and the coast
of Sweden on the ice movements on the Swedish side of the Aland Sea.
The deflection of the ice stream was there not as great as in the present
area.

Striae younger than the stoss sides occur at many places. Their
direction is commonly 340°—350°, rarely as much as 360°—10°. In a
limited area also the stoss sides have been abraded in the direction 340°—
350°. This area coincides rather well with the Salpausselkd ITI between
Lokholm and Sandholm. The conditions are especially interesting in
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Sandholm and S. of it (Fig. 10). The direction of
the striae on the S. shore of Sandholm is 350°,
whereas on the N. shore it is 340° and on the sum-

mit (10—15 m above sea level) 325°. On a little
islet 1 km S. of Sandholm the direction of the striae

is 325° on the N. shore and 340° at about 4 m abo- |
ve sea level. In an almost horizontal zone or sheet

rising minutely S. E. the striae make an angle of »
about 20° with the striae above and below. The |

lower surface of this zone lies below sea level in Sand- 5 .

holm but in the little islet it is about 2 m above sea Fig. 10. Glacial abrasion
level in the surroundings of
' Sandholm.

The topography shows no features which could
explain these exceptional conditions. It is possible that these movements
in different directions were simultaneous. The inclination of the lower
shear surface indicates that the movements took place close to the ice
front, where the movement of the ice is inclined upward (Sauramo 1940;
Demorest 1942; Flint 1947).

A plausible explanation may be as follows: In the present area the ice
moved in the final stage in the direction 340°—350°. The bottom layer
was then in general stagnant, and striae in this direction are therefore
rather rare. The movement took place in shear surfaces in the more or
less pure ice above the basal layer, but during a temporary advance the
upper parts of the end moraine were thrust forward and this movement
produced the stoss sides and striae in the direction 340°—350°. The
summit of Sandholm was not abraded by this movement,
perhaps because it reached the rather pure ice over the
proximal side of the end moraine. Signs of a readvance of
the ice over the end moraine are rather common along /
Salpausselkd I (Hyyppd, 1951). The above-proposed ex-
planation is not quite satisfactory, because the islet S. of
Sandholm has no remnants of an end moraine. On the 7t
other hand, it is difficult to understand how a thin sheet gjz 11, Clockwise
of ice could move in a direction different from the ice turning of the ice
above and below, although differential movements occur f)tnr:‘:;n Eﬁe fg;fﬁ“fcﬂ
within glaciers (Demorest, 1938; Wennberg, 1949, pp. 29, dividesare indica-

_ ted.
151—152).

The movement of the ice in the present area turned from 240° (?) to
350°—360° (Fig. 11). A similar clockwise rotation of the ice movement
has been observed by other authors (Hausen, 1912; Helaakoski, 1943;
Hyyppé, 1948; Okko, 1949). Although the abrasion took place in the
different parts of the area in somewhat different directions, the angles
between the successive ice streams are commonly equal in the whole
area. This fact, the discordant abrasion, indicates that the bottom
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moraine moved when the ice divide was stationary, whereas it was
stagnant when the location of the ice divide shifted N. or N. E. The
movement of the ice divide as well as the diminishing of the glacier activ-
ity depended obviously on climatic changes (Ahlmann, 1938; Lundqvist,
1940; Hyyppd, 1948; Ljungner, 1949).
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3
MONTEBRASIT (AMBLYGONIT) VON ERAJARVI
VON
A. VOLBORTH
ZUSAMMENFASSUNG

Amblygonit — Montebrasit (LiAIFPO ,—LiAIOHPO,) (triklin, pinakoidal) ge-
héren ihrem Li-Gehalt nach zu den wichtigsten Li-Mineralien der Lithionpegmatite.
In der vorliegenden Arbeit werden die physikalischen Eigenschaften, die Paragenesis
und der Chemismus des vorher nicht untersuchten Montebrasits von Erdjérvi,
Zentral-Finnland, beschrieben.
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VORWORT

Der »Amblygonit» in den Lithionpegmatiten von Erijdrvi, Zentral-
Finnland, wurde im Jahre 1937 von Professor L. H. Borgstrom entdeckt.
Eskola (1946) erwahnt Erdjirvi als einzigen Amblygonitfundort Finn-
lands. In der Literatur findet man sonst keine Angaben iiber diesen
Mineralfund. Bis jetzt ist der »Amblygonity von Erdjarvi nicht nédher
untersucht worden. Verfasser hat die Fundstelle im Sommer 1949 be-
sucht, und auf Grund der dabei gesammelten Proben, sowie des von
Herrn Prof. Dr. Borgstrom frither gesammelten Materials wurde die
Optik mit Hilfe des Universaldrehtisches und die Paragenesis dieses
Minerals untersucht. Beim Vergleich der Optik mit dem Chemismus
dieses Minerals wurde festgestellt, dass es sich hier um Montebrasit
handelt.
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Wihrend dieser Arbeit haben meine Lehrer, die Professoren L. H.
Borgstrom und Pentti Eskola, stindig bereitwillig wertvolle Ratschlige
und Anleitung gegeben, wofiir ich an dieser Stelle herzlichst danken
mochte.

PARAGENESIS UND KRISTALLISATION

Der montebrasitfithrende Pegmatit von Viitaniemi, Kirchspiel Eri-
jarvi, erscheint lakkolithformig in den Biotitglimmerschiefern des ost-
lichen Teils der Schieferzone von Tampere.

Folgende Mineralassoziation ist hier fiir den Montebrasit typisch:
Quarz, Feldspate (besonders Cleavelandit), Triphylin-Lithiophilit, Lepido-
lith, Beryll, Triplit, Columbit, Topas, Turmalin, Apatit (auch Mangan-
apatit), Lollingit, Arsenkies und verschiedene Glimmer.

Die Farbe des Montebrasits ist weiss, grau, gelblich oder schwach
griinlich. Die plattenformigen Kristalle sind gewohnlich 10-—30 ¢m lang
und 1—5 c¢m breit. Grossere Montebrasitanhédufungen trifft man selten.

Bei dem Montebrasit von Erdjiarvi ist die polysynthetische, plagioklas-
dhnliche Zwillingsbildung oft sehr fein (einzelne [ amellen 0.005 mm).
Das Mineral ist voll von winzigen Einschliissen, die es betrichtlich
tritben. Die Spaltrisse sind sehr schlecht entwickelt. Diese Umstinde
haben die Universaldrehtischbestimmungen sehr erschwert.

Der Montebrasit erscheint meist im Quarz (Abb. 1) und im grob-
korningen Mikroklin. Er verdringt auch andere Mineralien. wie Beryll,
Turmalin (Abb. 2), Topas, Triphylin-Lithiophilit und Lepidolith. Der
Quarz wird in der Umgebung sowie in den Einschliissen der Monte-
brasitkristalle stark undulierend. An der Spitze des einzigen, besser
erhaltenen, im Diinnschliff untersuchten »Montebrasitkristallsy verliduft
die undulierende Ausloschung ficherartig. Das kann als Zeichen eines
besonders starken Wachstums in dieser Richtung angesehen werden.
Der Montebrasit ist hier keilartig in den Quarz eingedrungen. wovon
auch die simultan mit dem umgebenden Quarz ausléschenden Quarz-
einschliisse zeugen. Auf Grund dessen schliessen wir, dass die Kri-
stallisation des Montebrasits in einem schon grosstenteils festen Peg-
matitkérper, durch Verdringung anderer Mineralien, stattgefunden
hat. Hine derartige Kristallisation hat im Mineral Spannungen
erzeugt, die stufenweise zu einer Deformation gefithrt haben. Der so
deformierte Montebrasit wurde spiter stellenweise vollstindig katakla-
siert. Der Gang dieser Deformation ist mikroskopisch eingehend verfolgt
worden. Schon im Innern des auf den ersten Blick ganz regelméssigen
Kristalls findet man in den Zwillingslamellen kleine Unregelmissigkeiten.
Die Lamellen haben sich etwas gebogen und sind stellenweise gegen-
einander verschoben worden. Das spitere Eindringen der Losungen, aus
denen der feinschuppige, griinliche Muskovit auskristallisierte. hat die
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Kataklase bis zum vollstindigen Zerbrechen des Montebrasits weiter-
gefiihrt (Abb. 3). Es entstand eine eigenartige Montebrasit-Albitbreccie.
Bemerkenswert ist, dass der feinschuppige, gelbe Glimmer in die von
Montebrasit verursachten Spalten im Quarz eingedrungen ist.

ZERSETZUNGSERSCHEINUNGEN

Der Montebrasit ist gut erhalten, wo er in Beriihrung mit anderen
Mineralien anzutreffen ist. Nur neben Kalifeldspat findet stellenweise
Zersetzung zu einem feinschuppigen, teilweise aus Glimmer bestehenden
Aggreget statt. Das Zersetzungsprodukt mag dem Poly-Irvingit von Quen-
sel (1937) dhnlich sein. Die Zersetzung findet in unserem Montebrasit
nicht nur an der Grenzfliche, sondern auch im Innern des Minerals statt,
was sicher von der oben besprochenen Kataklase im Kristallisationssta-
dium abhéangt.

Eine neue Zersetzungserscheinung bietet ein Reaktionssaum zwischen
Montebrasit und Kalknatronfeldspat. Der Montebrasit hat hier mehr
zerstorend auf den Plagioklas gewirkt als umgekehrt (Abb. 4). Das
Reaktionsprodukt ist ein griinlich gefirbter Symplektit, der oft isotrop
aussieht. Der Plagioklas ist so zerstort, dass alle Versuche, mit dem
Universaldrehtisch die Zusammensetzung zu bestimmen, missgliickt sind.
Dieser Plagioklas stammt wohl aus dem den Pegmatit durchkreuzenden,
Porphyritgang, in dem der Plagioklas die Zusammensetzung Ang; hat.
Wo der Montebrasit mit Albit in Beriihrung steht, konnten nirgends
Zersetzungen beobachtet werden.

UNIVERSALDREHTISCHBESTIMMUNGEN

Wie schon oben erwihnt, ist die polysynthetische Zwillingsbildung
oft sehr dicht, das Mineral ist voll von winzigen Kinschliissen, und die
Spaltrisse sind schlecht oder gar nicht entwickelt. Diese Umstdnde haben
die Bestimmungen sehr erschwert.

Dem Vertasser sind die von Nel (1946) und von Pehrman mit dem
Drehtisch durchgefiihrten Messungen tiber Amblygonit von Karibib (SW-
Afrika) uud Montetrasit von Lemnéds (SW-Finnland), bekannt. Die Er-
gebnisse der vorliegenden Arbeit stimmen gut mit denen von Nel iiberein.
Auch bei dem Montebrasit von Erdjiarvi sind nur zwei Spaltbarkeiten
gefunden und gemessen worden. Nach der neuen Aufstellung von Rich-
mond und Wolfe (Palache, 1943), sind das die Spaltbarkeiten nach (100)
und (011), was auch bei Nel der Fall ist. Die von Richmond und Wolfe
erwahnten Spaltbarkeiten nach (001) und (110) sind hier, wie bei Nel,
nicht gefunden worden. In Lemnis dagegen scheinen gerade diese Spalt-
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flichen vorherrschend zu sein (Pehrman,S. 36). Die Zwillingsbildung nach
(111) (Siehe das Stereogramm, Fig. 1) ist ausnahmslos in allen gemessenen
Kristallen vorhanden. Die von Des
Cloizeaux beschriebene Zwillingsbil-
dung nach (111) (Orientierung nach
Richmond und Wolfe) ist bei dem
Montebrasit von Er#djirvi noch nicht

| 8 | entdeckt worden.
® S 2 ‘*\? Wir vergleichen im Stereogramm
\ ‘4 He | (Fig. 1) die optische Orientierung

\ / des Montebrasits von Erdjirvi mit den
von Richmond und Wolfe und Nel

Ke ar‘:b«[/ﬁ«

e aufgestellten Orientierungen. Wie man

i e aus dem Stereogramm sieht, fallen
\';j\g’_;--':' die Pole gut um (100), — das ist

Fig. 1. Optische Orientierung des Montebr- hier die beste Spaltbarkeit. Die Pole
sits von Eréjirvi verglichen mit den Orien- von (011) — Spaltrissen gelangen im

tierungen der Amblygonite von Hebron und " " )
Karibib im Fedorowschen Stereogramm. 1, allgemeinen zwischen die Pole der

Die Pole der Flichennormalen (Karibib und Messungen von Richmond und Wolfe
Hebron) 2, Die Pole der Flichennormalen d Wel. &b e di :

der Zwillingsebenen (Hebron) 3, Die Pole und Nel, ebenso wie die optischen
der Flichennormalen des Montebrasits von Achsenwinkel. Die gemessenen Achsen-

Erdjirvi. ; . o P
1, 2, 8, 4, 5, korres?ondieren mit der Ta- Winkel sind in Tabelle I zusammen-
belle I. gestellt.

TABELLE I

Die optischen Achsenwinkel des Montebrasits von Eréijirvi

12Vy= 85°4 3°

2 » = 90° » (Zwei an verschiedenen Kristallen ausgefithrte Messungen,) 1
3 » = 950 » i
4 » =101° » (Brecciert, gebogen)

5 » = 88° » (Brecciert, ungebogen, derselbe Zwilling.)

Da die Messergebnisse genau gepriift sind, kann ihre Verschiedenheit
nicht von Messfehlern herrithren. Wie oben erwihnt, ist der Montebrasit
bereits im ersten Kristallisationsstadium deformiert und spiter voll-
stindig kataklasiert worden; dies wird der Hauptgrund zur Verschieden-
heit aller Messergebnisse sein. Diese Annahme wird dadurch unterstiitzt,
dass bei dem Breccientypus die Grosse des optischen Achsenwinkels sich
in verschiedenen Teilen desselben Zwillings betrichtlich indert (siehe
Tabelle I). Hierbei ist nicht zu vergessen, dass schon Backlund (1918)
darauf hingewiesen hat, dass die chemische Zusammensetzung des
Amblygonits am selben Fundort variiert.
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Die Brechungsexponenten des Montebrasits von Erijarvi (Tabelle II)
sind nach der Immersionsmethode mit gelatine-bedeckten Objektglisern
auf Drehtisch bestimmt (Fairbairn, 1943).

TABELLE II

Die Brechungsexponenten des Montebrasits von Erijiarvi.

a =1.599 4 0.001

B =1.610 - 0.001

v =1.620 & 0.001
y—a = 0.021

CHEMISCHE ZUSAMMENSETZUNG

Nach der von Mag. Phil. Aarno
Juurinen ausgefiihrten Analyse (Ta-
belle TII) ist OH : F ~ 2.5, demge-
maéss enthilt das Mineral 39 9, Am-
blygonit und 71 9%, Montebrasit. Ein-
getragen in das von Winchell (1945)
aufgestellte Diagramm (Fig. 2), ents-
prechen diese Werte iiberraschend
gut der Optik, besonders wenn wir
beriicksichtigen, dass man hier vom

o . oe . . V- -2 0 J a4 G
Verhiiltnis OH : F abhéngig ist. Fig. 2. Die Werte fiir Montebrasit von Eri-
jarvi und Karibib eingetragen in Winchells
Diagramm. 1, y; 2, f; 3, a; 4, (G), Spezi-
fisches Gewicht.

/.57

Liawpo, & e 89 L /AIOHPO,

TABELLE III

“ Montebrasit von Eriijirvi. Analytiker: Aarno Juurinen.
Gewichts—

Prozent |Mol.—Zahl | Atom-—Zahl
|
| ALO; v 8474 | 3408 | Al 6816 ‘
| PoOfg vvvniniiiiinanaannnnn, 47.30 3332 | P 6664 ‘
7 9.09 3042 | Li  6084)
D Ca0 e | Loz | 182 | Ca 182 6392 ‘
NagO wenvvvnnonninneiins | 0.39 63  Na  126) ‘
| KO .. ooeneml 000 | — | OH 4594 6462 |
D MO ;ocwmys s cmmmss o 5 amem o 3 0.00 — F 1868 ‘
RO, 2 mmcimen s sttt 35 SEmasm L 0.00 — | O 31537 =15 x 6307
HiO 4+ covnirnimeonsionnss 414 2297
HO— o ‘ 0.14
F oo 3.55 | 1868 | LiAlPO, (OH, F)
Unloshich .. : s vimnas s vsmas s 4l 1.56 | |
| 101.93
—O0=F, ceeoviiiiiiinn.. ‘ 1.49 OH:F~2.5 |

|
Summe | 100.44 ‘ l
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ERLAUTERUNG ZU TAFEL I

Abb. 1. Montebrasitkristalle im Quarz und Beryll. B, Beryll.

Abb. 2. Montebrasit verdringt und brecciert Turmalin. Vergr. ca. 26 x. Mit Analysator.
M, Montebrasit; T, Turmalin.

Abb. 3. Stark gebogene Montebrasitlamellen (Kataklase). Vergr. ca. 37 x. Mit Analysator.
M, Montebrasit; T. Turmalin.

Abb. 4. Die Zerstorung des Kalknatronfeldspates durch Montebrasit. Vergr. ca. 82 ». Mit
Analysator. M, Montebrasit; P, Plagioklas.
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A. Volborth: Montebrasit (Amblygonit) von Eriijirvi.
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A SOLUTION CALORIMETER FOR SILICATES

BY

TH. G. SAHAMA AxD K. J. NEUVONEN

ABSTRACT

The design and operating data are briefly given for a solution calorimeter
intended for heat-of-solution measurements of silicate and other minerals in acid
solutions at temperatures, e. g., near 75° C. Any acid or acid mixture, except aqua
regia, capable of dissolving the mineral to be investigated may be used.

Only liquid acids containing hydrofluoric acid or suitable fluxes
consisting of fused salts may be used as dissolving agents in experimental
measurement of heat of formation, latent heat of fusion and transforma-
tion, ete., for most silicates by the solution method. A hydrofluoric acid
solution calorimeter designed and operated under the supervision of Dr.
K. K. Kelley at the Pacific Experiment Station of the U. S. Bureau of
Mines, Berkeley, Calif., has been described by Torgeson and Sahama
(1948). In the present paper, a similar calorimeter built at the Institute
of Geology, University of Helsinki, Finland, will be described. Because
of the similarity of these two instruments only some data specific to the
last-named calorimeter are given. Because it is expected that a number
of experimental data obtained with this apparatus will be published in
subsequent papers, a short description of the new instrument seems
appropriate.

The calorimeter consists of a cylindrical vessel, 10 em in diameter and
13 em in height, made of 20 kt gold. All seams were made of gold solder-
ings tested for resistivity against acids. For safety, the vessel was heavily
gold plated and the seams inside the vessel were painted with Nukemite,
a commercial acid-proof plastic manufactured by Nukem Products Corp.,
Buffalo, N. Y. The vessel was filled with acid up to 1—2 cm from the
top. The top plate has four chimneys two of which are open. They
provide for admission of a platinum stirrer and of a bakelite tube for
insertion of the sample, respectively. At the two other chimneys, gold
tubes closed at the lower end house the resistance thermometer and the
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heating coil. The gold calorimeter is placed in a heavy can made of cast
bronze and completely immersed in transformer oil. The inside of the can
was silver plated and, on top of the silver plating, a heavy gold plating
was applied. Between the bronze can and the gold calorimeter a shield is
placed made of gold-plated silver plate, about 0.2 mm thick. The tem-
perature of the oil is thermostatically controlled at 75.1° C. This temper-
ature is maintained with an accurracy of - 0.02°C.

The resistance thermometer is a B. & S. No. 40 double silk-covered
copper coil wound on a hollow copper cylinder with wall thickness of
about 0.1 mm. The resistance at 75° C is approximately 140 ohms. The
heating coil is made of B. & S. No. 34 Manganin wire wound on a similar
hollow copper cylinder. The resistance of the heating coil is about 100
ohms. The platinum stirrer is housed in an assembly made of Teflon, a
commercial plastic manufactured by E. I. du Pont de Nemours & Co.,
Arlington, N. J. Two small ball bearings provide an easy rotation of the
stirrer.

Following a suggestion made by Dr. F. C. Kracek, of the Geophysical
Laboratory, Washington, D. C., the temperature measurements were
made by means of a bridge with two fixed arms of about 2000 ohms
resistance and a third adjustable arm. The resistance thermome-
ter forms the fourth arm. Through the bridge a constant current of
about 4 mA is passed. The constancy is maintained within 4+ 0.04 x A.
By this arrangement a temperature rise of 1° C was found to correspond
to about 950 x4 V on the potentiometer. The E. M. F. produced on the
bridge changes very nearly linearly with the resistance of the resistance
thermometer. The minor deviation from linearity was calculated to be
negligible in the range covered by the measurements. The resistance of
the heating coil was determined by comparing it with a 100 ohms standard
resistance. The calibrating current was determined by measuring the
potential drop across a 0.1 ohms standard resistance. For the measurem-
ents of temperature and current a 100 000 xV White double potentio-
meter of Leeds and Northrup Co., Philadelphia, Pa., was employed.
Energy input times for calibrations were measured with a stopwatch,
calibrated at the State Geodetical Institute of Finland, Helsinki.

The material to be measured was contained in gelatin capsules and
the weights were corrected to vacuum. Platinum sinkers attached outside
the capsules insured a rapid immersion of the material into the acid. All
measurements were corrected to correspond to the reaction: Solid
Reactant (25°C) —- Product (75.1°C). Accordingly, corrections arising
from the following circumstances were taken into account: heating-up the
platinum sinkers from room temperature to the temperature of the calori-
meter (heat capacity of platinum, 0.032 cal/g); deviation of the temper-
ature of the capsule and material from 25° C at the moment of dropping
(heat capacity of gelatin, 0.5 cal/g); consumption of heat caused by
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dissolving of gelatin. For the last-named correction, the heat of solution
of gelatin was measured in six runs that gave the following figures for the
reaction Gelatin (25° C) - Gelatin in solution (75.1° C): + 23.05, + 23.40,
+ 22.84, + 23.62, + 23.51, and -+ 23.04 cal/g; average - 23.24 4 0.25
cal/g. The calculation of the uncertainty follows Deming and Rossini
(1939). All heats are given in terms of defined calories (1 calorie —4.1840
international joules).

To test the calorimeter and its calibration, the heat of solution of
quartz and adularia were measured.

The specimen of quartz used consisted of completely clear pieces of
unknown source. The material was crushed down by a jaw crusher and
ground by a previously unused hammermill. The contaminating iron
from the machinery was dissolved by a prolonged digestion in hydro-
chloric acid and the minor insoluble contaminants were removed by
heavy liquids. The final material which contained no visible impurities
was tested under the microscope, ground in an agate mortar, and elutri-
ated. The finest fraction was used. An analysis made by Mr. H. B.
Wiik, M. A., of the Geological Survey of Finland, showed 0.13 9, HF
residue and 0.09 9, H,O-+. The HF residue was found to be mostly iron.
Five runs of this material were made in 856 g acid containing 20.1 9, by
weight HF. The hydrofluoric acid used was from Messrs. E. Merck,
Darmstadt, marked »Reinsty. This quality does not correspond to the
reagent grade but is only slightly more impure. The results, corrected
for water, but uncorrected for the HF residue are: — 33,290, — 33,230,
— 33,300, — 33,200, — 33,180 cal/mol giving an average of — 33,240 +
50 cal/mol. A comparison of this result with some previous data is given

below.
Heat of solution of Temperature of

Author quartz in 20.1 % HF the calorimeter
Roth and Troitzsch (1949) ..................... —32,060 40 73.7° C
Torgeson and Sahama (1948) ................... — 33,000 4 20 73.7°C
Kracek and Neuvonen in Adams (1949) ......... — 33,210 + 30 74.5°C
Sahama and Neuvonen (present paper) ......... -— 33,240 & 50 75.1°C

The specimen bf adularia, St. Gotthard, Switzerland, represents an
original material used by Kracek and Neuvonen (unpublished) for heat
of solution measurements. Their result is — 527.5 cal/g (perscnal com-
munication). Five runs made of this material gave the following results:
—526.4, —526.1, — 525.7, —525.8, — 524.9 cal/g; average — 525.8 4
0.5 cal/g. The difference between the results of Kracek and Neuvonen
and of the present paper is about 0.3 9.

The authors are indebted to the Carnegie Institution of Washington,
to its President, Dr. Vannevar Bush, and to Dr. L. H. Adams, Director
of the Geophysical Laboratory, for a grant for purchasing most of the
necessary equipment. Much valuable advice dealing with the construction
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of the calorimeter and choosing the electrical measuring equipment was
freely given by Dr. K. K. Kelley and Dr. F. C. Kracek. To these two
gentlemen the authors express their gratitude. Thanks are also due to
Mr. H. B. Wiik for the partial analysis of the quartz specimen used.
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ZUR MINERALOGIE UND ENTSTEHUNG DER PITKARANTA-
ERZE

VON

MARTTI SAKSELA

REFERAT

Verfasser hat in den erzfithrenden Kalk-Skarnhorizonten von Pitkidranta
Mineralarten gefunden, die hier nicht frither angetroffen worden sind: Cubanit,
Lollingit, Neodigenit, Wismutglanz, Cuprit, Tenorit, Nadeleisenerz, Zoisit, Mn-
haltiger Karbonat. Die Zinngehalte der Granate aus den Gruben 4. Omeljanoff
und 4. Meyer sind ausserordentlich hoch. — Besondere Aufmerksamkeit ist auf die
Erscheinungsweise und die gegenseitigen Altersverhiltnisse der Mineralien gelenkt
worden. Verfassers Untersuchungen haben zu dem Resultat gefiihrt, dass in Pitké-
ranta drei ungleichaltrige Serien von Erzbildungen vorkommen. Die zwei dlteren
stehen in kausalem Zusammenhang mit den postladogischen Granit-Pegmatit-
intrusionen. Die dritte Serie verdankt wenigstens zum grossten Teil der Rapakiwi-
Intrusion ihre Entstehung. Es handelt sich in Pitkédranta um hauptsidchlich pneu-
matolytische Verdrangungslagerstitten. An die pneumatolytischen Paragenesen
schliessen sich jedoch einigermassen Mineralien an, die unter hydrothermalen
Bedingungen gebildet sind. — Im alten Grubenfeld hat sich Gelegenheit erboten,
die Grenzregionen zwischen den Oxydations- und Cementationszonen zu unter-
suchen.
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EINLEITUNG

Im Jahre 1907 erschien das bekannte Werk von Otto Triistedt, »Die
Erzlagerstitten von Pitkdranta am Ladoga-See» (Bull. Comm. géol.
Finlande 19). Es enthilt eine meisterhafte Beschreibung der Geologie
sowie der mannigfaltigen Erze des ausgedehnten Lagerstittengebiets,
und darin wird auch die Entstehung der Erze eingehend erértert. Nach
dem Erscheinen des Werkes ist der Erzdistrikt zeitweise eifriger For-
schungsarbeit unterzogen worden. Das nichste Ziel ist es dabei gewesen,
die Verwertungsmaoglichkeiten der Erze klarzulegen. Wihrend der letzten
Jahre hat Verfasser dasjenige Material genauer untersucht, das friiher
im Pitkirantagebiet zusammengebracht worden war und heute in den
geologischen Instituten der Universitdt Helsinki und der Technischen
Hochschule Finnlands aufbewahrt wird. Hierbei hat er im besonderen
auf die mikroskopische Untersuchung der Erzarten Gewicht gelegt. Die
Untersuchungen des Verfassers haben neues Licht auf die Mineralogie der
Erzformation geworfen. Die gewonnenen Resultate haben es auch not-
wendig gemacht, die fritheren erzgenetischen Auffassungen zu iiber-
priifen.

Die rontgenographischen Bestimmungen sind von Mag. phil. S. Kai-
taro, die chemischen Analysen von Mag. phil. M. Mintynen und die
spektrographischen Bestimmungen von Dipl.-Ing. N. Lounamaa aus-
gefithrt worden. Bei photographischen Aufnahmen ist Stud. V. Risdnen
behilflich gewesen, und Cand. phil. A. von Volborth sowie Stud. E. Viluk-
sela haben einige Brechungsindizes bestimmt. Allen diesen Herren
spricht Verfasser seinen besten Dank aus.

Geologisches Institut der Universitit Helsinki, November 1950.

Martty Saksela.

ORIENTIERENDE UBERSICHT UBER DIE GEOLOGIE DES PITKA-
RANTAGEBIETES

Das iilteste Gestein des Gebietes (vgl. die Ubersichtskarte, Fig. 1) ist
Granitgneis, der die Unterlage der karelischen (»ladogischen») Schiefer
(Glimmerschiefer, Hornblendeschiefer und Kalksteine) bildet. Nach dem
oben erwihnten Werk von Tristedt (das im folgenden nur mit Tr. be-
zeichnet ist) sind nirgends Ausliufer des Granitgneises in die Schiefer
nachgewiesen worden, und iiberall da, wo Kalksteinlager in unmittelbare
Berithrung mit dem Granitgneis treten, fehlen solche Erscheinungen,
welche als kontaktmetamorphe Einwirkungen des letzterwihnten Ge-
steins auf den Kalkstein gedeutet werden konnten. Im Jahre 1916 beob-
achtete Laitakari (1917), dass der Granitgneis an einigen Stellen die
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Schiefer durchschneidet. Dar-
aus zog er den Schluss, dass
der Granitgneis nicht, die Un-
terlage des Schieferkomplexes
bilden kann, sondern jiinger
sein muss. Sederholm (siehe
Laitakari, 1917) und Eskola
(1949) haben jedoch erklirt,
dass die genannten Erschei-
nungen davon herriihren, dass
der Granitgneis »palingen erup-
tivy geworden ist.

Nach der Mitte der Massive
zu verliert der Granitgneis
mehr und mehr sein gneisiges
Aussehen und nimmt grobflas-
rigen bis rein granitischen Ha-
bitus an (Tr., S. 59). In seinen
bestbewahrten Teilen ist der
Granitgneis  plagioklasreich.
Nach Eskola (1949) ist die
Zusammensetzung des Gesteins
meistenteils »ideal-granitischy,
mit 5—79 K,0, 2—39,
Na,O und 1—2 9%, CaO, und
wiire eine derartige Zusammen-
setzung das Resultat einer gra- 4
nitisierenden Metasomatose, Fig. 1. Geologische Ubersichtskarte vom Pitkiran-

die durch ein in das dltere Ges- tagebiet. Nach Triistedt. Massstab 1:250000. 1,
in infiltri M , Erzvorkommen; 2, Rapakiwi; 3, Pegmatit; 4, Glim-
tein infiltriertes Magma verur- merschiefer; 5, Hornblendeschiefer; 6, Kalkstein und
sacht ist. — Eine derartige Meta- Skarn; 7, Granitgneis; A. G., Altes Grubenfeld; N. G.,
. bt Yo T Neues Grubenfeld; H, Grubenfeld von Hopunvaara;
somatose ist ganz sicher im Pit- L, Grubenfeld von Lupikko.
kérantagebiete vor sich gegan-
gen. Dagegen ist es nicht méglich, auf Grund des zur Verfiigung stehenden
Materials ausfindig zu machen, in welchem Umfang der Granitgneis
Umwandlungen der oben beschriebenen Art unterworfen gewesen ist.
Es scheint Verfasser, als ob Granitisierung hauptsiichlich in den Rand-
partien der Granitgneismassive, wo jetzt jiingere Granite am reichlichsten
vorzufinden sind, eine grossere Rolle gespielt hiitte.

Sowohl Triistedt als Eskola haben ihre Aufmerksamkeit auf den
kuppelférmigen Bau der Granitgneismassive gelenkt, der sehr deutlich
z. B. zwischen dem alten und dem neuen Grubenfelde vortritt. Jede
Kuppel (Dom) ist von einer, gewohnlich auswirts von derselben fallenden,
sehr regelméssigen Schichtfolge umhiillt. Derartige Dome kommen nach
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Eskola (1949) in Gegenden vor, die an zwei orogenen Revolutionen teil-
genommen haben. Bei der Bildung der karelischen Dome diirfte dazu
der magmatische Faktor von grosser Bedeutung sein; wihrend des zweiten
orogenen Zyklus stattgefundene Granitisierung hat das Dommaterial
mobilisiert und sein Empordringen ermdéglicht. Eskola schreibt: »the
action of mountain-making thrusting results only in the elliptical shape
and gentle overtilting of the domes». — Es ist Verfasser nichts bekannt,
was darauf hindeuten konnte, dass die Kuppeln frithere getrennte, von
alteren Schiefern umbhiillte svekofennische synorogene (synkinematische)
Intrusionen darstellen. Auch sind die Granitisierungs- und Migmatitisie-
rungserscheinungen in den karelischen Domen iiberhaupt nicht besonders
stark (vgl. Frosterus und Wilkman, 1920; Wilkman, 1923). Im »Granit-
fenster» von Liperinsalo hat man gar keine Granitisierungserscheinungen
feststellen konnen (Saksela, 1933). In Pitkdranta sind die jiingeren
Granite und die Granitisierungserscheinungen hauptsidchlich auf die
Grenzgebiete zwischen den Kuppeln und den umbhiillenden Schiefern
beschrinkt. Es sieht also aus, als ob die Entstehung der karelischen
Granitkuppeln wenigstens zum grossten Teil der mechanischen Ein-
wirkung der gebirgsbildenden Bewegungen zuzuschreiben wiire.

Im Granitgneis, in kleineren Mengen auch in den Schiefern, kommen
quarzdioritische Gesteine als gang- oder knotenférmige Partien vor. Die-
jenigen, die in den Schiefern auftreten, sind »postladogisch», aber sicher
ilter als die postladogischen Granite und Pegmatite. Die iibrigen Quarz-
diorite sind nach Tr. jinger als Granitgneis, aber &lter als die Schiefer-
formation. Jedoch kann ein Teil der »Metabasite» der Granitgneisgebiete,
wie Hackman (1933) bemerkt hat, postladogisch sein, obgleich die gegen-
seitige Unterscheidung der ungleichaltrigen Quarzdiorite sehr schwer ist.

Die Hauptmasse der zwischen die Granitgneismassive eingefalteten
Schieferformation (siehe Fig. 1) besteht nach Tr. hauptsichlich aus
Glimmerschiefern, die hiufig durch reichliche Aufnahme von Feldspat in
Glimmergneise, weniger allgemein durch Uberhandnehmen des Quarzes
in glasigen Quarzit iibergehen. Im Liegenden der Glimmerschieferforma-
tion ist eine 100 bis 300 m michtige Zone von Hornblendeschiefern ein-
geschaltet, an deren Basis, nimlich dem Granitgneis unmittelbar auf-
gelagert einerseits, und in deren obersten, der Glimmerschieferformation
zunichst liegenden Teilen anderseits, 2—38 m michtige Lager teils von
Kalkstein, teils von aus letzterem hervorgegangenem Skarn wechselnder
Zusammensetzung sich parallel zu den Formationsgrenzen hinziehen.
Besonders geeignet, Aufmerksamkeit auf sich zu ziehen, ist die Niveaube-
stindigkeit dieser Kalk-Skarnzonen, eine Erscheinung, die in so auf-
fallender Form im Grundgebirge keineswegs gewohnlich ist. Ausser den
beiden genannten Kalk-Skarnhorizonten kommen, wenn auch weniger
konstant, in den untersten Partien der Hornblendeschieferserie meist
geringmichtige Kalk-Skarnlager vor (die mittlere Zone). Dazu liess sich
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bei den von der Grubengesellschaft
Pitkidrannan Kaivos O.Y. in den
Jahren 193538 ausgefithrten Dia-
mantbohrungen ung. 15 m unter-
halb des obersten Kalkhorizontes
ein viertes Kalklager, Rakkaus-
Lager genannt, feststellen (Palmu-
nen, 1939). — Nach den Analysen
von Kalksteinen aus den verschie-
densten Teilen des Lagerstitten-
gebietes zu urteilen, sind die der
oberen Zone durchschnittlich viel
reicher an Magnesia als die der un-
teren. Auch ist das mittlere Kalk-
lager meist ziemlich dolomitisch
(Tr., S. 91, 103). Im allgemeinen
herrscht im untersten Niveau und
im Rakkaus-Lager der Skarn vor,
wihrend in der mittleren und
obersten Zone mit wenigen Aus-
nahmen Kalklager auftreten. —
Wir haben somit vier Kalk-Skarn-
zonen zu unterscheiden, und diese
Leitlager sind die Triger der Erze.

Postladogische Granite bez.
Pegmatite kommen im Gebiete der
Ubersichtskarte in gang- und
stockférmigen Massen vor. Im
allgemeinen treten »echte» Granite
nur im siidostlichsten Teile des
Gebietes auf, anderswo herrschen
Pegmatite vor. Die bedeutend-
sten Pegmatitmassen finden sich
im alten Grubenfelde sowie in Lu-
pikko. Viel seltener kommt Peg-
matit z. B. im neuen Grubenfelde
vor, und im Hopunvaaragebiet ist
das Gestein nur an einer einzigen
Stelle in nennenswerter Entwick-

1, Granitgneis; 2, Dioritschiefer:

Nach Triistedt (etwas verallgemeinert).

Kluft; Om-KI, Omeljanoff-Kluft; KI-Kl, Klee-Kluft.
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Geologische Karte vom alten Grubenfeld von Pitkiranta.

lung nachgewiesen worden (Tr., S. “1 F N
88). In den zwei erstgenannten Sl Sl N
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Grubenfeldern haben die Pegmati- WAMAR S
te sich in der Grenzzone zwischen
dem Granitgneis und der Schie-
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ferformation angesammelt (vgl. Fig. 2). Dies ist ja leichtbegreiflich,
denn bei Deformation des Komplexes bilden sich gerade in jener Zone
leicht Schwichestellen, was darauf beruht, dass die granitische Sedi-
mentationsunterlage bedeutend steifer reagiert als die iiberlagernden
plastischen Schiefer. — Die meisten von den in der N#he der erzfiih-
renden Zonen vorkommenden Pegmatiten gehoren ganz sicher zu den
sog. Komplexpegmatiten.

In erzgenetischer Hinsicht ist es wichtig, dass wir auf Grund unserer
jetzigen Kenntnisse mit ziemlich grosser Sicherheit das Vorhandensein
von zwei ungleichaltrigen postladogischen Pegmatitgruppen annehmen
konnen. So hat Triistedt in den Uferfelsen des Laatokka-Sees einerseits
zu vielfachen Windungen zusammengepresste Pegmatitginge, anderseits
letztere durchsetzende, vollig geradlinige Pegmatitgiinge beobachtet.
Ebenso hat er im alten Grubenfelde Durchkreuzungen von Pegmatit-
giingen angetroffen, die auf das Vorkommen ungleichaltriger Pegmatite
hinweisen. — Ramsay (Ramsay und Zilliacus, 1897) unterschied im
Gebiete der Pegmatitbriiche von Mursula-Hunttila (im NW-Teil der
Ubersichtskarte) zwei Arten von Pegmatit. Die eine von diesen fiithrt
Quarz, Mikroklinperthit, Oligoklas, Biotit sowie daneben Monazit und
andere, seltene Erden enthaltende Mineralien. Die andere Pegmatitart
besteht aus Quarz, Mikroklinperthit, Oligoklas, Muskovit nebst Turmalin
und rotem Granat. Zwei verschiedene Arten von Pegmatit glaubte auch
Toérnebohm (1891), und zwar in den noérdlicheren Teilen des Karten-
gebietes, unterscheiden zu miissen, ndmlich eine rotliche mit spirlich
dunklem Glimmer innerhalb der Granitgneisformation und eine lichte,
muskovitreiche in den Schiefern. Beide Arten enthalten akzessorisch
u. a. Turmalin. — Auf Grund petrographischer Merkmale ist es jedoch
nicht moglich, wie auch Trustedt bemerkt (Tr., S. 88), eine allgemeine
Gruppierung zustande zubringen. Dies konnte m. E. vielleicht gelingen,
wenn man die tektonische Erscheinungsweise der Pegmatite untersuchte.
In gewissem Masse ist schon in dieser Hinsicht Aufmerksamkeit auf die
tektonischen Verhiltnisse gelenkt worden. So beschreibt A. Gadolin
(Tr., S. 87) von der Insel Pusunsaari zwei im Verhiltnis zum Granitgneis
jingere Granitarten, Pegmatit und »Albitgranity. Ersterer streicht quer
zu den Schieferschichten, letzterer dagegen iiberall den Schichten parallel.
Es sieht also aus, als ob im Pitkérantagebiet sowohl synorogene als spét-
orogene Granit-Pegmatitintrusionen vorkimen. Erstere diirften die
ilteren sein. Kinstweilen sind die Observationen dieser Art jedoch allzu
spirlich, als dass sie eine allgemeinere, auf sie gestiitzte Einteilung im
Pitkdrantagebiet zu ermoglichen kénnten.

Die regionale Verbreitung des jiingsten Gesteins im Gebiet, des Rapa-
kiwigranits, sowie die petrographische und chemische Zusammensetzung
der vier Rapakiwitypen (des ovoidischen, des gleichkdrnigen, des granit-
porphyrischen und des aplitischen) gehen aus Sahamas (1945) Arbeit
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hervor. — In der Nihe des grossen einheitlichen Rapakiwimassivs kom-
men, wie aus der Ubersichtskarte ersichtlich, sowohl im Granitgneis als
in den Schiefern kleine getrennte Rapakiwimassen vor. Weiter vom
Hauptkontakt entfernt, wie im neuen Grubenfelde, in Lupikko und
NW-seits des Dorfes Nietjarvi, finden sich noch einige schmale Rapa-
kiwigiinge. Alles scheint darauf hinzudeuten, dass der Granitgneis und
die Schieferformation vom Rapakiwi flach unterteuft werden; die Ober-
fliche des Rapakiwimassivs senkt sich langsam gegen Westen. Nach
Triistedts Profilen (Tr., S. 63) diirfte sie in der Nédhe des neuen Gruben-
feldes in einer Tiefe von ung. 2.5 km und in der Gegend des alten Gruben-
feldes in einer Tiefe von ung. 4 km unterhalb der Erdoberfliche liegen.

ZUR MINERALOGIE DER ERZFUHRENDEN KALK-SKARNHORIZONTE

In den #lteren Untersuchungen sind in den Kalk-Skarnzonen folgende

Mineralien angetroffen worden:

Erzarten: Arsenkies, Bleiglanz, Bornit, Brauneisenstein, Covellin, Fahlerz, Galeno-
bismutit, gediegen Gold, Gothit, Hamatit, Kassiterit, gediegen Kupfer,
Kupferglanz, Kupferkies, Kupferlasur, Lupikkit, Magnetit, Magnetkies,
Malachit, Markasit, Molybdénglanz, Schwefelkies, gediegen Silber,
Tetradymit, gediegen Wismut.

Gangarten: Aktinolith, Apatit, Aragonit, Baryt, Brucit, Calcit, Chalcedon, Chlorit,
Chondrodit, Diopsid, Dolomit, Epidot, Fluorit, Glimmer, Granat,
Graphit, Helvin, Hornblende (Uralit), Magnesit, Manganepidot, Pie-
montit, Quarz, Scheelit, Serpentin, Skapolith, Talk, Titanit, Topas,
Tremolit, Vesuvian, Wollastonit.

Verfassers Untersuchungen haben gezeigt, dass einige Mineralien aus
dem oben angefiihrten Verzeichnis zu streichen, einige neue Mineralien
wiederum darin aufzunehmen sind. Die Untersuchungen haben auch
reichlich neue Ziige in der Erscheinungsweise der Mineralien ans Licht
gebracht.

»Tetradymity aus Grube 6. Klee. Die untersuchten Belegstiicke ent-
hielten nur wenig Erzart, die unregelmissige Flecke in der Gangart
bildet. Es wurde bald klar, dass in den Belegstiicken gar keine Tellur-
mineralien enthalten waren. Die Erzart besteht hauptsichlich aus Wismut
und Wismutglanz. In kleinen Mengen kommen Zinkblende, Kupferkies
und Molybdidnglanz vor. Die grosseren Wismutglanzindividuen sind
deutlich stengelig, und man kann in ihnen in der Regel kleine spulférmige,
in der Léngsrichtung der Stengel ausgezogene Wismuteinschliisse beob-
achten. Auch ist die typische Umwandlungsverzwillingung zu sehen (vgl.
Schneiderhohn und Ramdohr, 1931). — Durch Bohren wurde aus zwei
Anschliffen Pulver losgemacht, das die obengenannten Haupterzarten
reichlich enthielt. Die Pulverproben wurden danach spektralanalytisch
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mit folgendem Resultat untersucht: Te, 0.01 9%; Ag, 0.01—1 9,; Sn,
0.001—0.01 9.

»Galenobismutit und Wismut, Grube 6. Kleey. Die erzmikroskopische
Untersuchung der mit dieser Etikette versehenen, im Geologischen
Institut der Universitit Helsinki verwahrten Belegstiicke zeigte, dass
als Erzmineralien in ihnen hauptsichlich Wismut und Bleiglanz vor-
kommen. In sehr geringen Mengen sind Kupferkies und Zinkblende anzu-
treffen. Die genannten Haupterzarten kommen zuweilen in gleichen
Mengen und dann in inniger graphischer oder »kornigers Verwachsung
vor (Fig. 3). Bisweilen dominiert Bleiglanz. Er enthilt jetzt unregel-
miissig geformte Wismutflecke und sehr kleine tropfen- oder spulférmige
Wismuteinschliisse, die meistens hintereinander in Reihen in der Rich-
tung der Spaltrisse des Bleiglanzes angeordnet sind (Fig. 4). Es diirfte
sich hier nicht um Entmischung handeln. Es ist wahrscheinlich, dass
Wismut zuerst fliissig im Wirt-
mineral vorhanden war und erst
spiter erstarrte. Eine untere
Grenze fiir die Ausscheidungs-
temperatur des Bleiglanzes,
nédmlich ~ 269° (= Erstarrungs-
punkt des Wismuts), wire hier-
durch ziemlich genau gegeben
: (vgl. Schneiderh6hn und Ram-
dohr, 1931; Odman, 1933). —
Aus den »Galenobismutitpro-
ben» wurde durch Bohren erz-
reiches Material losgemacht,
das danach spektralanalytisch
untersucht wurde. Die Gehalte
an Te, Ag, Mn und In waren
von folgender  Grossenord-

Fig. 3. Bleiglanz (grau) und Wismut (weiss) in »kor- nung: Te, 0.01—0.1 9%; Ag,
niger» Verwachsung. Schwarz ist Gangart. Grube 6. 19 M 0 o In <
Klee, Pitkdranta. Vergr. 95 x. 0.1—1 %; n, 0.01 %; In

0.003 %.

Arsenkies und Loéllingit kommen in der Regel miteinander zusammen
vor. Im allgemeinen scheint Arsenkies in grisseren Mengen aufzutreten,
zuweilen aber sind die beiden As-Mineralien in ung. gleichem Masse an-
wesend. Meistens kommt Lollingit als lingliche Kérner in Arsenkies vor.
In beiden sind oft kataklastische Ziige zu beobachten (Fig. 3, Taf. III).
— Interessant ist die Beobachtung (Tr., S. 196), dass Arsenkies in der
Grube 1. Herberz als diinne dendritische Anfliige auf feinsten Spalten
des Eisenerzes vorkommt.

Gediegen Silber kommt nach Tr. in der Grube 1. Schwartz zusammen
mit gediegen Kupfer als mehrere mm dicke Dendriten und kornige Aggre-
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Fig. 4. Unregelmassige Wismutflecke samt tropfen- und spulformigen Wis-

muteinschliissen (hellgrau), die hintereinander in Reihen in der Richtung der

Spaltrisse des Bleiglanzes (dunkelgrau) angeordnet sind. Grube 6. Klee, Pitki-
ranta. Vergr. 400 x.

gate in Drusenrdumen des Kisenerzes oder in zierlichen Dendriten in
hochgradig zersetztem Skarn vor. In der Grube 1. Nikolai bildet das
Silber diinne, in wasserklarem Calcit eingewachsene Driahte. Laitakari
(1931) berichtet, dass in den Schwartz-Gruben in der Niahe des Kupfer-
glanzerzes metallisches Silber (und viel metallisches Kupfer) in Braun-
eisenerz vorhanden ist. Derartiges Silber kann wohl auf dieselbe Weise
entstanden sein als nach Thomas (1949) das gediegene Silber in der Oxyda-
tionszone der Wallapai-Sulfiderzginge. Die Silbermineralien haben durch
Einfluss der oxydierenden Losungen Silbersulfat gebildet. Dieses ist
dann in den unteren oder mittleren Teilen der Oxydationszone teilweise
reduziert worden, wobei gediegen Silber entstanden ist. Diese Erklarungs-
weise stiitzt also die Auffassung, dass sich im alten Grubenfelde von
Pitkiranta Gelegenheit erboten hat, die Grenzregionen zwischen den
Oxydations- und Cementationszonen zu untersuchen (vgl. S. 201).

Verfasser hat erzmikroskopisch gediegen Silber im arsenkies- und 161lin-
gitreichen Erz der Grube Ristaus festgestellt. Es kommt darin als kleine
isometrische Korner hauptsichlich in den As-Mineralien vor, besonders
in Lollingit. Diese Erscheinungsweise des Silbers ist also eine ganz andere
als die oben beschriebenen.

Fahlerz tritt nach Mitteilung von Prof. R. Beck (Tr., S. 324) rals
kornige und derbe Massen zusammen mit Bleiglanz und Zinkblende in
Serpentin in der Grube Ristaus auf.y — Von Verfasser ist Fahlerz nur in
einem Anschliff gefunden worden. HEs kommt in kleinen zerstreuten
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Kornern in einer bornit- und kupferglanzreichen Masse vor. Die Koérner
sind von schwach olivgriiner Farbe; es scheint sich um das gemeinste
Fahlerz zu handeln.

Cubanit kommt im Erzfelde Pitkéranta ziemlich allgemein vor, ob-
gleich man ihn hier nicht frither beobachtet hat. Gewdhnlich tritt er als
Lamellen in Kupferkies auf. An einigen Stellen ist die Erscheinungs-
weise jedoch ziemlich ungewdhnlich. In der mit der Etikette »Kupfer-
kies, Grube 4. Omeljanoff, Pitkdranta» versehenen Mineralprobe Nr. 3331
des Geologischen Instituts der Universitit Helsinki besteht die Erzart, die
in einer aus Serpentin, Phlogopit und Fluorit zusammengesetzten Gangart
in reichlichem Masse vorkommt, zum grossten Teil aus grobkérnigem
Cubanit. Nur in sehr kleinen Mengen kommen im letztgenannten Magnet-
kies, Zinkblende (oft in kleinen Sternchen) sowie einzelne schmale und
kurze Lamellen oder kleine isometrische Korner von Kupferkies vor. Der
grosste Teil des Cubanits ist jedoch ganz kupferkiesfrei. An frischen Ober-
flichen hat der Cubanit einen fahl bronzeartigen Metallglanz; der Farbton
liegt irgendwo zwischen denen von Magnetkies und Kupferkies. Der
Cubanit scheint ziemlich schnell anzulaufen. Die Anlauffarben sind deut-
lich gelblich, und der Cubanit ist dann dem Kupferkies einigermassen
dhnlich.

Aus einem ziemlich reinen, durch Bohren aus einem Anschliff gelosten
Cubanitmaterial gemachtes Pulverdiagramm zeigte, dass es sich wirklich
um Cubanit handelt. Zu einem gleichsinnigen Resultat fiithrte auch die
chemische Analyse:

Cu Fe S Zn Unlosl. Summe
22.0 % 42.9 9, 33.8% 0.7 % 0.5 9% 99.9 9,

Wenn man die im analysierten Material in geringen Mengen enthaltene
Zinkblende und die unldslichen Silikate unbeachtet ldsst und die rest-
lichen Mengen auf 100 9, umrechnet, ergibt sich folgendes Resultat:

| o At. prop.

‘ | 7o % 1000 ‘
D SR S § PSS ’ 34.9 1060.3 u: Fe : S
i - T SR R ‘ 43.6 780.7 1 :2.21 : 8.01
Cu «oveie i 22.5 3562.5

Das Ergebnis entspricht ziemlich gut der Cubanitformel CuFe,S,.
Der Eiseniiberschuss beruht am ehesten auf dem Magnetkiesgehalt des
Materials, teilweise auch auf dem in der Zinkblende enthaltenen Eisen-
sulfid. Moglicherweise ist das Analysenmaterial etwas kupferkieshaltig
gewesen. — Den spektrographischen Analysen geméss fehlen u.a. Bi
und Sb ginzlich, die Sn- und Ni-Gehalte sind von der Gréssenordnung
0.01—0.1 9, sowie die Ag-, Pb- und In-Gehalte von der Gréssenordnung
0.001—0.01 9%,.
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Es sei noch erwihnt, dass das Probestiick Nr. 3331 voll von Rissen
ist, die mit Gangart ausgefillt sind.

Beim Durchsehen der Pitkdranta-Sammlung der Technischen Hoch-
schule fand Verfasser ein Belegstiick, das ein paar Faust gross war und
hauptsédchlich aus Cubanit bestand. Es enthielt jedoch etwas mehr
Magnetkies, Zinkblende und Kupferkies als das oben beschriebene Probe-
stiick. Kupferkies kommt darin entweder als Lamellen in Cubanit oder
als ziemlich grosse Korner vor, die voll von Cubanitlamellen sind.

Lupikkit hat Palmunen (1939) ein in den sulfidreichen Partien der
Ristaus- und Lupikko-Erze vorkommendes Mineral genannt, das nach
ihm sowohl Magnetkies als Kupferkies, unter dem Erzmikroskop speziell
dem letztgenannten, gleicht. Die untersuchten Lupikkitproben enthielten
ausser Gangarten kleine zerstreute Korner von Zinkblende und Arsen-
kies, Streifen und lappige Korner von Magnetkies sowie schmale Lamellen
von Kupferkies. Ing. G. Boucht hat folgende drei Analysen iiber lupikkit-
reiches Material ausgefithrt (Palmunen, 1939). Die Proben 1 und 2 sind
aus Ristaus, die Probe 3 aus Lupikko.

2

Cu Zn Fe S As CaO  MgO  Unlésl. Summe
1. 13.509, 5.379, 47.109% 28.10% 0.0149, 4.82%, 98.9049,
2. 11.77 4.56 35.88 2l.61 7.74% T.829% 1l.28 100.619
3. 10.0o7 8.34 35.98 2l.63 2.06 13.80 9.95 101.839

Auf Grund des obigen kann man mit ziemlich grosser Sicherheit
schliessen, dass der von Palmunen dargelegte Lupikkit mit Cubanit, der
mehr als gewdhnlich Magnetkies, Kupferkies und Zinkblende enthélt,
identisch ist.

Magnetkies ist in den erzfithrenden Zonen von Pitkdranta sehr ver-
breitet. In Cubanit kommt er in kleinen Kornern, die dusserst zerlappt
und zerrissen sind, oder als schmale Streifen vor. Dies wie auch der
Umstand, dass die Magnetkieskérner von reiner Cubanitmasse umgeben
sein konnen, fithren leicht zu der Annahme, dass das letztgenannte Mineral
hier durch Reaktion zwischen Magnetkies, der zu diesem Zeitpunkt schon
ausgeschieden war, und kupfer(kies)fithrenden Losungen entstanden sei
(vgl. Odman, 1933, S. 584). Die Reaktion lisst sich nach folgender Formel
schematisch veranschaulichen: FeS + CuFeS, = CuFe,S,.

Sowohl in den oben beschriebenen cubanitreichen Belegstiicken als
auch in vielen anderen Anschliffen ist der Magnetkies auf eine bestimmte
Weise umgewandelt worden. Die Umwandlung ist lings den infolge der
Druckbeanspruchung bisweilen wellig gewordenen Spaltrissen nach (0001)
vor sich gegangen. Das Umwandlungsprodukt besteht aus einer schwarzen
Substanz, die sich gar nicht polieren ldsst. — Durch Bohren wurde aus
einem Anschliff Pulver von teilweise umgewandeltem Magnetkies losge-
macht. Das Pulver enthielt als Verunreinigungen Gangart und mog-
licherweise etwas Magnetit. Nach der Analyse enthielt es 3 9%, Wasser
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und 6.7 9, unldsliche Silikate. Wenn man den unléslichen Teil unbeachtet
liasst, belduft sich der Gehalt an Wasser auf 3.2 9%,. Auch dieses Analysen-
resultat ist geeignet die Auffassung zu stiitzen, dass es sich um eine
gleichartige Wasserkiesbildung handelt, die Verfasser schon frither aus
dem Ylojarvigebiet beschrieben hat (Saksela, 1947; vgl. auch Saksela,
1923, Fig. 6, S. 41; Lokka, 1943).

Nach Palmunen (op. cit.) beweisen Beispiele aus Hunderten von
Fundorten, dass der »Schwefeliiberschuss» der Magnetkiese aus nur mikro-
skopisch sichtbarem, oft algenartig struiertem Schwefelkies herriihrt.
Derartiger Magnetkies sollte auch im Pitkirantagebiete vorkommen.
Als eine andere Ursache zur Annahme von Schwefeliiberschuss fiihrt
Palmunen irgendein Melnikovit-Gemisch an, dessen Identifizierung dem
Kundigen schon mit blossem Auge moglich wire und das u. a. in der
Grube 2. Herberz zu finden sein sollte. — Strukturen oben beschriebener
Art in Magnetkies hat Verfasser weder in Pitkdranta noch in anderen
Erzgebieten feststellen konnen. Offenbar hat Palmunen sich in seinen
erzmikroskopischen Bestimmungen geirrt. Es ist moglich, dass u. a. die
sog. Wasserkiesbildung ihn irregefiithrt hat.

Zinkblende. Die dunkle Zinkblende ist nach Tr. im ganzen Gruben-
felde von Pitkaranta ein unzertrennlicher Begleiter des Magnetits. Weil
diese Zinkblende dazu auch da in grossen Mengen im Magneteisenerz
auftritt, wo von anderen Sulfidmineralien kaum Spuren zu finden sind,
hilt Tristedt es fiir ziemlich sicher, dass Magnetit und die dunklen Arten
der Zinkblende genetisch zusammengehoren und eine iltere Bildung als
die iibrigen Sulfide darstellen. Jiinger oder mindestens gleichaltrig mit
letzteren sollte eine in allen Grubenfeldern von Pitkdranta nicht seltene
gelbbraune Blende sein. — Auf Grund der von Verfasser ausgefiihrten
Untersuchungen kann man schliessen, dass die obenerwihnte Auffassung
nicht ganz stichhaltig ist. Wohl scheinen die helleren braunen Zink-
blendevarietiten sich an die anderen Sulfidmineralien anzuschliessen, die
dunkle Zinkblende tritt aber in mehreren ungleichaltrigen Generationen
auf, von denen nur die édlteste in einer bestimmten Serie von Erzbildungen
sich eng an das Magneteisenerz anschliesst.

Die Zinkblende der cubanitreichen Belegstiicke ist stark von Cubanit
verdringt worden. In dieser Zinkblende hat Verfasser unter dem Erz-
mikroskop eine Erscheinung beobachtet, iiber die er Erwihnungen in der
Literatur nicht hat finden kénnen. Die Zinkblende sieht ndmlich kriftig
anisotrop aus. Viermal bei voller Umdrehung wird bei -+ Nicols gelb-
liches Licht reflektiert; in den Zwischenstellungen ist der Lichteffekt
dagegen nicht zu beobachten. Zufolge dieser Erscheinung kann man oft
eine sehr regelmissige Zwillingslamellierung beobachten (Fig. 3, Taf. I).
Immer kann man jedoch nicht die »Anisotropie» wahrnehmen; einige
Zinkblendelamellen oder unregelmissiger geformte Partien derselben
konnen vollig isotrop sein. Einige Zinkblendekorner sind in ihren Rand-
partien isotrop, withrend die inneren Teile anisotrop aussehen.
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Eine genauere Untersuchung zeigte, dass die Zinkblende der cubanit-
reichen Belegstiicke an sicht nicht anisotrop ist, sondern der Lichteffekt
oben beschriebener Art ist durch die in der Zinkblende enthaltenen zahl-
reichen, dusserst kleinen oder beinahe submikroskopischen, regelméssig
eingelagerten Cubaniteinschliisse hervorgerufen. Bei starker (etwa 1000
facher) Vergrosserung kann man kleine »Lichtpunkte» wahrnehmen, die
nebelartig in der Zinkblende verteilt sind, und wenn diese Punkte hie
und da etwas grosser sind, ist an der Stelle eines jeden ein heller Ein-
schluss zu beobachten, der aller Wahrscheinlichkeit nach aus Cubanit.
ebenso wie die in der Zinkblende enthaltenen grossen, mikroskopisch gut
sichtbaren Einschliisse, besteht. — Diese grossen Einschliisse sind von
zweierlei Art. Einige sind nadelformig und regelmiissig in der Zinkblende
eingelagert, die anderen wieder rundlich-oval (mit der ldngsten Achse
gewohnlich in der Richtung der nadelférmigen Einstchliisse). Die letzt-
genannten sind ungefihr gleich gross, etwa 0.05 mm im Diameter messend,
und zeigen ein oft wahrnehmbares Streben, sich an den Grenzflichen
zwischen den Zinkblendelamellen zu legen (Fig. 1, Taf. T und Fig. 1, Taf.
I11; vgl. auch Odman, 1933). Auch die anderen Cubaniteinschliisse sind
nicht immer gleichmissig in der Zinkblende verteilt. Bisweilen sind gar
keine Einschliisse zu beobachten, und es ist interessant festzustellen, dass
gerade die oben erwihnten »isotropen Zinkblendepartien» frei von Ein-
schliissen sind. Es fehlen in diesen ginzlich sowohl die allerkleinsten als
auch die nadelférmigen Einschliisse;: nur grosse rundliche Einschliisse
konnen spérlich in ihnen vorkommen (Fig. 1, Taf. ITT). Auch dieser Um-
stand deutet darauf hin, dass
die Anisotropie der Zinkblen-
de scheinbar und durch die
Einschliisse verursacht ist. —
Die Einschliisse sind am ehe-
sten als Entmischungsproduk-
te zu deuten. Moglicherweise
gehoren sie zu mehreren Ge-
nerationen. KEs ist offenbar,
dass sie nach ihrer Bildung
mobilisiert worden sind. Zu
gleicher Zeit hat sich das mo-
bilisierte Material zu grosse-
ren »Flecken» angehduft. Dies
hat zur Folge gehabt, dass
stellenweise besonders die
allerkleinsten Einschliisse. -

wovon die scheinbare Aniso- Fig. 5. Zinkblende II (grau, schlecht poliert) in »mor-

tropie herriihrt, oft aber auch n}aler» Zinl{blel_lde (grag,.mit_ glatter Oberfla'i,ch_e). Obgn
. _— T ein Magnetitkristall. Weiss ist meist Kupferkies. Pit-
die nadelférmigen, géinzlich kiranta. Vergr. 110 x.
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verschwunden sind. Irgendein Zwischenstadium in diesem Verschwinden
diirfte durch zuweilen anzutreffende Zinkblendepartien vertreten sein, in
denen nur spirlich nadelférmige, dagegen aber in reichlichem Masse
kleine, mikroskopisch jedoch deutlich sichtbare runde Einschliisse auf-
treten (Fig. 1, Taf. I).

In mehreren zinkblendereichen Anschliffen hat Verfasser ein Mineral
gefunden, das von ihm Zinkblende II genannt worden ist. Unter
dem Erzmikroskop unterscheidet es sich von der »normalen» Zinkblende
durch seinen etwas dunkleren Farbton und seine schlechtere Polierfihig-
keit. Bei -+ Nicols ist es in jeder Stellung ganz und gar braun. Es handelt
sich hier um ein sehr feinkorniges Zinkblendematerial. Zinkblende II
kommt als aderformige Partien oder unregelmiissige Flecke vor (Fig. 5).
Im erstgenannten Falle fiillt sie Risse und Spalten, die quer durch die
Schwefelkies-, Kupferkies-, Zinkblende- und sogar Bleiglanzkérner strei-
chen. Fig. 6 stellt einen kataklastisch zerbrochenen Bleiglanz dar, dessen

Fig. 6. Kataklastisch zerbrochener Bleiglanz, dessen scharfkantige Bruch-
stiicke von Zinkblende II verkittet sind. Grube 4. Omeljanoff, Pitkiran-
ta. Vergr. 570 x.

scharfkantige Bruchstiicke durch Zinkblende II verkittet sind. Das letzt-
genannte schneidet auch als schmale Génge die in der »normalen» Zink-
blende eingelagerten linglichen Kupferkieseinschliisse und -triimer schroff
ab; in Zinkblende II hat man nie Kupferkies- oder Cubaniteinschliisse
beobachten kénnen. — Offenbar ist Zinkblende II ein Mineral von sehr
niedrigen Bildungstemperaturen. Es ist nicht unméglich, dass ihre Aus-
fillung wenigstens teilweise aus kolloidalen Losungen stattgefunden hat
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und dass in Zinkblende II ein stark gealtertes ZnS-Gel vorliegt (vgl.
z. B. Zeman, 1949).

Zum Schluss sei erwéhnt, dass Palmunen (1939)in Zinkblende aus der
Grube 4. Omeljanoff Einschliisse von Magnetkies (Entmischungskorper!)
beobachtet hat.

Schwefelkies und Kupferkies kommen im Erzfelde von Pitkéiranta sehr
allgemein vor. Der erstere ist oft kataklastisch zerbrochen. Bisweilen
ist er auch chemisch umgewandelt. Einige Partien sind jetzt heller gelb
als der normale Schwefelkies und deutlich, wenn auch schwach anisotrop.
Andere Partien wieder sind in eine schwarze Substanz, die sich nicht
polieren lisst, umgewandelt. Es ist interessant festzustellen, dass gerade
in derartig umgewandeltem Schwefelkies oft Zinkblende II, gewohnlich
in aderformigen Bildungen, zu beobachten ist. — Bisweilen sind die
Zinkblendekorner, sowie auch die Gangart- und Arsenkies-Lollingit-
partien, von einem schmalen Schwefelkiesband umrahnt.

Schwefelkies ist stark durch Kupferkies, Bornit und Kupferglanz
verdringt (Fig. 2, Taf. III). Kupferkies verdringt ausser Schwefelkies
auch Magnetkies und Zinkblende. Seinerseits ist er sehr oft von Bornit
verdringt worden. Das kupferkiesreiche Erz ist hie und da als schone
Breccie ausgebildet. Die Bruchstiicke bestehen hauptsichlich aus Kupfer-
kies; nur in ihren Randteilen kann man mehr oder minder Bornit beob-
achten. Die Zwischenrdume der Bruchstiicke sind von Gangart (bald
Aktinolith, bald Chlorit und Serpentin) sowie Zinkblende und Bleiglanz
ausgefiillt. Die letztgenannten Erzarten verhalten sich bisweilen ganz
inaktiv zu den angrenzenden -
Kupfermineralien. Ziemlich
oft sieht es jedoch anders aus.
Von den Zwischenrdumen der
Bruchstiicke aus dringt Zink-
blende sowohl in den Bornit
als in den Kupferkies ein,
anfangs schmalen Spalten
folgend und sich dann von
diesen aus seitwirts ausbrei-
tend (Fig. 7). Es handelt sich
ganz sicher um Verdringung.
Im Zusammenhang mit der
verdringenden  Zinkblende
treten hie und da kleine
Bleiglanzkérner auf. Zwi-
schen diesen und den Kupfer-

mineralien hat Verfasser kei- -

3 3 _ Fig. 7. Zinkblende (grau) verdringt Bornit (grauweiss).
nerlel Verdrangt}lngsstruktu Weiss ist Kupferkies. Grube Toivo, Pitkdranta. Vergr.
ren feststellen konnen. [ Nach 40 50
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Laitakari (1931) ist Bornit von schmalen Spalten aus von Bleiglanz
verdriangt worden].

Bornit und Kupferglanz kommen allgemein zusammen vor. Zuweilen
bildet Bornit, zusammen mit Kupferkies, unregelmissige Korner in
Kupferglanz. In diesem Falle sind die Bornitkérner offenbar als Ver-
dringungsreste zu deuten. Diese Annahme wird von Triistedts Beob-
achtungen gestiitzt, nach denen in der Grube Toivo in grosseren Kupfer-
glanzklumpen recht oft Koérner von Kupferkies vorkommen, die von
einer schmalen Zone von Bornit umgeben sind. Bisweilen treten Bornit
und Kupferglanz auf die in Fig. 1 (Taf. IT) dargestellte Weise verwachsen
auf. Der Kupferglanz bildet durchschnittlich 0.0003 mm breite Lamellen
in drei Richtungen. Die Zwischenrdume sind von Bornit, der voll von
schmalen Kupferglanzstreifen ist, ausgefiillt. Eine derartige Struktur ist
durch Entmischungszerfall eines Cu,S —CujFeS, - Mischkristalls (bei
175°) entstanden (vgl. Ramdohr, 1950). Gleichartige Gitterstruktur ist
neulich von Sales und Meyer (1949, S. 473) aus dem Erzfelde von Butte
beschrieben worden. Die genannten Forscher haben auch vollig gleich-
artige gitterstruierte Kupferglanz-Bornitmasse auf die Weise kiinstlich
hergestellt, dass sie das »bornitfleckige» Kupferglanzerz von Butte unter
Druck von 1 at. erst 6 Tage bei 350° und danach 2 Monate bei 160° er-
hitzten (cp. cit., S. 483; siehe auch Schwartz, 1928).

Das oben beschriebene Bornit-Kupferglanzbelegstiick enthélt rund-
liche Korner von gediegenem Kupfer, Zinkblendeflecke (Fig. 1, Taf. II)
sowie kleine »Punkte» von irgendeinem cremegelben Mineral, moglicher-

,

Fig. 8. Kupferglanz (hellgrau) und Bornit (dunkelgrau). Grube Schwartz,
Pitkdranta. Vergr. 1115 x. Olimmersion.



Suomen Geologinen Seura. N:o 24. Geologiska Siéllskapet i Finland. 197

weise von Silber. Die chemische Analyse ergab: 6.94 %, Fe, 21.06 9% S
und 69.50 9%, Cu. Der Gehalt an Bornit ist also etwa 60 9.

Bornit und Kupferglanz kénnen auch myrmekitisch verwachsen auf-
treten. Deutliche und typische Verwachsungen dieser Art sind jedoch
ziemlich selten; sie gehen z. B. in solche weniger »deutlichen» Strukturen
iiber, wie in Fig. 8 dargestellt. — Myrmekitische Verwachsungen von den
zwei obengenannten Mineralien sind bekanntlich in einer Unzahl von
Lagerstiatten angetroffen worden. KEs ist klar, dass eine Eutektbildung
aus dem reinen System Cu,S — Cu;FeS, in diesem Falle nicht vorliegen
kann. Trotzdem konnte es sich, wie Ramdohr (1950) bemerkt, um eine
entsprechende Ausscheidung entlang einer eutektischen Linie in einem
polyndren System mit Komponenten von niedrigem KErstarrungspunkt
handeln.

Es sei in diesem Zusammenhang erwidhnt,