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A GEOBAROMETER FOR CERTAIN MIGMATITES 

R. V. DIETRICH 

Departmenf of Geological Sciencer, Virginia Po&fechnic Institute 
Blacksbazrg, Virginia, U.S.A. 

ABSTRACT 

Where a K-feldspar-, quartz-rich rock occurs in juxtaposition with a plagiodase-, quartz-rich 
rock and it can be demonstrated that either or both of the rocks have undergone partial anatexis, 
it may be possible to determine whether the anatexis took place at a pressure below, near, or above 
approximately 1.7 kilobars. Laboratory data indicate that at pressures greater than approximately 
1.7 kilobars. Na-rich plagiodase plus quartz stam to melt - and thus gains at least potential mobility 
- at lower temperatures than K-feldspar plus quartz, whereas at pressures of less than approximately 
1.7 kilobars the reverse relationship obtains (Le., K-feldspar plus quartz starts to melt at lower tem- 
peratures than plagiodase plus quartz). Of course, the effects of differences in viscosities of the 
anatectic fluids, of volatile contents, ett., must become better known before at all acceptable values 
can be assigned. 

Occurrences of such rocks in juxtaposition are not uncommon in migmatite terrains. A banded 
migmatite of southem F i d  is described and conduded to exhibit features probably attributable 
to anatexis above approximately 1. e kilobars. 

INTRODUCTION 

A large percentage of migmatites are characterized in the literature as »granitic» 
in composition. Nonetheless, close examination has shown that many of them actuaiiy 
contain either plagiodase or K-feldspar, almost to the exclusion of the other, along 
with quartz and the other mineral constituents. Not uncommonly a rock unit con- 
taining the one feldspar and quartz occurs contiguous with another unit containing 
the other feldspar and quartz (see, e.g., Dietrich, 1959 or 1960). 

A banded migmatite from southern Finland that exhibits this relationship and 
which subsequent to the formation of its banding underwent fracturing and apparently 
partial anatexis serves as the basis for this brief note. 

The exact geological occurrence of the described specimen is not known. The 
specimen was discovered by the writer in the collections of the U. S. National Museum 
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about ten years ago when Dr. William F. Foshag and Dr. George Switzer were kindly 
helping him look for ptygmatic features. According to museum records, the specimen, 
along with type locality ptygmatic features, was sent to the museum by Dr. J. J. Seder- 
holm. The only location given was »southern Finland.» This lack of information, of 
course, reduces the significance of t h s  example. The specimen, however, constitutes 
too fine an example for calling attention to certain phenomena to be ignored. 

The terms used in this paper to apply to certain features (e.g., restite) and processes 
(e.g., anatexis) are used as defined by Dietrich and Mehnert (1960). 

DESCRIPTION 

A tracing of the interesting part of the specimen is given as Figure 1. The dark 
bands consist chiefly of approximately miliimeter grains of hornhlende, biotite, and 
oligoclase (An,,-,,) with abundant sphene and minor apatite. As is shown, the lighter 
colored bands are tripartite - their central portions consist almost wholly of 3-5 
millimeter grains of microcline and quartz whereas the generally thinner zones to 
either side (Le., between the ncentral portions)) and the dark bands) consist of 2-3 
millimeter grains of oligoclase (An,,-,,) and quartz. Each of these contains trace 
amounts of hornblende and biotite. The microcline, a small proportion of which is 
slightly microperthitic, exhibits »grid» twinning. Most microciine-microcline and 
microcline-oligoclase boundaries (the latter of which occur near the boundaries 
between the predominantly microciine plus quartz bands and the predominantly 
oligoclase plus quartz bands) exhibit plagioclase rims similar to those pictured and 
described by Tuttle (1952). Index of refraction measurements indicate these rims to 
be albitic in composition. As Tuttle (op. cif.) suggested, the albite may have been 
derived by unmixing from the microcline. 

A very interesting veinlet transects the bands. This veinlet consistently cuts across 
the relatively well foiiated hornblende-biotite richer bands at a more acute angle 
than it does across the predominately feldspar-quartz bands. The veinlet, like the 
rock proper, consists of three differently constituted sections - 1. wholly plagioclase 
(An,, ?,), 2. microcline plus quartz, and 3. plagioclase (An,,-,,) plus quartz. The 
boundaries between the differently constituted portions are abrupt, i.e., there are no 
segments that exhibit compositional zoning paraliel to their walis. The rninerals of 
the veinlet are of markedly coarser grain size than the same minerals in the rock 
proper. The hornblende and biotite grains of the dark bands are slightly more con- 
centrated and do not exhibit so well defined a preferred orientation directly adjacent 
to the veinlet as they do away from it; this may be a restite and the probable reorien- 
tation may represent »pushing aside» as a result of the vein-Ung process. The 
microcline of the veinlet, like that of the bands, exhibits »grid» twinning but with 
less regular distribution than that of the microcline in the rock proper. A few, spo- 
radic grains of the oligoclase in the veinlet are antiperthitic; contrariwise, none of 
the grains in the rock proper was seen to be either visibly or microscopically anti- 
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R O C K S :  V E I N :  

@Lr&l%2kASE 

PLAGIOCLASE-QUARTZ GRAN- P L A G I O C L A S E  t QUARTZ 
U L T T E  

M I C R O C L I N E - Q U A R T Z  I R A N -  M I C U O C L I N E  t QUARTZ m " L I T E  

FIG. 1. Tracing of Banded Migmatite specimen from Southern Finland. (The 
symbol for the vein plagioclase should not be comhued to imply that all of the 

vein p l a g i d s e  is of th same orientation; it is not.) 

perthitic. Each of the portions of the veinlet contains the low melting constituents 
of one af the rocks constituting the banded host rock. BUT, the boundaries between 
the diEerently constituted parts of the veinlet do not coincide with the boundaries 
between the difTerently constituted bands of the host. The plagioclase-quartz seg- 
ments of the veiniet extend farther into the chicfly hornblende-biotite-plagioclase 
bands than into the predorninantly rnicroclinequartz bands. 

DISCUSSION 

So far as the subject of main concern in this paper, evaluation of diverse con- 
jectures as to origin of the banding may be omitted. I t  is sufficient to State that the 
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banding must have been estabiished before formation of the veinlet. (The fact that 
the veinlet cuts across the dark, relatively well foiiated bands at a nearly consistent 
and acute angle and across the light, only poorly foliated bands also at a nearly con- 
sistent but less acute angle appears to establish the fracturing, certainly pre-vein 
formation, as post-banding.) 

The lack of correspondence of the compositional boundaries within the veinlet 
with those of the contiguous rock precludes the possibiiity that the vein minerals 
were deposited under overall substrate control. On the other hand, local derivation 
of the vein minerals is certainly indicated although not proved. 

The distribution of the minerals within the veinlet indicates that: 1. the plagiodase- 
quartz composition fluid became mobile while the K-feldspar-quartz and the plagio- 
clase composition, potential fluids were still immobile; 2. the fluid was rather viscous; 
and 3. later the K-feldsparquartz composition fluid and still later the plagioclase 
composition fluid also gained mobility. This alternative of prior mobility, rather than 
greater but simultaneous mobility, of the plagioclase-quartz composition fluid as 
compared to the K-feldspar-quartz and the plagioclase composition fluids is con- 
sidered applicable because the arrangement of constituents within the vein can be 
accounted for rather easily on the basis of sequential events, whereas if each of the 
three fluids had come into existence essentially simultaneously (even if with notable 
differences of fluidity) it would appear that the compositional boundaries of at least 
the border zones of the veinlet would correspond with the compositional boundaries 
within the contiguous host rock. A relatively high viscosity for at least the plagiodase- 
quartz composition fluid is indicated by the distribution of the plagioclase plus quartz 
portion of the vein - it would appear that had the fluid been of low viscosity essen- 
tially all, if not all, of the border zones of the entire vein would have been composed 
of plagioclase plus quartz. The later (albeit probably only slightly so) sequence of 
mobilization apparently involving first the mobilization of the K-feldspar-quartz 
composition fluid and subsequently the mobilization of the plagioclase composition 
fluid is indicated by the f a a  that the fluid from which the plagioclase and quartz por- 
tion of the vein was deposited encroached further into the plagiodase-rich bands than 
into the microcline-, quartz-rich bands. This indicated sequence would be that expected 
under the herein hypothesized - essentially isobaric, rising-temperature - condi- 
tions. The sequence, if correct, would etrongly support the conclusion that the proba- 
bly relatively highly viscous plagioclase-quartz fluid was formed as the result of 
melting and, thus, most probably was a local, anatectic magma. This, in turn, would 
support the further dependent conclusion that these relationships permit making of 
the geobarometric statement that this vein was formed at a pressure of greater than 
approximately 1.8 kilobars (see Figure 2). 

This is true because, as has been shown by several laboratory experiments, the 
albite plus quartz liquidus crosses the orthoclase plus quartz liquidus at approximately 
1.7 kilobars pressure and about 770°C. Of course, the oligodase plus quartz iiquidus 
would cross the orthoclase plus quartz liquidus at a higher pressure (but lower tem- 
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FIG. 2. Relationships of liquidus curves of quartz + albite (Q + Ab), quartz + 
K-feldspar (Q + Or), and the »ternary minimum» (Ter. Min.); after Tuttle and 

Bowen, 1958. 

perature). The 1.8 kilobars figure is suggested for this specimen instead of the 1.7  

kilobars figure to emphasize the fact that the oligoclase (An,,-,,) plus quartz liquidus 
would cross the K-feldspar plus quartz liquidus at a higher pressure than the albite 
plus quartz liquidus does. 

CONCLUSIONS 

The features of the described specimen suggest that at the time its included veinlet 
was filled the rock was under pressure and temperature conditions that promoted 
earlier mobility of plagioclase plus quartz composition fluid than of either K-feldspar 
plus quartz composition fluid or plagioclase composition fluid. Rising temperature 
at some pressure of greater than approximately 1.8 kilobars would apparently fulfill 
the conditional requirements. 

Careful search wiil certainly lead to the discovery of several rocks the low melting 
temperature phase of which woirld have either a K-feldspar or plagioclase plus quartz 
composition rather than the more common nternary-minimum)) composition. Those 
occurrences where K-feldspar-, quartz-rich rocks occur in juxtaposition with plagio- 
clase-, quartz-rich rocks should be examined closely for features that may make pos- 
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sible a greater than, nearly equal to, or less than some single value pressure-of-for- 
mation statement. 

I t  must always be kept in mind, however, that not only must there be juxtaposition 
of the two types of rock, but also the absence of a nearby rock containing both pla- 
gioclase and K-feldspar along with quartz. Such a rock would serve as a source for 
»ternary minimum» fluid which should fili both real and potential openings under 
lower temperature and pressure conditions thus precluding the events herein hypothe- 
sized. Also, mere movement of anatectic fluids of either plagioclase plus quartz (see, 
e.g., Harme, 1962) or K-feldspar plus quartz composition (alone) within a rock can 
not be considered indicative of any condition other than a superliquidus one for the 
fluid which moved. 

Perhaps the major loophole in applying these laboratory data to most occurrences 
is the necessary assumption that the mobile materia1 was a melt. So far as the writer 
is aware, there are no definite data that show, far example, volatilization temperatures 
to have necessarily the same temperature order relationships as fusion temperatures. 

Also problematic are questions such as what volatiles were present (?) and how 
would these have affected the temperature-pressure position of the pertinent inter- 
section (?). The work of Wyllie and Tuttle (e.g., 1961 and 1964) suggest that the effect 
could be noteworthy. 

Furthermore, there is essentially no published data relating to viscosities of quasi- 
natural magmas and a dearth of data relating to viscosities of fluids of anything even 
approaching rock compositions (see, e.g., Shaw, 1963). Such data are needed not only 
because they could add much to considerations of this type but also to petrogenetic 
considerations in general. - 

Therefore, present day observations of these kinds of features must be considered 
mainly as the recording of occurrences to  be investigated more fully when more 
pertinent data become known. Then, they may become very important - particularly 
since there is a general lack of pressure-of-formation (or pressure-of-change, inter 
aliu) information. For example, essentially all so-called geothermometers are pressure 
dependent. Such pressure information, ifproved valid and weli-defined, would permit 
much greater insight into considerations of several things like depth of formation. 
This is true not only because the pressure gradient of the crust of the earth is appar- 
ently better known than the geothermal gradient is, but also because for some rocks 
it may become possible to correlate the two gradients. 



A Geobarometer for Certain Migmatites 9 

REFERENCES CITED 

DIWRICH, R. V., 1959, Development of ptygmatic features within a passive host during partial 
anatexis: Beitr. Min. u. Petr., v. 6, p. 357-366. 

->>- 1960, Genesis of ptygmatic features: Int. Geol. Congr., XXI Sess.. Norden, Pt. XIV, p. 138- 
148. 

-»- 1966, Partial anatexis above and below approximately 1.7 kilobars (Abst.): Program Ann. 
Mtg. S.E.Sect. Geol. Soc. America, p. 23. 

DIETRICH, R. V. & ~EHNERT, 1960, Proposal for the nomenclature of migmatites and associated 
rocks: Int. Geol. Congr., XXI Sess., Norden, Pt. XXVI, Suppl. v., Sect. 1-21, p. 56-67. 

HARME, MAUNU, 1962, An example of anatexis: C. R. Soc. Géol. Finlande XXXVI, Bull. Comm. 
Géol. Finlande, No. 204, p. 113-125. 

SHAW, H. R., 1963, Obsidian-H20 viscosities at 1 000 and 2 000 bars in the temperature range 700" 
to 900" C: Jour. Geophysical Research, v. 68, p. 6337-6343. 

TUTTLE, 0. F., 1952, Ocigin of the contrasting mineralogy of extrusive and piutonic saiic rocks: 
Jour. Geol., v. 60, 00. 107-124. 

TUTTLE, 0. F. & N. 1.. BOWEN, 1958, Origin of granite in the light of experimental studies in rhe 
system NaAlSi,O,-KAISi,O,-Si02-H,O: Geol. Soc. America, Mem. 74, 153 p. 

WYLLIE, P. J. & TUTTLE, 0. F., 1961, Experimental investigation of silicate systems containing two 
volatile components. Part II. The effects of NH, and HF, in addition to H,O on the melting 
temperatures of albite and granite: Am. Jour. Sci., v. 259, p. 128-143. 

-»- 1964, Experimental investigation of silicate systems containing two volatile components. 
Part 111. The effects of SO,, P80,, HCl, and Li,O, in addition to H 2 0  on the melting tem- 
perature of albite and granite: Am. Jour. Sci., v. 262, pp. 930-939. 

ADDENDUM 

After the discovery of above described relationship, the ptygmatic vein pictured 
and figured in detail (Dietrich, 1959 and 1960, respectively) was reëxamined to see 
if it also could be cited as a possible example of this type of phenomenon. The speci- 
men exhibits slight encroachment of the microcline plus quartz portions of the veins, 
that transect the compositional boundary of the host, into the vein segments within 
the rock that is composed chiefly of plagioclase plus quartz (and biotite). If the same 
hypothesis of origin fits this rock as appears to fit best the above described rock 
from southern Finland, this Northwestern Adirondack Province rock would appear 
to have been formed at pressures of less than approximately 1.7 kilobars. But, an 
additional point must be raised with regard to this rock - the microcline of the 
microcline plus quartz portion of these veins is markedly perthitic so the controlling 
conditions, as indicated by the liquidus curves, may have been those perrnitting for- 
mation of a »ternary minimum)) composition fluid and then a quartz plus plagioclase 
composition fluid. If such were the case, the relationships within this rock could 
have been formed as the result of either rising temperature under essentially isobaric 
conditions or of rising pressure under essentially isothermal conditions ( c t c . )  with 
no pressure value alternative within the temperature pressure range generally con- 
sidered applicable to  petrogenesis of »granitic» and similarly constituted migmatites. 

R. V. D. 
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REMARKS O N  THE PAPER >>A GEOBAROMETER FOR 
CERTAIN MIGMATITES)) BY R. V. DIETRICH 

BY 

VLADI MARMO 

Geol'ogical Suruey of Fin'and, Otanienti 

In his paper, professor R. V. Dietrich rnakes an interesting approach to the pet- 
rology of migmatites. He starts from the laboratory data indicating that at pressures 
above approx. 1.7 kilobars, Na-rich plagioclase + quartz starts to melt at lower 
temperatures than K-feldspar + quartz, whereas at pressures of less than appros. 
1.7 kilobars the reverse relationship occurs. 

He presents a very careful and detailed investigation of a specimen from the col- 
lections of the U.S. National Museum, sent to the museum by J. J. Sederholm to 
illustrate the ptygmatic features. The only location given was »southern Finland)). 

On the basis of the examination of this single handspecimen, prof. R. V. Dietrich 
made, however, quite a generalization (p. 3): »A banded rnigmatite of southern Fin- 
land is described and concluded to exhibit features probably attributable to anatexis 
above approximately 1.8 kilobars.9 

The migrnatites of southern Finland are, in general, very inhomogeneous xocks 
especially as far as the paleosome is concerned. They may be composed of mica 
schists, mica gneiss, amphibolites of different origin, and also of equigranular quartz 
-and granodiorites, rarely also of rocks of granite composition, even if only a 
small area is concerned. Figs 1 to 3, for instance, represent an area (Otaniemi) 1 by 
1 km in size. Figs 4 to 5, are taken from an outcrop at the airport of Helsinki (Seutula). 
The neosome, on the contrary, is mostly microdine-albite aplite also often forming 
homogeneous masses within the migmatites. 

Furthermore, if the paleosome is amphibolite, the contacts with rnigmatite- for- 
ming aplite are always sharp (Fig. 4). Sometimes amphibolite occurs as fragments, 
and the migmatite is breccialike. If the paleosome is mica schist or mica gneiss, the 
contacts are often gradational or even diffuse (Fig. 3), the paleosome itself often being 
so rich in microcline that its composition is granitic. 
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FIG. 1. Migmatite with paleosome of amphibolite. Neosome to the right is 
aplite, at the hammer it is made up by coarse microcline with pockets, blebbs 

and veinlets of quartz. Otaniemi. 

FIG. 2. 1-arge vein of migmatiizing aplite, and enclosing strip of biotite schist 
- restite of paleosome. Otaniemi. 
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FIG. 3. Paleosome of mica gneiss containing microcline 
in abundance. Aplitic material forms neosome, but the 

margins are very diffuse. Otaniemi. 

In his paper, prof. Dietrich is using the name granulite for the neosome of the 
specimen he describes. In Finiand the name is not wsed at aii in this sense, because 
the migmatizing material here, and also in Sweden, is predominantiy aplite, rich in 
potassium. K-feldspar is invariably microdine of high triclinicity (0.9 to 1.0), and 
plagioclase is albite or acid oligoclase. Sometimes the neosome is coarse-grained, 
pegmatitic, or pegmatite. In Fig. 1, it consists only of coarse microcline with pockets 
and veinlets of quartz. True pegmatite, if occurring as neosome, may be made up 
solely of quattz. 

The ptygmatic veins are not very characteristic of the migmatites of southern 
Finland. In the Otaniemi area they are occasionally present. At the airport (Fig. 5) 
they may be excellently developed. 

Distribution of plagioclase + quartz and microciine + quartz, as illustrated by 
Dietrich may be found. Mostiy, however, the migmatizing veins and patches are 
made up homogeneously of aplite (= microciine + albite + quartz). 

Thus, generalization of observations based on one hand specimen for arents such 
as those occupied by the migmatites of southern Finland, is both dangerous and 
may be even misleading. 

Some remarks must also be made concerning the actual discussion of prof. Die- 
trich, on the determination of the pressure conditions under which anatexis was pro- 
duced. 

According to Fig. 2 of the paper of Dietrich, his starting point is based on tem- 
peratures above roughly 650°C. Such temperatures are unexpected for the migmatites. 
Aplitic granites, if using feldspars as thermometers, give much lower temperatures - 
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FIG. 4. Banded rnigrnatite. Darkest strips of paleosome are 
biotite amphibolite; light gray is mica schist. The lightest gray 
is leptite. Neosome is pegmatitic (upper part), and aplitic. 

Seutuia airport. 

FIG. 2. Well developed ptygmatic veins. Seutula airport. 
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as low as 350°C. The high and constant triclinicity af rnicrocline also indicates tem- 
peratures below 500°C. The modern opinions of granite petrologists are more inclined 
in favour of the hydrothermal emplacement of the migmatizing material, and also in 
favour of palingenesis, and still more of anatexis in the presence of water. On this 
model is also based the assumption of Walton (1960), who named it »Anatectic». 
For this model, Tuttle and Bowen (1958) have supplied much supporting material. 
According to Tuttle, in such rocks, which are rich in water, and correspond to granite 
in composition, the granite liquids must be important, because the stability field of 
granitic liquids extends into the PT-conditions prevailing at the depth of high-grade 
regional metamorphism. According to Walton (1960) a granite melt can already exist 
at roughly 650°C and at water-vapour pressure of about 2.000 kg cm-: At a still 
higher water-vapour pressure, the crystallization of two separate feldspars wili be 
intensified, and at the same time the necessary temperature decreases. This result was 
supported by the experiments of Yoder, Stewart and Smith (1957) in the ternary 
feldspar-water system Ab-Or-An-H,O. According to theae, even low concen- 
tration in Ca-feldspar can cause the crystaliization of separate K- and Na-feldspars 
at still lower water concentration. 

It  is also important to note here that the results mentioned above (Tuttle and 
Bowen) are based on the system NaAISisOs-KAlSi,O,-Si0,-HaO. 

As a matter of faa, the »anateaic» model is close to the model set forth by Seder- 
holm. The mechanisrn of them both works in principally the same way. 

In his ~hydrothermal modeln the present author has paid still more attention to 
the importance of water, and thus could explain the formation of aplites at tempera- 
tures below 500°C. 
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REPLY 

BY 

R. V. DIETRICH 

Colftge o f A r t s  and Sciences, Virginia Poly fechnic Institzite 
Bl'acksburg, Virginia, U. S .  A . 

1 believe that most of Dr. Marmo's points are covered sufficiently in the original 
note. Incidentally: 

The described specimen was not, in my opinion, sent by Dr. Sederholrn to illustrate ptygmatic 
features. 

The term granulite was used in the paper strictly as a descriptive term to refer to the granular 
character of the unit. 

No general significance of the reported relationships in this one hand specimen, so far as its 
possible bearing upon interpretations of geologic events in any large area, was stated or intended. 
Perhaps it would have been better to have said »A banded migmatite spccimen frorn Southern Fin- 
land is described and concluded to exhibit features possibly attributable to anatexis above approxi- 
mately 1.8 kilobars.)) 
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IRON CONTENT OF MELILITE 

BY 

TH. G. SAHAMA 

Universio o f Helsinki, Finland 

ABSTRACT 

This paper presents a review of the analytical data avaiiable of rock forming melilite. The fol- 
lowing statements may be made: 

According to the mode of occurrence, melilite can be divided into three groups. 
1. Contact metamorphic group. Composition covers virtuaiiy the entire åkermanite-gehlenite 

series, often with more or less predominating gehlenite component. The atomic ratio Al/(Na + K) 
is a little or very much greater than 1 : 1. The contents of the alkali melilite and iron melilite com- 
ponents extend down to negligible. 

2. Volcanic group. The atomic ratio of aluminum to the alkalies is usuaily almost 1 : 1 or. in 
a few analyzed specimens, aluminum shows a slight excess over this ratio. Accordingly, the alkali 
melilite component is quantitatively important and the gehlenite component proper plays just a 
minor or even a negligible role. The main variation in composition is found in the ratio of the åker- 
manite component to the iron åkermanite (iron gehlenite) component. The composition is conve- 
niently illustrated in an Al-Fe-Mg diagram indicating the relative contents of alkali melilite (plus 
the small amount of gehlenite), iron ikermanite (plus iron gehlenite) and åkermanite. 

3. Plutonic-subvolcanic group. This group seems to be intermediate between the two previous 
groups. Data available so far are, however, too scanty for any review. 

Microprobe study of a number of zoned volcanic melilite specimens indicates that the zoning 
is not caused by a variation in akermanite/alkali melilite (gehlenite) ratio but mainly by a variation 
in the Fe/Mg ratio. In this respect melilite is analogous to  rock forming olivine, orthopyroxene etc. 

There is no need to include an Al-free alkali melilite component in the list of natural melilite 
end members. 

More data for the composition of rock forming melilite are highly desirable. 

INTRODUCTION 

It is, of course, just a formal matter to put up specific end members for compli- 
cated solid solutions like for many of the rock forming silicates. This principle is 
certainly valid also for the melilite group. It seems, however, that for natural melilite 
the range of variation of the chemical composition wiii be iiiustrated best on the basis 
of the end members. 
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The history of the study of the melilite group, with a discussion of the end mem- 
bers proposed in literature, has been thouroughly reviewed by Christie (1961 a and 
b; 1962 a and b) and wili not be repeated here. Leaving aside the zinc- and beryliium- 
bearing silicates with melilite-type structure, the following end members of natural 
melilite can be established: 

Akermanite ........................ Ca,MgSi,O, 
Ironakermanite . . . . . . . . . . . . . . . . . . . .  Ca,FeSi,O, 
Gehlenite .......................... Ca,Al,SiO, 
Iron gehlenite ...................... Ca,Fe,SiO, 
Soda melilite . . . . . . . . . . . . . . . . . . . . . . . .  CaNaAlSi,O , 

Of these compounds akerrnanite is the only one to have been found pure or nearly 
so in Nature (Zambonini, 1910). Akermanite and gehlenite have been synthesized 
long ago. Iron bkermanite was prepared by devitrifying glass at 700°C by Bowen, 
Schairer and Posnjak (1933). Synthetic iron gehlenite has been described by Nurse 
and Midgley (1953). Recently, Yoder (1964) has shown that soda meiilite represents 
a stable compound at pressures above 4 kb. Its optical properties have been deter- 
mined by Schairer, Yoder and Tilley (1965). 

Most studies of the melilite group published in literature deal with the gkermanite- 
gehlenite series and pay little or no attention to the alkali and iron contents of the 
rnineral. As has been remarked already by Winchell (1924), Berman (1929) and 
recently by Yoder (1964), Mittempergher (1965) and Edgar (1965), the soda melilite 
is known to be a constant component in the melilite of alkaline magmas and, accord- 
ingly, is of considerable petrological importance. The significant content of iron in 
many melilites is also weli known and has been stressed by Sahama (1961). 

The aim of this paper is to review the alkali and, especiaiiy, the iron content of 
melilite. It will be done partly on the basis of the chemical melilite analyses available 
and partiy on the basis of electron microprobe study of the melilite zoning. The 
presentation of the melilite compositions in triangular diagrams is given in atornic 
percent. 

MATERIALS 

Table 1 summarizes the analyzed melilite specimens used in this paper. Most of 
the chemical analyses have been published in literature and will not be reproduced 
here. Only the analysis of meiilite No. 17 is previously unpublished and is given in 
the table. No. 29 presents an unpublished microprobe analysis. Nos. 30-35 represent 
partiai microprobe analyses of aluminum, iron and magnesium in zoned melilite phe- 
nocrysts. The results of these partial analyses are indicated in the diagrams of Figs. 3, 
7 and 8. The microprobe work was done by the author using the »Geoscan» electron 
microprobe (Cambridge Instrument Co.) of the Geological Survey of Finland. A 
fairly large homogeneous phenocryst of melilite No. 13 served as a standard. 
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FIG. 1. MeLilite specimens Nos. 1-28 of Table 1 plottediin a 
Na,K-(Al-alk),Fem-Mg,Fen,Mn diagram. Illusrating the con- 
tents of alkali melilite, gehlenite (&on gehienite) and Hkermanite 

(iron iikermanite). 

The mode of occurrence of rock forming melilite is essentially threefold. 1) The 
mineral is a characteristic constituent of high temperature contact metamorphic lime- 
stone or dolomite where it evidently represents a product of reaction between car- 
bonates and silicates. Such a mode of occurrence, denoted in this paper as contaa 
metamorphic, also includes the occurrence in calcareous blocks ejected by volcanoes. 
Of the meiilite specimens listed in Table 1, Nos. 1-9 belong to the group of contact 
metamorphic origin. 2) Melilite is a wide spread constituent in highly alkaline, silica 
deficient volcanic rocks where it must be considered as a crystallization product of 
the melt. In this paper, the latter mode of occurrence is denoted volcanic. Nos. 10- 
23 and 29-35 of Table 1 are representatives of the volcanic group. 3) Meiilite speci- 
mens Nos. 24-28 of Table 1 are not c o n m  metamorphic nor volcanic but represent 
the third group denoted plutonic-subvolcanic in this paper. 

THE GEHLENITE COMPONENT 

The conventional way of presenting meiiiite compositions diagrammaticaiiy is 
to plot the analyses in a soda melilite-gehlenite-åkermanite triangle adding the iron 
gehlenite component to gehlenite and the iron (manganese) akermanite component 
to åkermanite. Fig. 1 presents such a plot. However, instead of the compounds 
Ca(Na,K)AlSi,O ,, Ca,(Al,Fe),SiO, and Ca,(Mg,Fe,Mn)Si,O ,, the cation sums 
Na + K, (Al - alk) + ~ e ' ~  and Mg + J?en + Mn were taken as coordinates. The 
use of the cations as coordinates was preferred because these coordinates can be 
calculated direct from the analytical data without having to account for a possible 
excess or deficiency of silica ctc. over the idea1 chemical formulas and, fuaher, without 
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having to consider any possible ordering or disordering in the occupation of the 
tetrahedral sites of the melilite structure by Al, Mg, Si etc. 

Fig. 1 illustrates the remark made by Yoder (1964, p. 86) that 'a significant 
number of melilites plot near the middle poaion of the soda melilite-ikermanite 
join, even though emphasis in the past has been directed toward the gehlenite- 
Akermanite join'. This statement holds true especialiy for the group of volcanic 
melilite whereas the contact metamorphic group extends down to the gehlenite- 
akerrnanite join. 

The iron (manganese) end members proper contain neither aluminum nor alka- 
lies. Therefore, for a moment, we can forget about the iron (manganese) content 
of the melilite specimens used and plot the analyses referred to in Table 1 in the 
(Na, K)-Ai-Mg triangle of Fig. 2. In this figure, only two of the analyzed melilite 
specirnens, uix., No. 12 (volcanic) and No. 27 (plutonic-subvolcanic), plot slightly 
above the dashed line which indicates a one-to-one ratio of aluminum to the alkalies. 
The analyses of these two melilites show an excess of the alkalies over alurninum. 
For melilite No. 12 it is not possible to decide whether this excess is real or just a 
result of analytical inaccuracy. The analysis of rnelilite No. 27 shows a low total and 
a very high P,O, content indicating that the rnaterial was probably contaminated. 
Leaving these two exceptions aside, the figure illustrates the fact that volcanic melilite 
plots on or slightly below the dashed line. In the contact metamorphic melilite group, 
on the other hand, the excess of aluminum over the alkalies is more pronounced. 
The plutonic-subvolcanic melilite group seerns to be intermediate between the vol- 
canic and the contact metamorphic groups. Accordingly, in volcanic melilite, rnost 
of the aluminum content of the mineral is used up by the alkali melilite component 
and the gehlenite component proper plays actually a very minor role. 

The fact that aluminurn (with two exceptions) is in excess over the alkalies in 
natural melilite justifies the presentation of the melilite composition diagramrnaticall~ 
in an Ai-Fe(Mn)-Mg triangle of Fig. 3. This figure illustrates the fact that the contact 
rnetamorphic melilite covers vimxally the whole range of the A1-Mg join with mostly 
small contents of iron whereas the main variation in the composition of the volcanic 
melilite is found in the Fe/Mg ratio. 

MELILITE ZONING 

Volcanic melilite is comrnonly zoned. The melilite phenocrysts of volcanic rocks 
mostly show a narrow rnargin with a birefringence slightly higher than that of the 
crystal core. By using a rotating (elliptical) mica compensator (Sahama, 1959) the 
zoning can often be seen under the microscope even in crystals where no zoning can 
be detected without the compensator. The circularly polarized light produced by the 
cornpensator is extremely sensitive to minute changes in retardation and makes small 
variations in birefringence visible. In many cases the zoning is oscillatory with alter- 
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o Contact metamorphic 
o Plutonic-subvolcanic 

Volcanic 

RG. 2. Melilite specimens Nos. 1-29 of Table 1 plotted in 
a Na,K-A1-Mg diagram. Illustrating the excess of aluminum 

over the alkalies. 

Al 
0 Contact metamorphic 
a Plutonic-subvolcanic 

FIG. 3. Melilite specimens Nos. 1-35 of Table 1 (of sped- 
mens Nos. 30-35 COE and margin separately) plotted in an 

Al-Fe(Mn)-Mg diagram. 
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FIG. 4. Strongly zoned melilite phenocryst in melite nephelinite lava. Mt. Kyira- 
gongo (specimen VM 611), Congo. Magnificiltion 200 x. 

nating higher and weaker birefringent zones. Such an oscillatory zoning apparently 
refiecrs rhythmic changes in conditions of crystallization. The zoning is difhcult to 
reproduce in a black-and-white print. Therefore, Fig. 4 illustrates in color a heavily 
zoned phenocryst. The change of optical retardation across the same phenocryst, 
measured with the Berek compensator, is illustrated in Fig. 5. 

As has been shown by Sahama (1961), the exceptionaily strong increase in bire- 
fringence towards the margins of the melilite phenocrysts in certain rocks of the 
Nyiragongo volcano is caused by an increase in iron content. To study the phenomen- 
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4 

- MELILITE PHENOCRYST - 
FIG. 6. Variation of the content of aluminum, iron and mag- 

nesium across the melilite phenocryst of Fig. 4. 

FIG. 7. Al: Fe : Mg ratio in the core and in the margin of a 
selected melilite phenocryst in specimens Nos. 30-35. 

on further, a number of meliiite phenocrysts of severai volcanic rocks were analyzed 
with the electron microprobe. Fig. 6 reproduces the variation of FeO (total iron), 
MgO and Ai,O, across the zoned phenocryst of Fig. 4. Fig. 6 iilustrates the fact 
that the FeO content increases and the MgO content decreases towards the =gin 
of the crystal whereas the A1,0, content remains virtuaiiy constant. To test the 
trend revealed by Fig. 6, partiai analyses of Ai, Fe and Mg were made with the mi- 
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FIG. 8. Range of vsriation of the composition 
of volcanic melilite in an Al-Fe-Mg diagram. 

croprobe of melilite specimens Nos. 30-35. The determinations of the core and of 
the margin of a selected phenocryst in each rock were carried out separately. The 
results of these deterrninations are summarized in Fig. 7. In this figure, the points 
indicating the composition of core and margin of the same crystal are connected 
with each other by a dashed line. The figure shows that the main difference in com- 
position between core and margin is in the ratio of iron to magnesium and that the 
alurninum content remains nearly unchanged. Accordingly, the common zoning in 
volcanic meliiite is not caused by a variation of the akermanite-alkali melilite (gehle- 
nite) ratio but mainly by the variation of the akermanite-iron akermanite (iron gehle- 
nite) ratio. In this respect melilite is comparable with, e.g., rock forming olivine, 
orthopyroxene etc. where the zoning is caused by the variation of the Fe/Mg ratio. 

Further to iliustrate the range of variation of the composition of volcanic melilite, 
all the points of Fig. 3 representing volcanic melilite are coilected in Fig. 8. As is 
shown by this summary, the field covered by the volcanic melilite composition extends 
over a considerable range of the Fe/Mg ratio whereas the range of the Al/Fe ratio is 
more narrow. 

Acknotufedgmentcnrs - The author is indebted to Mr. J. Siivola, M. A., of the Geological Survey 
of Finland, for helping with the microprobe work and to Mr. M. Lehtinen, M. A., of the University 
of Helsinki, for various assistance during the work. 

Manisscript received, November 8, 7966 
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TABLE 1. List of the analyzed melilite specimens which have been used in this paper. 

No. 1. Melilite (gkermanite), Monte Somma, Italy. From calcareous block. Published by Zambonini 
(1910). 

2. Melilite, Iron Hill, Colorado. From uncompahgrite. Published by Smith (1953), Neuvonen 
(1955) and Edgar (1965). 

)) 3. Melilite, Iron Hill, Colorado. From uncompahgrite. Published by Larsen (1942). 
» 4. Melilite (gehlenite), Fassathal, Tyrol. Contact metamorphic. Published by Smith (1953), 

Neuvonen (1955) and Edgar (1965). 
)) 5. Melilite (gehlenite). Luna County, New Mexico. Contact metamorphic. Published by Neu- 

vonen (1952, 1955), Smith (1953) and Edgar (1965). 
» 6. Melilite, Albano, Latium, Italy. Contact metamorphic. Published by Tilley and Henry 

(1953). 
» 7. Melilite, Scawt Hill, Co. Antrim, Ireland. Contact metamorphic. Published by Tilley (1929). 
)) 8. Melilite, Monte Somma, Italy. Average from three analyses. Contact metamorphic. Pub- 

lished by Bodlhder (1893). 
» 9. Melilite, Tulare County, California. Contact metamorphic. Published by Shannon (1922). 
» 10. Melilite, Fhtunga Flow, Uganda. From katungite lava. Published by Neuvonen (1955, 

1956) and Edgar (1965). 
» 11. Melilite, Sugar Loaf Series, Honolulu, Hawaii. From meliiitite lava. Published by Neuvo- 

nen (1952, 1955), Smith (1953) and Edgar (1965). 
» 12. Melilite, Mt. Elgon, Uganda. From melilitite lava. Published by Smith (1953), Neuvonen 

(1955) and Edgar (1965). 
n 13. Melilite, Kabfumu Flow (specimen FEAE 83), Mt. Nyiragongo, Congo. From melilitite 

lava. Published by Saharna and Meyer (1958). 
» 14. Melilite, Mt. Nyiragongo (specimen VM 569), Congo. From melilitite lava. Published by 

Sahama (1961). 
n 15. Melilite, Mt. Nyiragongo (specimen FEAE 93), Congo. From melilite nephelinite lava. 

Published by Sahama and Meyer (1958). 
» 16. Melilite, Baruta crater (specimen S 96 = VM 355), Mt. Nyiragongo, Congo. From melilitite 

lava. Published by Sahama and Meyer (1958). 
)) 17. Melilite, Baruta crater (specimen VM 372), Mt. Nyiragongo, Congo. Unpublished chemical 

analysis by Mr. Pentti Ojanperä: SiO, 42.73, TiO, 0.15, M,O, 6.97, FelO, 1.39, FeO 3.54, 
MnO 0.30, MgO 7.28, CaO 31.13, Na,O 3.70, K,O 0.63, CO, 0.00, H,O+ 2.08, H,O- 
0. i 0, total 100.00 (corrected for 2.20 % dinopyroxene admixture). 

» 18. Melilite, Shaheru crater (specimen VM 391), Mt. Nyiragongo, Congo. From melilitite 
lava. Published by Sahanlg (1961). 

» 19. Melilite, Mt. Nyiragongo (specimen RG 22778), Congo. From vesicles in melilitite lava. 
Published by Sahama (1961). 

» 20. Melilite, Mt. Nyiragongo (specimen VS 217), Congo. From melilite nephelinite lava. 
Published by Sahama (1961). 

» 21. Melilite, Capo di Bove, Italy. From leucite melilite lava. Average of the analyses 1, III, 
IV and V compiled by Smith (1953). 

n 22. Meliiite, Hochbohl near Oven, Wurttembetg, Germany. From melilitite lava. Published 
by Stelzner (1883). 

1) 23. Melilite, V i  Senni, Italy. From nepheline melilitite lava. Published by Washington (1927). 
)) 24. Melilite, Turja, Kola, USSR. From turjaite. Published by Ramsay (1921). 
» 25. Melilite, Oka. Quebec, Canada. Analysis No. 7 of Table V published by Edgar (1965). 
» 26. Melilite, Oka, Quebec, Canada. Analysis No. 8 of Table V published by Edgar (1965). 
n 27. MeIilite, Oka, Quebec, Canada. Analysis No. 9 of Table V published by Edgar (1965). 
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No. 28. Melilite, Oka, Quebec, Canada. Analysis No. 10 of Table V pubiished by Edgar (1965). 
» 29. Melilite, Mt. Nyiragongo (specimen VM 611), Congo. Microprobe analysis by the author 

of a groudmass grain: SiOa 42.4, A1,0, 6.2, FeO (total Von) 9.7, MgO 5.5, CaO 33.7, 
Na,O 3.2, KgO 0.3, total 101.0. From melilite nephelinite. 

Microprobe determination of the ratio Al : Fe : Mg in the core and in the margin of a melilite phe- 
nocryst from the following lavas: 

No. 30. Mt. Nyiragongo (specimen VM 611), Congo. Melilite nephelinite. 
» 31. Tantalus Flow, Pauoa VaUey. Honolulu, Hawaii. Melilitite. 
» 32. Katunga Flow (specimen FEAE 39), Uganda. Katungite. 
» 33. Bamta crater (specimen VM 362), Mt. Nyiragongo, Congo. Meliiite nephelinite. 
» 34. Mt. Nyiragongo (specimen VM 701), Congo. Melilite nephelinite. 
» 35. Mt. Nyiragongo (specimen VM 707), Congo. Melilite nephelinite. 
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INFRARED ABSORPTION OF MELILITE 

TH. G. SAHAMA and MARTTI LEHTINEN 

Universio o f Helsinki, Finland 

ABSTRACT 

lnfrared absorption spectra of a number of synthetic and analyzed natural melilite samples were 
recorded with a Leitz spectrophotometer ui the wavelmgth range from 1 to 24 miaons and ihstrnted 
in the range from 8 to 24 microns in Figs. 1-3. The absorption spectra of the pure crystaiiiie end 
members hkermanite, soda melilite and gehlenite are compared with each other. With respect to 
their chemical composition the specimens of natural melilite studied are subdivided into two groups. 
In the fiist group (two specimens) the content of the gehlenite component is high whereas in the 
second group (eleven specimens) the contmt of the gehlenite component is low and that of the 
alkali melilite component is considerable. The infrared absorption shown by these two melilite 
groups differs from each other. In accordance with the chemical composition calculable from the 
analysis, it is conduded that, in the second melilite group, Al substitutes mainly for Mg in the tet- 
rahedral sites No. 1 of Smith's notation. No evidence for an order-disorder transition in the occu- 
pation of the tetrahedral sites of the stmcture could be m e d .  

INTRODUCTION* 

The determination of the crystai structure of melilite dates back to relatively 
early days. The crystal structure of a natural melilite from Capo di Bove was published 
by Warren (1930) and, simultaneously, that of a synthetic gehlenite by Raaz (1930). 
Since then, these two studies have served as standards for the crystal structure of 
rock forrning melilite until Smith (1953) carried out a refinement on the Capo di 
Bove materia1 using more accurate modern methods. 

On the basis of chemicai data for the composition of naturai rock forming melilite, 
the melilite group has been taken as a representative of the silicates with Si,O, or 
(Ai,Si),O, groups (sorosilicates). However, the melilite stniaure consists of sheets 
of MgO, and SiO, tetrahedra in Akerrnanite and af AIO, and SiO, tetrahedra in 

* Many of the references mentioned in a previous paper (Sahama, 1967) will not be repeated 
here. The reader is referred to that paper. 
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gehlenite. These sheets, lying parallel to 001, contain 5-sided rings of tetrahedra and 
are held together by calcium atoms in an 8-fold coordination, approximating the 
Square Archimedean antiprism. Accordingly, there are no separate Si,O, (akermanite) 
nor (Al,Si),O, (gehlenite) groups in the structure but, as pointed out by Smith 
(op. cit.), the distribution of Mg, Al and Si among the tetrahedral sites in the åkerman- 
ite and gehlenite structures are better regarded as a phenomenon of ordering. The 
melilite structure is essentially a sheet structure and can be classified as belonging to 
the phyllosilicates. This was actually done by Hugo Strunz in the first (1941) and 
second (1949) editions of his ~Mineralogische Tabellenn. 

According to Smith (op. cit.), the six tetrahedra contained in the melilite unit 
cell are not equivalent. Two of the tetrahedra (numbered 1) are large with a metal- 
oxygen distance 1.87, f 0.01, A whereas the four remaining tetrahedra (numbered 
2 and 3) are equivalent and show an average metal-oxygen distance of 1.63, 0.0 1, A. 
If extreme ordering is considered, the foliowing occupations of the tetrahedral sites 
are possible: 

.................... Tetrahedron No. 1 
No. 2 .................... 
No. 3 .................... 

In akermanite In gehlenite 

a> b) 
Mg ~l Si 
Si Al Al 
Si Si Al 

Because a substitution of Al for Si is known in many silicates and, on the other hand, 
the substitution of Si for Mg or uice uersa in tetrahedral coordination is not known in 
other silicates, the alternative marked a) seems more probable for gehlenite. Con- 
sidering the fact that the Capo di Bave melilite, served as materiai for crystal structure 
determination, in respect of its chemical composition, represents a complex solid solu- 
tion, it is evident that a part of the Al atoms must occupy the tetrahedral positions 
No. 1 substituting for Mg. If extreme ordering is assumed, only a smaller part of 
Al will substitute for Si in tetrahedral positions Nos. 2-3. 

The crystal structure of the soda meiilite component CaNaAlSi,O, has not been 
studied so far. This component is not stable at pressures below 4 kb and, conse- 
quently, studies of solid solutions of soda melilite with akermanite and gehlenite 
have not been extended to compositions of more than 50 % by weight of the soda 
meiilite component (Edgar, 1965). In view of the fact that, in the composition ranges 
A~,,,sM~-A~,,sM,~ and Ge,ooSMo-Ge,oSM,o, the unit celi dimensions vary linearly 
with the AL/SM and Ge/SM ratios, respectively, it is most probable that, again 
assurning ordering, Al in soda melilite occupies tetrahedral positions No. 1 substi- 
tuting for Mg of akermanite, and Si occupies tetrahedral positions Nos. 2-3 as in 
åkermanite. 

Published chemical analyses of melilite from volcanic rocks show constantly sig- 
nificant amounts of aikalies indicating that the alkali meiilite component plays an 
important role. The atomic ratio of Al to the alkalies is for the most part nearly 1 : 1 
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or exceeds this ratio only slightly. Accordingly, in volcanic melilite, the content of 
the gehlenite component proper is low or negligible. In contact metamorphic melilite, 
on the other hand, the alkali contents are often low and the Al contents high, indi- 
cating that the gehlenite component is quantitatively important or even predomi- 
nating. 

The actual existence of a possible order-disorder transition in melilite has not 
been tested by X-ray crystal structure analysis. The fact that the structure of the 
Capo di Bove melilite contains tetrahedra of two different sizes, indicates a high 
order in the distribution of Mg, Al and Si among the tetrahedral sites. The Capo di 
Bove melilite which occurs in a leucite melilite lava is the only one of which accurate 
single crystal X-ray data are available. 

The considerable content of alkali melilite in all analyzed volcanic melilite speci- 
mens makes the problem of ordering complicated. In addition to the Mg-Si order- 
disorder, there arises the question of the distribution of Al among the tetrahedral 
sites. Theoreticall~, it should be possible to bring some evidence to the problem by 
means of infrared absorption spectroscopy. Therefore, the infrared absorption of a 
number of natural and synthetic melilite specimens was studied. The results obtained 
are repoaed in this paper. 

Unfoaunately, at the present stage of howledge, most of the frequences of the 
absorption bands found cannot be assigned to vibrations of spedic bonds in the 
structure. For that reason, the absorption spectra recorded were interpreted in an 
entirely empirical way. The interpretation was greatly facilitated by the fact that 
pure synthetic preparations of the akermanite, gehlenite and sada melilite compo- 
nents were available. 

MATERIALS 

For this investigation both synthetic and natural melilite materials were available. 
The synthetic materials consist of the pure akermanite and gehlenite end members 

and, in addition, of solid solutions of these end members with the molecular compo- 
sitions Ak,,Ge,,, Ak,,Ge,, and Ak,,Ge,,, ail  in both crystalline and glassy states. 
These materials represent batches of original samples prepared and used by Neuvo- 
nen (1952). Because the preparation of these samples has been fully described by 
him, the reader is refeired to that paper. The synthetic soda melilite end member 
used in this paper was kindly prepared by Hatten S. Yoder, of the Geophysical Labo- 
ratory. According to personal communication delivered by him, the materia was 
prepared by devitrifying glass of soda melilite composition at 10 kb pressure and at 
a temperature of 1 150°C. The amealing time was 70 hours. The crystalline soda 
melilite content of the sample was ca. 95 %, the rest consisting of some residual 
glass and wollastonite. 
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TABLE I. 
Liat of the moWe sp.3mcns ascd in this psper 

The natural melilite samples used in this paper are listed in Table 1. Ail samples 
represent batches of the purified mineral powders which have been chemically ana- 
lyzed. The numbering of the specirnens indicated in the first column of the table is 
the aame as used by Sahama (1967, Table 1). Table 1 of this paper lists also the mode 
of occurrence and the molecular composition calculated from the analysis. 

No 

2 
4 

5 

$0 
11 

12 
13 

14 

15 

16 

17 

19 

20 

EXPERIMENTAL PROCEDURE 

For recording the infrared absorption Spectrum the KBr pressed pellet technique 
was employed. The preparation of the samples was done in the way described by 
Sahama (1965) except that the grain size of the melilite materials used in the peilet 
was less than 1 micron. The spectra were recorded with a Leitz double beam inGared 
spectrophotometer with both sodium chloride and potassium bromide optics. Thus, 
the wavelength range covered by the spectra extends from 1 micron to 24 rnicrons. 
However, because no significant bands were found in the range below 8 microns, 
the figures presented in this paper iilustrate the tracings obtained in the range from 
8 to 24 microns (1 250-417 cm-1). The instrumental settings were the same as those 
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FIG. 1. Specaophotometer tracings illastrating the h e d  absorption of synthetic Bkermanite 
and gehlenite giasses. 

given earlier (Sahama, op. cjt.) except that the slit program 3 was used instead of 5. 
This somewhat wider slit was found to give a satisfactory resolution. The wavelength 
range of highest transparency, vix., around 4 microns, was adjusted to correspond 
approximately to 95 % on the chaa. 

Because most of the bands recorded are more or less broad, their wavelengths 
cannot be given with an accuracy better than f 0.05 microns. For the very broad 
bands the accuracy wiii be f 0.1-0.2 microns. 

SYNTHETIC GLASSES 

The spectrophotometer tracings illustrating the infrared absorption of synthetic 
akermanite and gehlenite glasses are reproduced in Fig. 1. The glassy solid solutions 
Ak,,Ge,,, Ak,,Ge,, and Ak, ,Ge,, were also recorded. The tracings are, however, 
not included in the figure. 

A comparison of the tracings of the pure akermanite and gehlenite glasses with 
those of the glassy solid solutions reveals the fact that the akermanite glass bands 
shift regularly with the glass composition to the positions of the gehlenite glass 
bands. The broad hkermanite glass band centered at 9.4 p shifts to the broad gehlenite 
glass band centered at 10.0 p; the weak Ak,x band at 10.4, p is not produced by any 
of the glassy solid solutions nor by the pure gehlenite glass; Ak,l band at 11.2, p 
shifts to Gegl band at 11.40 p; Akgl band at 13.8, p shifts to Ge,l band at 14.0, p; 
the tracing of the broad band group of Ak,i at 21-24 p attains graduaiiy that of 
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9 19 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
WAVE LENGTH (Microns) 

FXG. 2. Spectrophotometet tracings Uustrating rhe infrared absorption of the synthetic crys- 
taiiine hkermanite, soda melilite and gehlenite end members, 

G Q ~ .  This relationship between the bands of the fikermanite and gehlenite glasses, 
evidenced by the absorption of the intermediate solid solutions, is apparently a result 
of an environmental influence upon the vibration frequency of a particular bond. 

SYNTHETIC CRYSTALLINE MELILITES 

The spectrophotometer tracings illustrating the infrared absorption of the &kerman- 
ite, soda melilite and gehlenite end members are reproduced in Fig. 2. The infrared 
absorption spectra of the crystalline solid solutions Ak,,Ge,,, Ak,,Ge,, andAk,,Ge,, 
were also recorded. However, the tracings of these solid solutions are not included 
in the figure. 

The infrared absorption spectra of the pure melilite end members as indicated in 
Fig. 2 have not been previously given in literature. Keller e t  al. (1952) illustrate the 
infrared absorption of a number of different minerals including a melilite from Iron 
Hill, Colorado. A melilite specimen from the same locality was studied by Neuvonen 
(1955) and its molecular composition, calculated from the chemical analysis, is indi- 
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cated in Table 1, No. 2. In his extensive coiiection of data for infrared absorption of 
rninerds, Moenke (1962-1966) * includes a »meliiite» from Vesuvius and a mgehlen- 
ite» from Monzoni. He indicates the melilite from Vesuvius as representing a solid 
solution. The gehlenite from Monzoni comes from the locality in Fassathal described 

I I  
originally by Weinschenk (1897). A melilite specimen from the same locality has also 
been studied by Neuvonen (1955). The molecular composition of the rnineral, on the 

1 basis of Neuvonen's analysis, is listed in Table 1, No. 4. Although the gehlenite 
1 component predominates in the mineral, its composition is not near to that of the 

gehlenite end member. Because no melilites with a composition of any of the pure 
end members are known in Nature, the following discussion wiil be based entirely 
on the infrared absorption of the synthetic materiais available to this study. 

Because it is not possible to reproduce the original spectrometer tracings in such 
a way as to permit accurate wavelength measurements on the printed figure, the 
wavelengths and the rough intensities of the bands appearing in Fig. 2 are listed in 
Table II **. As is seen from the table, the absorption bands of kkermanite, soda 
melilite and gehlenite, marked with the same number, differ slightiy in their wave- 
lengths from each other. The correlation of the kkermanite bands with those of 
gehlenite was made on the basis of the infrared spectra obtained for the crystalline 
solid solutions. In the spectra of these solid solutions a regular shift from the posi- 
tions of the akermanite bands to those of the gehlenite bands was observed. The 
slight differences in wavelengths, found between the bands of the three meiilite com- 
ponents marked with the same numbers in Table II, are apparently caused by envi- 
ronmental influence upon the vibration frequency of a particular bond. 

The infrared absorption spectra of ail silicates show a strong band group in the 
wavelength range from approximately 8 to 12 microns. It is generaiiy inferred that 
this band group corresponds to stretching vibrations of the silicon-oxygen bonds. 
In the absorption spectra of the three melilite components of Fig. 2 this band group 

1 is represented by Nos. 1 - 6  of Table II. The complex character of the band group is 
weil understood on the basis of the discussion presented by Lazarev (1960) concerning 
the possibilities of band splitting when passing over from single SiO, tetrahedra to 

* The b t  part of Moenke's data sheets was published in 1962 and the second part, representing 
an extension of the data, in 1966. Because the two parts form a wherent coliection, they are cited 
together in this paper. 

** As was remarked in connection with the description of the materials used in this study, the 
material for the synthetic soda melilite contains some 5 % residual glass and woliastonite. To  test 
whether wollastonite absorption bands produced by this impurity have affected the infrared absorp- 
tion spearum of soda melilite shown in Fig. 2, the infrared Spectrum of the original wollastonite 
materia1 from Lammah, Westanfjard in Finland, studied by Simonen (1953) was recorded. The 
tracing obtained shows a v e y  strong absorption band at ca. 10.9 microns coinciding with the very 
strong soda melilite band No. 4 (Table II) and another very strong wollastonite band at 21.~21. i 
microns coinciding with the very strong soda melilite band No. 13 (Table II). Therefore, another 
potassium bromide peilet was made that contained only 0.3 mg of the same wollastonite instead of 
3.0 mg as normaiiy used. The infrared spearum obtained from this highly diluted woliastonite pellet 
showed only very weakly the two woliastonite absorption bands mentioned. Accordingly, it is 
conduded that the woiiastonite bands produced by the impurity are eoo weak to have affected sig- 
nificantly the shape of the tracing obtained from the soda melilite. 
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Si,O, groups. A further reason for the complexity is evidently the fact that the 
tetrahedral positions in the meiilite struaure are partiy occupied by atoms other 
than Si and, in addition, possibly because the oxygen atoms occupying the apexes 
of the tetrahedra show three non-equivalent positions. With respect to this band 
group, the three meiilite compoaents of Fig. 2 are distinctly different from each 
other, The most striking difference is the occurrence of the strong band No. 6 (Table 
II) in the gehlenite Spectrum. This band is absent in the spectra of akermanite and 
soda meiilite. If ordering is assumed, gehlenite is the ody  one of the three melilite 
components in which haif of the Al  atoms occupy tetrahedral sites Nos. 2-3. It is 
a well established fact that the substitution of Al for Si in tectosilicates shifts the 
strong absorption band centered about 9.0 to 9.5 microns toward slightiy longer 
waveiengths. This fact, mentioned by Keller e t  ui. (1952), has been discussed par- 
ticularly by Milkey (1960). Ushg the expression for the force constant of tetrahedral 
AB, groups derived by Gorky (1946), the wavelength shift resulting from an Al-Si 
substitution was calculated by Milkey and was found to correspond to the order of 
magnitude of the shift actually observed in tectosilicates. If the same principle is 
extended to the AlSiO, groups of the ardered gehlenite structure (tetrahedra Nos. 2- 
3 in Smith's notation), a shift similar to that for tectosilicates can be expected. Band 
No. 6 (Table II), reflecting the presence of the gehlenite component proper, 
could thus be regarded as an indication of an Al-Si substitution in the tetrahedral 
positions Nos. 2-3. * In the synthetic akermanite-gehlenite solid solutions studied 

TABLE II. 
Prindpai inftared absorption bands of the crystalline synthetic meliiite materiais. Wavelenfis given 

in microns; vs = very strong; s = strong; m = medium; w = w&, VW = very weak 

Zd 1 Akwmmite I Scda melilia 1 - -  Gihlenite 

* In the in.frared absorpfion spe- of some aluminum-bearing silicates (not including any of 
the melilite components) Kolesova (1959) bas constantly found a band in tbe wavelength range of 
12.8-13.9 microns (780-720 cm-l) and has drawn the general conclusion that this band arises 
from v i b d o n  of the covaluit Al-0 bond imespective of the coordination of aluminum. Actdly,  
the soda meliite and gehlenite spectta do contaui a band of medium intensity within that range 
(No. 7 and No. 8 in Table II, respectively). In akermanite, with no aluminum content, the band 
No. 8 is also present although its intensiy is very low. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

9.5-9.8 vs 
10.1, V S 
10.6, v s - 
11.6, S 
- 
- 
13.9, VW 
14.7 VW 

15.5, m 
17.0, W - 

20.8-21.1 v s  
- 

1-98 vs 
10.1 v S 
- 
11.0 v s  
- 
- 

13.6-13.7 m - 
14.5, w - 
- 
- 

21.0-21.2 vs  
22.6-22.8 vs 

9. 6, Vs 
10.1, v S 
10.7& vs  
11.1, v s 
11.3 vs 

12.1-12.3 vs 
- 
13.9, rn 
- 
15.4 w 
- 
18.9, w 

20.9-21.1 w 
22.9-23.3 vs 
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FIG. 3. Speatophotometer tradngs illustrating the infmed absorption of natuid meIilite. The 
numbers indicated in the nguie correspond to the numbering of specimns in Table 1. 

the band No. 6 is still clearly but weakly visible in the preparation Ak,,Ge,,. Ac- 
cordingly, the lower limit of detection of the gehlenite component by means of band 
No. 6 is roughly 20 mol. % gehlenite. 

In the spectra of the three meiiiite components of Fig. 2 another strong group of 
bands occurs in the wavelength range from 21 to 23 microns, represented by Nos. 13 
-14 in Table II. This band group is distinctive for each of the three melilite compo- 
nents. The same applies to the weaker bands in the range between 13 and 20 microns 
(Nos. 7-12 in Table II). 

NATURAL MELILITES 

The infrared absorption spectra of aU natural meiiiite specimens listed in Table 1 
were recorded with the spectrophotometer. Four examples of the tracings obtained 
are ulustrated in Fig. 3. The numbering of the tracings in the figure corresponds to 
the specimen numbers mentioned in Table 1. 
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As is revealed by the data of Table 1, all natural melilite specimens studied rep- 
resent solid solutions. Expectedly, the absorption spectrum of such a soiid solution 
will be intermediate between those of the pure end members. The bands which are 
common to the end members wiil retain their intensity in the spectrum of the solid 
solution. Those bands, on the other hand, which are specific to only one of the end 
members will appear weak or will vanish entirely depending on the content of that 
end member. As a consequence, the medium to weak bands appearing in the wave- 
length range from 13 to 20 microns of the melilite spectrum (Nos. 7-12 in Table II) 
are less suitable even for a rough qualitative estimation of the melilite composition. 
The judgement must be based mainly on the band groups Nos. 1-6 and Nos. 13- 
14 of Table II. 

According to the molecular composition, the specimens of natural meiilite listed 
in Table 1 can be divided into two groups. The one group is represented by specimens 
Nos. 4 and 5 and is characterized by a predominance of the gehlenite component 
whereas the content of the alkali melilite component is low. The infrared absorption 
spectrum of melilite No. 4 is iliustrated in Fig. 3. The spectra of both these specimens 
show clearly band No. 6 (Table II), however, with an intensity lower than that of 
the same band in the spectrum of pure gehlenite in Fig. 2. The shapes of the tracings 
of these two natural melilite specimens are intermediate between those of pure 
åkermanite and pure gehlenite. The other group is represented by the rest of the 
specimens studied. In this group the åkermanite (plus iron åkermanite) component 
predominates, the content of the alkaii melilite component is considerable and the 
content of the gehlenite component is low. The content of gehlenite (plus iron 
gehlenite) is in all specimens of this group below the lower limit of detection by 
means of the band No. 6. The absorption spectra of specimens Nos. 10, 19 and 13 
are included in Fig. 3. Actually, band No. 6 could not be traced in any of the bpectra 
of specimens belonging to this group. The shapes of the tracings in the range 9-12 
microns approximate that of pure akermanite. Due to the content of the alkali melilite 
component for which the tracing of this band group is more continuous, the single 
bands are, however, less sharply separated from each other. In the range 21-23 
microns, the soda melilite band No. 14 (Table II) makes the slope of the tracing to 
di&r slightly from that of the tracing of pure åkermanite. I t  is to be expected that, 
because the gehlenite band No. 6 was absent, the gehlenite band No. 14 will also be 
negligible. 

The difference in infrared absorption between the two groups of natural melilite 
specimens is in accordance with the difference found in chemical composition. The 
same difference in infrared absorption is detectable between the »melilite» and 
»gehlenite» absorption spectra published by Moenke (1962-1966). It  is concluded 
that in a natural melilite solid solution, the chemical analysis of which shows a low 
content of the gehlenite component, aluminum occupies (mainly) the tetrahedral 
position No. 1 in Smith's notation. Because pure soda melilite has no bands which 
do not coincide with those of either Akermanite or gehlenite, the direct detection of 
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the alkaii melilite component in a naturai melilite specimen becomes difficult. The 
possible presence of alkaii melilite can only be judged by comparing the entire 
tracing with those of the three pure end members in Fig. 2. 

The effect of the Fea+-Mg substitution upon the infrared absorption can best 
be studied by comparing tracings No. 19 and No. 13 with each other. These two 
melilite specimens are of viaually identical composition except for the ratio of aker- 
manite to iron Akermanite. Melilite No. 13 shows a content of iron Akermanite which 
is fairly common in ordinar~ volcanic melilite. M m t e  No. 19, on the other hand, 
is extremely rich in iron. The infrared absorptions of these two melilite specimens, 
as Uustrated in Fig. 3, are very similar to each other. This observation is in accord- 
ance with the results obtained by White and Roy (1964) on the effect of polymorphic 
transition upon infrared absorption. These authors have found that the spectra of 
polymorphs with the same structure type are nearly identical except for slight shifts 
in the wavelengths of certain bands. Such shifts can be correlated to the composition 
of a solid solution as has actudy been done, e. g., by Thompson and Wadsworth 
(1957) for plagioclase feldspars, by Duke and Stephens (1964) for the olivine group 
minerals and by Sahama (1965) for nepheline solid solutions. The effect of the iron 
content upon the wavelengths of infrared absorption bands for melilite is probably 
too slight to be used for estimating the ratio of ferrous iron to magnesium. 

As was described by Neuvonen (1952), the synthetic crystalline samples of the 
Lkermanite-gehlenite series used in this work were prepared by devitrifying glass at 
a temperature ca. 30°C below the corresponding solidus temperature. The annealing 
time was one or more hours. Accordingly, if any definite order-disorder transition 
occurs in the occupation of the tetrahedrai sites of the melilite structure, the synthetic 
preparations should represent expectedly a more or less highly disordered state. In 
addition, the specimens of natural melilite Nos. 10-17 and 19-20 come from vol- 
canic rocks. If any analogy with the feidspars is applicable to melilite, these specimens 
of natural meiilite should also be disordered to some extent. However, as has already 
been remarked, the crystal structure of the Capo di Bove melilite indicates no high 
disorder. Neither does the infrared absorption of the synthetic crystaiiine prepara- 
tions nor of the natural melilite specimens disclose any order-disorder transition. 
The two natural melilite specimens Nos. 4 and 5 are of a contact metamorphic origin 
and, accordingly, are likely to represent a highly ordered state. For that reason, 
batches of the specimens No. 5 were heated at a temperature of ca 1 150°C for 22 
and 71 hours, respectively. The spectra of the heated materials were recorded. No 
notable change in the infrared absorption of the heated materials as compared with 
that of the original minerai was detected. In condusion it may be stated that no 
evidence is so far at hand indicating a more pronounced order-disorder transition 
in rock forrning melilite. 
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P E R R I E R I T E  F R O M  MANTYHARJU, 
F I N L A N D  

Mineralogical communication 

BY 

PEKKA KALLIO 

Geological Suwg o f Finland 

A few metarnict perrierite grains were found in the heavy fraction of a gabro- 
anorthosite from Mäntyharju. The heavy fraction consists of grains which have a 
specific gravity greater than that of bromoform (2.8), the grain diameter being less 
than 0.25 mm. The principal minerals of the heavy fraction are pyroxenes. Apatite 
and ilmenite are abundant, olivine, amphibole and zircon minor, and pyrite and 
perrierite very rare constituents of the fraction. A mode of the rock is presented in 
table 1. Savolahti (1956) has described the petrology of this gabro-anorthosite in 
detail. 

Mode of the gabro-anorthosite from Mäntyharju (sample A-118) 

Plagioclase .......................................... 82.0 
Quartz .............................................. 0.8 
Amphibole .......................................... 0.4 
Pyroxenes ........................................... 9.5 
Biotite .............................................. 0.8 
Chiorite ............................................. 
Epidote } 1.3 ............................................. 
Apatiee .............................................. 2.9 
Others .............................................. 2.3 - 

100.0 

The perrierite grains are ted-brown, and have a conchoidal fracture. The refrac- 
tive index is 1.90. The main elements determiaed by microprobe are Ce, La, Ca, Ti' 
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Fe and Si. These agree well with the chemical formula of perrierite which according 

to GaK (1965) is: Ce,Fe2 +,Mea +,Ti,[O, ] (Si, A1),0 ,], 
where Ce = RE, Th4 +, Caa +Na + 

Fe2 + = Fea +, Ca2 + 

Me8 + = Ti4 +, Fea +, Mga +. 
The perrierite grains are coated with a white bastnasite powder which is obviously 
an alteration product of perrierite. 

Perrierite was identified after heat-treatment. The metamict grains were heated 
at 700°C for three hours and at 1 OOO°C for one hour; both heatings were done in 
air. The X-ray powder photographs of the unheated and heated materials were taken 
with a Debye-Scherrer camera of 57.3 mm diameter using Cu-radiation and Ni-filter. 
After heating at 700°C the sample was stiii in the metamict state. At 1 000°C the 
perrierite phase crystallized. Very similar thermal behaviour of two perrierites from 
India were observed by Lima de Faria (1964) (Tabie 2, Nos. 2 and 3). Also some 
chevkinites behaved fairly similarly (Table 2, Nos. 5, 6 and 7). But aU three chev- 
kinites, when heated in air at 1 OOO°C for one hour, showed a weii developed cubic 
phase and only a poorly developed perrierite phase, whue the two perrierites as weil 
as the grains used in this study showed a weii developed perrierite phase. For this 
reason these grains are regarded as perrierites and not as chevkinites. 

TABLE 2. 

Thermal behaviour of some perrierites and chevkinites, as shown by X-ray powder photographs 

GSF = Geological Survey of Finiand 
S. 1. = Smirhionian Institution U.S. National Museum 
3. M. = British Museum, Department of Mineralagy 
Pe = Perrierite c = Ce02 (cupic a, = 5.44 A) 
P e  = Pootly developed perrierite phase - no diffraction Iines 
2-7 Lima de Faria (1964) 

MUiwl 

Perrierite 

Perrierite 

Perrierite 

Perierite 

Chevkinite 

Chevkinite 

Chevkinite 

l Heat treatment l Lncality and reference 
Unhested 1 700°C3h 1 1000°C lh 

1 

2 

3 

4 

5 

6 

7 

Mäntyharju, Finland 
GSF A 118 ............. 
Bangalore, India 

S.I. 106630 ........... 
Kanjarnalai, India 
B.M.34167 ............. 
Bedfoid Ca, USA 
B.M. 86189 ............. 
Ilmen, Urals, USSR 
B.M. 39244 ............. 
Urals USSR 
B.M. 39244 ............. 
W. Ambatofinandrahana 
Madagascar ............. 

Pe 

Pe + c 

Pe 

Pe 

c + Pe 

c + Ps 
c + Pe 

- 

- 

Pe 

Pe 

- 

- 

- 

- 
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According to some research workers (Jaffe, Evans and Chapman 1956) chevkinite 
and perrierite are the same rnineral species, others (Bonatti 1959, Gottardi 1960) 
assume that they are separate species. According to Lima de Faria (1962) perrierite 
is an oxidized form of chevkinite. 

Until now chevkinites and perrierites have been reported only from alkali and 
granite pegmatites and fayalite-quartzsyenite, but never before from rocks belonging 
to the gabro farnily. 

Ackmfyledgem~nt - The author wishes to express his thanks to Dr. Olavi Kouvo for providing 
the heavy fraction used in this study and to Mr. Jaakko Siivola, Mag. Phil., for the microprobe 
anaiysis. 
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ABSTRACT 

Twenty baryte specimens from sevcn l d t i e s  in Finland have been described and analyzed 
chemicaiiy. Also variations of the lattice constants have been determined by using the d410-spacing 
as the indicator of the ceii constants. Ca-diadochy in baryte has been studied from several synthetic 
BaS0,-CaSO, min crystals. The Ca-content of the baryte is proved to be principally dependent 
on the Ca to Ba ratio of rnineral forming fluids. Aiso the fluid indusions and twinning of barytes 
at inversion point have been represented. The paragenetic and genetic aspects of the baryte deposits 
have been discussed. 
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INTRODUCTION 

Among the baryte deposits of the world the most usual are the hydroterrnal vein 
deposits and the baryte-bearing sedimentary formations. For example Central Euro- 
pean baryte-bearing veins (type Freiberg) and baryte-bearing sedimentary rocks in 
North America (Missouri) are weli known. Baryte deposits in the Pre-Cambrian are 
not as common as in some younger formations. 

This study presents seven baryte deposits in Finland and neighbouring areas: 
-The limestone quarries of Illo and Lammaia in Vestanfjard commune, SW- 

Finland, contain cavities filled with idiomorphic crystal druses in which also baryte 
crystals are found. 
- Small baryte-bearing carbonatite veins occur in Panjavaara, Juuka commune, 

E-Finland. One baryte-sample is analyzed from these veins. 
- In the coastal area of Petsamo, USSR, there are numerous brecciated quanz- 

baryte-carbonate veins from which some specimens have also been studied. 
- In the Taporova iron ore deposit in the Kolari district, N-Finland, baryte 

occurs together with iron oxide minerals. 
- Vihanti and Pyhasaimi sulfide deposits have baryte as gangue mineral of the 

ores. 
- In the rnineralogically very interesting sulfide deposit of Korsnas, baryte 

exists as gangue mineral of the lead ores and also in cavities as idiomorphic crystals. 
Barytes have been found also in some other localities in Finland, but as they are 

similar to those of the type localities presented here, they have not been described 
in this study. 

As baryte forms complete solid solutions with anglesite (PbSO,) and celestine 
(SrSO,) and uncomplete solid solution with CaSO, one can suppose, that the chemi- 
cai composition of the natural barytes gives valuable information concerning the 
composition of the deposition forming fluids and also concerning the temperature 
and other factors of crystallization. Therefore the variations of chemical composition 
and cell edge of natural barytes have been measured. Some syntheric CaS0,-BaSO, 
mix crystals have also been studied to explain the Ca-Ba diadochy in baryte. 

In the last part of the study the paragenetic and genetic conclusions have been 
represented. 
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DESCRIPTION OF THE ANALYZED SPECIMENS 

Vestanf järd 

The limestone deposit of Vestanfjard and its cavities have been described by 
Eskola (1913 and 1919), Pehrman (1947), Ahlfors (1954) and Neuvonen (1960). 
According to them cavities of limestone were formed by the dissolution of limestone 
by acid solutions. Cavities were filled with Sand or clayey materia1 in such places 
where they were Open to the surface of the earth. At deeper levels the holes were 
fiiled by crystal druses. 

According to Pehrman (1947) the following minerals are found in the cavities: 
calcite in three generations, which have been named after Kalb (1928, 1929) as 
calcite 111, IV and V, baryte, fluorite, pyrite and rarely, marcasite, adular, chalco- 
pyrite, malachite, limonite and kaolin minerals. Taking into consideration the mineral 
species of the druses, one can suppose that the cavity forming and mineralizing fluids 
were originally hydrothermal. 

S p e c i m e n n o 1 was taken in the quarry of Illo and it consists of white 
coarse-crystalline calcite coated with platy baryte crystals. They are from 1.5 to 0.2 cm 
in size and from 2 to 0.5 mm in thickness. Baryte is light yeilow in colour and often 
the crystals have a thin white zone at the border parallel to the face (210). The 
thickness of this zone is only 0.1 mm and there is no marked difference in composition 
between the outer zone and the inner part of the crystal. Baryte crystals have the faces 
of the zone [Olo] and thus they belong to type II1 a of Kalb and Koch (1931). 

Another analyzed s p e c i m e n n o 2 from Illo quarry contains baryte crystals 
together with fluorite and coarse-crystalline calcite. Immediately on the calcite-base 
there is a brown cluster of limonite upon which are the platy baryte crystals, which 
always have the forms (001) (210) and occasionally also (101) and (102). Sometimes 
a thin pyrite layer exists between baryte and the limonite cluster. Fluorite occurs as 
greenish-yellow cubes. 

Juuka 

In Panjavaara, western part of Juuka commune, some carbonatite veins have been 
found. They are only a few centimeters broad and occur in the Karelian mica gneiss 
cutting the strike of schistosity. 

In the marginal part of the vein the chief minerals are bastnasite and calcite, 
which occur together as a fine-grained brown-coloured mass. Some quartz and potash 
feldspar grains also occur among them. Parallel to the vein-contacts there are 
light coloured bands, which consist of apatite prisms and idiomorphic, zoned tour- 
maline crystals. As accessory minerals there is some tremolite, oligoclase and baryte. 
Pyrite and galena are the most common sulfide minerals in the marginal parts of the 
vein. Pyrite occurs as cataclastic grains and galena fills its cracks and margins. Galena 
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FIG. 1. A fine grained carbonate mass replaces baryte. (Ba = baryte, P1 = 
plagioclase, carbonate mass is almost black). Parallel nicols, magn. 30 x . Panja- 

vaara, Juuka. 

occurs also as small veins and disseminated irregular grains. Chalcopyrite is less usual 
than pyrite and gaiena and is found together with pyrite as crackfillings and inclusions 
in the pyrite and galena. Covellite appears as secondary mineral at the margins of 
chalcopyrite. Sphalerite grains are very rare. Some rnarcasite has been found between 
pyrite crystals and small pyrrhotite inclusions occur in the pyrite. In some places the 
skeletal texture of marcasite has been formed by the inversion of pyrrhotite into 
marcasite. 

The specimen taken from the middie part of the vein is coarser in crystal size 
than the specimen from the marginal parts. Chief minerals are baryte, carbonates, 
oligoclase and tremolite. Baryte occurs as big, light-yellow crystals. The characteristic 
feature of the specirnen is the porphyric texture: oligodase and occasionally also 
microcline occur as idiomorphic crystals in a fine-grained brownish carbonate mass. 
This mass consists of two carbonates, one of which is limonite-pigmented calcite 
(d,,,, = 3.02 A) and the other colourless dolomite (d,,,, = 2.89 A). The carbonate 
mass replaces baryte (Fig. 1) and galena. The amphibole mineral occurs as long thin 
prisms, which have Z (greenish) = 1.634,2V, c.a. 80°, c A Z = 21' and 2-X = 0.013. 

The cell constants measured with single-crystal Weissenberg photographs are a, = 

9.99 f 0.08 A, b, = 17.94 f 0.20 A, c, = 5.28 f 0.02 A and /? = 105.7O. Optical 
and cell constants indicate that the mineral is tremolite. Blue abnormal interference 
colours are probably due to the abnormally high sodium-content of the mineral. 
Galena is almost the only sulfide mineral occurring in the middle part of the vein. 
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Some single chalcopyrite grains are met with, but pyrite is absent. The analyzed 
baryte, s p e c i m e n  n o 8, is from the middle part of the vein. 

Radioactive age measurements of the galena of Panjavaara and also a sulphur- 
isotope determination have been made by Kouvo (1958) and Kouvo and Kulp (1961). 

Petsamo 

Some baryte-bearing quartz veins occur in the coastal area of Petsamo. They have 
been described by Hausen (1926 and 1932). These veins are mineralized dislocation 
zones and most of them occur at the contacts of metamorphozed dolerite veins 
(trapp). Owing to dislocation the brecciated textures of the veins are very numerous. 
Quartz, baryte, calcite and sulfides, galena and sphalerite are the chief vein minerals. 
As a peculiar feature the cell-texture (»zeilige struktur)) by Hausen) of quartz is to 
be mentioned. This has been formed by the replacement of baryte by quartz. The 
curved crystal faces of baryte and galena often show deformation, which. took place 
after mineral deposition. According to Hausen (1932, p. 14) the formation of mine- 
ralized dislocation zones is associated with the downthrowing of the graben of 
Varanger-fjord. According to him (1932, p. 37) the sequence of vein kXng has been 
as foliows: 1) opening of the joints by the action of tectonic movements 2) filiing 
with silica and bariumsulfate-bearing solutions; quartz, baryte and cell-quartz crys- 
tallized, 3) dislocation and crystallization of sphalerite 4) dislocation; the sphalerite- 
grains cracked and quartz crystallized in cavities 5) dislocation, galena and quartz 
crystallized 6) calcite, pyrite and chalcopyrite crystallized as final minerals. 7) Mine- 
ralized veins weathered by the action of descendent solutions. 

The analyzed specimens are taken from the coliection of Turku University and 
were collected by prof. A. Laitakari. S p e c i m e n n o 3 is from the Samuel vein 
and consists only of baryte, which is 1-10 cm broad, platy grains. The (001)-faces 
of crystals are curved and prove thus tectonic deformation after deposition. 
S p e c i m e n n o 4 is from Peuravuono, Petsamo. In addition to the white, 
platy baryte there is also quartz and sphalerite, which is brown in colour and brec- 
ciated. S p e c i m e n n o 5 is from the Suolavuono vein group. Baryte occurs here 
as big, platy, radial crystals. There are idiomorphic quartz prisms in small cavities 
between them. A fine-grained mass consisting of galena, brown sphalerite and 
quartz, has crystaliized after baryte. 

Kolari, Toporova 

Both magnetite and hematite iron ores occur in the Kolari district. Juvakaisen- 
maa, Sivakkalehto, Rautavaara and Rytivaara are mainly magnetite deposits whereas 
Taporova, Suuvaara and Suuoja are characterized by hematite-rich ores. Taporova 
hematite ore contains baryte in marked amounts, in other hematite ores it  is only 
accessory and in magnetite ores fully absent. The Kolari district has been described 
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FIG. 2. Twinned and laminated baryte grains in the ore of Taporova, Kolari. 
Ba = baryte, Kv = quartz, Ms = potash feldspar, P1 = plagiodase, black is 

hematite. Crossed nicols. 

by Toivo Mikkola (1960). According to him the Taporova iron ore is sedimentogenous 
as all the other iron deposits in the Kolari distria. It belongs to Karelian formations 
and is connected to the same sediment facies as black shists and marbles. Taporova 
ore lies between mica gneiss and quartzite and is in a syncline the axis of which plunges 
steeply to the north-east. A pegmatite granite penetrates the syncline and cuts the 
ore into several pieces. 

The chief ore mineral in the Taporova deposit is hematite, but also magnetite 
occurs. Gangue minerlas are quartz, muscovite microcline and baryte. Blagioclase, 
apatite, sphene, green tourmaline and zircon are accessory minerals. The rock is 
shistose and banded, but it does not, however, belong to the group of so-cailed 
nbanded ironstones)), which are well known from other Precambrian localities. 

The baryte content of the Taporova deposit is remarkable, according to Toivo 
Mikkola (1960) the Bao-content varies from 3 to 10 wt-%. Baryte occurs as xeno- 
morphic grains which occasionally have muscovite inclusions. Baryte is not evenly 
distributed in the rock but occurs as small flakes and lenses paraiiel to the schistosity. 
In connection with microcline the baryte grains are very irregular and small. They 
show dear indications of deformation: grains have lamellar texture and twins (Fig. 2.). 
Only one baryte, s p e c i m e n n o 7 was analyzed from the Taporova deposit. 

Vihanti 

The Vihanti deposit has been described in detail by Isokangas (1954), Laatio and 
A. Mikkola (1957) and A. Mikkola (1963). From the standpoint of the occurrence of 
baryte the characteristic features of the deposit are as follows. There are two principal 
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RG. 3. Triangle diagrams representing the compositions of sulfides and Bao- 
content of the Vihanti ore. The Zn-corner of the Zn-Cu-Pb-triangle is enlarged 

because there are plenty of spots in this part. 

types of ore mineralizations: zinc-copper ores and pyrite ores. Baryte occurs only in 
the zinc-copper ores, in pyrite mineralizations it is fully absent. On the basis of gangue 
rninerals the carbonate-skarn type and the quartzite type zinc-ores can be distin- 
guished. Baryte occurs in both types. The zinc ore has the following paragenetic 
types: 1) chalcopyrite-rich ore 2) compact sphalerite ore 3) galena-sphalerite ore 
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TABLE 1. 

The correlation coefficients between the pereentages of the elemmts in the Vihanti ore deposit 

4) baryte- and/or carbonate-rich sphalerite ore, which is often banded or brecciated. 
Occasionally idiomorphic baryte crystals have aiso been found in cavities formed by 
jointing or faulting. The idiomorphic baryte aystals found in U-quarry, + 175 m 
level, have distinct forms {Oll), (101) and (001) and occasionally also forms (211), 
(210) and (201). 

The triangle diagrams in Figure 3 have been drawn on the basis of 118 analyses 
of the ore. Analyses were made of the diamond druling cores ham different parts 
of the ore doposit. The diagrams represent variations in the composition of sulfides 
and the Bao-content of the rock. From the darkness of the analysis-marks one can 
observe that the Bao-content of the rock is parallel to the Zn-content of the sulfides. 
Correlation is not, however, unambigous owing to the paragenetic types of the zinc 
ore (compact sphalerite ore on the one hand and baryte-bearing zinc ores on the other). 

Also correiation coacients between different metais and Bao have been deter- 
mined on the basis of the chemical drill-core anaiyses using the method described by 
Fisher (1958). Coefficients are Bted in Table 1. (The number of analyses was 118). 
From Table 1 one can see that a slightly significant positive correlation exists between 
sulfldic sulfur and the Bao-content of the rock. The correlation is significant at the 
0.05 level of significance. This is explained by the f a a  that baryte occurs together 
with suifides and not in the host rocks of the ore. The strong negative correlation be- 
tween sulfidic iron and Bao proves that baryte does not occur in the pyrite ore bodies. 

The effect of the wall rock on the barium content is represented in Figure 4. One 
can observe that the ores with quartzite base possibly have more baryte than ores 
with skarn and carbonate rock base. 

Three samples from Vihanti were analyzed. One of them, s p e c i m e n n o 11, 
is a zinc-ore in quartzitic rock abundant in baryte. It is taken from the crosscut RKp 
8, + 165 m level. The rock is unhomogenous, banded and its chief ore minerals are 
sphalerite and galena; some chalcopyrite, pyrrhotite, berthierite, boulangerite and 
stannite grains have also been found. As gangue minerals baryte, quartz and minor 
diopside and tremolite graias occur. The texrure is granoblastic. Carbonate minerals 
do not occur in this rock. In the hand specimen the baryte is yeilow but colourless 
in the thin section, oniy ydow pleochroic haios around small zircon crystals being 
then visible. The yeilow colour of ba~yte disappears when heated up to 350°C and 
the mineral becomes white. 
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FIG. 4. The effect of the wall rock on the Bao- and Zn-con- 
tents of the Vihanti ote. Open circles are ores with carbonate 

or skarn rock base, black spots are quartzites. 

S p e c i m e n n o 12 (crosscut RP 6, + 200 m level) is a zinc-ore whose ore 
minerals are sphalerite, chalcopyrite and galena. The main gangue mineral is calcite 
(dl,,, = 2.03 A). In addition plenty of baryte, tremolite and diopside also occur. 
Chlorite, sphene and zircon are accessory minerals. Baryte grains are xenomorphic 
and often twinned parallel to (210). 

The third analyzed sample from Vihanti is an idiomorphic baryte crystal from 
U-quarry. It was found in a cavity and occurs together with idiomorphic calcite, 
pyrite and laumontite crystals. Most of the baryte crystals are large, and the analyzed 
crystal is shaped like a thick plate parane1 to (001). The baryte crystal seems zonal, 
which is due to the zonal distribution of smali indusions. In the middle part of the 
crystal the indusions are roundish and consist of a soft hydrogoethite mass, but 
dose to the crystal surface they are composed of a soft pyrite mass and on the surface 
the indusions change into small pyrite octahedrons. The analyses nos 9 and 10 are 
of idiomorphic baryte. 
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The correlation coefficients between the percentages of the elemeats in the Pyhäsalmi ore deposit 

The pyrite ore of Pyhiisalmi contains abundant baryte as gangue mineral. Ac- 
cording to Helovuori (1965) the main ore minerals in the deposit are pyrite, chalco- 
pyrite and sphalerite. Occasiondy also pyrrhotite, galena, magnetite, arsenopyrite, 
molybdenite, tennantite, andorite, hessite, electrum and native gold have been met 
with. Quartz, baryte, mica and carbonates are chief gangue rninerals. The ote is 
coarse-crystalline, compact, and the gangue minerals play an unimportant role in 
the mass. As the mineral associations in the ore seem to vary indefinitely, the corre- 
lation coefficients between the main metals, sulphur and barium, have been calculated 
from 119 analyses of drill cores according to the method described by Fisher (1958). 
The correlation coefficients are represented in Table 2. By reason of the numerical 
values of the coefficients, the foliowing mineral associations can be established: 

1. Iron sulfide association: very definite positive correlation between iron and 
sulphur. As iron has not any other positive correlation, pyrite is the only mineral in 
this association. The definite negative correlation between iron and lead means that 
pyrite and galena have been localized separately. 

2. The strong positive correlation between Zn and Ba is due to the coexistence 
of sphalerite with baryte. As the correlation between zinc and iron is not positive, 
the coexistence of the sphalerite-baryte association with pyrite mineralization is only 
occasional. 

3. According to Helovuori (1965) copper-precious metal association often occurs 
at the contacts of the ore. I t  is characterized by the significant positive correlation 
between Cu and Ag on the one hand and between Cu and Au on the other. The 
coefficients are significant at a level lower than 0.01. 

4. The lead-silver association is due to the coexistence of galena with low-tem- 
perature Silver minerals. The negative correlation between iron and lead is explained 
by the occurrence of galena and its mineral-association principaiiy in the host rock 
fragments. 
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5. Gold-association: gold has a significant positive correlation coefficient with 
copper and silver at the 0.05 level of significance. The correlations are not significant 
with other elements. This proves that, even in this ore, gold occurs as a separate 
association, the significant correlations with copper and silver are due to diadochy 
of gold and silver in the minerals of copper-precious metal association. 

The observations in the deposit and the the study of sections confirm the fore- 
going opinion of the mineral associations. There is no reason in discussing here 
whether or not these mineral associations have a genetic significance. It  is self-evi- 
dent, however, that the correlation coefficients show which minerals occur together 
and have been localized in the same place. 

The two analyzed specimens were collected by the author from the outcrop of 
the ore in the year 1961. S p e c i m e n n o 13 represents ore rich in baryte. The 
ore minerals are pyrite, sphalerite and rninor chalcopyrite. In addition to baryte, 
carbonates occur as gangue minerals, one of which is colourless dolornite (dl,,, = 

2.88 A and d,,,, = 1.387 A) and the other brownish siderite (d,,,, = 3.617 and 
dloi4 = 2.812 A). 

The other analyzed s p e c i m e n n o 14, is pyrite ore, which also contains 
minor sphalerite and chalcopyrite grains. Baryte is the only gangue mineral. 

The lead deposit of Korsnas is characterized by unhomogenous pegmatite or car- 
bonatite-like formations in wide fractured zones. Further, the breccias and also the 
large cavities with their beautiful mineral druses are typical of the deposit. Galena is 
economically the most important mineral. In addition to it sulfide minerals such as 
pyrite, pyrrhotite and chalcopyrite also occur. The gangue minerals are numerous; 
the common are calcite, quartz, apatite, potash-feldspar, green chlorite-like sheet sili- 
cate and less common baryte, monazite, allanite, U-minerals, amorphic carbon, celes- 
tine, apophyllite and zeolites, of which the idiomorphic Ba-zeolite, harmotome, is the 
most rernarkable. Baryte occurs in Korsnas both as a massive gangue mineral in 
galena-ore breccias and also as idiomorphic crystals in the walls of cavities. One of 
the analyzed baryte specimens was a massive baryte in galena ore, all the others were 
idiomorphic crystals from cavities. 

S p e c i m e n n o 15. On a coarse-crystalline calcite there is a thin layer of green 
chlorite-like mineral. Water-clear calcite crystals and baryte prisms occur in the sheet 
silicate. On the surfaces of calcite and especially of baryte there are plenty of minute 
pyrite cubes. 

Baryte crystals are elongated in the direction of the a-axis, zone [100] is well 
developed and the crystals have forms (101) and (011) and occasionally (210). The 
green sheet silicate has been studied by X-ray diffraction by using preparates sus- 
pended in glycol and water and also by heating to 600°C. This determination proved 
that the mineral belongs to the montmorillonite group (McEwan 1961). However, 
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its largest interplanar spacing was 30 A, which makes one suppose that the mineral 
has a super structure with c, = 30 A. The crystallization sequence has been as follows: 
calcite-base - montmorillonite and sulfides - calcite II and baryte - small pyrite 
cubes. 

S p e c i m e n n o 16 is alrnost entirely small-grained light-yellow baryte. In 
addition galena and water-clear calcite crystals also occur. There is also a platy baryte 
crystal about 3 cm long and 0.5 cm thick, which is dark brown and idiomorphic 
having the forms (OOl), {210), (101) and (011). Smail pyrite cubes occur as inclu- 
sions in the baryte. They have been arranged in zones parallel to (101) and (011). 
This dark brown baryte crystal has been analyzed. A pink, coarse-crystaiiine calcite 
is the base in s p e c i m e n 17. Immediately on the surface of the calcite, idio- 
morphic pyrite cubes have crystallized or in some other places idiomorphic baryte 
crystals, which are platy parallel to (001) and also have the form (210). Generaiiy 
however baryte-crystals occur on the pyrite crystal layer. In some places calcite crys- 
tals with thick prisms have crystallized immediately on the pyrite. Calcite has the 
forms (1010) and (0110) and occasionally also a small (1012)-rhombohedron. A 
0.2-0.5 mm thick pyrite layer occurs on the surfaces of the baryte crystals, which 
is thus pyrite of the second generation. Between these pyrite druses needle-like pinkish 
calcite crystals occur. The crystallization sequence is as follows: calcite 1 @ase) - 
pyrite 1 - calcite II and baryte - pyrite II - calcite 111. 

S p e c i m e n n o 18 was taken at the + 190-level of the mine. It  is a platy 
baryte crystal, 11 mm thick and 20 x 25 mm broad. The colour is light brown in the 
middle part of the crystal and white near the surface. On the (001)-face of the crystal 
there are numerous smail grooves in the direction of the b-axis. The walls of the 
grooves are crystal faces: (101), (101) and (201). The basal cleavage of this baryte is 
excellent dne to numerous liquid-inclusions parailel to the face (001). 

S p e c i m e n n o 19 represents the baryte of the ore. Calcite, galena and baryte 
are the chief mineials and chalcopyrite occurs accessorily. Calcite is very coarse- 
crystalline. 

S p e c i m e n n o 20 consists of two baryte crystais taken from the + 190-level. 
These crystals are light brownish and prismatic paraiiel to the b-axes. Crystal forms 
(011) and (101) are distinct and (210) and (001) are small. 

CLASSIFICATION OF BARYTE DEPOSITS 

On the basis of mineral paragenesis and conditions of crystallization the Finnish 
baryte deposits have been dassiiied as foiiows: 

1. Barytes which have c r y s t a l l i z e d  i n  c a v i t i e s .  The idiomorphic 
crystals and clear sequence of crystallization characterize this type of deposition. 
Barytes of Vestanfjard and Korsnas and idiomorphic crystals of Vihanti belong to 
this type. 
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2. Deposits of Juuka and Petsamo are b a r y t e - b e a r i n g v e i n s. They 
are characterized by brecciated textures and by zonality of the veins. 

3. Baryte is one of the rnain g a n g u e  m i n e r a l s  i n  t h e  s u l f i d e  
d e p o s i t s of Vihanti, Pyhasalmi and partly Korsnäs. The most striking features 
of this type are the suifide minerals associated with baryte and the indefinite mineral 
associations. 

4. The deposit of Taporova is peculiar because the baryte occurs together with 
oxidic iron minerals and sulfides are totally lacking. This deposit has been consi- 
dered of s e d i m e n t a r y origin (Toivo Mikkola, 1960). 

CHEMICAL COMPOSITION OF THE BARYTES 

BaSO, forms a complete solid solution with SrSO, and PbSO,. With CaSO, the 
substitution is not complete because anhydrite, CaSO,, has a different crystal structure. 
Since Ba, Sr, Pb and Ca are the cations of natural barytes, the anaiyzing of these 
elements gives the variation in composition of the barytes. 

As BaSO, is almost completely insoluble in water, acids and other solvents, it 
must first be brought into soluble form for an ordinary gravimetric or volumetric 
anaiysis. This is not, however, an easy task. 

In this study the barytes have been analyzed by X-ray fluorecence analysis. The 
apparatus was a Philips vacuum X-ray fluorecence spectrometer with an automatic 
Norelco recorder. Sr and Pb were analyzed with a LiF-c rystal and scintillation counter, 
whereas an EDDT-crystal and methane flow-counter were used for Ca. Ba-content 
can be determined by calculation from the stoichiometric formula after analyzing 
Ca, Pb and Sr. 

Mixtures made from the measured amounts of pure CaSO,, PbSO,, SrSO, and 
BaS0,-powders were homogenized and used as standards. From the several measure- 
ments of standards the relative analytical errors can be calculated as 2.5 % for Pb, 
5.5 % for Sr and Ca 3.2 % when the content of every cation is about one weight per 
cent. 

The baryte samples were separated by means of Clerici solution and Franz iso- 
dynarnic separator and finally purified by nitric acid treatment. The purity of every 
sample was over 99.5 %. 

The CaSO,, PbSO, and SrS0,-contents of the samples are represented in Table 3. 
The SrS0,-content varies from 0.2 to 1.8 wt-% and distinct variations occur even 
in the samples of the same deposit as well as in those of Korsnas (samples 15-20). 
(Fig. 5.) Starke (1963, p. 404) has calculated the frequency distribution of the SrS0,- 
content of 2 293 baryte analyses and has shown that the barytes with 0.1-3.0 mol-% 
SrSO, are the most usual, those with 3-5 mol-% and under 0.1 mol-% are scarce 
and barytes with SrS0,-content over 3 mol-% are very exceptional. 
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TABLE 3. 

Chemical composition of the barytes 

In  the idiomorphic baryte crystals of Vihanti (analyses 9 and 10) one can observe a 
slight zonality of the SrS0,-content. Starke (1963, p. 407) has described in his study 
variations of 1-2 % in the SrS0,-content of the same baryte crystal. Barytes, which 
have crystaliized in cavities, have the most distinct variations of Sr-content whereas 
the Sr-content of barytes in aulfide ores is constant. 

The amounts of CaSO, are between 0.05-0.2 wt-% and the PbS0,-contents are 
very small, not more than 0.066 wt-%. 

Sample 

FIG. 5. The BaS0,-comer of the trimgle diagram BaS0,-CaS0,-SrSO,. 
Numbers refer to the speumens. Different syrnbols indicate samples from 

different localities. 

PbSO, 
wt-% 

0.000 
0.028 
0.011 
0.011 
0.066 
0 . 0 1 1  
0.017 
0.060 

0.000 
0.010 
0.050 
0.011 
0.017 
0.028 
0.017 
0.050 
0.022 
0.030 
0.000 
0.006 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
17 
18 
19 
20 

Vestanfjärd, 1110 . . . . . . . . . . . . . . . .  
Vestanfjärd, 1110 . . . . . . . . . . . . . . . .  
Petsamo, Samuel ............... 
Petsamo, Peuravuono . . . . . . . . . . .  
Petsamo, Suolavuono . . . . . . . . . . .  
Petsamo, Suolavuono . . . . . . . . . . .  
Kolari, Taporova ............... 
Juuka, Panjavaara . . . . . . . . . . . . . .  
Vihanti, core of the idiomorphic 

baryte crystal ................. 
Vihanti, rim of the crystal . . . . . . . .  
Vihanti, zinc ore in quartzite . . . . .  
Vihanti, zinc ore in dolomite . . . . .  
Pyhäsalmi, carbonate-rich ore . . .  
Pyhasalrni, pyrite ore ............ 
Korsnas, prismatic baryte crystals . 
Korsnäs, dark-brown crystals . . . .  
Korsnäs, baryte together with pyrite 
Korsnäs, platy baryte crystal . . . . .  
Korsnäs, baryte in lead ote . . . . . .  
Korsnäs. clear bawte crvstals . . . .  

CaSO, SrSO, 

M-% 1 W-% 

0.048 
0.067 
0.067 
0.042 
0.060 
0.048 
0.206 
0.060 

0.048 
0.036 
0.060 
0.157 
0.121 
0.109 
0.042 
0.060 
0.054 
0.048 
0.036 
0.054 

1.24 
0.68 
1.63 
1.78 

1.34 
1.44 
1.58 
1.62 

0.21 
0.18 
0.28 
0.28 
0.60 
0.56 
0.24 
0.40 
0.91 
1.00 
0.84 
0.36 
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TABLE 4. 

d,,, Determinations of the barytes 

X-RAY STUDY 

Samplc 28,., of Si-standard l l 28,,, of Baryce I 1 di,. 
C a ~ t  1 CuKu, 1 CuKZ of bargte 

Kämeae 1 Käcorr 

Single crystal Weissenberg- and rotation photographs were taken of several sam- 
ples of different composition. This method, however, was found not to be as precise 
as was needed for the determination of the relation between cell parameters and 
chemical composition. Therefore diffraction measurements with a wide-angle Philips 
goniometer were used for the precies determination of interplanar spacings. A silicon 
powder was used as internal standard. The 410 reflection (28 = 44.020' for CuKa,) 
was used for the measurement of cell parameters. Also the reflections 004 and 006 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

were measured, but they turned out to be too weak for precise determinations. Table 4 
gives the measured 28-angles corrected by means of silicon reflections and the cal- 
culated d-spacings. 

If one supposes, that the change of d,,,-spacing is linear in the BaS0,-SrSO, 
solid solution, 1 mol-% SrSO, in baryte causes a decrease of 0.00126 A in d,,,. 
From the synthetic barytes the present author has established that 1 mol-% CaSO, 
in baryte corresponds to the change of 0.00196 A in d,,,. Thus one can get the equa- 
tion d,,, = 2.05699-0.00126. Sr-0.00196. Ca for d,,,-spacing of the baryte, where 
Sr and Ca are Sr-mol-% and Ca mol-% of the mineral. 

Figure 6. presents the relation between measured and calculated d,,,-values. The 
effect of PbSO, was not observed in calculations because the amonts of PbSO, in the 

47.373 
47.316 
47.403 
47.365 
47e301 
47 .351 
47.432 
47 .329 
47 .361 
47 .333 
47.368 
47.362 
47 .401 
47.343 
47.354 
47 .365 
47.336 
47.367 
47 .303 
4 7 . 3 l 7  

analyzed samples were very small. 

47.472 
47.490 
47 .463 
47.470 
47.511 
47.482 
47.504 
47 .455 
47.484 
47 .489 
47 .491 
47 .461 
47 .473 
47 .468 
47.579 
47.469 
47.477 
47.469 
47 .483 
47 .494 

47.406 
47.374 
47.483 
47.400 
47 .371 
47 .395 
47 .456 
47 .371 
47 .402 
47 .385 
47.409 
47 .395 
4 7 . 4 2 5  
47 .384 
47.389 
47.400 
47 .383 
47 .401 
47 .363 
47 .376 

-0.062 
-0.030 
-0.079 
-0.056 
-0.027 
-0.051 
-0.112 
-0.027 
-0.058 
-0.041 
4 . 0 6 5  
- 4 . 0 5 1  
-0.081 
-0.040 
-0.045 
4 . 0 5 6  
- 0 . 0 3 9  
- 0 . 0 5 7  
4 . 0 1 9  
-0.032 

44 .102 
44 .071 
44 .165 
44.146 
44 .137 
44.110 
44.218 
44.136 
44.092 
44 .081 
44 .096 
44 .105 
44.132 
44.089 
44.066 
44.080 
44.087 
44 .102 
44 .063 
44 .069 

44.060 
44.041 
4 4 , 0 8 6  
44.090 
44 .110 
44 .059 
44 .106 
44 .109 
44 .034 
44 .040 
44 .031 
44.054 
44 .051 
4 . 0 4 9  
44.021 
44.024 
44.048 
44.045 
44.044 
44.037 

2.05520 
2.05600 
2.05405 
2.05387 
2.05299 
2.05529 
2.05317 
2.05299 
2.05636 
2.05609 
2.05644 
2.05547 
2 .05556 
2.05565 
2 .05689 
2 .05680 
2 .05573 
2.05556 
2 .05591 
2.05618 
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FIG. 6. Relation between measured and calculated dao-spacings. Rectangular 
figures are the error boxes. 

THE DIADOCHY OF CA IN THE BARYTE AND 
ITS SIGNIFICANCE 

Contrary to SrSO, and PbSO,, which form complete solid solutions with baryte, 
Ba in BaSO, is only partially substituted by Ca. Some experiments were arranged to 
study the limits of the substitution. 

The effect of the ionic concentrations of the solutions was studied by precipitating 
sulfate with H,SO, from water solutions containing different amounts of Ba and Ca. 
The precipitation process has been described previously by Starke and Ruhlicke (1961). 
The cation percentage compositions of the solutions were 0.8 %, 2.84 %, 8.88 % and 
22.63 cation-% Ba (Ba + Ca = 100 %). The precipitation was carried out at a tem- 
perature of 80°C. The d,,,-reflection was measured from every precipitate using the 
X-ray diffraction technique described on the foregoing pages. The measured d-spa- 
cings are in Table 5. It is clearly seen that the d-spacings of the precipitates depend 
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TABLE 5. 

Determination of ddl0 of the precipitated BaS0, 

Cstione-?& 2@,10 of Si-standard 

in solution Ba 1 CuKa, 1 CuKa. 1 CuKä 

TABLE 6. 

Determination of the relation between d410-spacing and Ca-content of the CaS0,-BaSO, mix crystals 

mean 19.62 

CaSO, CaSO, 
m, 1 1 %  1 z 1 d l  1 n 1 r 1 a 

D = difference between the d,,-value of CaS0,-BaSO, mix crystal and that of pure BaSO, ( x 10-,A) 
R = relation between difference (D) and percentage content of CaSO, 
A = error of R from the mean vaiue 

on the prirnary Ba to Ca-proportions of the solutions. Thus the Ca-content of the 
BaSO, precipitate evidently increases according to the Ca to Ba-proportion of the 
primary solution. These d-spacings do not, however, give the exact Ca-content of 
the precipitate. To determine the relation between d-spacings and Ca-content of the 
baryte, Ca-rich synthetic barytes were prepared by mixing measured amounts of 
CaSO, and BaSO,, which were then homogenized by heating at almost the melting 
point of baryte. The homogenity of the rnix-crystals was verified under the micro- 
scope. From the mix-crystals the d,,,-spacings were measured. The results are rep- 
resented in Table 6 and in Fig. 7. From the d-values in Table 6 one can calculate 
that one mol-% CaSO, in BaSO, reduces the d,,,-value by 0.00196 A, with the 
standard deviation of 0.000126 A. By means of this value the compositions of the 
precipitated sulfates can be determined. Calculations are given in Table 7. 

On the basis of the relative contents of the Ca-cations in primary solutions and 
in precipitated sulfates, diagram 8 can be drawn. From the form of the curve it is 
estimated that the cation-relation Ca : Ba = 125 : 1 leads to the maximum Ca-content 
of the baryte precipitated at 80°C. 

44.020 
44.223 
44.487 
44.700 
44.828 
45.146 

2.05699 
2.0480 
2.0366 
2.0272 
2.0220 
2.0082 

0 
3 
6 
9 
12 
15 

0 
5.04 
9.86 

14.50 
18.95 
23.23 

90 
204 
298 
350 
488 

17.67 
20.58 
20.49 
18.42 
20.97 

-1.95 
0.96 
0.86 

-1.21 
1.34 
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FIG. 7. Dependence of the da0-spacing of CaS0,-BaSO, 
mix crystal on the composition. 

TABLE 7. 
Detemination of the composition of the precipitated CaS0,-BaSO, m k  crystals 

D = difference of the value of dal0 from that of pure BaSO, (x  10-6 & 

Catione-ya 
Bn 

in solution 

22 .63  
8 . 8 8  
2.84 
0 . 8 0  

As the CaS0,-content of about 0.2 wt-% was maximum in the natural barytes 
analyzed here, the Ca-contents over 0.2 wt-% are, from the viewpoint of this study, 
of theoretical interest only. It is also most probable that the barytes described here 
have crystallized at temperatures far exceeding 80°C. Thus it is obvious that the 
CaS0,-BaSO, mix crystals cannot be used as a mineralogical thermometer without 
CaSO, in the paragenesis. Variations of Ca-contents in the barytes described here 
are principaily dependent on the concentrations of the primary solutions. 

29,,. of thc 1 d i ~ i  I ml-% 
pncipitate 1 1 3 ~ 0 4  

4 4 . 0 2 9  
4 4 . 0 3 9  
4 4 . 0 4 7  
4 4 . 0 6 8  

2 . 0 5 6 6 3  
2 . 0 5 6 1 8  
2 . 0 5 5 8 3  
2 . 0 5 5 3 8  

36 
81 

116 
161 

0.18  
0 .41  
0 . 5 9  
0 . 8 2  
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5.0 10.0 Ca: 1000 Ba 
in BaSO4 

FXG. 8. Relation between the concentration of the solution and 
the composition of the mix crystal, which have precipitated at 

80°C. 

TWINNING OF BARYTES AT INVERSION 

Palache et al. (1951) denotes that baryte inverts at 1 149°C to the high temperature 
form, which is monoclinic and isostructural with high-anhydrite and high-celestine. 
Though it is inconceivable how these minerals could have symmetry-rich low tem- 
perature forms and symmetry-poor high temperature forms, this could not be studied 
here, because the high temperature forms are not stable under a temperature of 
1 14g°C. The inversion of the baryte lattice leaves its mark, however, in the form of 
lamellar twinning of the grains. This twinning does not appear in the pure BaSO,, 
but lamellae form very clearly as soon as a little CaSO, or some other strange cation 
is present. Thus it can be supposed that the irrelevant cation in the lattice of baryte 
forwards the development of the lamellae. In  the natural barytes heated above the 
inversion point the beautiful lamellar texture is also formed (Fig. 9). 
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FIG. 9. Twinning of the baryte (specimen 18, Korsnas), which has been heated 
over the inversion point. 

FIG. 10. Fluid indusions of barytes. In Figs. A and B both zonai and single 
inclusions occur. In Fig. C there is a three-phase inclusion, which contains m o  

smaii crystais (arrows). 

INCLUSIONS 

Tiny inclusions occur in alrnost every baryte grain. Most of them are minute 
mineral grains, but also irregular fluid indusions can be seen. Fluid inclusions occur 
mostly as zones but also separate inclusions are met with. Some of them also contain 
smail crystais floating in the fluid with a gas bubble (Fig. 10. C). Crystals are either 
transparent or opaque. The latter are, however, very sparse. The gas bubbles of the 
inclusions are generaliy mobile, sometimes the smallest bubbles are in Brownian 
motion, but aiso some jeily-like inclusions have been seen in the barytes of Juuka. 
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FIG. 11. Schematic crystallization diagram of the minerals which occur toget- 
her with baryte. 

These inclusions may be oversaturated. As the jelly-like and aiso the three phase 
inclusions occur only accidentally it is most probable that the primary fluids from 
which the barytes have crystallized have been generally very diluted. 

ON THE PARAGENESIS OF THE BARYTES: 

Since the paragenesis of the baryte is examined in different classes of deposits, 
the deposits of the first and second type must be regarded as the most distinct, because 
in these the conditions of crystallization best correspond to the precipitation of BaSO, 
from aqueous solutions. 

Fig. 11. represents the schematic crystallization sequence of the Vestanfjard, 
Korsnas, Panjavaara and Petsamo baryte bearing paragenesis. From that it can be 
seen that calcite crystallizes together with baryte, but quartz and baryte are incom- 
patible, which is possibly due to water-soluble barium-metasilicate BaSiO, formed 
by the reaction between SiO, and BaSO,. The crystaiiization of sulfides and barytes 
has not generally taken place at the same time in deposits of this type. Only the galena 
of Panjavaara has cocrystaliized with baryte; the pyrite occurring as inclusions in 
the barytes of Korsnas is very sparse. In the mineral associations of the third deposit 
type the baryte occurs together with sphalerite. This is most evident in the Pyha- 
salmi deposit. 

BARYTE AS THE INDICATOR OF THE CONDITIONS OF 
CRYSTALLIZATION: 

Being a very insoluble sulfate, baryte is an indicator of the existence of sulfate 
ions in the deposition forrning fiuids. In the system containing different ions of 
sulphur, the existence of suifate-ion generally depends on the redox-potential (Eh) 
of the solution. The Eh-pH-diagram of different sulfur ions has been presented e.g. 
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by Barnes and Kullerud (1961). According to crystallization products the hydrother- 
mal solutions often contain chalcophile cations and sultidic ions. As the solubility 
products of most sulfides are very small, it is probable that the chalcophile cations 
must exist in solutions as complex compounds, for example as polysulfide complexes. 
Polysulfide complexes of this type have been described by Cloke (1963). According 
to him the stability field of polysulfides in the Eh-pH-system is very limited and thus 
srnall changes in Eh or pH cause variations in equilibrium in the polysulfide - 
sulfide system, and can increase the activity of sulfide or sulfate ions. The increase 
in pH of the system containing polysulfides due to reaction with carbonate rocks 
for example, can thus cause the precipitation of baryte, since the activity of sulfate 
ion increases so much that the solubility product of baryte is exceeded. 

The mineral association of the V e s t a n f j a r d baryte is the only one that 
contains fluorite in significant amounts. Fluorite has been regarded as a typical 
hydrothermal mineral. The mineral forming fluids have been acid, as they have 
dissolved the carbonate rock and formed the cavities for the mineral druses. These 
hydrothermal solutions contained polysuliide anions and fluoride ions and as cations 
Ba and Fe. By reaction with the carbonate rock the pH of the fluid increased, the 
polysuliide complexes decomposed and the activity of the sulfate-ion increased so 
much that baryte precipitated. When CaCO, dissoved, the activity of Ca*+ increased 
until the solubility product of CaF, was reached and fluorite precipitated. The crys- 
tallization of calcite depends on the activity of CO:- and thus on the pressure of 
CO, and total pressure. The variations of pressure and/or pH of the solution can 
cause the crystallization of calcite as a new generation. 

The mineral associations of the K o r s n a s cavity barytes prove that calcite 
can crystallize together with pyrite, but baryte and sulfides do not crystallize together. 
This can be explained by the constant sum of sulfur ions in mineral-forming fluids. 
As the activity of sulfate ions increases for any reason, for example by oxidation of 
the system, this causes a decrease in the sulfide ion activity. This sequence is seen 
e.g. in specimen no 17, where pyrite has crystallized before and after baryte but not 
at the same time. It is probable that variation in the activity of SO:- ion has caused 
alterations in the crystaliization of suliides and sulfates. 

In J u u k a, the sulfides principally occur near the walls of the veins and baryte 
in the core. Thus sulfides crystallized at the first stage and the sulfate minerals at - 
the last. The primary solutions were carbonatic fluids at high pressure and moderate 
temperature and contained Ba, Pb, Fe and Ce as cations in addition to Ca, Mg and 
alkalies and sulfides and polysulfides as anions. At the beginning of the deposition 
the activity of S0:- ion was very small but increased by oxidation during the filling 
of the vein and thus at the end reached the solubility product of baryte. 

The substances of the P e t s a m o veins have been less complicated than those 
of Panjavaara. Tectonic events have played an important role in the formation of 
veins, which is proved by the numerous breccias. It  is obvious that baryte has crys- 
tallized at a very early stage and sulfides, galena and sphalerite and chalcopyrite later. 
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The deposition forming solutions have thus been oxidized at the beginning and 
later changed into the reduced form. 

On the basis of the total mineralogical and chemical composition the similarity 
of the V i h a n t i a n d P y h ä s a 1 m i deposits is obvious. Differences occur, 
however, in the form and structure, and also in the host rocks of the deposits. The 
main differences are the carbonatic and skarn host rocks of Vihanti which do not 
occur in Pyhäsalmi and also the locaiization of iron sulfide and zinc-ores separately 
in Vihanti, whereas in Pyhäsalmi they have been localized in the same place. Inves- 
tigations on correlation prove however, that even here separate pyrite mineral asso- 
ciation and sphalerite-baryte associations exist and they occur together only acci- 
dentaliy. 

In the Vihanti deposit, according to A. Mikkola (1963, p. 40), even though »Many 
features point to an epigenetic origin and some of these are hydrothermal)) also a 
sedimentary origin, somewhat similar to that of Rammelsberg and Meggen, is pos- 
sible (A. Mikkola, 1963, p. 41). By reason of the structural, textural and compositional 
features of the ores of Vihanti and Pyhasalmi it is most probable that both deposits 
are either epigenetic or have been almost remobilized by metamorphic events. It  
seems iikely that the materials have been similar, but that various tectonic events 
and unequal host rocks have caused differences of the ore deposits. In view of the 
baryte deposition the ideas concerning the role of polysulfides as described by Cloke 
(1963) are worthy of consideration. According to him (Cloke 1963, p. 1314) the 
reactions with carbonate rocks, such as in Vihanti can cause decomposition of poly- 
suEdes. This increases the activity of sulfide and also suifate ions and thus sulfidic 
and sulfatic minerals form. The fact that sphalerite and pyrite occur separately is 
possibly due to their deposition at different acidity of the system; or pyrite ores may 
have been formed by the reaction of suiiide ion with iron silicates. In that case the 
pyrite ores occur near the rocks from which they have received the iron. This sulfuri- 
zation has caused the Mg-enrichment of the wall rocks. 

The reaction with carbonate rocks and the change of pH were, however, the 
primary reaction to cause the deposition of the Vihanti ore. 

As carbonate and skarn rocks are almost fully lacking in Pyhasalmi, the change 
of pH cannot have caused the deposition of the ore. According to Cloke (1963, 
p. 1316) the reaction of sulfide ion with iron siiicates in the polysulfide-sulfide system 
can change the equilibrium of the system and cause the decomposition of polysulfides 
to sulfide and sulfate ions. This may be the reason for the deposition of the Pyhä- 
salmi baryte. The iron of the deposit thus originates from the wall rocks: The 
breccias and the banded structure of the ore prove that tectonic movements have 
played an important role in the deposition of both the Pyhasalmi and the Vihanti 
ore. 

The T a p o r o v a iron ore has been considered as sedimentary. The absence 
of sulfides and the occurrence of ferric iron minerals (hematite) prove the high state 
of oxidation in the system. Such a state can best be explained by oxidated sedimentic 
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environments. Also the deformed texture of the baryte (lamellae, twins) proves that 
it belongs to the primary mineral association of the rock and has been deformed in 
metamorphosis as ali the other minerals of the rock. 

CONCLUSIONS 

The barytes of Finland have been dassified into four groups: 1) cavity barytes, 
2) vein barytes, 3) baryte as a gangue mineral of the massive sulfide ores and 4) sedi- 
mentary baryte. Compositions of the barytes vary within narrow limits and differences 
of the compositions are due to variations in cation concentrations of the fluid. The 
effect of temperature on the composition has not yet been determined totally and 
numerically. In CaS0,-BaSO, mix crystals this effect is much smaller than that of 
cationic concentrations. The Ca-content of the baryte cannot be used as a mineralo- 
gical thermometer without CaSO, as a separate phase in the system. The occurrence 
of baryte proves the existence of sulfate ions in the mineraiizing solutions. Variations 
in the concentrations of anions can cause the precipitation of the baryte if Ba is 
present in sufficient amounts. The sulfate ion activity of the system can increase due 
to oxidation or an increase of pH, ifpolysulfide complexes exist in the system together 
with other ions of sulphur. As the solubility product of the baryte increases together 
with the temperature, so also a decrease in temperature can cause the crystallization 
of baryte. There is no unambigous evidence as to whether the baryte in a deposit 
has precipitated by an increase in the activity and concentration of the sulfate ions 
or by a decrease in the temperature, because they usually occur together. The effects 
of both of them must be explained in accordance with the facts characterizing the case. 
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O N  DATING T H E  GENESIS O F  PEAT BANKS 
AND HOLLOWS I N  T H E  RAISED BOGS 

O F  SOUTHWESTERN FINLAND 

BY 

TOIVE AARTOLAHTI 

ABSTRACT 

The purpose of the present study is to determine the time of origin of the peat banks and bog 
hollows in the raised bogs of southwestern Finland. According to the C 14 datings their develop- 
ment staned already 3 200-3 100 yeais ago. Two periods of accelerated growth could be distin- 
guished, the fhst one 3 200-3 100 years ago, and the second one 2 100 years ago. The palsas and 
aapabog ridges in northern Finland and the peat banks and bog hoiiows on the Swedish raised bogs 
have arised sirnultaneously. This is due to general deterioration of dirnate in vast areas during the 
time in question. 

INTRODUCTION 

In an earlier paper (Aartolahti 1965, pp. 164, 248) 1 have expounded the time of 
origin of certain smail formations situated in raised bogs, formations like Spbagnum 
banks (in Finnish »krmi»), or »strings», hoiiows (in Finnish »h#u») and pools. It 
was brought out that in the regions of southwestern Hame and northern Satakunta - 
that is, in southwestern Finland in general - these formations originated not long 
after the general spread of the spruce tree. The evidence indicates that they appeared 
during the deterioration of the dimate around the turn of the Sub-Boreal and Sub- 
Atlantic periods, possibly at the beginning of the Sub-Atlantic period. It was sub- 
sequently perceived (Aartolahti 1966) that the spruce became common in different 
parts of Finland at different times. This raised the question as to whether the forma- 
tions might not likewise have appeared in different paas of the country at different 
times. The purpose of the present study, then, is to determine, by means of C14 
datings, the time of origin of certain small formations in southwestern Finnish bogs 
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toward the end of ascertaining whether they otiginated at different times in different 
areas. 

METHODS and FIELD STUDIES 

In dating the origin of peat banks and hollows, 1 have used the Spbagnfim-leaf 
method (Aartolahti 1965, pp. 132-134). This involves ascertaining what species of 
Sphagnum have formed the banks and what species, on the other hand, have formed 
the peat underlying the hollows. The peat in both cases consists of species of Sphagnum 
of its own. The method is aimed to differentiate the peat varieties of adjacent banks 
and hollows in bogs. At any level where the difference between species of Spbagnfim 
vanishes and the same species of Sphagnfim are found to exist in by and large the same 
proportions in both the peat banks and at the bottom of adjacent hollows, or where, 
to judge by the species represented, the same kind of vegetation may in general be 
deemed to have prevailed, the differentiation of the surface of the bog into banks 
and hollows must have started. 

Effoas were made to locate the oldest banks and hoiiows of each bog during the 
field investigations. In each bog the formations that extended to the greatest depth 
were naturally considered to be the oldest. And these were the ones from which 
series of samples were taken for laboratory study. In the search for deep hollows, 
Open pools have greatiy facilitated matters. As a large proportion of the banks and 
hoiiows reaches to the same depth, roughly speaking, the probability is that by and 
large they originated at about the same time. In dating, age differences of a few 
hundred years are liable, however, to result easily, depending on the choice of drilling 
site. This is a likelihood even in the same bog, let alone different bogs, where any 
comparison of levels of differentiation is more difficult on the basis of poiien diagrams 
alone. 

Moreover, local circumstances may have prevented the formation of banks and 
hollows in some bog for one reason or another (most often dryness) at a stage during 
climatic deterioration when they have started to develop in other bogs where condi- 
tions have favored the process. Accordingly, field investigations involving bogs of 
the former type are often apt to prove fruitless. In certain cases, the poiien diagrams 
alone make it plain that, in spite of considerabie depths, the process of differentiation 
into banks and holiows had started at a later date in some bogs than others. However, 
this circumstance is not always brought out by pollen diagrams, though readily re- 
vealed by the C14 dating method. The surest way is to look for ancient banks and 
hoiiows in bogs which research has already proved to have been sufficientiy wet and 
convex at the time the climate turned colder (cf., Aartolahti 1965, pp. 250-251). 
Bogs of this kind are to be found with the least trouble in the interior of the country. 
On the other hand, most of the bogs situated near the coast evolved into raised bogs 
with a convex surface considerably after the spruce had become generaliy established 
(cf. Aartolahti 1965, p. 217, appendix 4). Thus, banks and hoilows could not form 
in them at the stage when climatic conditions would have made it possible. 
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FIG. 1. Map of area investigated. Black squares = bogs investigated. 

BOGS and C14 DATINGS 

The investigation concentrated on four bogs: Raholansuo, at Lieto; Linturahka, 
at Mellilg Pitkäsuo, at Urjala; and Heinisuo, at Renko (Figure 1). In the selection 
of bogs, a factor kept in view was whether there were differences between coast and 
interior with respect to the time of differentiation. In the case of each bog, the level 
of differentiation is presented by means of a Spbagnum-leaf table (Tables 1-4). In 
addition, a poiien diagram of each bog is given to enable the C14 datings obtained 
to be applied in connection with subsequent investigations embracing these areas. 

R a h o 1 a n s u o (Fig. 2, Table l), in the northern part of the commune of 
Lieto. After the deposition of the mud, the area turned into a treeless Carex bog. The 
S'bagnum is identifiable from a depth of 3.3 meters. Judging from the rnacrosub- 
fossils, the bog was then distinguished by the prevalence of Spbagnnum apicuaftrrm and 
birch trees, soon after which it became more barren, though still supporting trees, 
with SpbagnumparYifoIium the dorninant species of moss. At a depth of 3.2-3. i meters, 
ther is a stratum of Eriopborum-Sphdgnum peat, whereas at 3.0 meters the peat has 
become rich in S'agnum fuscunr, The differentiation of the bog surface into strung- 
out banks and hollows took place at the 2.5 m-level, as shown in Table 1. The spruce 
had by that time achieved its maximum and was already on the wane. The dating of 
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FIG. 2. Pollen diagram from Raholansuo, Lieto. 
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the sample (1-2 405) taken from this differentiation level gives an age of 2 090 & 105 
years. 

L i n t u r a h k a (Fig. 3, Table 2), along the Southern boundary of the commune 
of Mellilä. Overlying the thin layer of mud on top of the clay, there is a stratum of 
Carex-Equi.retm peat, which transformed the area into a treeless Carex bog. Thanks 
to ample drainage conditions, the surface of the bog became dry, turning it  into a 
Spbagnum parv$oIium bog with trees. DuEng the period marked by the general spread 
of the spmce, the bog produced a layer of Eriphorum-Sphagnutn peat. Judging by the 
small number of hyphae, the bog would still appear to have been fairly wet. The 
first signs of the differentiation of the surface of the bog into banks and hollows are 
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FIG. 3. Pollen diagram from Linturahka, MelIilä. 

to be seen at the 2.7-2.8-m level, as shown in Table 2. After that the hollows reveal 
alternate stages distinguished by a rich content of Sphagnum balticum or of Sphagnum 
cuspidat~m, while the stringy banks remain dominated by Sphagnum fuscum peat. The 
age of the specimen (1-2 404) extracted from the differentiation stage is 3 170 f 105 
years. 

P i t k a s u o (Fig. 4, Table 3), situated in the commune of Urjala alongside the 
road leading from the church to Toijala. Overlying the thick stratum of clay mud, 
there is a thin layer of mud and Equisetum peat saturated with mud, which in turn is 
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TABLE 2. 

From Linturahka 

overlain by Btj,a/es-rich sedge peat. Upwards frorn the depth of 3.5 m, the peat has 
undergone so littie humification that the Spbagnt/m species can stiii be readily identi- 
fied. At this stage the bog was covered with Sphugnum apicu/atum and rich sedge 
growths as well as trees. At the 3.2-m level S'agnumparviJo/ium became the prevailing 
species of moss and the trees persisted. Just before the general spread of the spruce, 
the bog was covered with a bed of Erjophorm peat. It was at the present 2.6-m level 
that the peat banks and hoilows appeared in the bog, as shown in Table 3. The table 
further reveals that the bog had not prior to that been exclusively covered with 
Spbagnum fuscum - and thus dry - but probably fairly moist, judging also by the 

Peat Ba& Bog Hobw 
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0.3 
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FIG. 4. Poiien diagram from Pitkasuo, UrjaIa. 

slight occurrence of hyphae. The moisture content of the hollows has varied from 
time to time, whereas the banks have remained continuously covered with Sphagnum 
fu~cum and thus dry. The age of the differentiation stage, according to sample 1-2 403, 
is 3 220 f 110 years. 

H e i n i s u o (Fig. 5, Table 4), at the boundary of Renko and Hämeenlinna. 
Overlying the thin layer of mud is a bed of Carex peat 0.8 m thick. The first indenti- 
fiable Sphagnums in this layer occur at a depth of 2.8 m. The subfossils indicate that 
the area at this time had been a treeless Carex bog with an abundant growth of 
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TULE 3. 
From Pitkäsuo 

Sphagnum apicdatum. Next there foilowed a stage marked by the appearance of trees 
out of the Sphagnum apiculafrum, which was later replaced by Sphagncm parvifoIium, 
and, then, at the 2.5-m level, a stage charaaerized by the prevalence of Sphagnum- 
Eriophwum peat. Subsequently, the area developed into a raised bog overgrown with 
Sphagnumfuscunr and, at least in the beginning, with many pine trees. The differen- 
tiation stage occurred at the 1.7-m level (Table 4). The hollows were quite watery, 
except for a brief transitional period, throughout the stage of their formation. The 
age of the sample (1-2 402) taken from the differentiation level is 2 090 f 105 years. 

Peat Bank Bo8 Hollow 

" , G G  " 4 . ;  
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FIG. 5. PoUen diagram from Heinisuo, Renko. 

DISCUSSION 

The samples studied and their ages are thus as foiiows: 

1-2 405 .................................... 2 090 f 105 years Lieto 
1-2404 .................................... 3170 f105 » Mellila 
1-2 403 .................................... 3 220 f 110 » Urjala 
1-2402 .................................... 2090 f105 » Renko 

At first glance, the process of differentiation seems to have taken place at markedly 
different periods. The age difference between these periods in the bogs of Lieto and 
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TABLE 4. 

From Heinisuo 

Mellila is over a thousand years. On the other hand, the bogs at the opposite ends of 
the series, which are situated at a distance of 100 kilometers from each other, have 
yielded precisely the same age, 2 090 f 105 years. There is very little difference 
between the samples from the bogs of Mellila and Urjala, either - only 50 f 110 
years. Surely, it is no accident that peat banks and holiows should have started to 
form in two widely separated bogs simultaneously. 

In a previous study, 1 made the observation that several banks and hollows in 
the same bog appear to begin from two different levels. Set against the polien dia- 
gram, the lower level fails just before the first maximum of the spruce and the upper 
one shortly afterwards. Following the formation of the upper level, banks and hol- 
lows formed at various stages, and they have continued to develop until the present 
day. The C14 datings indicate the first period of their formation to have occurred 
some 3 100-3 200 years ago and the second approximately 2 100 years ago. 

Peat BnnL Bog Hollow 
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At the initial stage, differentiation occurred in places where the surface of the 
bog had been sufficiently wet and had had the necessary slope (cf., Aartolahti 1965, 
p. 74-78). As previously pointed out, on p. 75-79, the Linturahka bog at Mellilä 
and the Pitkäsuo area at Urjala had been wet in the formations making up their small 
relief (Tables 2 and 3). Thus, banks and hollows could form in these bogs as a con- 
sequence either of increasing cold or temporary dryness, or, most probably, of a 
combination of both circumstances. Evidence of a cooling down of the dimate during 
this period, notably in northern Finland, is plentiful. According to Sorsa (1965, 
pp. 404-405), the boundary of both the birch and conifer forests retreated in the 
Arctic hills at the end of the Sub-Boreal period. The bald areas extending from the 
summits of the fells had thus expanded. Similar signs of a colder climate have also 
been observed by Aario (1943) in the Petsamo region, by Kanerva (1956) in the 
Hyrynsalrni region and by Vasari (1962) in the Kuusamo region. Toward the end of 
the Sub-Boreal period, the winters in particular became colder, and this circumstance 
played a decisive part in promoting differentiation in the bogs. Sauramo (1940, p. 254) 
remarked that the climate took a decisive turn for the worse (mainly by getting 
colder) in approximately 1 000 B. C. 

The probability is that certain other phenomena, such as the appearance of 
ridges in aapa bogs and the formation of palsas (relatively high frost mounds of 
peat), were synchronous with the genesis of banks and hollows of raised bogs (cf. 
Ruuhijarvi 1962, p. 68, 1963, p. 35). According to G. Lundqvist (1951 a, p. 223), 
the formation of the palsas started slightly before 1 000 B. C., that is, fuily 3 000 
years ago. Ruuhijärvi (1963, p. 30) has noted that the increase of the birch took 
place at the end of his IV stage; and his condusion was that the increase in the share 
of the birch at the expense of the pine was a consequence of the increase in humidity 
and the cooling down of the climate (cf., Ruuhijärvi 1962, p. 66). He has further 
observed (1963, p. 35) that it is no matter of chance that hollows should have formed 
in northern raised bogs in conjunction with the increase of the birch toward the end 
of his IV stage. In his view, the ground frost began at that time to remain in peat 
ridges in aapa bog even during the season of growth and to thrust them upward. 
This event was probably synchronous with the formation of the palsas. Later on, 
Ruuhijärvi dated the beginning of the youngest birch stage from two palsas (Radio- 
carbon 7, pp. 3-4) .  In the Inari region, the age of the youngest birch stage, according 
to sample B - 415, is 3 120 f 120 years, and according to another sample, B - 511, 
4 100 f 200 years. Thus, the formation of the palsas, ridges and banks would appear 
to have started about the same time in Lapland, to some extent even earlier than the 
peat banks and hollows of the raised bogs of Mellila and Urjala. 

G. Lundqvist (1951 b, pp. 99, 129, 146, 171, 177) has investigated a number of 
bogs situated in the province of Kopparsberg, northern Sweden, and conduded that 
the ridges, banks, hummocks and hollows there had formed between 1 000 and 600 
B. C. J. Lundqvist (1958, pp. 172-174) has described a certain bog pool from the 
ocaiity of Rada Stormoss, which is situated in the area covered by the map sheet of 
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Uddeholm (sheet 80), Värrnland province; the pool dates back to before the begin- 
ning of the Sub-Atlantic period. As the Sub-Atlantic period is believed to have 
begun 2 700-2 500 years ago (Sauramo 1958, p. 44; Sorsa 1965, pp. 405,409; Donner 
1964, p. 17), the formation of peat banks and hollows in this Swedish locality started 
at about the same time as at MeWa and Urjala. 

Several investigators (e.g., Auer 1927, Ruuhijarvi 1962, Lundqvist 1963 and To- 
lonen 1966) have explained that the formation of peat banks, hollows, ridges and 
palm has been promoted by the drying up of the surface of bogs. In the view of 
Auer (1927, p. 45), palsa~ developed in two stages during dry periods. Such dry 
periods have been observed to have occurred despite the generally increasing hu- 
rnidity of the Sub-Boreal period (Ruuhijarvi 1963, p. 31; Sorsa 1965, pp. 323, 325, 
343, 405). During each dry period, certain paas of the surface of bogs dried more 
than others, and in such parts the ice lasted longer in the spring, eventually causing 
hummocks to form. And during these dry periods the vertical growth of the bogs 
slowed down and, in places, even halted, especially if the weather was cold (Aario 
1941, p. 64). During the ensuing humid periods, the differences in moisture content 
increased further, promoting the formation of smali relief in the bogs. Among 
others, G. Lundqvist (1963, pp. 116-117) and Tolonen (1966, p. 164) have described 
the formation of smali relief on such dried-out surfaces. It is possible that peat banks 
and hollows did not yet evolve in connection with the drying up and subsequent 
recurrence of wet conditions in the bogs toward the end of the Sub-Boreal period 
but only hummocks separated by watery stretches. The peat banks and hollows 
would then have developed later as the dimate grew colder. 

Tolonen (1966, p. 164) takes the position that at Varrassuo, in the commune of 
Hollola, stages marked by the formation of hummocks and of depressions alternated 
during the late Atlantic period. These formations, however, probably do not fit into 
the category of peat banks and hollows as understood in the light of the Finnish 
designations, namely, k r m i  and hrju; rather do they represent the kind of hummock- 
interspace pattern that prevails at the present day in the southwesternmost part of 
Finland (Eurola 1962). In Germany vestiges of the hummock-interspace pattern have 
been met with also in strata dating back to the Atlantic period in ancient raised bogs 
(Rudolph & Firbas 1927, pp. 131, 136; Schneekloth 1963, p. 57; Woldstedt 1950, 
pp. 388-389). 

A second significant period conducive to the formation of bog hollows in the 
area involved in my study thus occurred 2 100 years ago. This result fits in very 
nicely with the view that the coldest period of the Sub-Atlantic period happened at 
the beginning of the stage, shortly before the Christian era began (cf., Sorsa 1965, 
p. 404; Kalela 1961, p. 96). On the basis of C14 datings, Nilsson (1964, pp. 26, 32) 
calculated the beginning of the Sub-Atlantic period as having occurred in Sweden 
2 300 years ago. It was as a consequence of the deterioration of the climate at this 
time that the second-stage peat banks and hollows referred to formed. As the diagram 
of Heinisuo shows (Fig. 5), trees grew abundantly in the area of the bog just before 
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the formation of the hollows, which indicates the existence of dry ground. Accord- 
ingly, it was impossible for hollows to develop immediately. It  was only after the 
climate progressively worsened that the growth of Sphapm increased, the trees died 
and conditions in the previously dry bog began to favor the formation of hollows. 
The same developmental trend took place at Raholansuo, in the commune of Lieto. 

In the area of the Ockelbo map sheet of surficial deposits (sheet 105), Gavleborg 
province, Sweden, G. Lundqvist (1963, pp. 116-117) has carried out the dating of 
the recurrence surface at the level of the bottom of several bog pools. Lundqvist 
expIains the formation of the pools as having started from the level of this surface. 
Near the pools the recurrence surface developed 40 f 75 years before the Christian 
era, and at a greater distance 225 f 70 B. C., or 2 000-2 200 years ago. The age of 
these bog pools by and large corresponds to that of the hollows at Raholansuo and 
Heinisuo. In both Sweden and Finland, the bogs are situated in largely the same 
latitudes. The likelihood is that the same change of dimate caused the formation of 
peat banks and hollows in these bogs. 

Peat banks and hollows evolved also during periods between the stages mentioned 
(3 200 and 2 100 years ago), though to a distinctly lesser extent, as well as from 
aforementioned times up to the present day. Accordingly, the formation of all banks 
and hollows of raised bogs as well as of ridges and rimpis of aapa bogs was by no means 
a synchronous process (cf., G. Lundqvist 1951 b, p. 99). The probability is, how- 
ever, that during the aforementioned periods the climate was more conducive to 
the development of small relief forms than in intervening periods. Auer (1927, p. 45) 
has observed that palsas evolved at two stages. The evidence indicates that at certain 
periods peat banks and hollows formed in greater numbers than usual. 

The aim of the present study has been to determine whether the differentiation 
of bog surfaces into peat banks and hoilows took place in different parts of the area 
investigated - and, possibly, of the country as a whole - at different times. In the 
light of the C14 datings carried out up to the moment, no definitive conclusion can 
be reached. In comparing the datings arrived at with respect to the bogs of Lieto, 
Mellila and Urjala, one will note that the differentiation process took place earlier 
in the interior of the country than near the coast. The Renko area, however, repre- 
sents a marked exception to this rule. As 1 have already pointed out (p. 72), peat 
banks and hollows could not evolve in coastal bogs at the time they began to evolve 
elsewhere. Accordingly, only the datings arrived at from Mellila and Urjala are 
mutually comparable. The age difference between these localities with respect to the 
event of differentiation is 50 f 110 years. However, it should be borne in mind that 
the magnitude of the age difference also depends on the care with which the dated 
samples were taken. Purely from the standpoint of the technical factors involved in 
the taking of samples, the age difference could be even greater or smaller, or, then, 
the result obtained at Mellila might indicate a greater age than at Urjala. On the other 
hand, furthermore, the datings from the bogs of Lieto and Renko are comparable. 
These bogs were dry at the time peat banks and hollows began to form elsewhere, 
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meaning that relief patterns could not develop in them until later. According to the 
datings, this eventuaily happened some 2 100 years ago. 

The evidence thus indicates that the formation of peat banks and hollows occurred 
in different parts of southwestern Finland over extensive areas simultaneously in 
response to changes in the climate favoring the process. 

It was pointed out in the foregoing (p. 84) that a climatic change some 2 100 years 
ago caused peat banks and hollows to form in bogs in corresponging geographic 
latitudes in both Finland and Sweden. If we compare the datings of the oldest peat 
banks and hollows arrived at in southern Finland with the datings of ridges and 
palsas in the north, we will note that there are no great differences between the times 
of origin of the various formations. The bog ridges, rimpis and palsas began to form 
only slightly earlier than did the peat banks and hollows. This is only natural. After 
all, the average annual temperature in northern Finland differs markedly from that 
prevailing in southern Finland to this day. Stili, the climatic change for the worse 
has been conspicuous and its effects have been rapidly felt over a wide area. 
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ABSTRACT 

The strength and direction of the remanent magnetization of a diabase dike system in southern 
central Finland is measured. The magnetization is unstable and only a small percentage is left after 
demagnetization in AC-fteld. The origin of the magnetitation is discussed. 
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INTRODUCTION 

Ilkka Laitakari (1965 and 1966) has recently described a suite of diabase dikes 
occuring in the Heinola-Orivesi area in the southwestern part of central Finland. 
More than 60 dikes are found to occur in the area, all running subparaiiel in a dire- 
tion N 55"W between Lakes Näsijärvi and Päijänne (Fig. 1). 

According to Laitakari (1966) the dimensions of the dikes vary greatly. The 
largest, presumably almost continuous dike recently described in detail by Savolahti 
(1964), is about 16 km in length and more than 100 meters in breadth. Usuaiiy, the 
rock in the dikes has plagiodase, olivine, and augite as the principal constituents, 
The texture is ophitic. A fine-grained chilled margin is common at the contacts of 



the smaller dikes. A large number of the dikes have a coarse, breccia like central 
part with large, broken plagioclase (An6S-6,,) xenolites up to 30 cm in diameter. The 
mineral composition of some diabase dikes of the area is given in Table 1. As accessory 
minerals apatite, biotite, hornblende and serpentine are most common. Ilmenite is the 
most abundant opaque mineral. It occurs as individual grains as well as fine lamella 
in magnetite. Table 3 gives the magnetite and ilmenite contents of the magnetically 
measured samples. In some rocks, however, opaque minerals occur as lathy skeletons 
so fine-grained that modal analysis is not possible. Both ilmenite and magnetite 
appear weli-preserved and primary. 

The age of the dikes is not known. The dikes cut the Svecofennian (Precambrian) 
basement and occur spatically in close connection with the gabro anorthosite intru- 
sions in the Heinola-Mäntyharju region (Savolahti 1956). A relation to the rapakivi 
intrusion further southeast is also possible. The age of the dikes could, therefore, be 
considerably less than that of the surroundings (i.e. 1.800 m.y.) and possibly some- 
what more than that of rapakivi granite (1.640 m.y., Kouvo and Tilton, 1966). Radio- 
metric determinations of the age of the dike system will be performed in the near 
future by the age group of the Geological Survey of Finland. 

SAMPLES AND MEASUREMENTS 

Oriented sample cores were drilled from the dikes of the area during the summers 
1965 and 1966. The driliing and orientation were made using the same equipment 
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Minerai composition (mode) of some diabase dikes from the Heinola-Orivesi area. Determined 
with a point counter (Chayes, 1949). 

1. Diabase, Pääskyiä, Längelmäki (Laitakari, 1966, diagram lc) 
2. Main dike, Torittu, Padasjoki (Laitakari, 1966, diagram lg) 
3. Diabase dike, Linnasaari, Padasjoki (Laitakari, 1966, diagram li) 
4. Diabase, Huppionwori, Orivesi, sample No. 126.1 
5. Diabase, Ansio, Padasjoki (Savolahti, 1964) 

Piagioclase (An-58) ...... 
olivine (Fa 55) ........... 
Augite .................. 
Opaque minerals ......... 
Accessories .............. 

and same technique described in connection with the work on the Satakunta region 
(Neuvonen, 1965). The direction and intensity of the remanent magnetization of 
specimens cut from the samples coilected were measured with an astatic magneto- 
meter. Altogether 30 samples cut into 190 specimens were measured. Table 2 lists 
the coilection sites, measured directions and intensities of the remanent magnetization. 
The observed directions are also marked on the map in Fig. 1 and shown in the equal 
area (Lambert-Schmidt) projection in Fig. 2a. 

The deciination of the measured magnetic orientation of the dikes varied consid- 
erably as does also the angle of inclination. Most dikes show, however, remanent 
magnetization pointing northeast and having positive (downward) inclination. Four 
dikes have magnetic orientation towards the south and two dikes show negative 
indination. Some of the greatest deviations from the mean direction might have 
been caused by lightning (Graham, 1961). In the samples from these localities, the 
intensity of magnetization is about 100 times higher than in the rest of the samples 
and the intensity decreases rapidly with depth. 

It is also possible that some of the samples induded in the study do not belong 
to the same set of dikes but are of a different origin and age. Especially the samples 
359.1 and 359.2 are from a dike which differs from the others both pertographically 
and in type of occurrence. Ali the samples measured are, however, induded in the 
average value calculated, utilizing the statistical method of Fisher (1953). 

The paleomagnetic North Pole calculated on the basis of the average direction 
of magnetization lies in Siberia at latitude 57.5" north and longitude 100.5' east. 

DEMAGNETIZATION 

1. 1 2. 1 3. 1 4. 1 5. 

The investigation of the magnetic orientation of Satakunta and Vaasa dolerites 
(Neuvonen, 1965 and 1966) revealed a secondary magnetization formed in connec- 
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TABLE 2. 

Remanent magnetization of diabase rocks in Hame, Finiand before demagnetization 

Snmple 
Locnlity Magnctic dinccion 

Intensity 
emujcma 1 ilcnuti 1 Ni.. 1 Ut. 1 Lq. 1 Decl 1 Iod 1 N 1 k 1 95 1 
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125.1 

126. i 
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224.1 

225.1 

226.1 

226.2 

227.1 

228.1 

229.1 

230.1 

231.1 

248.1 

356.1 

357.1 

358.1 

359.1 

359.2 

361.1 

N = number of specimens measured (or samples compiled) 
k = precision parameter (N-IIN-R) 
a, = circle of conficence with a probability of 95 per cent 

61.3' 

61.6' 

61.7' 

61.4' 

» 

61.3O 

61.4' 

61.4' 

61.4' 

61.5' 

» 

61.5' 

» 

» 

61.3' 

61.3' 

61.4' 

» 

61.6' 

61.5' 

61.5' 

61.7' 

61.6' 

61.3' 

61.3' 

61.3' 

61.3' 

61.3' 

» 

)) 

1 61.401 

Tuomasvuori 
Padasjoki . . . . 

Iilivuori 
Eräjärvi . . . . . . 

Huppionvuori 
Orivesi ...... 

Ansio 
Padasjoki . . . . 

Ansio 
Padasjoki . . . . 

Hirtniemi 
Padasjoki . . . . 

Virrnaiia 
Padasjoki . . . . 

Munuajärvi 
Padasjoki . . . . 

Koukkujärvi 
Padasjoki . . . . 

MyUylahti 
Kuhmoinen .. 

Myiiylahti 
Kuhmoinen . . 

Linnasaari 
Padasjoki .... 

Linnasaari 
Padasjoki . . . . 

Linnasaari 
Padasjoki . . . . 

Saksala 
Padasjoki . . . . 

Romo 
Padasjoki . . . . 

Ansio 
Padasjoki . . . . 

Ansio 
Padasjoki . . . . 

Liehu 
Kuhmalahti . . 

Vehkajarvi 
Kuhmalahti .. 

Karivuori 
Kuhmaiahti . . 

Pääskylä 
Längelma k i . . .  

Maijaanvuori 
Eräjärvi ...... 

Church-village 
Heinolacounty 

Polkjärvi 
Asikkaia . . . . . 

Polkjarvi 
Heinola county 

Hepomäki 
Asikkaia . . . . . 

Imjärvi 
Heinola county 

Imjiimi 
Heinola county 

Church-viiiage 
Heinola county 

Mean of all samples 

25.3' 

24.8' 

24.3' 

24.9' 

n 

25.4' 

25.3' 

25.2' 

25.3' 

25.2' 

» 

25.4' 

» 

» 

25.3' 

25.0' 

24.8' 

)) 

24.9' 

24.8' 

24.8' 

24.5' 

26.1' 

25.8' 

25.8' 

25.7' 

26.2' 

)) 

26.0' 

24.801 

36' 

75' 

350' 

54O 

158' 

129' 

43' 

81' 

24' 

45' 

27' 

25' 

23' 

56' 

53' 

54' 

50' 

31' 

39' 

57' 

24.7'223' 

41' 

61' 

62' 

358' 

85' 

107' 

119' 

49' 

6101 

+55' 

$65' 

7g0+680  

+WO 

+53' 

-42' 

+ 2' 

$70' 

+70° 

+76' 

+7g0 

+7u0 

+73' 

+67O 

+72O 

+78' 

+68' 

+60° 

+60° 

+64' 

+56' 

+42' 

+70° 

+71° 

+60° 

$88' 

-37' 

+78' 

+81° 

+75' 

+70°( 

7 

7 

7 

4 

7 

5 

9 

6 

6 

6 

5 

9 

7 

7 

6 

9 

6 

4 

6 

7 

8 

8 

5 

5 

5 

7 

7 

1 

7 

7 

301 

57 

337 

48 

1154 

47 

59 

37 

625 

154 

307 

133 

200 

870 

225 

204 

240 

99 

233 

140 

154 

72 

488 

417 

109 

205 

163 

250 

8' 

4' 

9' 

3' 

9' 

8' 

9' 

3' 

5' 

4' 

7' 

4' 

3' 

4' 

4' 

4' 

7' 

8410' 

4' 

5O 

4' 

6' 

4' 

4' 

7' 

4' 

921'  

-- 

4' 

4' 

5.57112.30 

1.6 10-4 

2.3 » 

3.2 » 

8.1 » 

1.4 » 

17.4 » 

9.3 » 

123.5 » 

7.6 » 

8.4 » 

0 6 » 

6.4 » 

5.6 » 

4.2 n 

2.8 » 

4.6 » 

0.9 » 

0.8 » 

4.8 » 

5.6 » 

2.0 » 

91.0 » 

7.5 » 

3.5 » 

21.8 » 

10.5 » 

7.6 » 

23.4 » 

22.9 n 

1.7 » 

Orn = 

Lightning? 

Lightningr 

21.i08p = 18S0 



Paleornagnetic North pole: Latitude 67.3" north Longitude 72.2" east 

TABLE 3. 

Remanent magnetization of diabase rocks in Häme, Finland after demagnetization in alternating 
magnetic field (300 Oersteds peak) 

I I Sample 

Magnetic direction Intensity Contents of opaque mineds 
Locality 

D e .  1 1 .  N k 1 a 95 1 e n  1 0 1  1 Magnetite./. 1 Ilmenite X 
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125.1 

126.1 

127.1 

127.2 
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219.1 
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226.2 

227.1 

228.1 

229.1 

230.1 

231.1 

248.1 

356.1 

357.1 

358.1 

359.1 

359.2 

361.1 

Tuomasvuori 
Padasjoki . . . . 

Tilivuori 
Eräjarvi . . . . . . 

Huppionvuori 
Orivesi . . . . . . 

Ansio 
Padasjoki . . . . 

Ansio 
Padasjoki . . . . 

Hirtniemi 
Padasjoki . . . . 
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Padasjoki . . . . 

Munuajärvi . . . . . 
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Padasjoki . . . . 
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Heinola county 
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FIG. 2. Diections of remanent magnetization of diabase dikes in Hame, 
Finland, Ui equal area (Schmidt) projection. a) bcfore demagnetization b) after 

demagnetization with 300 Oersteds alternating field. 

= no& seeking pole lower hemisphere 
o = north seeking pole upper hemisphere + = Present geomagnetic field direction 
A = average 

tion with surface weathering. This caused a graduai variation in the magnetic direc- 
tion along the depth. No such systematic change of magnetic orientation can be 
observed in the rocks now studied. A secondary magnetization was, however, thought 
to be present and attempts to remove it were made. 

AC-demagnetization experiments with a stepwise increased fieid showed system- 
atic changes in magnetic orientation up to nearly 300 Oersteds. The natural remanent 
magnetization of the samples investigated was found to be very unstable and only a 
smali portion of the original stregth of magnetization remained in the samples after 
demagnetization. Heat treatment, on the other hand, gave no systematic variation 
in the magnetic orientation and caused an increase in the circle of confidence (a,,). 
This was possibly produced by the small remnant of incompletely compensated geo- 
magnetic field inside the Helrnholz coil where the specimens were heated in random 
orientation. 

Demagnetization of the specimens was performed after these experiments with 
an alternating magnetic field of 300 Oersteds. The technique and instrumentation 
used were essentially the same as described earlier (Neuvonen, 1965). After this 
treatment the magnetization of the specimens was so weak that it could be hardly 
measured with the magnetometer available. The direction of the magnetization after 
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AC-demagnetization is given in Table 3 and shown in projection in Fig. 2b. This 
table also lists the ilmenite and magnetite contents of the samples measured. 

The circle of confidence (a,,) calculated for the individual core samples is quite 
large, mainly because of the insufficient sensitivity of the instrument used. There- 
fore, when calculating the average direction, the weakest samples with a9, larger 
than 25" were omitted. This means that only 19 samples are included in the average. 
The average direction does not differ greatly from the direction initially determined 
on the samples. The corresponding paleornagnetic pole is located at longitude 67.2" 
north and latitude 72.2" east. 

DISCUSSION OF THE RESULTS 

The interpretation of the magnetic directions found for the diabase dikes studied 
is difficult, since no direct test is available to prove the origin of the orientation. 
Magnetite in the dike rock looks as if it is a primary mineral of the rock except for 
the small amount found as an exolution product in ilmenite. Consequently, the mag- 
netization measured could well be natural thermoremanent magnetization (TRM) 
developed in the rock during the crystallization and cooling period of the diabase 
rnagma. The directions measured differ greatly, however, from the direction measured 
for the dolerites in the Satakunta and Vaasa areas (Neuvonen, 1965 and 1966). The 
calculated magnetic north pole position lies in northern Siberia and does not come 
close to any pole site measured on Precambrian rocks in Europe (Irving, 1964). 

The declination of the present geomagnetic field in the sampling area is on an 
average about + 5" and the inclination about + 75". The direction of the remanent 
magnetization measured on the diabase dikes does not differ much from the direc- 
tion of this present field. Therefore, the possibility has to be emphasized that the 
remanent magnetization of the diabase dikes studied can be viscous magnetization 
caused by the present geomagnetic field. This reasoni~ig is justified by the low coer- 
sive force observed in these rocks in connection with the AC and thermal denn~g- 
netization. 

The small fraction of natural remanent magnetization found in the samples after 
demagnetization evidently has components of different origin. The initial thermo- 
remanent magnetization is obviously one of those. The chemical remanent mag- 
netization and the residum of viscous magnetization superpose the original mag- 
netization created under the crystallization period, No method so far is known to 
be able to reveal its direction in the rock. 
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ON THE HAAPALUOMA SC-BEARING COLUMBITE 
AND ITS INCLUSIONS 

BY 
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Geological Suwty of Finland, Otaniemi 

ABSTRACT 

Columbite occurs in the Haapaluoma pegmatite in two rnineral assemblages. Columbitq contains 
as indusions zircon, thorite, brockite, cassiterite, löllingite, two unidentihed Nb-Ta minerals, quartz 
and feldspars. Recaiculation of the unit ceii contents of colurnbitg gave (Mn,.,,, Fe,.,,,, Sc,,.,,,, 
a . 0 7 4 ,  Sno.04,~ Mgo.010, Uo.006, Pbo~ooss Cuo.oos)s.ps(Nb~168, Ta0.4~l, T i ~ ~ 8 6 ,  *lw064* ww0d8.0, 

O,,.op The Sc,OS content (0.90 wt %) of this colurnbite is evidcntly the greatest published in the 
literature. According to spectrographic analyses the scandium content of the older columbite genera- 
tion is greater than that of the younger one. 

INTRODUCTION 

In connection with the study of the granitic pegmatites of the Peraseinajoki- 
Alavus area one of the writers also described briefly the columbite from the Haapa- 
luoma pegmatite (Haapala, 1966). In this pegmatite columbite is met with in two 
mineral assemblages. Columbite, occurs usually with albite, quarz, black tourmaline, 
cassiterite, monazitetheralite and brockite in replacement bodies and fracture fillings. 
The biggest columbite, crystals measure about 10 cm x 5 cm x 2 cm. Columbite, 
occurs as a rarity in association with deavelandite, lepidolite, cheralite, quartz and 
red tourmaline as thin, needlelike crystals or sometimes as (010) tables. 

A chemicai analysis, made by Pentti Ojanpera, of the Haapaluoma columbite, 
showed an especially large Sc,Os content, 0.90 %. Electron microprobe analysis 
showed that the columbite contains zirconium-rich silicate indusions in which also 
scandium, calsium and aluminium were concentrated. Therefore these constituents 
were omitted as non-essential in calculating the unit ceU contents (Haapala, op.cit.) 
Later the writers made fuaher studies of the Haapaluoma columbite and its indusions. 
The columbite, used in this study is from the same sample from which the chemical 
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analysis was made. Four polished sections of this columbite were studied by means 
of ore microscope, electron microprobe and powder X-ray methods. The X-ray 
diffraction studies and the compilation of the manuscript were made by Ilmari Haa- 
pala. The microprobe analyses were performed by Jaakko Siivola and the spectro- 
chemical analyses by Arvo Löfgren. 

COLUMBITE 

According to X-ray studies, both the columbite, and columbite, of the Haapa- 
luoma pegmatite are in a very disordered structural State (see Nickel e t  al., 1963) 
Single-crystal photographs showed only extremely weak columbite 020 and 040 
reflections. In order to darify the changes in structure a- and c-axis zero-level pre- 
cession photographs were taken from a crystal fragment of columbite,. Then the 
same crystal fragment was heated in air at 900°C for three hours and a new set of 
precession photographs was taken. The unit ceU dimensions of the unheated material 
were a, = 5.72, b, = 14.22 (= 3 x 4.74) and c, = 5.13 A, and those of the heated 
material a, = 5.73, b, = 14.35 and c, = 5.06 A. The heat treatment also made the 
reflections clearly visible that distinquish the columbite structure from the ixiolite 
structure, i.e., ordering took place. No reflections indicating the presence of the 
monodinic FeNb0,-like phase could be detected (cf. Voima, 1965). 

According to the wet chemical analysis columbite, contains 0.90 % Sc,O,. For 
spectrochemical study, material was drilled from places without any inclusions in 
two polished sections of columbitq. Spectrographic analyses of these rnaterials gave 
0.77 and 0.75 % Sc,08. Sirnilar analyses of two columbite, samples gave 0.43 and 
0.31 % Sc,O,. Spectrographic analysis of columbite, showed also 0.23 % A1,08. 
Zirconium was not detected. 

THE INCLUSIONS 

Z i r c o n is by far the most cornmon of the inclusions in the Haapaluoma 
columbite. The mineral usually occurs in columbite, at the junction of cracks as 
euhedral crystals 0.02-0.2 mm in diameter. The inclusions are not equally distributed 
throughout the columbite, but there are areas in which inclusions are concentrated. 
Zircon is partialiy metamict giving broad, diffuse reflections in a powder photograph. 
Microprobe analysis showed that the zircon indusions contain calcium, aluminium, 
hafnium and varying amounts of scandium as minor constituents. Some zircon 
indusions contain considerably more scandium than the columbite. Figs. 1 a and b 
present the distribution of zirconium and scandium in such a grain. In other zircon 
inclusions the scandium content is of the same magnitude as in the columbite, or 
even lower. 

Owing to the small grain size of the zircon indusions it was not possible to 
separate it for chemical analysis. From two samples containing albite, quartz and 



PIG. 1. X-ray images showing the distribution of zirconium and scandium between a 
zircon indusion and columbite~. Magn. 780 x. a) Zr Lq, b) Sc Ka. 

lithium minerals - a typical mineral assemblage of the Haapaluoma Wcon - it 
was, however, possible to get enough zircon for spectrographic analysis. The analysis 
of this zircon gave 0.46 % Sc,O, and 2.08 % A1,0,. 

T h o r i t e inclusion are very rare in the Haapaluoma columbite. In the four 
polished sections made from columbite, only three thorite inclusions were noticed. 
The spindle-shaped inclusions were 0.03-0.1 mm in diameter (Fig. 2). The unheated 
mat~rial was X-ray amorphous. Heated in air at 700°C for three hours the rnineral 
gave weak cubic phase and thorite reflections. Heating at 1 OOO°C for one hour pro- 
duced distinct thorite and huttonite reflections in a powder photograph. This be- 
havionr during heating is typicai of thorite (Lima de Faria, 1964). In the heat treat- 
ment the whole polished section was heated, and then materia1 was sepatated from 
the inclusions with a sharpened needle. 

According to an elearon microprobe analysis the thorite contains about 60 % 
ThO,, 10 % ZrO, and 20 % SiO,. Rare earths, phosphorus, calcium and uranium 
were not detected. 

B r o c k i t e occurs usually as very fine-grained, equididimensional aggregates 
on the faces of columbite,. The largest aggregates are 1-2 cm in diameter. 
Sometimes brockite is met with also as anhedral inclusions in columbite,, mea- 
suring 0.2-3 mm in diameter. One fresh looking, very finegrained aggregate 
gave a diffuse powder pattem in which weak reflection at 4.49 A suggests 
orthohombic (pseudohexagonal) symmetry (6 Muto e t  ui., 1959). Possibly this 
mineral is grayite, a mineral very closely related to brockite. Generally the aggre- 
gates give brockite powder patterns. A semiquantitative microprobe analysis of broc- 
kite is given in Haapala (1966). 



C a s s i t e r i t e occurs as inclusions 0.02-0.1 mm in diameter or as overgrowths 
on the (010) faces of columbite, crystals. These overgrowths are generaliy oriented 
forming thin ridges parailel to the columbite a axis. A Weissenberg photograph of 
such a columbite-cassiterite intergrowth showed that the cassiterite a axis is parallel 
with the columbite b axis (4 Ramdohr, 1961, p. 478) and the cassiterite [ O l l ]  direction 
is parallel with the columbite a axis. A spectrographic analysis of a cassiterite crystal 
occurring in the same mineral assemblage as columbite, gave 0.09 % Sc,O,. 

L ö 11 i n g i t e is met with as very smail inclusions in columbite,. The grains 
are 0.01 mm in diameter at the most. The mineral was identified by means of electron 
microprobe. 

Along the borders of fissures and around inclusions there are in columbite, irregu- 
lar patches of lower reflecting mineral replacing columbite. These patches are 0.05 mm 
in diameter at the most. The polishing hardness is nearly the same as that of colum- 
bite. An electron microprobe analysis showed that this mineral contains 5.1 % 
Fe,O,*, 2.1 % MnO,*, 2.8 % CaO, 68.5 % Nb,O,, 7.1 % Ta,O, and2.9 % TiO, 
as well as 2-5 % SiO, and some minor uranium. Owing to the smali grain size and 
hardness of the rnineral it was not possible to get pure materia1 for X-ray study. 
Obviously similar alteration products in columbite have been described by Heinrich 
(1962, p. 1371). He suggests that they represent columbite-tantalite in which bivalent 
iron and manganese have been oxidized. 

In one polished section of columbitel still two inclusions 0.02-0.05 mm in dia- 
meter were detected. According to an electron microprobe analysis these indusions 

* Oxydation State unknown. 
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contain about 40 0/, Nb,O,, 15 % Ta,O,, 10 0/, SiO, and 2% TiO, as well as some 
potassium and barium. Uranium and rare earths were not detected. Unheated rnaterial 
of these inclusions gave no measurable X-ray reflections. When heated in air at 
1 000°C for one hour the mineral gave a set of reflections which were largely similar 
to those of ignited samarskite and betafite. For lack of more exact data, the mineral 
must be regarded as unidentified. 

In addition to the minerals described above also inclusions of quartz and feldspars 
occur as rarities in the columbite. 

CONCLUSIONS 

The columbite, from the Haapaluoma pegmatite contains as inclusions Yrcon, 
brockite, thorite, cassiterite, löllingite, an unidentified Fe-Ca-Mn-Nb-Ta-Ti mineral, 
an unidentified Ba-K-Nb-Ta-Si mineral, quartz and feldspars. Of these inclusions 
only zircon occurs in a manner that could cause an error in the columbite analysis. 
Therefore ZrO, (0.24 %) and SiO, (0.08 %) occurring in the analysis of columbite, 
must be regarded as impurities. On the contrary, Sc,O,, CaO and A1,0, belong 
essentially to the columbite structure. In view of the sirnilar ionic radii (Sc,s+ 0.81, 
Mn" 0.80, Fea+ 0.74 A) it is evident that the scandium in the columbite structure 
takes the place of bivalent manganese and iron (see Neumann, 1961 and Borisenko, 
1963). 

The chemical analysis of columbite,, made by Pentti Ojanpera, gave MnO 12.49, 
FeO 6.16, Sc,O, 0.90, MgO 0.03, CaO 0.30, SnO, 0.51, U,O, 0.13, PbO 0.09, CuO 
0.01, Nb,O, 69.14, Ta,O, 7.88, TiO, 1.95, A1,0, 0.20, WO, 0.19, ZrO, 0.24, SiO, 
0.08, H,O + 0.05, H,O - 0.05, sum 100.40 % (see Haapala, 1966). The unit ceU 
contents were recalculated from the analysis using the cell dimensions obtained from 
powder diffraction data (a, = 5.740, b, = 14.243, c, = 5.133 A) and the specific 
gravity 5.45 (values given in Haapala, op. cif.). ZrO, SiO, and water were omitted 
as non-essential. The calculation gave (Mn,.,,,, Fe,.,,,, Sc,.,,,, Ca,.,,,, Sn,.047, 

MgO.O1OY U ~ . ~ ~ ~ ¶  P b O ' ~ ~ 6 ¶  C u 0 . 0 0 ~ 9 ' S 8  (m7'168, Ta0m4SU Ti0.S,6, A10.054, Wo.o11)8-06 
O,,.,,, which corresponds very closely to the idea1 formuia of columbite. 

The scandium content of the Haapaluoma columbite, is evidently the largest pub- 
lished so far in the literature. Neumann (1961) has detectedin the columbites of Norway 
scandium contents as great as 2 000 ppm (0.2 % Sc, 0.3 % Sc,08). According to 
Borisenko (1963) the Sc,O, content of columbite-tantalite varies between 0 and 
0.15 %. In the Haapaluoma pegmatite the Sc,O, content of the older columbite 
generation is greater than that of the younger one. 

AchowI~dgem~nfr - The writers wish to express their sincere thanks to Mr. Pentti Ojanperä, 
Mag. Phil., for making the chemieal analysis of columbiteI and to Dr. Atso Vorma for critically 
reading the manuscript. 

Manusmipr received, March 4, 1967 
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ON THE ORIGIN OF PRIMARY SKARN IRON ORES 

BY 

TAUNO PIIRAINEN AND RISTO PIISPANEN 

Department of Geology, University of Oll/t, Finland 

ABSTRACT 

A suggestion is made to explain the formation of primary skarn iron ores as results of liquid 
immiscibility caused by the reaction of parent magma with dolomitic carbonate rock. The chief 
factor causing the unmixing of silicate and iron oxide phases is considered to be carbon dioxide, 
which is produced by various skarn forming reactions. 

The skarn iron ores, by which is meant the occurrences of magnetite with or - 

without hematite in association with carbonate rocks connected with vast amounts 
of Ca-, Mg-, Fe-silicates such as e.g. diopside, tremolite, andradite, forsterite, ser- 
pentine etc., are well known all over the world. They have been divided by Magnusson 
(1953) into two groups: the primary ones, in which the skarn rock and the iron ore 
probably formed in the same magmatic process, and the reaction skarn ores, in which 
the skarn minerals are considered as having resulted from the metamorphic reaction 
of carbonate rock with its siliceous impurities, the ore mineral being of sedimentary 
origin. The scope of this paper is restricted to the first-mentioned group. 

Representative examples of the primary iron ore group are the Banat iron ore in 
Rumania, Iron Springs and Hanover in the U.S.A. The Finnish ores of this type are 
those of Juvakaisenmaa and Sillböle (Saksela 1965). 

The primary skarn iron ores are generally tacitly accepted as results of pneumato- 
lytic halogen gas action carrying the iron as halogen compounds and precipitating 
iron as oxides after reaction with limestone. The dassical point of view of these 
phenomena has been stated by e.g. Schneiderhöhn (1955). The ores are thought to 
be associated with intrusions of intermediate acidity such as monzonites, syenites 
and granodiorites etc. . The formation of iron oxides is considered to have taken 
place according to the following kind of reactions (Magnusson a 1953, p. 24); 

(1) 2 FeF, + 3 CaCO, Fe,O, + 3 CaF, + 3 CO, 

(2) 2 FeCI, + 3 CaCO, Fe,O, + 3 CaC1, + 3 CO, 
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However, the scarcity and even the occasional lack of tluorspar and other halogen 
bearing minerals on the one hand and the enormous quantities of iron oxides on the 
other have caused some writers to look for other mechanisms to explain the origin 
of these ores. Therefore, the role pIayed by iiquid emanations from the parent magma 
has been taken into consideration when interpreting the mode of formation of the 
skarn iron ores (Hickok and Graton in Bateman 1956). Ovchinnikov (1960) has 
recently put forward an idea starting from the iiquation caused by interaction of the 
ore-bearing magma with limestone. As opposed to us Ovchinnikov emphasizes the 
role of Ca2 + in »displacing iron from its magmatic siiicate compoundsn. Thus Ovchin- 
nikov condudes that even other rocks rich in calcium could cause the separation of 
iron from silicate magma (Ovchinnikov 1958). 

I t  is not the purpose of the present writers to deny the entire significance of halogen 
compounds in this connection. Especially Zn, Pb and Sn are likely to be transported 
as halogenids according to the calculations made by Krauskopf (1964) and certainly 
some of the iron, too, is carried into the surrounding limestone as halogen compounds. 

The factors that have led us to doubt the correctness of the dassical pneumatolytic 
point of view may be summarized as follows: 

-The relative amounts of iron oxides and halogen-bearing minerals do not 
suppoa the idea of halogen gases carrying such enormous quantities of iron. This 
has been emphasized also by Eastwood (1965). 

-The calculations presented by Krauskopf (1954) do not support the large- 
scale role of FeCl, or FeF, as an iron carrier. 
- The brecciating nature of iron ore in reiation to the skarn reported by Borg- 

ström (1928, fig. 3, p. 9). 
- The ideas presented by R. Fischer (1950) upon the effect of volatiles in general, 

causing the immiscibiiity of iron oxide and silicate meits. 
-The experiences from blast fumaces in iron metailurgy. The unmixing of 

oxide and silicate meits is achieved by adding limestone or dolomite to the iron ore. 
- The mode of occurrence of the primary skarn iron ores as massive lenses and 

pipes along the contacts of an intrusive and skarn rock. 

Furthermore, Park's recent discovery (1961) of a magnetite »flow» in Chile 
strongly suggests the existence of a magnetite magma at least in some Special cases. 
Thermodynamic relations do not rule out the possibility of iiquid immiscibiiity (Barth 
and Rosenqvist 1949). 

On the above stated grounds we are putting forward the following suggestions 
concerning the sequence of events in the skarn iron ore formation. Because some 
of the skarn iron ores are known to be associated with basic intrusives (Bateman 
1956, p. 87) the parent magma may have been in principle of any composition. It 
is perhaps due to the different distribution of basic and silicic intrusives in orogenic 
beits that the skarn iron ores are generally associated with more acid intrusives. In 
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any case the parent tnagma begins to react with the carbonate rock with which it 
has been brought into contact. The common skarn mineral associations indicate that 
following kinds of reactions took place: 

(3) CaMg(C03, + 2 SiO, = CaMg(SiO,), + 2 CO, 
and 

(4) 2 CaMg(C03, + SiO, Mg,SiO, + 2 CaCO, + 2 CO, 

Likewise, tremolite and sometimes wollastonite are generated in reactions producing 
carbon dioxide. The rarity of wollastonite indicates moderate to high pressure during 
the reactions forming the skarn rock. The above-mentioned reactions make easily 
understood the puriiication of originaily dolomitic carbonate into pure calcite. Even 
the occasional abundance of serpentine rock is explained easily as a hydrated alteration 
product of forsterite. 

The surrounding limestone is thus destroyed and CO, is produced until an equi- 
librium is reached corresponding to the prevailing pressure and temperature condi- 
tions. Some of the CO, can be said to be forced to go into the reacting mother intru- 
sive. The present writers assume this to cause the separation of two immiscible iiquids, 
the iron oxide and the silicate phases. 

Mantlscript receiued, Marcb 9, 1967 
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UBER DIE DUNEN VON URJALA 

VON 

TOIVE AARTOLAHTI 

In~titut f i r  Geograpbie, Universität Helsinki 

ZUSAMMENFASSUNG 

Der Verfasser behandelt in der voriiegenden Arbeit die in der Sudostecke Von Urjala gelegenen 
fossilen Diinen. Sie liegen teils in supraaquatischem, teils in subaquatischem Gebiet. Ihr Materia1 
starnrnt aus der Moräne der Umgebung und ist vom Weiiengang und vorn Wind sortiert worden. 
Die Kömer sind deutlich abgerundet, obschon wegen der kurzen Transportstrecke und infolge der 
Verwitterung auch kantige Körner darunter sind. Aus der Richtung und Struktur der Diinen zu 
schliessen sind sie in der Hauptsache durch die Tätigkeit Von Nordwestwinden aufgehäuft worden. 
Die Entstehung der Dunen hat eingesetzt, als das Inlandeis in der Zeit des Y 1-Meerstadiums aus 
dem Gebiet ninickwich, und sie hat nur ein paar hundea Jahre in Anspruch genommen. Die Diinen 
unterscheiden sich Von der Umgebung ausser durch ihre Oberflachenformen auch deutlich hinsicht- 
lich der Vegetation. 

EINLEITUNG 

Es ist allgemein bekannt, dass Flugsand und Dunen an Kusten Von Finnland 
vorkommen. Freilich sind auch schon die Flugsandstrande in unserem Lande ziem- 
lich selten, denn fur die aufhäufende Tatigkeit des Windes gunstige Voraussetzungen 
sind nur an einigen Stellen Von geringer Ausdehnung gegeben. In Ostbottnien, wo 
die Kuste offen und flach ist, und wo es vie1 in der Eiszeit angehäuften und Von den 
Flussen angeschwemmten Sand und Schluff gibt, sind die Flugsandfelder am hau- 
figsten. Wie aber aus der Von Lumme (1934) gesammelten ubersicht und der Von 
Okko (1964 s. 296) ausgearbeiteten Kaae hervorgeht, gibt es Flugsand und Dunen 
auch im Binnenland. Da sie heute bewaldet sind, lassen sie sich Von den anderen 
Anhöhen der Umgebung oftmals nicht unterscheiden. Im Lauf der letzten Jahrzehnte 
sind beim Strassenbau diese Erhebungen angeschnitten worden, so dass ihre Struktur 
ans Licht kam. Wenn eine fossile Dune angeschnitten wird, setzt der Wind den Sand 
Von neuem in Bewegung, und an der Schnittstelle entstehen kleine Sandfelder mit 
Windrippelmarken. Eben ein solcher Durchschnitt hat auch das Dunenfeld enthiillt, 
desskn Formen, Struktur und Entstehung in der vorliegendtn Arbeit behandelt wird. 
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ABB. 1. Untersuchungsgebiet. 

LAGE UND FORMEN DER DONEN 

Das in Frage stehende Dunenfeld liegt in Sudwestfinnland, in der sudostwärts 
vorgeschobenen Ecke Von Urjala, nicht weit Von der Grenze Von Koijärvi. Die um 
den See Kokko hemmlaufende, uber Rämsankulma nach Lautaporras fuhrende Land- 
Strasse lauft hindurch. In dem Dunenfeld lassen sich drei hinsichtlich Höhe und 
Aufbau unterschiedliche Teile unterscheiden (Abb. 1). Zwischen den Gehöften Num- 
menpaä und Hiukkamaki liegt ein 10-15 m hoher, Von Nordwest nach Sudost 
gerichteter Drumlin. Auf seinem Scheitel, quer zur Langsachse des Drumlins, liegen 
drei grosse und zwei kleine Dunen, die eine uber das ubrige Feld deutlich hinausra- 
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A ~ B .  2. Querprofiien ron Diinen. 

gende Gruppe bilden. Die grössten Von den Dunen dieser Gruppe sind 150-200 m 
lang, 30-40 m breit und 2-5 m hoch. Die kieineren sind 3 0 4 0  m lang und 1.5-2 m 
hoch und teilweise rniteinander verschmolzen. Die vom Gehöft Nummenpaa nordost- 
warts verlaufende, sudöstlich Von der Landstrasse gelegene Dune ist Von dieser 
Gruppe und auch Von dem ganzen Feld die grösste. Die Seitenhange haben eine 
Neigung Von 10-20°, stellenweise sogar 30'. Der Sudosthang ist deutlich steiler 
als der nordwestliche, obschon auch der letztgenannte steile Stellen hat (Abb. 2, 
Profil x,-X,). Im Langsprofil sind die Dunen konvex, wozu in gewissem Grade auch 
die Konvexitat des Querprofils des Drumlins beitragt. An den Böschungen des Drum- 
lins, an den Enden der Dunen liegt der Sand 3-5 m hoch, auf dem Scheitel des 
Drumlins dagegen, in den Mittelpartien der Dunen nur 1.5-3 m. Infolgedessen ist 
der Kamm der Dunen ebener, als die Wölbung der Unterlage voraussetzen könnte. 

Die Dunen sind von dem Drumlin recht scharf abgesetzt. Sie rufen an der Ober- 
flache des Drumlins Formen hervor, die sich von dessen Stromlinienformen deutlich 
abheben. Die Böschungen der Dunen steigen steil aus der Oberflache des Drumlins 
empor. Ausserdem geht am Fuss der Dunen der Sand in die deutlich abgegrenzte, 
mit Steinen durchsetzte Sandmorane des Drumlins uber. Die genannten funf Dunen 
liegen grösstenteils oberhalb der Höhenkurve von 140 m, und nur die Enden der 
drei grössten an den Hangen des Drumlins liegen in 137-138 m Höhe. 

Der Hauptteil des Dunenfeldes liegt zwischen dem oben beschriebenen Drumlin 
und einem anderen, kleineren, 5-6 m hohen Dnimlin etwa 300 m nordostwarts vom 
Gehöft Hiukkamaki. In diesem Gebiet sind die Dunen auf einem leicht nordwest- 
warts geneigten Untergrund entstanden, dessen Höhe uber dem Meeresspiegel 123- 
130 m beträgt (Abb. 2, Profil 2,-2,). Wahrend die Dunen in der erstgenannten Partie 
des Feldes deutlich voneinander abgesetzte Gebilde sind, schliessen sie im letzteren 
Teil des Feldes ziemlich eng aneinander an. Am weitesten im Nordwesten liegen aus 
123-124 m Höhe aufsteigende kleine Dunen, die teils uber- und zwischeneinander 
gedrangt sind, so dass sich die Höhe der einzelnen Dunen nicht genau bestimmen 
lasst. Sie sind grösstenteils kurz, nur 40-50 m lang. Ihre Nordwestseite ist deutlich 
flacher (5-10") als die Sudostseite (10-20"). Am weitesten im Nordwesten haben 
die Dunen eine Höhe Von ca. 2 m. Sudostwarts nehmen sie an Höhe zu, so dass die 6. 
und 7. Dune schon eine Höhe Von 5 m erreichen. Wahrend der Scheitel der ersten 
Dune in 125.5 m Höhe liegt, erhebt sich der Kamm der 6. bis zu 135 m Höhe. Von 
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hier sudostwarts bleibt die Scheitelhöhe ungefahr gleich, 136-137 m u.d.M. Zwischen 
dem in der Karte eingetragenen kleinen Moor und der Landstrasse sind die Dunen 
deutlicher abgegrenzt und stehen weiter auseinander ais die vorn genannten kleinen 
Dunen, und steiienweise sieht man zwischen ihnen Steine des Moranenbodens. Am 
sudwestlichen Ende sind auch diese Diinen miteinander verbunden und bilden dnen 
gewundenen, nach Sudwest steil abfaiienden (30°, stellenweise auch mehr) Zug, dessen 
Kamm etwa 5 - 6  m höher liegt ais die benachbarte Bachniederung. Am Nordostende 
dagegen laufen die Dunen sehr flach aus (3-5') und gehen ohne klare Greme in 
das umgebende Moranengelande uber, nicht selten durch Vermittiung eines ebenen 
Flugsandfeldes. Auch an den Dunen dieser Gruppe sind die Nordwesthange durch- 
schnittlich flacher als die Sudosthange, obschon auch die Nordwesthänge steile Stel- 
len aufweisen. Grössere Differenzen in der Neigung der Böschungen bestehen jedoch 
nicht. 

Zum dritten Teil des Dunenfeldes zahlen die vier Diinen, die östlich vom Gehöft 
Hiukkamaki liegen. Drei davon steigen aus einem Niveau Von 130-128 m empor, 
die vierte tiefer, aus etwa 125 m. Auch in diesem Teil des Feldes sieht man, wie die 
Dunen Von Nordwest nach Sudost an Höhe zunehmen. Unmittelbar an der Land- 
Strasse liegt eine nnr gut 1 m hohe, aus zwei Hugeln bestehende Dune. Die dahinter 
in einer Waldecke gelegene Dune ist schon höher, etwa 2 m. Unrnittelbar hinter 
dieser erhebt sich die höchste (3-5 m) Dune, die am besten ausgebildet ist. Auch 
hier sieht man, dass der Sudosthang steiler ist als der Nordwesthang. In Langsrichtung 
fallt diese D h e  fast durchweg nordostwarts ab und endet ziemlich steil am Ackerrand. 
Ihren Fortsätz bildet eine durch das Ackerland laufende, schrnale und nur 0.5-1 m 
hohe Dune, die seinerzeit gerodet, dann aber nicht mehr bebaut worden ist. Wahrend 
der Zeit der Bebauung ist sie wahrscheinlich etwas abgeflacht worden. In diesem Teil 
des Feldes sind die Diinen deutlich voneinander getrennt. 

Die Dunen des Gebiets sind ziemlich gerade, nicht bogenförmig wie auf vielen 
anderen Feldern (vgl. Hörner 1927). Da die Dunen relativ kurz sind, hat sich keine 
Bogenform herausgebildet, oder diese ist kaum wahrnehmbar. Stellenweise besteht 
freilich eine schwache Biegung am Nordwestrand der Dune, der also nicht so grade 
verlauft wie der Sudostrand. Auch weisen die Diinen keine Anzeichen davon auf, 
dass der Wind sie erodiert oder zerrissen hatte, sie sind vielmehr unversehrt und 
haben ebene Oberflache (vgl. Högbom 1923 s. 150, Hörner 1927 s. 106). Die Richtung 
der Langsachse wechselt bei den einzelnen Dunen. Im Sudosten haben sie die Richtung 
N 50°E-N 60°E, aber weiter im Nordwesten N 30°E. Vergleicht man die Langs- 
richtung der Dunen mit den Richtungen der Höhenkurven und somit also mit den 
Richtungen der vormaligen Uferlinien, so sieht man, dass sie im sudöstlichen Teil 
des Gebiets beträchtlich Von der Richtung der ehemaligen Uferlinie abgewichen sind, 
während sie im nordwestlichen Teil ungefähr die gleiche Richtung einhielten (vgl. 
Okko 1949 s. 63, Flint 1957). 
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STRUKTUR DER DUNEN 

Die Aufklarung der Struktur der Dunen erwies sich als eine schwierige Aufgabe. 
Fur die Untersuchung geeignete Durchschnitte gab es nur zwei. Ausserdem ist die 
Schichtung in diesen Dunen sehr schwach ausgbildet, und an den frischen Grabungen 
war sie uberhaupt nicht wahrzunehmen. Erst nachdem die Wande der Graben eine 
zeitlang getrocknet waren, liess sich eine gewisse Schichtung feststellen. Am aus- 
gepragtesten war die Schichtung am Landstrassengraben zu sehen sowie ferner an 
den Rainen der an den Dunenböschungen ausgetretenen Pfade, wo die Wand getrock- 
net und teilweise auch erodiert war. Die aus gröberem Sand bestehenden Schichten 
waren schneiler ausgetrocknet und erodiea worden, so dass sich hier schwache 
Streifen in die Wand eingefressen hatten. Die aus feinerem Material bestehenden 
Schichten waren länger feucht geblieben und hielten daher besser zusammen, so dass 
die Erosion nicht so gut angreifen und Material herausnagen konnte wie in den 
vorgenannten Schichten. Infolgedessen waren diese feuchteren Lager in dem Wall 
etwas erhoben. An dem frischen Durchschnitt sahen nach dem Trocknen die aus 
gröberem Material bestehenden Schichten heller aus als die feuchteren, aus feinerem 
Material zusammengesetzten. Anhaufung von dunklen Mineralien in gewissen 
Schichten konnte dagegen nicht beobachtet werden (vgl. Hörner 1927 s. 115, Okko 
1949 s. 65). Grössere Unterschiede in der Korngrösse der einzelnen Schichten bestehen 
nicht (vgl. s. 1 II), sondern das Material ist ziemlich homogen und die Schichtung 
daher schwer nachzuweisen. In den oberflachlichen Partien der Dunen ist die Schich- 
tung sehr schwach, in den tieferen hingegen besser ausgepragt. Deutlich wahrnehm- 

I bare Schichten findet man nicht selten erst in etwa 1 m Tiefe. 
Die Durchschnitte sind in der Dune zwischen den Gehöften Hiukkamaki und 

Nummenpaa. Die Dune ist an dem angeschnittenen Ende flach, und die Schnitte 
sind daher fur die Untersuchung nicht gerade am vorteilhaftesten. Man sieht an 
ihnen nur die Struktur der niedrigen Dune. Am Nordwesthang haben die Schichten 
eine Neigung Von 5-10' nach Nordwest, am Sudosthang Von 10-15" nach Sudost. 
In den MitteIpartien der Dune sind die Schichten gewundefi, im ganzen aber nur 
leicht konvex oder fast waagrecht. Die untersten Schichten liegen waagrecht. Am 
Sudostrand der Dune, wo der Durchschnitt in Langsrichtung lauft, sind die Schichten 
nahezu waagrecht, aber an manchen Stelien sind sie zum Ende der Dunen hin geneigt 
und verlieren sich ohne deutliche Grenze. An den Wanden der senkrecht zu diesen 
Schichten gegrabenen Grube haben die Schichten eine Neigung Von 15' sudostwarts. 

Die ubrigen Dunen habe ich nur anhand von mir selbst gegrabenen Gruben 
untersucht, und d o a  konnten die Schichten nur kurze Strecken weit verfolgt werden. 
In den dem Drumlin aufgelagerten Dunen sind die Schichten am Sudosthang ziemlich 
steil (20-25") sudostwarts geneigt. Am Nordosthang liegt zuoberst etwa 1 m unge- 
schichteter Sand, aber weiter in der Tiefe sind die Schichten sudostwaas geneigt 
(15-20"). Im grossen und ganzen gleiche Struktur haben die nördlich vom Gehöft 
Hiukkamaki gelegenen Dunen, aber weiter nordwestwärts in den eng zusammen- 
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ABB. 3. Summenkurven der Korngrössen Von Flugsand (1-3). Strandsand 
(4-6) und Moräne (7-9). A-1 = Probenentnahmestelien (vgl. Abb. 1). 

ABB. 4. Summenkurven der Korngrössen Von Materia1 in den verschiedenen 
Schichten einer Dune. 1-2 = fehes Material, 3 4  = grobes Material. 

gedrangten Dunen, faiien die Schichten am Nordwesthang 5-10" nach Nordwest 
hin ab. In den niedrigsten Dunen dagegen sind die Schichten fast waagrecht und 
flach geschlängelt. Besonders steil geneigt sind die Schichten in den Oberflachen- 
partien am sudwestlichen Ende der im Nordwesten gelegenen Diinen. Die Neigung 
der Schichten betragt 25-30' nach SW. Diskordanzen haben die Dunen wenig. 
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Oben sind nur einige vereinzelte Beobachtungen uber den Aufbau der Dunen wie- 
dergegeben. Um ein verlasslicheres Bild zu gewinnen, mussten einige Von den höch- 
sten Dunen angeschnitten werden, aber 2.22. ist hierzu keine Möglichkeit gegeben. 

Das Material der untersuchten Dunen ist Mittelsand und Feinsand, deren gemein- 
samer Anteil uber 90 % betragt. Der Mittelsand ist vorhenschend, und zwar macht 
er 57-61 % aus (vgl. Okko 1949 s. 64, M. Okko 1962 s. 111). Das Material ist im 
ganzen Feld ungefähr gleich, was gut auch aus den Summenkurven vom Material 
der verschiedenen Dunen hervorgeht (Abb. 3, Kurven 1, 2 und 3). Die Sortiemg 
des Materials ist schon aus den Kurven schön ersichtlich, man kann den Sortie- 
rungsgrad aber auch mit einer gewissen Zahl angeben. Sindowksi (1938) hat fiir die 
Bestimmung des Sortierungsgrads folgende Formel ausgearbeitet: 

In der Formel bedeutet S = Sortierungsgrad, H = Anteil der Hauptfraktion in 
Prozent, A = H + Anteil der vorhergehenden + Anteil der darauffolgenden Frak- 
tion in Prozent, R = 100 - H. Wenn H = 100 ist, beträgt S = 2. 

Dieser Formel gemass ist der Sortierungsgrad des an der Stelle A entnommenen 
Materials 1. i 2, Von der Stelle B 1.20 und Von der Stelle C 1.13. 

Die Korngrössenanalysen zeigen ferner, dass die Korngrösse in den verschiedenen 
Schichten der gleichen Dune keine grossen Unterschiede aufweist, wie u.a. aus Abb. 4 
hevorgeht (vgl. Hörner 1927, s. 114-115). Da die Differenzen in der Korngrösse so 
geringhigig sind, ist es wohlverstandlich, dass die einzelnen Schichten nicht besonders 
klar hervortreten. 

Zum Vergleich machte ich noch eine Korngrössenanalyse Von den Strandablage- 
rungen des vorrnaligen Ufers sowie zwei Analysen vom Material aus dem Sandfeld, 
das sich an den Seiten und im Vordergrund des Dunengebiets ausbreitet (Stellen D, 
E und F, Abb. 1). Wie die Kurven 4-6 in Abb. 3 zeigen, ist das Material hier anders 
beschaffen als in den Dunen. Es handelt sich um Material, das vom Wellenschlag 
sortiert ist. Im Vergleich zu rezenten Ufersanden ist dieses Material schwacher sortiert, 
was mit der Kurze der Tatigkeit des Wellenschlags zusammenhängt. 

Petrographisch ist der Dunensand ziemlich gut sortiert. Die mikroskopische Ana- 
lyse zeigte, dass die hellen Mineralien, wie Quarz und Feldspat, vorherrschen und die 
helle Farbe des Sandes verursachen. Ferner enthalt der Sand etwas Biotit, Hornblende 
und einige andere dunkle Mineralien. Gewöhnlich bestehen die Sandkörner aus nur 
einem Mineral, es sind durchschnittlich aber zwei Prozent Körner darunter, die aus 
zwei oder mehr Mineralien bestehen. Die petrographische Zusammensetzung ist aus 
der folgenden Tabelle ersichtlich. Das Material fur die Analysen stammt Von den 
Stellen A-F. 
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Stelie A 
Helle Mineralien . . . . . . 94 
Dunkle Mineralien . . . . 5 
Steinsplitter .......... 1 

Im Flugsand des Untersuchungsgebiets (Proben A-C) machen die hellen Mine- 
ralien 90 % aus. Sie sind 2.T. Feldspat, in der Hauptsache aber Quarz. Dass der Du- 
nensand so reichlich andere Mineraiien enthält und nicht nur Quarz wie die alten, lang 
in Bewegung gewesenen Dunen, h'ängt mit der kurzen Transportstrecke zusammen. 

Fur den Flugsand ist es im aligemeinen charakteristisch, dass die Körner rund- 
geschliffen sind. Je länger der Sand in Bewegung gewesen ist, umso besser sind die 
Körner abgerundet. Der Sand Von den untersuchten Diinen ist ziemlich wenig rund- 
geschliffen (vgl. Högbom 1923 s. 137, Hörner 1927 s. 108, Okko 1964 s. 295), aber 
Zurundung ist doch deutlich wahrzunehmen. Die nahezu runden Körner mit durchweg 
matter Oberflache rnachen 10-15 % aus. Etwa 40-50 % der Körner haben deutlich 
abgerundete Ecken, aber ihre ursprungliche Eckigkeit ist noch teilweise zu sehen, 
und manche Fiächen sind glatte Bruchflachen. An diesen Körnern sind erst die 
Ecken abgescldiffen und matt. Die restlichen Körner sind ziemlich kantig und glatt 
oder erst wenig abgeschliffen, so dass die Kanten noch deutlich hervortreten. Es 
sind auch Körner daninter, bei denen eine Fiäche deutlich konvex und matt ist, die 
ubrigen aber glatt und giänzend. Sie sind dadurch entstanden, dass abgerundete 
Körner zerbrochen sind. Die grossen Körner sind deutlicher gerundet als die kleinen. 
In der Zurundung des Materials bestehen steilenweise betrachtiiche Unterschiede. 
An manchen Stellen sind fast alle Körner rundgeschliffen, an anderen wiederum 
weitgehend eckig. In den Schichten mit kleinen Körnchen scheint die Zurundung 
geringer zu sein als in Schichten mit grossen Körnern. Wahrscheinlich ist bei der 
Windverwehung ein Teii der Körner zerbrochen, und die kleinen, eckigen Körnchen 
haben eine Schicht f& sich gebildet, uber die hinaus die grösseren Körner auf der 
Leeseite weitergerollt sind. In der Von der Oberflache der Dune genommenen Probe 
waren die Körner deutlich eckiger, geradezu scharfkantiger als mehr in der Tiefe. 
Hier spielt wahrscheiniich der Umstand mit, dass das Material an der Oberflache 
stärker verwittert und deswegen kantiger ist als in den tieferen Lagen. 

Zum Vergleich habe ich auch die Zurundung der Körner in den benachbarten 
Strandablagerungen und in der Moräne des Gebiets untersucht. In den Strandabla- 
gerungen ist das Material fast ebenso rundgeschliffen wie auch in den Diinen. Dies 
kann daher kommen, dass am Ufer aolisches Material angeweht worden ist, entweder 
direkt oder zuerst ins Wasser, Von wo es der Wdenschlag dann aufgeschuttet hat 
(vgl. Okko 1964 s. 297). Wahrscheiniicher ist es jedoch, dass das Material schon 
ziernlich weitgehend durch die Tatigkeit der Wellen abgerundet witd, und da der 
Wind diesen Ufersand nur eine kurze Strecke weit fortgeblasen hat, ehe er ihn zu 
Dunen anhäufte, sind die Körner kaum wesentlich weitergeschliffen worden. Die 
Differenz in der Zurundung des Ufersandes und des Dunensandes ist so gering, dass 
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man diese Sande längst nicht immer bloss aufgrund der Zurundung sicher voneinan- 
der unterscheiden kann (vgl. Högbom 1923 s. 137, Holtedahl 1924 s. 34, Hörner 
1927 s. 108). Dagegen ist der Unterschied in der Zurundung der Körner zwischen 
dern Ufersand und dern aus der Morane ausgesiebten (Korngrösse 0.075-0.5) Fein- 
und Mittelsand unverkennbar. Die Körner der Morane sind deutIich eckiger, wenn- 
schon sich auch manche weitgehend rundgeschliffenen damnter befinden. 

Vergleichende Untersuchungen haben gezeigt, dass in den rezenten Flugsand- 
feldern das Material mehr abgerundet ist als in den untersuchten fossilen Dunen. 
Als Vergleichsmaterial diente Sand von den Flugsandfeldern in Kalajoki, Yyteri und 
Höytiäinen. Abgesehen Von der grösseren Zurundung war dieses Material auch etwas 
gröber, indem es grösstenteils aus Mittelsand bestand. Der Sortierungsgrad war 
höher, nämlich 1.3-1.5 (vgl. Okko 1949 s. 65, Ohlson 1957 s. 134). Die Ursache 
fiir die grössere Zurnndung und Soaierung des Materials durfte darin liegen, dass 
die Strandverschiebung heutzutage langsamer vor sich geht als fruher (Okko 1964 
s. 298), weshalb der Sand länger dern Wellenschlag ausgesetzt ist, ehe er vom Wind 
fortgetragen wird. Andererseits hat die Verwitterung den rezenten Flugsand noch 
nicht angegriffen, und selbst wenn Verwitterung statthnden soilte, sortiea der Wind 
das feinste, zerbrochene und eckige Material aus dern eigentlichen Flugsand heraus. 

Im Vergleich zum rezenten Flugsand ist der Sand der untersuchten Dunen deut- 
lich brauner gefarbt. Dies kommt Von dern feinen, aus Eisenocker bestehenden Uber- 
zug der Körner. Die braune Schale ist in den oberflächlichen Schichten der Diine 
starker als in den tieferen, wo der Sand heller ist. Dies wiederum hangt damit zusam- 
men, dass das vom Wasser mitgespulte Eisen sich in den oberen Schichten ange- 
reichert hat. Die Anreicherung ist jedoch auf einer ziemlich langen Strecke vor sich 
gegangen, denn eine ausgesprochene Anreicherungsschicht ist in den Diinen kaum 
zu sehen. Uberhaupt scheint die Bodenbildung in den Dunen schwach zu sein (vgl. 
Okko 1964 s. 297). 

Abgesehen Von den Dunen kommt Flugsand in dern Gebiet an ziemlich begrenzten 
Stellen vor. Am proxirnalen Ende des Dmmlins zwischen den Gehöften Nummenpäa 
und Hiukkamäki erheben sich steile, kahle Felsen. Hinter diesem und teilweise auch 
an seinen Hanken liegt in 137-145 m Höhe u.d.M. ein 10-100 cm starkes Sand- 
lager. Es ist völlig frei Von Steinen, und die Korngrösse ist die gleiche wie beim 
Dunensand. Sudostwaas, gegen die Dunen hin, wird das Sandlager dunner, und 
kurz vor der ersten Dune kommt die Morane zum Vorschein. Der Sand ist hier 
nicht wallartig aufgeschuttet, sondern bildet ein ebenmässiges, den Formen des 
Dmmlins folgendes Feld. Das Gebiet ist gerodet und bestellt, und die fruher eventuell 
vorhanden gewesenen Erhebungen sind infolgedessen eingeebnet. Auch in der Bach- 
niederung zwischen dern genannten Drumlin und dern Dunenfdd liegt ziemlich vie1 
Sand. Es ist jedoch nicht alles Flugsand, da sogar kleine Steinchen damnter sind, die 
der Wind nicht fortzutragen vermocht hat. Dieses Materia1 besteht wahrscheinlich 
zum Teil aus Flugsand, zum Teil wieder aus Material, das der Wellengang vom 
Drumlin heruntergeschwemrnt hat (vgl. Hörner 1957 s. 21-22, M. Okko 1962 s. 112). 
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Im Ostteil des Untersuchungsgebiets liegt rings um die am weitesten nordost- 
wärts vorstossende Dune ein weites, ebenes Sandfeld, das wahrscheinlich aus auf der 
flachen Strandterrasse angehauftem Flugsand besteht (vgl. Lundqvist 1943 s. 135). 
Zwischen dern Sand der Dune und dern des umliegenden Feldes besteht kein wesent- 
licher Unterschied. Die sanften Weiien des Ackerlandes ruhren wahrscheinlich eben 
von Flugsandanhaufungen her. Eine fur die Dunen ungewöhnliche Besonderheit ist 
es, dass die Bodenbildung dort steiienweise sehr ausgepragt ist. 

HERKUNFT DES MATERIALS 

In Finnland ist fruher festgestelit worden, dass die Dunen meistens im Zusammen- 
hang mit Oszugen und Randbildungen vorkommen (Tanner 1915 s. 372,380, 529- 
533, Okko 1949 s. 65,1964 s. 295, M. Okko 1962 s. 109). Auch anderwarts scheinen 
die Dunen ihr Material aus glazifluvialen Ablagerungen bezogen zu haben (Hörner 
1929 s. 112-113, Lundqvist 1943 s. 136, Flint 1957 s. 176-177, Wright 1961 s. 948). 
Andererseits kann das Material auch aus anderen als glazifluvialen Sedimenten heraus- 
geschwemmt sein, sofern nur die geeignete Korngrösse gegeben war (Lundqvist 1943 
S. 136-141). 

Die Herkunft des Dunenmaterials in dern Untersuchungsgebiet liess sich gar 
nicht so leicht aufklaren. Das nachstgelegene Vorkommen Von glazifluvialen Material 
ist ein kleiner Oszug gut 1 km nordöstlich vom Dunenfeld. Ein weiterer, ahnlicher 
Oszug liegt sudwestlich Von dern Feld, 1.7-2 km weit entfernt. Ausserdem iiegt 
zwischen dern letzteren und dern Dunenfeld ein weites Moranenhugelgebiet, wo keine 
Spur von glazifluvialem oder aolischem Material zu sehen ist. Auch zwischen dern 
Dunenfeld und dern nordöstlichen 0 s  liegen ein paar flache Moranenrucken. Beide 
Oszuge sind so niedrig und flach, dass sie in der Hauptsache erst dern Meer entstiegen 
sein kömen, als das Gebiet Von Dunenfeld sich schon gehoben hatte und wenigstens 
ein Teii Von den Dunen bereits entstanden war. Diejenigen Teiie des auf der Nordost- 
seite verlaufenden Oses, die ungefahr zur gleichen Zeit dern Meer entstiegen sind wie 
auch das Dunenfeid, liegen 2-2.5 km nordnordwestwärts vom letzteren. Ausserdem 
befand sich damals zwischen dern 0 s  und dern Dunenfeld ein weites Wasserbereich. 
Das oben Gesagte spricht also ganz offenbar dafur, dass das Material des Dunen- 
feldes nicht aus glazifluvialen Ablagerungen herstammt. 

Die Herkunft des Materials wurde mit Hilfe der oben schon erwahnten Korn- 
grössenanalysen geklart. Ausserdem ist auch Morane des Untersuchungsgebiets 
gesiebt worden. Die Morane wurde vom Scheitel der fruher beschriebenen Drumiins 
in 0.5 m Tide genommen. Die Summenkurven sind auf Abb. 3 zu sehen, Kurven 
7-9. Aus Kurve 9 geht hervor, dass es sich um eine Feinsandmorane mit wenig 
Steinen handelt, die reichlich auch Mittelsand enthalt. Das Material des grösseren 
Drumiins ist etwas gröber, wie die Kurven 7 und 8 zeigen. 'Die Sandproben der 
Strandablagerung wurden an den gleichen Stellen genommen, wie vorn auf S. 111 
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beschrieben, und die Kurven 4-6 auf Abb. 3 zeigen die Korngrösse des Materials. 
Wie e h  Vergleich zwischen den oben genannten Kurven zeigt, ist das Material der 
Strandablagerung so entstanden, dass die Wellen aus der Morane die feineren Bestand- 
teile (Ton und SchlufF) ausgewaschen und tiefer ins Wasser hineingetragen haben. 
Entsprechend sind die Steine der Morane am Fuss des Uferabhang zuruckgeblieben. 
In  dern vom Wellenschlag sortierten und aufgeschutteten Material befinden sich noch 
10-20 % Schluff, eventuell auch etwas tonige Bestandteile. Der Unterschied zwischen 
den Kurven 1-3 und 6 6  lässt sich f~l~endermassen erklaren. Als der Wind anfing, 
das am Ufer angehaufte oder zu einem Strandwall aufgeschuttete Material fortzu- 
tragen, wurden die feineren Bestandteile, die ja leichter waren, aus dern Dunenfeld 
fortgeblasen (vgl. Hörner 1927 s. 112). Entsprechend war der grobe Sand zu schwer, 
um vom Wind verweht zu werden, er blieb daher am Strande liegen und wmde 
spater, als das Dunenfeld nordwestwarts vordrang, vom Dunensand begraben. Der- 
artiges grobes Material ist heute unter den Diinen amutreffen. Der Wind hat nur 
Körner Von gewisser Grösse, Mittelsand und Feinsand, zu Dunen zusammenzutragen 
vermocht. Andererseits ist es möglich, dass der Wellenschlag den Ufersand in den 
oberflachlichen Partien noch weitgehender sortiert hat, und dass die feinen Bestand- 
teile dann weggeschwemmt worden sind, wonach der Wind das zuruckgebliebene 
Material zu Dunen aufgehauft hat. 

Aufgrund des oben Gesagten hat es also den Anschein, dass das Materiai der 
Dunen in dern Untersuchungsgebiet aus der benachbarten Morane herstammt. Das 
Wasser hat es zunachst zu Strandablagerungen ausgeschwemmt, wonach der Wind 
es erneut sortiert und au Dunen zusammengeweht hat. 

In dern Gebiet findet man viele Spuren Von der Tatigkeit des Weilenschlags. An 
den Hangen des zwischen Nummenpaa und Hiukkamaki gelegenen Drumlins, ins- 
besondere an seinem Nordwestende, ist 135-136 m u.d.M. ein gut ausgebildetes 
Ufer zu sehen. Das entsprechende Ufer sieht man auch an anderen genugend hohen 
Erhebungen in der Nachbarschaft, an der 1 km ostwärts gelegenen Anhöhe Rakuuna- 
vuori in 134 m und auf dern Scheitel der etwa 2.5 km nordnordwestwaas gelegenen 
Deltas in 136-137 m Höhe (vgl. Sauramo 1958 s. 234-248). Weiter oben sind keine 
Spuren des Wellenschlags mehr wahrzunehmen. Reichlich findet man sie dagegen in 
der Höhe Von 125-130 m, insbesondere an dern kleinen Drumlin nordöstlich vom 
Dunenfeld (vor allem an seinem nordwestlichen Ende) sowie an dern hohen Wdd- 
rucken, der sich auf der Sudwestseite des Untersuchungsgebiet nordwestwaas hin- 
zieht. In diesem Niveau hat der Wellengang den Moranenboden statk ausgewaschen 
und einen steinigen Ufergurtel hinterlassen. Unterhalb Von 120 m wird das Gelande 
ebenmassiger, und die Uferrnarken sind nicht mehr so deutlich zu sehen. Von den 
ausgewaschenen Steilen, wo nun noch Steinhaufen liegen, haben die Wogen vie1 
Material foagetragen. Ein Teil davon liegt nun weiter unten als Schluff- und Ton- 
boden, einen Teil hat der Weilengang am Ufer zur Strandablagerung angehauft, und 
ein Teil ist von dern damaligen Strand vom Wind verweht und zu Dunen aufgeschuttet 
worden. 
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ENTSTEHUNG DER DONEN 

Nachdem das Inlandeis zuruckgewichen war, ragte das Untersuchungsgebiet teil- 
weise als supraaquatische Inseh aus dern Yoldiameer hervor. Die bedeutendste Insel 
war der Drumiin zwischen den Gehöften Nummenpaa und Hiukkamaki. Dort haben 
die Wellen einen deutlichen Uferabhang ausgewaschen (135-136 m u.d.M.) und 
Material als Strandablagerung angehauft. Nach Sauramo (1958 s. 234-237) handelt 
es sich um ein Y I -Ufer (Sauramos jungeres Y 1). Als der Meeresspiegel absank, 
begann der Wind Mittelsand und Feinsand auf dern Scheitel des Drumiins zu Dunen 
zusammenzuwehen. Bald stieg auch der kleinere Drumling (133 m u.d.M.) aus dern 
Meer und wurde zugleich ausgewaschen. Das feine Material wurde mindestens teil- 
weise zwischen diesen beiden Drumiins abgelagert. Als der Meeresspiegel auf das 
heutige Niveau Von 130-129 m abgesunken war, ragte aus dern Wasser ein Land- 
streifen hervor, der in Richtung der jetzigen Landstrasse die beiden Drurnlins mi- 
teinander verband. So hatte sich zwischen den beiden Erhebungen eine nordwest- 
warts offene Bucht gebiidet. Am Innenrand dieser Bucht ging Akkumulation vor 
sich, wie sie auch heute noch in vielen geschutzten Buchten stattfindet. Dieses Mate- 
rial nahm der Wind nun auf und haufte es anfänglich in dern östlich Von Hiukkamaki 
gelegenen Gebiet, spater in der Nahe der jetzigen Landstrasse zu gleichgerichteten 
Dunen an. Die Dunenbildung auf dern Scheitel des Drumlins durfte in diesem Stadium 
zum Stillstand gekommen sein. Da der Sand in niedrigerem Niveau liegenblieb, 
gelangte er nicht mehr bis zum Scheitel des Drumlins. Ausserdem hatte dort in diesem 
Stadien mindestens Tundravegetation schon Fuss gefasst, die den Sand festhielt und 
die Wanderung der Dunen zum Stehen brachte. Als der Wasserspiegel weiterhin sank, 
wurde die Bucht weiter, und der Wellengang griff die Landzungen an, die die Bucht 
schutzten, insbesondere den proximalen Teil des Nordostdrumlins, der heutzutage 
aus lauter Steinen besteht. Nachdem der Wasserspiegel Von 130 auf 125 gesunken 
wat, wuchs die im Sudwest das Dunengebiet schutzende Landzunge auf fast 1 km 
Lange an; die Haibinsel auf der Nordwestseite blieb etwas kurzer und niednger, 
setzte sich aber unter dern Wasser noch eine Strecke weit als unterseeischer Wellen- 
brecher fort. Das Dunenfeld blieb also im Innern der immer länger werdenden Bucht 
liegen. Die Bucht war in diesem Stadium schon ziemlich seicht, und durch das 
eingeschwemmte Material wurde sie standig noch flacher. Das Meeresufer wich 
ziemlich rasch zuriick, und die Diinen konnten nicht so hoch anwachsen wie friiher. 
Sie wurden immer niedriger, und schliesslich kam ihre Bildung zum Stillstand (vgl. 
Solger 1910 s. 43, Granlund 1943 s. 87, Okko 1964 s. 295). Dass die Dunenbildung 
aufhörte, hatte ausser mit dern raschen Zuruckweichen der Strandlinie auch darnit 
zu tun, dass die die Bucht einschliessenden Landzungen immer Ianger wurden, und 
dass aus dern Meer immer zahlreichere und grössere Inseln emportauchten, wodurch 
die Windwirkung abgeschwacht wurde. Audi die Pflanzendecke war dichter ge- 
worden, wofiir die reichlichen organischen Stoffe in dern unter den letzten Dunen 
hervorgegrabenen Strandsand ein Zeichen sind. 
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Als die letzten Dunen in der Nordwestpaaie des Dunenfeldes aufgeweht wurden, 
entstand auf der Ostseite der heutigen Landstrasse ein weites, ebenes Strand- und 
Flugsandfeld. Zur Bildung Von hohen Dunen ist es in diesem Gebiet nicht gekom- 
men, denn der flache, ebene Strand wurde weit landeinwarts Von den Wellen uber- 
spult, so dass eventuelle Flugsandanhäufungen bald wieder eingeebnet wurden. Weil 
das Gelande so flach war, wich auch das Ufer rasch zuruck, und da die schutzende 
Bucht nun fehlte, wurde kein Sand mehr abgelagert, ferner hielten die Pflanzen den 
Sand fest, und wahrscheinlich spielten auch die Winde eine Rolle. 

DIE AN DER ENTSTEHUNG DER D ~ N E N  BETEILIGTEN WINDE 

Im allgemeinen sind die Dunen quer zur Richtung des vorherrschenden Windes 
gestellt, seltener verlaufen sie in der gleichen Richtung wie dieser. Langsdunen, die 
auf die letztere Art angeordnet sind, kommen nur in genugend grossen Sandfeldern 
und gewöhnlich in extrem trockenen Verhältnissen vor (Flint 1957 s. 177). In dem 
untersuchten Gebiet sind die Dunen quer zur Richtung der starksten Winde gestellt 
(vgl. Solger, Graebner u.a. 1910 s. 34). 

Die Struktur der Diinen Von Urjala weist Eigenschaften auf, die davon zeugen, 
dass das Materia1 hauptsachlich unter Mitwirkung des Nordwestwindes aufgeschuttet 
worden ist. Dies zeigen die Schichten der Diinen, die auf der Nordwestseite sanft 
sudostwarts ansteigen, und auf der Sudostseite deutlich steiler in gleicher Richtung 
abfallen (vgl. s. 109). Fur die gleiche Auffissung sprechen auch die Querproae der 
Dunen: der Nordwesthang oder die Luvseite ist im allgemeinen flacher als der Sudost- 
hang oder die Leeseite. Die Einwirkung des Nordwestwindes macht sich auch im 
Verhaltnis der Dunen zueinander geltend, insbesondere gerade an der Nordwestspitze 
des Feldes. Jede Von diesen Meinen Dunen liegt teilweise auf der nachsten, sudost- 
wärts Von ihr gelegenen Dune, und muss demgemass also später entstanden sein. 
Zugleich nimmt die Höhe der Dunen nordwestwärts ab, ein Zeichen dafiir, dass die 
Dunenbiidung in dieser Richtung nachgelassen hat. 

Die Entstehung der Dunen unter der Einwirkung Von Nordwestwinden ist gut 
verstandtich. Zu B e g i ~  der Dunenbiidung lag das Inlandeis noch ziemlich nahe, 
und aus dem dortigen Hochdruckgebiet bliesen die Winde nach Sudost in das eisfreie 
Tiefdruckgebiet (vgl. Högbom 1923 s. 140-170, Hörner 1927 s. 170-173, M. Okko 
1962 s. 113). Die Dunen auf dem Rucken des Drumlins sind gerade in dieser Zeit 
entstanden, als die Wirkung des Eises noch ziemlich stark war. Als der untere Teil 
des Dunenfeldes gebildet wurde, hatte das Eis sich schon etwas weiter zuruckgezogen, 
aber sein Einfluss machte sich immer noch geltend. Ausserdem ist diese Partie des 
Dunenfeldes im Innern einer nordwestwarts offenen Bucht aufgehauft worden, wo 
es vor anderen Winden gut geschutzt war. Dass die letzten Diinen mehr in Nord- 
Sudrichtung verlaufen, Iasst sich, was den Wind betrifft, so erklaren, dass das Eis 
schon in diesem Stadium weiter zuruckgewichen war und die nordwestlichen Winde 
nicht mehr so stark beeinflusste wie fruher. Andererseits ware auch denkbar, dass der 
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Strand mehr die Richtung Nord-Sud angenommen hatte, und die Dunen dement- 
sprechend angeordnet waren. 

Die Nordwestwinde sind jedoch nicht allein herrschend gewesen (vgl. Högbom 
1923 s. 223, Hörner 1927 s. 170-173, Lundqvist 1943 s. 142, M. Okko 1962 s. 113), 
obschon sie am starksten waren oder unter dem Einfluss der Umgebung am stärksten 
zur Geltung kamen. Den Nordwestwinden stand kein Hindernis im Weg, wahrend 
die Wirkung der Sud-, Sudwest- und Westwinde durch den sudwestlichen Drumlin 
und das dahinter gelegene Hugelland abgeschwacht wurde. Die Sudostwinde konnten 
unbehindert blasen, und es ist nicht ausgeschlossen, dass sie wenigstens auf dem 
Scheitel des Drumlins cJen Sand etwas zuruckgeweht haben (vgl. Solger usw. 1910 
s. 169). Der nördliche Drumlin hat die Dunen bis zu einem gewissen Masse vor den 
Nordwinden geschutzt. Die Nordostwinde dagegen wurden vom Gelande nicht abge- 
halten, und ihre Einwirkung auf die Diinen ist auch ganz offenbar, insbesondere bei 
den nordwestlich von der Landstrasse gelegenen. Dort hat der Wind zwischen den 
Dunen hindurchgeblasen, und infolgedessen tritt am Nordostende zwischen den 
Dunen stellenweise die Morane des Untergrundes zutage. Zugleich hat er Material 
sudwestwarts getragen und stelienweise an den Flanken der Dunen steile Böschungen 
ausgehobelt (vgl. Abb. 2, Prohlz,-z,, Dune bei 240 m). Das Nordostende der Dunen 
ist etwas abgeflacht worden, wahrend das Sudwestende etwas angestiegen ist. Des- 
wegen ist die Struktur der Dunen am Sudwestende weniger deutlich als am Nord- 
ostende. Der Nordostwind musste auf der Sudwestseite des Dunenfeldes wegen des 
im Wege stehenden Drumlins aufsteigen, wobei er das mitgefuhrte Material rasch 
fallen liess. Der Sudwesthang des Dunenfeldes an dem Drumlin wurde infolgedessen 
steil (vgl. Mattila 1938 s. 277-278). 

Auf dern Sandfeld, das den Ostteil des Dunenfeldes umgibt, konnten mit Aus- 
nahme der Sud- und Westwinde alle anderen Winde unbehindert wehen. Vielleicht 
ist gerade dies der Grund dafur gewesen, dass in diesem Gebiet uberhaupt keine 
regelrechten Dunen zustandegekommen sind, obwohl Material vorhanden gewesen 
wäre. Wahrscheinlich ist der Nordwestwind in diesem Stadium jedoch noch vorherr- 
schend gewesen, d e m  die einzige ausgepragte, wennschon niedrige Dune steht quer 
zu dieser Richtung. Das Gleiche zeigen auch einige andere geringere Erhebungen. 

ENTSTEHUNGSZEIT DER DUNEN 

Um die Entstehungszeit der Dunen zu klaren, untersuchte ich das Moor, das in 
dem Dunenfeld liegt. Sein Boden besteht aus Sand, wahrscheinlich eben Flugsand. 
Die Pollenanalyse zeigte, dass das Moor in einer Zeit entstanden sein muss, wo 
reichlich Betulapollen abgelagert worden ist. Der Kiefernpollen ist deutlich sparlicher 
vertreten. Erle ist an der Stelie reichlich gewachsen. Pollen Von edlen Laubhölzern 
findet rnan relativ viel. Der Pollenbestand zeigt also, dass das Moor im Atlantikum 
entstanden sein muss. Wahrscheinlich hat sich das Moor jedoch erheblich nach der 
Entstehung der Dunen gebildet. 
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Unter der am weitesten nordwestiich gelegenen Dune stiess ich auf eine ausser- 
gewöhnlich dunkle Sandschicht. Die mikroskopische Untersuchung ergab, dass die 
dunkle Farbung von organischen Stoffen herruhrte. Diese etwa 5 cm dicke Schicht 
ist wahrscheinlich so zustandegekommen, dass sich im Endstadium der Dunenbildung 
am Innenrand der Bucht etwas organisches Material angehauft hat, das dann Von den 
Wellen mit dem Strandsand vermischt und in diesem vergraben wurde. Spater, als 
das Land sich hob, wurde die Ablagerung Von der Dune zugeschuttet. Die Polien- 
analyse zeigte, dass in der oberen Pame der Schicht die Birkenpolien 81 % ausmachten 
wid die Kiefernpollen 19 %. Im unteren Abschnitt waren die entsprechenden Zahlen 
86 und 14. Beide Pamen enthielten auch reichlich NBP und Sporen. Demge- 
mass wuchs in dem Gebiet zur Zeit der Entstehung der letzten Dunen Birke und 
Kiefer. Höchstwahrscheinlich sind die letzten Diinen eingangs des Praboreals entstan- 
den, wovon der grosse Anteil der NBP Zeugnis ablegt. Freilich kann das reiche 
Vorkommen dieser Pollen auch mit der Nahe des Strandes zu tun haben. 

Die Entstehungszeit der Dunen kann man auch mit Hilfe der Uferbildungen im 
Gelande aufzuklaren versuchen. Nach den Untersuchungen Von Hyyppa (1963 s. 44- 
46) stand der Rand des Inlandeises zu der Zeit, als der Baltische Eissee auf das Niveau 
des Yoldiameeres abzusinken begann (8213 v.Chr.), auf der Proximalseite des II1 Sal- 
pausselkä (Nach Sauramo (1 958) auf der Proksimalseite des II Salpausselkä). Mein 
Untersuchungsgebiet liegt ca. 15 km nordwestlich vorn III Salpausselkä und war in 
diesem Stadium also noch vorn Eis zugedeckt. Erst nach der Befreiung vorn Eise 
konnte es dort zu Uferbildungen kommen, was fruhestens erst eingangs des Y 
1-Stadiums geschehen sein kann (ca. 8200 v.Chr., Hyyppa op.cit.). Das höchste 
Ufer, das in meinem Untersuchungsgebiet ca. 136 u.d.M. liegt, ist auch nach Sau- 
ramo (1958 s. 234-248) ein Y 1-Ufer (Sauramos jungeres Y 1, das nach Sauramo 
7858 v. Chr. enstanden ist). Die ersten Dunen konnten erst aufgeweht werden, als 
die Wellen genugend Material aus der Morane ausgewaschen hatten, also erst gegen 
Ende des Y 1-Stadiums. 

Gut 5 m unterhalb vorn höchsten Ufer liegt in meinem Untersuchungsgebiet ein 
zweites Ufer. Sauramo (1958 s. 245-247) hat in der Nahe meines Gebiets zwei Moore 
(Likolampi, Lahrnajarvi) untersucht. Aufgrund seiner diesbezuglichen Diagramme 
hat Hyyppa (1963 s. 38, 45, Beilagen 1 und 2) die Höhe des Y II-Stadiums in diesem 
Gebiet bestimmt. Das vorn genannte Ufer ist im Laufe dieses Stadiums entstanden, 
d.h. ca. 8000 v.Chr nach Hyypa (ca. 7750 v.Chr. nach Sauramo). Als der Meeres- 
spiegel in diesem Niveau lag, begann der östlich vorn Gehöft Hiukkamaki gelegene 
Teil des Dunenfeldes aus dem Meer emporzusteigen, und die Dunenbildung setzte dort 
ein. Auf dem Rucken des Drurnlins durfte die Dunenbildung damals aufgehört haben. 

Die untersten Diinen steigen aus dem Niveau Von 123-124 m auf. Das damalige 
Ufer lag ein paar Meter tiefer, wahrscheinlich in ca. 120 rn Höhe. Nach Hyyppas 
(1966, Beilage 2) Diagramm ist das fragliche Ufer wiihrend des Stadiums Y Ii, ent- 
standen, reichlich hundert Jahre spater als das vorige Ufer. Der Nordwestteil des 
Dunenfeldes ist in der genannten kurzen Zeit entstanden. 
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Wie grob die obigen Datierungen auch sein mögen, so zeigen sie doch, dass die 
Diinen um die Wende der jungeren Dryaszeit zum Praboreal gebildet worden sind, 
und zwar gleich eingangs des Yoldiameer-Stadiums, bald nachdem das Gebiet vom 
Eis befreit war. Die Entstehung des ganzen Dunenfeldes hat nur 200-300 Jahre in 
Anspruch genommen (vgl. Högbom 1923 s. 159, Hörner 1927 s. 167). 

VEGETATION DER DUNEN 

Die Dunen weichen Von der Ungebung auch hinsichtlich ihrer Vegetation deutlich 
ab. Von den Baumarten ist die Kiefer fast allein herrschend. Ferner wachst auf den 
Dunen auch vie1 Wacholder. Zwischen den Dunen hingegen und auch sonst in der 
Umgebung uberhaupt ist der dominante Baum die Fichte. 

Aufgrund seiner Bodenvegetation gehört der Wald auf den Dunen zum Vacci- 
nium-Typ. Der Boden trägt eine dichte, ziemlich starke Moosdecke, worin Ple~ro~ium 
Scbreberi, Hylocomium spkndens und Dicranum undulatnm vorherrschen. An ein paar 
Stellen, zuvörderst auf dem Scheitel und an den Sudhängen der Dunen, findet man 
fleckenweise Flechten, zuvörderst Cladonia rangiferina und Cl. sihatica. Von den 
ubrigen Flechten ist Cetraria islandica am bedeutsamsten. 

Von den Zwergstrauchern dominiert Vaccininm oitis-ideaea fast allein, obschon 
seine Bestände im allgemeinen sehr schiitter sind. Cullnna vulgaris wachst auf den 
Dunen nur stellenweise, desgleichen Vaccinium myrtillu~ und ganz sparlich Arctosfa- 
pbylos m-ursi .  Auf der dicken Moosdecke wachst allgemein, aber verstreut, grös- 
stenteils sterile De~cbampsia flex~osa. Da und dort seht man einige Buschel Von 
Calamagrostis arundinaceae. Von den ubrigen Pflanzen sind Equisetum h i e d e  und 
Lycopodlllm cornplanatm ziemlich verbreitet, obwohl sie nirgends ausgedehnte oder 
dichte Bestande bilden. Stellenweise wachst etwas Pirola secnnda, P. rotun(uYolia, finnea 
borealis, Luzula pilosa und Trientalis enropea. Im Vergleich zu dem Moränengebiet 
der Umgebung sind die Dunen durch ihre Artenarmut charakterisiert. Die Dunen 
des Untersuchungsgebiets sind jedoch längst nicht so karg wie viele andere rnit 
Flechten bewachsenen Dunen des Binnenlandes. Die Ursache hierfur liegt teilweise 
in der Feinheit des Dunenmaterials, dank deren die Feuchtigkeitsverhaltnisse giinstig 
sind. 
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DEPOSIT AT PANNU JARVI, TUULOS, FINLAND 
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ABSTRACT 

Convolute lamination is reported for the f k t  time from the Late Plcistocene glaciofluvid deposits 
of Finland. The metadepositional structure is considered to be the tesult of gravity-induced thixo- 
tropic behaviour during compaction under water. Glaciofluvial deposition in a shallow sea is the 
sedimentary envuonment of the convoluted bed. 

INTRODUCTION 

Deformational structures in glaciofluvial and glaciolacustrine beds have been 
described from various parts of Finland by several authors. The descriptions are 
mostly included in regional reports (e.g., V. Okko 1949). Van Straaten (1949) and 
Aurola (1960) have reported deformational struaures that developed through 
subaqueous folding by sliding movements. Some of the structures attributed by 
Virkkala (1959) to frost phenomena include features of plastic deformation. 

During the last ten or fifteen years sedimentary structures have been studied 
extensively. This has resulted in the introduction of many new structural concepts, 
including convolute lamination. Several hypotheses have been proposed for the ori- 
gin of convolute lamination (see, e.g., Einsele 1963, pp.184-189;Potter and Pettijohn 
1963, pp. 152-155; Davies 1965, p. 308). Convoluted beds are most common in 
flysch sequences dating from the Precambrian onwards, but they occur also in shallow- 
sea environments. Not ali the authors recognize them in recent sediments (e.g., Potter 
and Pettijohn 1963, p. 154). Convolute lamination or closely related structures have 
been produced, however, also in laboratory experiments (e.g., Stewart 1956, Seiley 
and Shearman 1962). Convolute lamination is found in some Pleistocene glacio- 
lacustrine varved silts (e.g., Emery 1950). The purpose of the present paper is to add 
to the knowledge of convolute lamination in Pleistocene glaciofluvial beds. 
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GEOLOGICAL SETTING 

In the Pannujarvi area (Long 24O49' E, Lat 61°06' N) there is a cone-shaped 
glaciofluvial accumulation that occupies a depression between two elevated blocks 
of bedrock covered with ground moraine. Pitted topography strewn with boulders 
occurs at the neck of the accumulation, where it reaches its maximum altitude, about 
145 m above sea levei. The pitted surface of the accumulation slopes evedy towards 
E and SE, about 3 m to each kilometer. In the middle, the rernnants of an esker can 
be distinguished. The esker has a distal continuation as it extends outside the accu- 
mulation and can be foiiowed southeastward to the Mataramäki delta (V. Okko 
1957) of the Second Salpausselkä belt, which lies 12 km SE of the neck of the accu- 
mulation and 8.5 km SE of its southeastern border at Pannujarvi (lake). 

Field relationships indicate that during and after the Second Salpausselkä stage, 
deposition of an esker took place along a radial zone extending from the Matara- 
mäki delta to the Pannujarvi area. The deposition of the cone-shaped glaciofluvial 
accumulation represents a standstiil in the retreat of the ice margin, probably caused 
by the topography of the bedrock underlying the thinned glacier. The accumulation 
is superposed in relation to the original esker. Similar relationships have been de- 
scribed from the Evo area (M. Okko 1965), 25 km NE of Pannujarvi. 

In the Jyiisjärvi section of the Second Salpausselkä belt, SE of Pannujarvi, the 
ice margin had retreated to a distance of 3 km from the end moraine when the Baitic 
Ice Lake was discharged into the ocean and the Yoldia Sea phase began (V. Okko 
1957) in about 8300 B. C. Along the esker extending from the Mataramäki delta to 
the Pannujärvi area, this drop in level is marked by the difference in altitude of the 
truncated tops of the heavily pitted esker 5 km beyond the delta. From there on- 
wards the esker and the cone-shaped glaciofluvial accumulation were controlled 
by the Yoldia Sea. 

Judging by V. Okko's (1957) observation of the altitude of the Yoldia shore 
to be 132-133 m above present sea level in the Jylisjarvi area and by the tilt of that 
shore surface between Jylisjarvi and Lahti, estimated to be 0.75 ml1 km (M. Okko 
1962, p. 119), the Yoldia level should have stood at about 141-142 m at the neck 
of the accumulation and at 138-139 m at Pannujarvi. These figures are in accord 
with Hyyppä's (1963, 1966) relation diagram of the Baltic shore levels. 

At Pannujärvi a gravel pit has been opened close to the southeastern border of 
the cone-shaped glaciofluvial accumulation and 700 m SW of the original esker. 
The top of the gravel pit lies at 135 m above sea level or 3 m to 4 m below the 
calculated Yoldia level. 

On the horizontai plane the gravel pit is roundish, and about 120 m in diameter. 
Only the topmost layer, 4 m to 5 m thick and comprising pebbly gravels rich in 
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cobble material, has been removed. In the southwestern part of the pit, two diggings 
have been made below the lower lirnit of the top layer. Both reveal fine and medium 
sands in graded beds with ripple marks. There is a distinct unconformity between 
the coarse top layer and the underlying current-bedded rnaterial. The unconformity 
occurs at an altitude of 130 m above sea level, or 8 m to 9 m below the calculated 
Yoldia level. The underlying sediments were deposited from the meltwater stream 
that produced the esker in the Pannujärvi area. The overlying coarse bed belongs 
to the subaqueous part of the cone-shaped glaciofluvial accumulation. Redeposition 
of its material has taken place in the shore zone. 

At the eastern digging the following sequence is to be seen in the pit: 

Top at 134 m above sea level 
A 4 m pebbly gravel with cobbles; topmost layer horizontal, deeper stnicture 

unknown 
unconformity 

B 0.5 m graded fine sands 
slight struaural unconformity 

C 0.1 m convoluted bed composed of silty fine sand and fine Sand 
D 0.3 m graded fine sands with ripple marks 
E 0.05 m thin laminae of sandy coarse silt intercalated with fine Sand 
below 129 m fine sands 

The structures below the unconformity between beds A and B are shown in Fig. 1. 
The distorted bed C exhibits ali the diagnostic features ascribed to convolute 

lamination (see Davies 1965, p. 306). The basic elements are a series of anticlinal 
folds separated by broad »synclines». The »antidines» are mostly sharp-crested. 
Only one bed is affected and it is quite regular in thickness. The height of the bed 
and of the convolutions, 10 cm, is typical of convolute lamination. The deformation 
is most conspicuous in the lower half of the bed and ceases at the upper limit, showing 
that the original bed has not been eroded. Individual lamination planes can be traced 
through a number of undulations. Furthermore, the deformation is strong in two 
perpendicular sections. On the upper surface of the convoluted bed the »anticlines» 
form variants between ridges and cones (Fig. 2). In a cross section paraliel to the 
bedding, the anticlinal ridges show a subparallel arrangement (Fig. 3). The fault seen 
in the horizontal section is distinctly younger than the distortion as the convolu- 
tions have not been observed to be controlled by faulting. The absence of contem- 
poraneous faulting is also a criterion for convolute lamination. 

DISTRIBUTION OF GRAIN SIZES 

The results of the grain-size analyses made of the four beds of the eastern digging 
are shown in Fig. 4. In order to avoid mixing of the matter from the various beds, 
the samples were taken when the ground was frozen. 
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FIG. 1. Vertical section of the digging in the gravel pit at 
Pannujärvi. In the upper right corner secondary debris. Note 
the unconformity on top of the convoluted bed. Ripples occur 
throughout the bed underlying the convoluted bed. Length of 

knife-handle is 10 cm. 

Bed B is distinctly arenaceous and well sorted. No ripples occur in this bed. It 
overlies bed C unconformably. 

The sample taken from bed C represents the finer-grained laminae of the con- 
voluted bed. The poor sorting of the sample suggests that coarser-grained materia1 
intermingled with the silty laminae is included in the sample, althsugh this effect 
was reduced to a minimum by picking the sample carefully from a frozen surface. 

Bed D comprises rather well-sorted fine Sands. Ripple marks occur throughout 
the bed. They are best seen on the weathered surface. The amplitude of the ripples 
increases upwards. They show transportation from NNW or from the esker in the 
middle of the cone-shaped accumulation. 

Bed E consists of fine sand intercalated with thin silty laminae. The sample rep- 
resents the latter. Sample E is better sorted than sample C, indicating that sampling 
was more successful from the undistorted bed. 

According to ten Haaf (1956), convolute lamination is most common in graded 
beds, where the light-coloured laminae consist of silty fine Sand - the largest grain 
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FIG. 2. Oblique view of the convoluted bed. The vertical section is pardel 
to the seetion seen in Fig. 1 at a distance of 10 cm from the latter. The con- 
voluted stmaure varies markedly from section to section. The top of the con- 
voluted bed shows both conical (~ight) and subparaiiel (lefi) arrangement of the 

»aaticlines». 

FIG, 3. Horizontal section, parallel to bedding, of the convoluted bed. The 
»anticlines» show a subparallel arrangement below the conical pattern of the 
top of the bed seen in Fig. 2. Under the compass - length of plate is 10 cm - 
the dark pattern on top of the bed is identical with the pattern between compass 
and edge of vertical section in Fig. 2. The fault seen on the horizontal plane 

is younger than the plastic deformation. 
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FIG. 4. Distribution of grain sizes in the different beds of the digging in the Pannujämi gravel pit. 
The letters to the right of the stratigraphic column refer to the stratigraphic listing on p. 125. Median 

grain size and sorting are shown to the right. For description of the samples see text. 

diameter being 0.05 mm-0.10 mm - and the dark bands contain, in addition, 
flat-lying clay and mica flakes of slightly larger dimensions. The sieves used in the 
grain-size anaiysis do not enable recognition of the upper grain limit given by ten 
Haaf. A microscopic investigation of the 0.06 mm-0.2 mm fraction of sample 
C showed, however, that the majority of the light-coloured grains are close to the 
minimum size of this fraction. The median grain size d,, of sample C f d s  within the 
limits given by ten Haaf. Under the microscope the corresponding fraction of sample 
E is very similar to sample C. Also its median grain size is close to the grain limits 
referred to. Convolute lamination is restricted to the grain-size range from silty clay 
to silty h e  sands (Einsele 1963). The grain properties of bed E were certainly no 
obstacle to its becorning convoluted. For some reason this did not happen. 

ORIGIN OF THE CONVOLUTE LAMINATION 

The term »convolute lamination)) is used in this paper in a purely morphological 
sense. Dott and Howard (1962) demonstrated that convolute lamination is a typical 
mixed-origin structure (see also Dzulynski and Smith 1963). Thus, each sedimentary 
environment may have processes operating which are capable of producing convolute 
lamination (Davies 1965). 

The overburden of pebbly gravel, 4 m thick, can scarcely be thought to be respon- 
sible for the convolute lamination in bed C. Although relatively thin to become con- 
voluted, bed E with its grain-size properties ought to have become affected by that 
load as well. Possibly the weight of bed A induced the smail postdeformational faults 
when the sea regressed from the Pannujärvi area and the sediments dried up. Also 
the melting of buried dead ice in the vicinity may have caused small differential 
movements in the sediments. 



Ten Haaf (1956) noted in the Apennine convoluted beds a systematic heeling of 
the anticlinal crests in the same direction. This he considered an indication of a 
downstream component in the depositing current. In places the Pannujami convo- 
lutions show a downstream heeling of the »anticlines», but this feature is not sys- 
tematic and has not been encountered in ail the sections cut. If this criterion is used 
in explaining the origin of the convolute lamination, a syndepositional origin related 
to current deformation (see also Einsele 1963, Davies 1965) must be ruled out. 
Kuenen (1953) described syndepositional convolutions that occur in connection with 
ripples. Because the »anticlines» of bed C do not show any systematic relationship 
to the crests of the ripples of bed D, the Pannujärvi convolutions seem to belong to 
non-current convolute laminations as defined by Dzulynski and Smith (1963). 

The relationships between beds E and D, on the one hand, and between beds 
C and B, on the other hand, suggest that the unconformity between C 2nd B can 
serve as a clue to explain the origin of the convolute lamination at Pannujarvi. In 
contrast to bed E, which is conformably overlain by the fine sands of bed D, bed 
C was not immediately buried. Although the convoluted bed C appears practically 
flat, it slopes quite gently towards SSE. Because even on such surfaces gravity always 
is a factor @ott and Howard 1962), it is suggested that the convolutions at Pannu- 
järvi originated during the compaction of bed C under water through a gravity- 
induced rearrangement within the bed, leading to thixotropic behaviour (cf. Emery 
1950, Dott and Howard 1962, Nagtegaal 1963, Davies 1965). After its metadepo- 
sitional deformation, bed C was buried under the arenaceous bed B. 

As far as the writer is aware, convolute laminae have not been described from 
strictly glaciofluvia1 environments. At Pannujarvi the convoluted bed C, together 
with beds D and E, represents the end phase of sedimentation by the meltwater 
stream that produced the esker north of the gravel pit. Probably bed B and certainly 
A derive from the glaciofluvial cycle that produced the funnel-shaped accumulation. 
Redeposition in the shore zone has affected bed A but it is improbable that the entire 
bed would consist of redeposited material. Einsele (1963) surmised that convolute 
larnination may occur also in a fluviatile environment. At Pannujarvi the convolute 
lamination represents an environment where shallow-sea conditions and glaciofluvial 
sedimentation combine. 

DISCUSSION 

In Finnish geological literature structures have been described that either can be 
designated as convolute larnination or dosely resemble it. Thus, the deformed bed 
of varved day described by Sauramo (1958, pp. 259-260) from Hämeenlinna strongly 
resembles the simple convolutions described by ten Haaf (1956, p. 191) and Nagtegaal 
(1963, p. 372). Sauramo thought that the deformation was caused by a local advance 
of the ice margin. This advance has been questioned by M. Okko (1965). 
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Virkkala (1959) described distorted structures confined to a single bed: from 
Järvenpää, from Vuorentaka near Hämeenlinna, and from Villilä near Tampere. In 
the published photographs showing the deformations, one is able to trace some of 
the diagnostic features of convolute lamination (see p. 125). The concentric structure 
described by Virkkala from Pälkäne resembles convolutional bails (ten Haaf 1956, 
Plate 1, C) or roii-up structures (Dott and Howard 1962, Plate 3, A), whereas the 
structure from Kuru bears a resemblance to the corrugated lamination in Davies' 
(1965) classification of deformational structures. Virkkala's (1959) term for these 
structures is involutions and he explained them as late-glacial frost phenomena. 

Convolute lamination is a polygenetic structure (Dott and Howard 1962) and so 
is patterned ground (Washburn 1956). The confinement of the deformation at Pannu- 
järvi within a single bed - if a frost structure, at least some of the ~anticlines)) should 
inject the overlying arenaceous bed - and the age relationship between the deforma- 
tion and the deposition of the overlying bed rule out the possibility of interpreting 
the deformation as a frost phenomenon. It seems that the sites listed in the foregoing 
chapter should be reinvestigated. In the event that the structures can be ascribed to 
frost-generated movements, an important contribution to the knowledge of con- 
volute lamination and related structures wiii have been achieved. 

Acknowledgmeens - The field work was done in connection with the mapping operations of the 
Geological Survey's Department of Surficial Deposits. Mr. Heikki Peura, 6eld assistant in the summer 
of 1965, found the described structures and repoited them to the writer. Miss Annikki Parkkonen 
is responsible for the grain-size analyses. Mrs. Elsa Jarvimaki drew the graph. 



Convolute Tgminntion at Pannujärvi 131 

REFERENCES 

AUROLA, ERKKI (1960) Poimurakenteista Piispanristin sorakuopan seinämässä lähellä Turkua. 
Summary [Folded structwes in the wall of the gravel pit at Piispanristi near Turku]. Geologi, 
12. vsk., pp. 34-37. Helsinki. 

DAVIES. Hvw G. (1965) Convolute lamination and other structures from the Lower Coal Measures 
of Yorkshire. Sedimentology, VOI. 5, pp. 305-325. 

DOTT, R. H., and HOWARD, JOHN K. (1962) Convolute lamination in non-graded sequences. J. GeoI., 
Vol. 70, pp. 114-121. 

DZULYNSKI, STANISLAW, and SMITH, ALEC J. (1963) Convolute lamination, its origin, preservation, 
and directional significance. J. Sediment. Petrol., Vol. 33, pp. 616-627. 

EINSELE, GERHARD (1963) »Convolute beddingn und ahnliche Sedimentstrukturen im rheinischen 
Oberdevon und anderen Abiagerungen. N. Jb. Geol. Paläont., Abh., Bd. 116, pp. 162-198. 

EMERY, K. 0. (1950) Contorted Pleistocene strata at Newport Beach, California. J. Sediment. Petrol., 
Vol. 20, pp. 111-115. 

TEN HMF, E. (1956) Significance of convolute iamination. Geol. en Mijnb., Jg. 18, pp. 188-194. 
HYPPPX, ESA (1963) On the late-Quaternary history of the Baltic Sea. Fennia 89, No. 1, pp. 37-48. 
-»- (1966) The Iate-Quaternary iand uplift in the Baltic sphere and the relation diagram of the 

raised and tilted shore levels. Ann. Acad. Scient. Fennicae, Ser. A, m, 90, pp. 153-168. 
KUENEN, PH. H. (1953) Graded bedding, with observations on Lower Palaeozoic rocks of Britain. 

Verh. Kon. Nederhdsch Akad. Wetensch., Amsterdam, Afd. Nat., Vol. 20, pp. 147. 
NAGTEGAAL, P. J. C. (1963) Convolute lamination, metadepositional ruptuies and slumping in an 

exposure near Pobla de Segur (Spain). Geol. en Mijnb., Jg. 42, pp. 363-374. 
OKKO, MARJATTA (1962) On the development of the First Salpausselkä, West of Lahti. Bull. Comm. 

gCo1. Finlande No. 202. 162 p. 
-»- (1965) M. Sauramo's Baltic Ice Lake BIV - BV - BVI; a re-evaluation. Ann. Acad. Scient. 

Fennicae, Ser. A, III, 84. 36 p. 
OKKO, VEIKKO (1949) Explanation to the map of surficial deposits, Sheet B 4, Kokkola. General 

Geological Map of Finland, 1 : 400 000. 55 p. 
-»- (1957) The Second Salpausselkä at Jylisjärvi, East of Hämeenlinna. Fennia 81, No. 4. 46 p. 
POTTER, PAUL EDWIN and PETTIJOHN, F. J. (1963) Paleocurrents and basin analysis. Springer- 

Verlag. 296 p. 
SAURAMO, MATTI (1958) Die Geschichte der Ostsee. Ann. Acad. Scient. Fennicae, Ser. A, III, 51. 

522 p. 
SELLEY, R. C. and SHEARMAN, D. J. (1962) Experimental production of sedimentary structures in 

quicksands. Proc. Geol. Soc. London, Session 1961-62, No. 1599, pp. 101-102. 
STEWART, H. B. (1956) Contorted sediments in modem coastal lagoon explained by labosatory 

experiments. Buli. Am. Assoc. Petroleum Geologists, Vol. 40, pp. 153-179. 
VAN STRMTEN, L. M. J. U. (1949) Occurrence in F i a n d  of structures due to subaqueous sliding 

of sedirnents. C. R. Soc. G6ol. Finlande 22, pp. 9-18. - BulL Comm. gCol. Finlande No. 
144, pp. 9-18. 

VIRKKALA, K. (1959) On the Lateglacial frost phenomena in Southwestern Finland. C. R. Soc. 
GCol. Finlande 31, pp. 21-40. - Bull. Comm. géol. Finlande No. 184, pp. 2140. 

WASHBURN, A. L. (1956) Classification of patterned ground and rcview of suggested origins. Bull. 
Geol. Soc. America, Vol. 67, pp. 823-866. 





ZUR SPAT- UND POSTGLAZIALEN ENTWICKLUNG 
IM OSTTEIL DES ERSTEN SALPAUSSELKA 

REINO REPO und RISTO TYNNI 

Geologische Forschungsanstalt in Finnland, Otaniemi 

ABSTRACT 

In the present study concerning the late and poscglacial development of the eastern region of 
the 1st Salpausselkä special emphasis has been placed on the vegetation history and the despiacement 
of shore lines based on the stratigraphy of pollen and diatom successions. The pollen dating is 
supported by the C14-age af 8 110 & 140 B. C. determined from the oldest limmic deposits of the 
Mustalampi bog siniated on the distai side of the 1st Salpausseikä at an aititude of 155 meters above 
sea level. The dated horizon corresponds to the latter part of the rather high NAP-maximum and 
to a diatom flora consisting of fresh small-water forms. 

The elevations in the region investigated varies from 67 meters to about 200 meters above sea 
level. The major part of the area remained after the retreat of the ice margin covered by the Baltic 
Ice Lake (possibly also by the late-giacial YoIdia Sea). Only the highest hills formed islands at that 
time. The lowest parts of the terrain emerged from the sea during the preboreai Yoldia Sea. 
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EINLEITUNG 

Das Untersuchungsgebiet liegt in Nordkarelien und umfasst mvörderst das 
Nordostende des 1. Salpausselka in der Gegend Von Tohmajärvi-Värtsilä. Es 
erstreckt sich vom Kirchspiel Kitee im Sudwesten bis zum siidiichen Teil Von Ilo- 
mantsi im Nordosten. Die Skizzierung der Salpausselkas und die Bodenkartiemng 
in diesen Gebieten haben schon Bergheii (1903) im sudlichen Teil sowie Frostems 
und Wilkman (1910) im nördlichen Ted vorgenommen. Wilkmans (1917) Erkianing 
zum Kartenblatt der Gegend Von Joensuu behandelt schon vielseitig die östliche 
Partie des Salpausselka. Ende des 19. Jahrhunderts hatte u.a. Ramsay (1891) den 
Ostteil des Salpausselkä untersucht. Später veröffentiichte Ramsay (1931) in erster 
Linie Beobachtungen vormaliger Ufer aus dieser Gegend. 

Von den zahireichen Untersuchungen, die sich dann rnit dem östiichen Gebiet 
des Salpausselkä oder mit benachbarten Gegenden befasst haben, sind vom Gesichts- 
punkt der quartarzeitiichen Uferverschiebung und der weiteren Entwickiungsge- 
schichte die Forschungen Von Sauramo (1921), Sauramo und Auer (1928) sowie 
Sauramo (1928) am bedeutsamsten. Die Entwicklung des nördlichsten Gebiets Von 
Pielis-Karelien wird in der Untersuchung Von Hyvärinen (1966) besprochen, und die 
spatere Publikation des gleichen Autors (1967) behandelt ausfuhriich die Uferverschie- 
bung in dem Untersuchungsgebiet, wobei von Ramsays Beobachtungen vormaliger 
Ufer ausgegangen wird. Donners (1951) Untersuchung beruhrt auch die spat- und 
postglaziale Pollensukzession in den Moorablagerungen des Untersuchungsgebiets. 

Unsere vorliegende Arbeit dient dem Zweck, weiteren Aufschluss zu gewinnen 
uber die Richtung des Eisstroms, uber den Zeitpunkt des Eisruckzuges und die 
Uferverschiebung der nachfolgenden Ostseestadien sowie noch aufgrund Von Pollen- 
und Diatomeenanalysen uber die Entwicklung der Vegetation. Zur Wahl des Unter- 
suchungsgebiets hat seine Lage in Beziehung zum 1. Salpausselkä beigetragen sowie 
ferner die Höhenverhäitnisse, welche die Bildung relativ alter und wenig bekannter 
organogener Ablagerungen ermöglicht haben. Die hier veröffentlichte C14-Datierung 
reprasentiert bis auf weiteres die äiteste Datierung Von Seesedimenten in der sudlichen 
Paitie unseres Landes. 

RUCKZUG DES EISRANDES IN DEM UNTERSUCHUNGSGEBIET 

Die Von Berghell (1904) sowie Frosterus und Wilkman (1917) veröffentlichten 
Karten uber die Erosionsspuren des Eises, die Schrammen, und uber die Verbreitung 
glazifluvialer Aufschuttungen tragen auch zur Klärung der Vorgänge im Riickmgs- 
stadium des Inlandeises in dem Untersuchungsgebiet bei. Die Strömungen des Eises 
im Untersuchungsgebiet sind auch in den Publikationen Von Aurola (1955) und Repo 
(1957) beruhrt. Aus Abb. 1 gehen die in dem Gebiet gemachten Schrammenbeob- 
achtungen hervor, inbegriffen auch die Beobachtungen der oben genanntea Forscher. 



ABB. 1. Die Salpausselkas und Oser (punktiert) sowie die Schrammen- 
beobachtungen (Pfeile; ein Querstrich = jiingste, 2-3 Quersuiche 
= ältere Schwmmenrichtungen an der Beobachtungsstelle). 

* / 
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Den Schrammen gemass hat die Stromrichtung des Eises in dern Gebiet betracht- 
lich gewechselt. Bestimmend fur die Richtung sind offenbar nicht nur die Von. den 
Vereisungsstadien bedingten verschiedenen Strömungen gewesen, die u.a. von. der 
Lage der Eisscheide oder sonst einem die aiigemeine Strömung ausschlaggebend be- 
einflussenden Faktor abhangig waren, sondern auch topographische Umstäfide haben 
rnitgespielt. Das benachbarte tiefe Becken des Ladogasees hat höchstwahrscheinlich 
die Eisströmung auf sich gelenkt, als das Untersuchungsgebiet noch vereist war. In 
der Eisrandzone sind insbesondere während der langen Haltestadien, in denen der 1. 
und 2. Salpausselka abgelagert worden sind, die lokalen Strömungen senkrecht zum 
Proximalteil der Aufschuttung verlaufen. 

Der 1. Salpausselkä erstreckt sich im Norden bis in die Gegend des Sees Sääperi- 
järvi, wahrend dagegen der 2. Salpausselkä noch uber 50 km nordnordwestwärts bis 
nach Jaamankangas weiterzieht und einen ziernlich einheitiichen, bogenförmigen Hö- 
henzug bildet. An den Salpausselkäs, und insbesondere am 1. Salpausselka gibt es in 
dern Untersuchungsgebiet nur spärlich Durchschnitte, an denen die Struktur der 
Aufschuttung zu sehen ware. Aufgrund der bisherigen Schnitte scheinen beide Rand- 
bildungen mm weitaus grössten Teil aus glazifluvialen Ablagerungen zu bestehen. 

Dass der Bogen des 1. Salpausselka in der Gegend vom Säaperijiirvi endigt, hat 
vielleicht damit zu tun, dass am Ubergang zum Vaara-Gebiet ein machtigerer, zusam- 
menhängender Eisrand fehlte. Da in Nordkarelien voi dern Eisrand die Topographie 
und die Tiefenverhaltnisse des Wassers beträchtlicher schwankten als weiter westlich, 
wurde die Randbildung nicht so einheitlich oder kam dort, wo kein Gleichgewicht 
zwischen dern Eisstrom und dern Abschmelzen erreicht wurde, uberhaupt nicht 
zustande. 

Nach dern Zuruckweichen des Eisrandes uberflutete ein Eissee oder Eismeer den 
grössten Teil des Gebiets, u.a. den 1. Salpausselka, und nur die Kuppen der höchsten 
Erhebungen, die heutzutage in ca. 160-200 rn Höhe liegen, ragten als Inseln aus 
dern spätglaualen Baltischen Eissee (Eismeer?) hervor. Auf diesen Inseln hat die 
vorwiegend ktautige Vegetation in relativ fruhem Stadium Fuss gefasst. 

ZUR POLLEN- UND DIATOMEENSTRATIGRAPHIE DES GEBIETS 

Schichtenfolge vom Weiher Mustalampi 

Der Weiher Mustalampi liegt in Ilomantsi unweit der Grenze Von Tuupovaara 
distalwäas vom 1. Salpausselka (Abb. 2, Punkt 1) in ca. 155 m Höhe. Die am Ufer 
des Weihers erbohrte Schichtenfolge enthält die Moorablagerungen in 4-2.5 m Tiefe 
(Abb. 3.) 
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Pollenflora 
Nach der Pollenzoneneinteilung (Sauramo 1958) entspricht die S~hichtenfol~e, 

die Von unten nach oben Feinsandschluff, Feinsand, Brjlales-Gyttja und Diatomeen- 
gyttja enthalt, luckenlos der Sedimentation Von der Jiingeren Dryaszeit (z 111) bis 
zum Spatatlantikum (z VII). 

Im unteren Abschnitt des Feinsandes, des SchluBs und der Brjlalees-Gyttja befindet 
sich ein beträchtliches NBP-Maximum, das hauptsachlich aus Artemisia-, Chenopodia- 
ceae- und Ran~nczdlaceae-Pollen besteht. Salix-Pollen ist relativ ïeichlich vorhanden, 
aber als Seltenheit tritt Heliantbe~slm auf. Helianthemslm-Pollen ist u.a. in Schweden 
und Englancl in spatglazialen Ablagerungen angetroffen worden (Erdtmaa 1949, 
Godwin 1956). Heutzutage wachst Helianfbemslm nummulari~m spärbch ca. 30 km 
sudlich vorn Mustalampi, an einer nordwestwarts vorstossenden Bucht des Sees Ja- 
nisj5rvi. In  der Gegend des Jänisjärvi komrnt im Felsgrund Kalkstein und Dolomit 
vor. Heliantbemum nmmcrlartzim erfordert einen kalkreichen und trockenen Boden. 
In der Jungeren Dryaszeit sind diese Wachstumsbedingungen auch wahrscheinlich 
vorhanden gewesen, und HeCianthemm durfte damals in dem Gebiet besser gediehen 
sein als jetzt (Abb 4). 

Das betrachtliche NBP-Maxitnum vom Mustalampi ist irn Feinsandschluff ahn- 
lich geartet wie in der Brjlales-Gyttja. Dieser Umstand beweist, dass der Pollenbestand 
des anorganischen Sediments in der Hauptsache primär ist. Er spiegelt die Pollen- 
verhältnisse einer baumlosen Gegend wider, wie sie in der Jungeren Dryaszeit 
herrschten. Die im Isotopes Inc., New Jersey, durchgefuhrte Cla-Datierung besta- 
tigt ausserdem die obige Pollenzoneneinteilung. 

Die nördlich von dem Untersuchungsgebiet in der bisher nächstgelegenen Gegend 
durchgefuhrten C14-Datierungen stammen vom Moor Puhtiinsuo in Ilomantsi (Tolo- 
nen 1963) und aus Pielis-Karelien (Hyvärinen 1966). Die erstere betrifft u.a. eine 
präboreale Moorablagerung mit einem Alter Von ca. 7 190 f 250 v.Chr., die letztere 
wiederum mehrere Datierungen, Von denen die älteste auf ca. 7 500 v.Chr. fallt. 

Nach den Untersuchungen Von Fromm (1963) und E, Nilsson (1964) hat der 
Durchbruch des Baltischen Eissees und sein Abfiessen ins Yoldiameer etwa 8 300 
oder 8 290 v.Cbr . stattgefuhden. Die Datierung des Gyttjasediments vom Musta- 
lampi auf. ca. 8 110 v.Chr. entspricht dieser (f 140) oder einer etwas jungeren Zeit, 
als das B 111-Stadium schon abgeschlossen war. Auch im Vergleich zum 2. Salpaus- 
selkä durfte die Schichtenfolge vom Mustalampi das entsprechende Alter haben. Das 
Feinsandschluff-Sediment ist wahrscheinlich zur Zeit des Abflusses des Baltischen 
Eissees oder vorher abgelagert worden. 

Die obere Partie der Br_ale~-Gyttja und der untere Teil der Diatomeengyttja 
gehören zuvördersr aufgrund des grossen Maximums der Befda-Pollen ins Praboreal. 
Der Pollenbestand der Borealablagerung ist in diesem Falle nicht charakteristisch, 
denn das Pinirs-Maximum fehlt. Auch das Fruh- und Spatatlantikum reflektieren sich 
in der Pollenflota nicht so klar wie in den sudfinnischen Diagrammen, wie ja auch 
zu erwarten war, da es sich um ein nördlicheres Gebiet handelt. 
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ABB. 2. Lage der untersuchten Schichtenfolgen (1-7) und der Bandertonvorkommen (8-9). 

Diatomeenflora 

Die Schichtenfolge vom Weiher Mustalampi enthält reichlich Kieselalgen; das 
Sediment ist auch schon Von der Praborealzeit an Diatomeengyttja. Aus Tabelie 1 
sind die Diatomeenarten ersichtlich. Die Formen susser Kleingewasser dominieren 
in der Schichtenfolge. Die Mehrzahl der Arten sind im aligemeinen Litoralformen. 
Anzeichen fur eine grössere Wasserflache in der Jungeren Dryaszeit sieht man nur 
in den zwei untersten Diatomeenanalysen, wo Melosira islandica ssp. helvetica sparlich 
vorkommt. 

Der Diatomeenflora gemass ist das Ablagerungsbecken schon in der Jungeren 
Dryaszeit vom Baltischen Eissee oder vom spiitglazialen Yoldiameer abgeschniirt 
gewesen. 
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ABB. 3. Poiiendiigramm der Schichrenfolge vom Weiher Mustalampi. 
- Erklenuigen der Zeichen in Abb 5, Fr = Fraxinur. 
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ABB. 4. Ln den Schichtenfolgen gefundene Miktofossilien: 1. Epbedra 
distae&a-Pollenkom, 2. Heiian#hm-Pollenkom, 3. Ammia-Pollen- 
kom, 4. Rmrrmculaceae-Pollenkom, 5. Papilh~uceas-Poiienkom, 6. Isoefes- 

Spote. Photo E. Halrne. 
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Schichtenfolge vorn Moor Umpijärvi 

Der See Umpijarvi liegt in Ilomantsi ost- und distalwarts vom 1. Salpausselkä 
(Abb. 2, Punkt 2) in ca. 145 m Höhe. Die Probeserie ist in dem sudlich an den See 
anschliessenden Aapamoor erbohrt worden (Abb. 5). 

Poiienflora 

Die Schichtenfolge enthalt zuunterst ca. 10 cm Gyttja sowie Torfablagerungen 
mit vorwiegend Equisefum, Carex und Sphagnum. Die Gyttja und der Equisetum-Torf 
sind im Praboreal entstanden, der Carex-Torf im Boreal und im Fruh-Atlantikum 
und der vorwiegend aus Sphagnum bestehende Torf spater in der postglazialen Warme- 
zeit und in dem darauf folgenden Subatlantikum. 

Das Pollenspektrum weist eine ziernlich regulare Artenverteilung auf, ausser im 
superfiziellen Teil der Lagerfolge, wo Pinus-Pollen ausserordentlich reichlich, nam- 
lich mit 93 % vertreten ist. Der in der Gyttja angetroffene MyriopLyllum spicatum- 
uerficillafum-Pollen-Typ zeigt an, dass die erstere Aa ,  eventueli auch die letztere, in 
der Praborealzeit in dem See gewachsen ist. Gegenwärtig wachst M. spicafum u.a. in 
dem Untersuchungsgebiet im See Saaperijarvi. 

Diatomeenflora 

Der Diatomeenbestand der im Praboreal abgelagerten Gyttja setzt sich hauptsach- 
lich aus Kleinsee-Epiphytenarten zusarnmen. Am gewöhnlichsten sind die Epifhemia-, 
Cymbella- und Gompbonema-Arten. Die Kieselalgen der Lagerfolge zeigen, dass das 
Yoldiameer zur Zeit der Ablagerung nicht bis zur Höhe Von 145 m hinaufgereicht 
hat. 

Schichtenfolge vom Moor Suksilampi 

Im Kirchspiel Tohmajarvi ca. 5 km proximalwlirts vom 1. Salpausselkä liegt in 
ca 125 m Höhe der Suksilampi (Abb. 2, Punkt 3), ein kleiner, dys-entropher See, 
dessen Ufer fast ringsum vermoort ist. In der Nahe der Bohrstelie wachst u.a. Typha 
latuoiia und Phragmites comm#nis. Die erbohrte Schichtenfolge umfasst die Boden- 
schichten des Moors in 3.3-1.3 m Tiefe (Abb 6). 

Pollenflora 

Die tiefsten Sedimente, Feinsand und der Hauptteil vom Schluff, mussen dem 
grossen NBP-Maximum gemass in der Jungeren Dryaszeit abgelagert worden sein. 
Von den Kraut- und Graspollen sind ArtemiJia, Ronunculaceae, Gramineae, Cyperaceae 
und Chenopodiaceae am gewöhnlichsten, während wieder als Seltenheiten u.a. Armeria 
sp. und Helianfhemm vorkommen. Die Menge des Ericales- und Saiix-Pollens ist 
verhältnismassig gross, insbesondere an der Zonengrenze III/IV. 
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ABB. 5. Plolendiagramm der Schichtwfolge vom Moor Umpijärvi. 

Erkiärung dm Zeichen. 1. Spbagmrm-Torf, 2. Cmx-Spbagnum-Tori, 3. Eriopbmrun-Spbapm-Torf, 
4. Cmex-Torf, 5. Cmx-EpUcf~~m-Torf, 6. E@etnm-Torf, 7. BryaIes-Torf, 8. Akkumulationetotf, 
9. Laubhohtorf, 10. Dctritusgyttja, 11. Feinsandgyttja, 12. Schluffgyttja, 13. Tongyttja, 14. Diafo- 

moccuu-Gyttja, 15. Feinsand, 16. Schluff, 17. Ton, 18. Bänderton. 

Die Ablagerung der Gyttja hat im Praboreal eingesetzt. Der Anteil des NBP ist 
hier noch relativ hoch, wahrscheinlich wegen der Nähe des Eisrandes (vgl. Donner 
1958, 1967). 

Die prozentualen Verhaltnisse des Pollendiagramms variieren in den Sedimenten 
vom Boreal, Fruhatlaritikum und Atlantikum in gleicher Weise wie in d m  Lager- 
folgen aus Siidfinnland. Weil keine C14-Datiemngen vorliegen, Iasst sich uber den 
Synchronismus dieser Poiienzonen nichts Sicheres sagen. Höchstwahrscheiniich sind 
jedoch die fraglichen Zonen in dem Untersuchungsgebiet nicht wesentlich junger 
als die entsprechenden Zonen in  Sudfinnland. Die C14-Datiemgen, die weiter aörd- 
Iich in der Gegend des Pieiisjarvi gemacht worden sind (Hyvärinen 1966), weisen 
auf eine gewisse Verjungung der Zonen hin. 
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ABB. 6. Pollcndiagramm der Schichteafolge oom Moor Suksilampi. 
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TABELLE 2  . 
Diatomeen der Schichtenfoige vom Weiher Suksilampi 
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zonc 

Tiefe un 

Gompbonernll acuminat~m var . corenata 
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Diatomeenflora 

Die Diatomeensukzession im unteren Abschnitt der Schichtenfolge vom Suksi- 
lampi ist aus Tabelle II ersichtlich. In dem in der Jungeren Dryaszeit abgelagerten 
Schluff-Feinsand sind am zahlreichsten Diatomeenarten susser Kleingewasser repra- 
sentiert: Fragilaria consdruens, F. pinnata, Navicda radiosa und Tabellaria flocczilosa. Eine 
merkwkdige Entwicklungsphase macht sich in 270 cm Tiefe im Sediment der Zone 
IV geltend, wo in dem oben beschriebenen Floratypus die Grosssee-Diatomeen 11 % 
ausmachen, und zwar sind es folgende Arten: Campylodisczis noric~s var. hibernica (2), 
CymatopLeeura eliptica, Cymbella ehrenbergii (4), Epithemia byndmanni und Gyrosigma 
attenuatsrm (3). Es muss sich aber dennoch um einen Kleinsee gehandelt haben, denn 
aufgrund der Topographie des Geliindes kann in dem Gebiet kein vom Baltikum 
getrennter Grosssee bestanden haben. Eine mögiiche Erklarung fur die Erscheinung 
könnte sein, dass die Diatomeenformen der Grossseen im allgemeinen auch Formen 
klaren Wassers sind, und anfanglich ist das Wasser der Seen klarer gewesen als gegen- 
wartig. 

Schichtenfolge eines Moors E von der Anhöhe Hernevaara 

Die Schichtenfolge stammt aus einem Zwergstrauch-Reisermoor am Rand eines 
kleinen Weihers, der im Kirchspiel Vartsila, unmittelbar östlich Von der Anhöhe 
Hernevaara gelegen ist (Abb. 2, Punkt 4). Der erbohrte Teil der Lagerfolge enthält 
die Ablagerungen auf dem Grund des Moores in 5.5-4.35 m Tiefe (Abb. 7). Die 
Probeserie ist zuvörderst deswegen interessant, weil es nur hier gelungen ist, auf 
dem Grund des Moors glazialen Banderton zu bekommen. Das Moor hat eine Höhe 
Von ca. 105 m und liegt distalwarts vom 1. Salpausselkä. 

Pollenflora 

Die Pollenflora zeigt die Verhaltnisse Von Zone II1 (Jungere Dryaszeit) bis Zone V 
(Boreal). Der Banderton u ~ d  der Feinsandschluff sind den Pollen gemass in der Jiin- 
geren Dryaszeit abgelagert worden. Die Sedimentation Von organischem Material 
hat um die Wende Von der Jungeren Dryaszeit zum Praboreal eingesetzt. Ungefahr 
aus der gleichen Zeit stammen die zwei aufgefundenen Ephedra-Pollenkörner. Im 
Material des Untersuchungsgebiets sind sonst keine Ephedra-Pollen gefunden worden, 
woraus zu schliessen sie hier selten und wahrscheinlich vom Wind aus weiterer Ent- 
fernung herbeigetragen sind. Bortenschlager (1965) hat festgestellt, dass im Firn- 
gebiet der Otztaler Alpen u.a. Pollen afrikanischer Ephedra-Arten (E. alata und E. 
altissima) angeweht werden, so dass die Ephedra-Pollen also eine grosse Verbreitungs- 
fahigkeit besitzen. Die zahlreichen Ephedra-Pollenkörner, die in Sudostfinnland in 
den spatglazialen, vorwiegend schluffigen Sedimenten Von Onttola gefunden worden 
sind (Repo 1963), sprechen jedoch ihrerseits dafiir, dass Ephedra vielleicht in der 
Spatglazialzeit in Finnland gewachsen sein könnte. 
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ABB. 7. Poiiendiagrarnm der Sdiichtenfolge Hernevaara E. 

Die irregulare Pollensukzession in der im Praboreal und Boreal entstandenen 
Gyttja und Diatomeengyttja legt Zeugnis davon ab, dass in dem Seebecken in der 
fraglichen Zeit der Schlamm umgelagert worden ist, weshalb die Sedimente der 
Zonen IV und V miteinander vermengt sind. Auch heute noch geht durch den 
Weiher eine betrachtliche Strömung, die das lockere Bodensediment umlagern kann. 

Diatomeenflora 

Der obere Abschnitt des untersuchten Teils (4.7-4.3 m) der Schichtenfolge aus 
dem Moor östlich Von Hernevaara enthalt viele Kieselalgen, denn in Frage steht eine 
um die Wende Von Praboreal und Boreal entstandene Diatomeengyttja. Der Arten- 
bestand setzt sich aus Kleinseeformen zusammen; an den untersuchten Stellen sind 
die vorherrschenden Arten Melosira italica, M. distans, Fragilaria construens, F.pinnata 
und Navicda anglica. In der Gyttja der Zonenwende III/IV ist die maximale Art 
Cocconeis diminuta, aber in 5.25 m Tiefe kommt in dem in der Jungeren Dryaszeit 
abgelagerten Schluff-Feinsand als vorherrschende Planktonart Melosira islandica ssp. 
helvetica (1 4 %) zusammen mit Stauroneis phoenicenteron (1 4 %) vor. Damals bestand 
wahrscheinlich eine Verbindung zum Baltischen Eissee, denn wegen der topogra- 
phischen Verhaltnisse kann in dem Gebiet kein getrennter lokaler Grosssee gewesen 
sein. 

Im untersten Abschnitt der Lagerfolge im Schluff-Feinsand enthalt der gebanderte 
Schluffton nur sehr sparlich Diatomeen. Das in 5.35 m Tiefe angetroffene Stephanopyxis 
turris var. polaris-Fragment durfte sekundar dorthin gelangt sein. Die fragliche, in 
Finnland seltene Salzwasserform kommt nach Mölder in den Yoldiameersedimenten 
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Aan. 8. Poiiendiagramm der Schichtenfoige vom Moor Suursuo. 

vor. In  der hier besprochenen Schichtenfolge kämen als eventuelle Lebensstätte der 
Art eine interglaziale Meer- oder spätglaziale Yoldiameerphase in Betracht. Eine 
interglaziale Herkunft ist nicht ausgeschlossen, insbesondere da ziemlich nahe, näm- 
lich in der Gegend des Ladogasees, eine interglaziale Ablagerung angetroffen worden 
ist, die aus einem zwisches Moränenschichten eingelagerten Tonsediment besteht. 
Nach Tscheremisiaowa (1957) fuhrt es reichlich Salzwasserdiatomeen, die fur die 
Interglazialzeit charakteristisch sind. 

Schichtenfolge vom Moor Suursuo 

Das Moor Suursuo liegt im Kirchspiel Vartsila in ca. 81 m Höhe (Abb. 2, Punkt 5) 
unmittelbar proximal vom 1. Salpausselkä. Die Schichtenfolge betrifft nur die kurze 
Strecke zwischen 2.75 und 1.6 m. Die Lagerfolge vom Suursuo ist ausgesprochen 
fur die Kenntnis der präborealen Sedimentationsverhäitnisse bedeutsam. Betrefh der 
Pollensukzession dagegen ist die Schichtenfolge unvoilstandig, weil sie eine beträcht- 
liche Lucke hat (Abb 8). 

Polienf lora 

Die unterste P a h e  der Schichtenfolge, symmikter Schluffton, ist aufgrund des 
Pollenbestandes im Präboreal abgesetzt worden. Hiervon zeugen das Betula-Maximum 
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und der noch relativ grosse NBP-Anteil, in welchem die gleichen Arten vertreten 
sind wie auch sonst in dem Gebiet in den anderen Sedimenten vorn Praboreal und 
aus der Jungeren Dryaszeit. 

Die Ablagerung Von organischem Materia1 hat an der BohrstelIe im Fruhatlan- 
tikum eingesetzt, und zwar etwa zu der Zeit, wo die Fichte sich in der Gegend aus- 
gebreitet hat. In Ostfinnland ist die Fichte verhaltnismassig fruh eingewandert 
(Auer 1928, Tolonen 1963). Im Carex-Sphagnum-Torf ist die Menge des Picea-Pol- 
lens in dieser Lagerfolge besonders gross, Maximalwert 43 %. 

Diatomeenflora 

In dem symmikten Schluffton herrscht eine Susswasser-Diatomeenflora. Im un- 
teren Abschnitt ist die Menge der Kieselalgen gering. Die dorninierenden Gattungen, 
Pinnularia und Eunotia, sind Benthosformen. Die Diatomeen sind zum grossen Teil 
Fragmente, insbesondere die Pinnularia-Arten. Dies kommt vermutlich daher, dass 
die Kieselalgen Von Bodenströmungen mitgerissen worden sind, wahrscheinlich in 
einem Fluss. Obschon Salzwasserformen und Planktonarten fehlen, zeigt schon die 
Beschaffenheit des Sediments, dass kein Kleinsee in Frage stehen kann. Fur das 
Gleiche spricht auch der geringe Anteil der Epiphytenarten. Die betreffende Kieselal- 
genflora ahnelt der in Bändertonen, 2.B. in Jokela (Mölder, 1956) angetroffenen. 
Möglicherweise hat es sich um das Yoldiameer gehandelt, in dessen Sedimenten 2.B. 
in der Gegend des Sees Pielisjarvi meistens keine Salzwasserformen vorkommen, wie 
Hyvärinen 1966 beobachtet hat. 

Schichtenfolge vom See Sääperijärvi 

Der See Saaperijärvi liegt im Kirchspiel Vaasila (Abb. 2, Punkt 6) distal vorn 1. 
Salpausselkä an der niedrigsten Stelle der Gegend ca. 67 m u.d.M. Der Sääperijärvi 
ist durch den Fluss Jänisjoki mit dem etwas tiefer gelegenen See Jänisjärvi (64 m) 
verbunden, Von wo das Wasser schliesslich in den Ladogasee iliesst. Der See ist 
relativ eutroph, obschon er ziemlich klares Wasser hat, und darin wachsen u.a. 
Stratiotes aloides, Potamogefon obfusifolius und MyriopbylZtlm gicatum. 

Die aus dem westlich vom See gelegenen Moor erbohrte Schichtenfolge (Abb. 9) 
grenzt unten an ein Feinsandlager, das eine Machtigkeit Von mehr als 3 m hat, wie an 
einem nahen Graben zu sehen ist. 

Pollenflora 

Das Pollendiagramm vom Saaperijärvi ist ahnlich beschaffen wie das vom benach- 
barten Moor Suursuo. In beiden hat die organische Sedimentation erst im Fruhat- 
lantikum eingesetzt, und in beiden tritt der Pitea-Pollenstreifen ziemlich ausgepragt 
hervor. Im Kraut- und Graspollen der untersuchten Lagerfolge trat die eutrophe 
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ABB. 9. Poiiendiagramrn der Schichtedolge vom Sääperfjarvi. 

Natur des Sääperijärvi nicht hervor. Zur genaueren Untersuchung des Pollens der 
Pflanzen in dem See hätten offenbar mehrere hundert Baumpoilenkörner pro Probe 
abgezählt werden mussen. In der fraglichen Arbeit war diese Zahl jedoch auf ca. 
200 pro Probe begrenzt, und bei den spatglazialen Ablagerungen sogar auf nur 100 
Baumpollenkörner. 
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Diatomeenflora 

Die charakteristische Diatomeenart in der Lagerfolge vom Saaperijärvi war 
Melosira undulata zusammen mit der selteneren var. normanni. Der rnaximale Anteil 
betrug uber 30 % von allen Kieselalgen. Der See muss fur das Gedeihea dieser Art 
also besonders gunstig gewesen sein. Obschon die fragliche Art in den Ende Juni 
genornmenen rezenten Proben nicht angetroffen wurde, ist es aufgrund des Gesamt- 
vorkommens nicht ausgeschlossen, dass die Art auch zum gegenwartigen Diatomeen- 
bestand gehöa. Sie ist in Finnland selten und ist nur aus Ilomantsi subfossil gemel- 
det worden, sowie noch rezent aus drei Seen (Mölder und Tynni 1967). 

Zum Diatomeenbestand der gebänderten Schlufilonsedimente 

In dem Untersuchungsgebiet liegen bei der Ziegelei Von Tohmajarvi in ca. 85 m 
Höhe (Abb. 2, Punkt 9) sowie in Kiteenlahti in ca. 84 m Höhe (Punkt 8) Tongruben. 
Die erstere Ablagemng hat eine Machtigkeit Von etwa 6-10 m, an der Bohrstelle 
ca. 6 m, die letztere wieder ist dunner, an der Bohrstelle ca. 3 m. Insbesondere in 
Tohmajarvi ist die Banderung schön ausgepragt (Abb. 10), die Warven habea eine 
Starke Von etwa 2 cm. Das Materia1 ist im unteren Abschnitt Tonschluff, aber Von 
ca. 1.5 m Tiefe an aufwarts geht das gebanderte Sediment in gröberen Fein- und 
Mittelsand uber und verliea in ca. 1 m Tiefe die Banderung. In Kiteenlahti ist kein 
allmähiicher Ubergang zwischen dem Oberflächensand und dem darunter liegenden 
gebandeaen Schluffton wahrzunehmen, vielleicht weil der Bodenfrost das super- 
fizielle Sediment vermengt hat. 

An manchen Stellen, die wir Von der Schichtenfolge analysiert haben, wur- 
den nur in ca. 2 m Tiefe sparlich Kieselalgen und deren Fragmente gefunden, 
im ganzen 26 Stuck. Der Diatomeenbestand weist keinen einheitlichen Florentyp 
auf, denn mindestens zwei Komponenten lassen sich unverkennbar unterscheiden; 
Grosssee-Planktonformen reprasentieren die vorherrschende Art Melosira idandica ssp. 
helvetica (5) sowie M. granulata und Cyclootella comta. Von den Benthosformen des Suss- 
wassers waren die Pinnularia-Arten (P. viridis, P. borealis, P. microsfauron) am gewöhn- 
lichsten. Ferner kam Hantpbia an~phioxys (5) als zweite Hauptart vor. Die Epiphyten 
machten in der Probe die Miaderheit aus: Epithemiu turgida und Gomphonema cicumi- 
natum. 

In der Schichtenfolge Von Kiteenlahti wurden in 1.8 m Tiefe nur 4 Arten gefunden, 
im ganzen 6 Kieselalgen, und zwar Asterionella gracillimza (3), A. formosa, Cymbella sp. 
fragm. und ~Vavicula sp. fragm. Von diesen Arten sind die Asterionelhe Plankton- 
formen. 

Diese wenigen Diatomeenarten stutzen die Aufissung, dass der Banderton an 
den untersuchten Stellen der Lagerfolge in einem Grosssee abgesetzt worden ist, 
m.a.W. im Baltischen Eissee. Die Planktonformen reprasentierten demgemass die 
Flora des Eissees selbst, und die Benthos- und Epiphytenarten wieder den vom 



Schmelzstrom aus der Eis- und Uferzone mitgebrachten Diatomeenbestand. Zum 
Vergleich fur das Diatomeenplankton eines Grosssees kann der Ladogasee heran- 
gezogen werden, wo heutzutage die Arten Melosira idandica ssp. helvetica und Aste- 
rionella formosa vorherrschen (Juse 1966). 

Den bisherigen Untersuchungen gemass kommen in den spatglazialen Bander- 
sedimenten unseres Landes stellenweise sparlich Salz- und Brackwasserformen vor, 
was die Auffassung Von einer spatglazialen Meerphase gestiitzt hat. Die Vorkommen 
köanen indessen auch sekundarer Herkunft sein. In den untersuchten Schichten- 
folgen des Gebiets konnte freilich keine entsprechende Beobachtung gemacht werden 
(Ausnahme Salzwasserfotm im Profil Von Hernevaara E, in 5.35 m Tiefe). 
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DIE GRUNDZUGE DER UFERVERSCHIEBUNG AUFGRUND DER 
POLLEN- UND DIATOMEENSTRATIGRAPHIE 

Will man die Uferverschiebung in dern Untersuchungsgebiet verfolgen, so geht 
man Von der Lage des Yoldia 1-Ufers aus. In Sauramos (1958) Relationsdiagramm ist 
das Yoldia 1-Niveau in der Gegend Von Hernevaara in ca. 78 m Höhe eingetragen. 
In dern Relationsdiagramm Von Hyyppä (1966) liegt die Yoldia 1-Grenze auf der 
dern Untersuchungsgebiet entsprechenden Litorina 1-Isobase von 30 m ungefahr 
60 m u.d.M. Dem höchsten Uferniveau des Yoldiameers nähea sich von den unter- 
suchten Lagerfolgen am ehesten das in 81 m Höhe gelegene Moor Suursuo, dessen 
Bodensediment präborealer Ton ist. Ungeachtet seiner Susswasserdiatomeenflora 
ist der Ton vielleicht in einer durch &en seichten Sund rnit dern Yoldiameer 
verbundenen Bucht abgelagert worden. Das Moor Rillinkisuo, das etwa 10 km sud- 
lich vom Moor Suursuo auf tieferen Landhebungsisobasen in den gleichen Höhen 
liegt, (Abb, 2, Punkt 7) ist einer orientierenden Pollenuntersuchung gemass in der 
Praborealzeit ein See gewesen, in welchem sich Gyttja abgelagert hat. 

Der Höhengiirtel Von 80-90 m entspricht in dern Gebiet einer kurz vor der 
Yoldiameerphase verlandeten Zone. In diesem Bereich liegen die grössten Ebenen 
sowie die Moore. Im Bereich der Ziegelei Von Tohmajarvi besteht der Boden der 
Ebene an der Oberflache aus Sand, aber tiefer unten geht das Sediment ohne Spuren 
Von Erosion in gebandeaen Schluffton hber. Seiner Lage und Struktur gemass ist 
der Banderton im Spatglazial entstanden. Auch in Kiteenlahti war die Sedimentation 
des Tons schon in der Spätglazialzeit abgeschlossen. 

Das dern Abfliessen des Baltischen Eissees (B 111) vorausgegangene Uferstadium 
lag somit in dern Gebiet in etwa 107 m Höhe ii.d.M. (Yoldia-1 80 m + 27 m), 
m.a.W. etwas höher als die Schichtenfolge Hernevaara E. Zwischen dern 107 m- 
Niveau und dern Yoldiameer-Niveau in ca. 98 m Höhe liegt ein gut ausgebildetes 
Ufer u.a. sudlich Von der Bucht Kiteenlahti. Dem gleichen Stadium entspricht am 
Distalhang des 1. Salpausselkä das nördlich vom Saaperijärvi gelegene Ufer. 

Die Höhe des Baltischen Eissees, B 1, in Hernevaara betragt nach Sauramo (1958) 
etwa 112 m u.d.M. Der Wasserspiegel des Baltischen Eissees 1 hatte demgemäss um 
die Wende vom Alleröd zur Jungeren Dryaszeit etwa 12 m uber dern tiefsten Teil 
der gebohrten Schichtenfolge Hernevaara E gelegen. Der P~llendatierun~ gemass ist 
das Bodensediment des Moors, der gebanderte Schluffton, jedoch in der Jiingeren 
Dryaszeit entstanden. Sofern in der friiheren Phase des Baltischen Eissees (oder in 
einem spatglazialen Meerstadium) an dieser Stelle Sedimentation stattgefunden 
hat, sind es so grobe Fraktionen gewesen, dass sie mit den verwendeten Bohrin- 
strumenten nicht erfasst werden konnten. 

Der in ca. 151 m Höhe abgelagerte Feinsand und Schluff vom Moor Mustalampi 
weist eine ziemlich reiche Kleinsee-Diatomeenflora auf, woraus zu schliessen die 
Sedimentation in  einem abgeschnurten Becken stattgefunden haben muss. Sederholms 
ursprunglich am Weiher Kukkolampi in Vartsiiä beschriebene höchste marine Grenze 
hei ca. 155 m u.d.M. entspricht nach Sauramo (1958) dern spatglazialen Uferniveau 



aus der Älteren Dryaszeit, das seinerseits wieder in Tanners (1930) System dem 
ältesten und höchsten Eismeer I-Niveau entspricht (op.cit.). Die in unserem Gebiet 
erbohrten Schichtenfolgen enthalten jedoch keine so alten Sedimente. Die fraglichen 
Sedimente sind in dem Gebiet nicht mit Hilfe der Bandertonchronologie untersucht 
worden, und die äitere Uferverschiebung ist dort, insbesondere was die Datierung 
betritit, deswegen noch nicht sicher geklatt. 

DIE WENDE DER SPAT- UND POSTGLAZIALZEIT AUFGRUND DER 
C14-DATIERUNG DER SCHICHTENFOLGE VOM MOOR MUSTALAMPI 

Die Radiokarbondatierung vom Mustalampi zeigt, dass die betrachtliche BP/ 
NBP-Zunahme des Pollenspektrums in Sudostfinnland in den Ausgang der Jungeren 
Dryaszeit fallt. Das vorausgegangene NBP-Maximum besteht im Mustalampi zu 
einem erheblichen Teil aus Artemiiia- und Chenopodiaccae-Pollen. Das fragiiche Ma- 
ximum lässt sich mit dem in gewissen Bandertonhorizonten Sudfinnlands vorkom- 
menden Pollenbestand vergleichen (Tynni 1966). Wahrscheinlich liegen die fraglichen 
verschiedenartigen Sedimente, die Feinsand-Gyttja im Mustalampi und das Bander- 
tonsediment in Sudfinnland, die beide die gleiche Pollenflora haben, zeitlich nicht 
weit auseinander. 

Die voneinander wesentlich abweichenden sukzessiven Pollentypen in der Junge- 
ren Dryaszeit und im Praboreal haben die Anwendung des Pollenverfahrens in den 
sonst fur die Datierung schlecht geeigneten Sedimenten dieser Zeit gerechtfertigt. 
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Die geringeren BP/NBP-Schwankungen in des anorganischen Sedimenten können 
durch lokale Faktoren bedingt sein, weshalb sie nicht als Grundlage fur die Datierung 
taugen. Godwin (1956) hat mitgeteilt, dass viele in der Jiingeren Dryaszeit gewöhn- 
liche NBP-Arten in England (grossenteils die gleichen wie in Finnland) noch in der 
Pollenflora der Praborealzeit auftreten. Andererseits hat u.a. Firbas (1949) zahlreiche 
Schichtenfolgen aus Wtteleuropa publiziert, in denen die Wende von der Jungeren 
Dryaszeit zum Praboreal als ein ausgepragter BP/NBP-Anstieg zur Geltung kommt. 

Der im Vergleich zu den Diagramrnen aus Mitteleuropa grössere BP/NBP- 
Anstieg in Sud- und Sudostfinnland entspricht folgerichtig den Erwartungen, denn 
diese Wandlung betrifft in Finnland in dem fraglichen Gebiet zuerst in der Jungeren 
Dryaszeit die Verhaltnisse nahe am Eisrand, aber in der Praborealzeit wiederum eine 
Situation, wo der Eisrand schon erheblich weiter entfernt lag. 

Fur diese Untersuchung haben wir von der Outokumpu Oy-Stiftung einen Zuschuss erhalten. 
Die Radiokarbon-Datierung hat im Dezember 1966 die Isotopes, Inc. in USA ausgefuhrt. Fur die 
ubersetzung des Textes in die deutsche Sprache danken wir Frau Marianne Kahanpää. 
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ABSTRACT 

Fe-Mn-concretions of a spheroidal type were found according to electron probe determinations 
to consist of alternathg iron- and manganese-rich layers. This pattem was ascribed to seasonai 
variations in the physicochemical conditions goveming the precipitation of the hydrous oxides of 
iron and manganese. Calculations based on the rhythrnic growth of the concretions investigated 
gave a mean accwndation rate of 0 . 1 5 4 . 2 0  mmiyr. 

The rather high phosphoms content (average 3.5 % PaOJ of the conctetions was found to ba 
concentrated in the iron-rich layers, probably as a result of the scavenging effea of ferric hydroxide. 

INTRODUCTION 

The recent expansion in marine geological research is also reflected in the in- 
creasing number of reports dealing with the occurrences of sea-floor precipitates af 
hydrous iron and manganese compounds. Even though the chemical and mineralo- 
gical composition of deep-sea iron-manganese concretions and their shallow-water 
counterparts in shelf areas, and also in many fresh water lakes, has already been 
studied in quite some detail (e.g., Aarnio 1917, Buser 1959, Manheim 1965, Nero 
1965, Strakhov 1966), considerable differences of opinion still prevail as to the origin 
and the causes of the formation of such precipitates. This is probably to a large extent 
due to the scarcity of accurate data on their internal structure and inter-element 
relationships. Especidy bulk chemical analyses of whole concretions or even parts 
of them have in some cases been a source of misleading information. The recent 
progress in electron probe microanalysis techniques has, however, opened up new 
possibilities for studying the distribution of elements in different paas of a single 
nodule with a dimensional accuracy of the order of one micron. 
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The present paper describes the results of an electron microprobe investigation 
of iron-manganese concretions occurring abundantly in the Gulf of Bothnia, in the 
northern Baltic Sea. Special emphasis is placed on the relative concentrations of 
manganese, iron, and phosphorus across a nodule, which is of great impoaance 
in any attempt to solve the actual processes leading to the forrnation of concretions 
of hydrous iron and manganese oxides. 

IRON-MANGANESE CONCRETIONS 

Considerable areas of the sea-floor in the Gulf of Bothnia is more or less covered 
under a blanket of iron-manganese concretions. The occurrence and chemical com- 
position of these precipitates as weli as similar concretions from other parts of the 
Baltic Sea have been described by several authors (Gripenberg 1934, Gorshkova 
1961, Manheim 1961 and 1965, Winterhalter 1966). Even though the Baltic con- 
cretions closely resemble deep-sea manganese nodules, many significant differences, 
especialiy in chemical composition and inter-element relationships, can be noticed. 

A striking phenomenon, not described in the literature dealing with deep-sea 
manganese nodules, is a clear correlation between the manganeseliron ratio and the 
type of Baltic Sea concretion. Winterhalter (1966) has found that the concretions, 
which are divided into three separate groups according to their physical form, are 
characterized by definite manganeseliron ratios: 1 spheroidal - MnO/Fe,O, > 0.5; 
II discoidal - MnO/Fe,O, = 0.2-0.5; and II1 others varying from thin sheets to 
thick slabs of concretionary material - MnO/Fe,O, < 0.2. 

A second major difference was the high phosphorus content of Baltic concretions, 
averaging 3.5 % P,O,, as compared to concentrations of weli under 1 % P,O, 
in manganese nodules from the Atlantic and Pacific Oceans (Mero 1965). Lacustrine - 

ores from Finnish and East Karelian lakes are also generally very poor in phosphorus 
(Aarnio 1917, Strakhov 1966). Only concretions from the Barents Sea (Strakhov, 
op.cif.), White Sea (Gorshkova 1931) and the Kara Sea (Gorshkova 1957) have phos- 
phorus in concentrations comparable with those from the Gulf of Bothnia. According 
to Winterhalter (op.cif.) a correlation between the iron and phosphorus concentra- 
tions in Baltic concretions seemed to exist, although the exact relationship between 
these elements could not be satisfactorily ascertained by available chemical means. 
This was one of the reasons why several samples of iron-manganese concretions 
from the Gulf of Bothnia were subjected to the present elearon microprobe study. 

EXPERIMENTAL PROCEDURES 

Owing to the relative softness of the concretionary material, each specimen had 
to be impregnated in epoxy resin prior to preparation and polishing for micro- 
probe determinations. The procedure was as foiiows: A cross-section of the nodule 
was first cut and trimmed with a knife, after which it was immersed in a crucible 
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containing araldite mixed with hardener. Water and air trapped in the porous material 
were evacuated in a vacuum desiccator untii no more bubbles could be seen to arise 
from the sample. When the desiccator was opened, ambient air pressure forced the 
resin into the cracks and voids of the concretionary material. The surface of the 
impregnated concretion was trimmed and polished after the araldite had hardened. 
To produce as perfect a surface as possible, the sample was re-impregnated several 
times with successive re-polishing. 

Prior to analysis the surface of the polished section was metalized with copper 
in a vacuum vapour chamber. 

The electron probe determinations were made with a Cambridge Geoscan two- 
channel EP-microanalyzer at the Geological Survey of Finland. The main purpose 
of the analyses was to determine the relationships between Fe, Mn, P and Ca in the 
concentric struaures of the iron-manganese concretions. The following working 
constants were used: excitation potential25 kV; specimen current 60 mpA; analyzed 
lines Fe K,, Mn K,,, P K, and Ca K,. 

Because of the experimental nature of the present work, qualitative determina- 
tions were made at first to get a general idea of the composition of the concretions. 
At a later stage emphasis was placed on the recording of relative variations in the 
concentrations of the main conctituents. Minor elements were not analyzed owing 
to their low concentrations in Baltic concretions (cf., Winterhalter 1966, Table 8) 
and to the poor quality of the polish attainable on this type of material. In fact, the 
unevenness of the final polished surface was considerably greater than required by 
the accuracy of the elearon probe. Thus irregularities wonld be registered as varia- 
tions in the X-ray intensity. Also grit formed during polishing map be trapped in 
minute cracks and hollows in the specimen and cause distortions in the picture of 
element concentrations. 

It must be pointed out that the sensitivity of the microanalyzer is not uniform 
across the entire electron beam Scan when a low magnification is used in conjunction 
with a mica crystal. Thus the black areas on both sides of the central vertical zone 
in Fig. 1 D are caused by properties of the mica crystal and do not indicate a deficiency 
in phosphorus. The LiF-crystai used in analyzing manganese and iron, however, 
gives a more uniform distribution photograph (cf., Figs. 1 B and 1 C). 

RESULTS 

As previously anticipated according to bulk chemicai analyses and optical obser- 
vations (Winterhalter 1966), the concretions were found to consist of alternating 
iron- and manganese-rich layers. The electron beam scanning photographs in Fig. 1, 
covering an area of 700 x 700 microns from a cross-section of a spheroidal concre- 
tion, clearly show this concentric pattern. The cracks in the polished section, evident 
especiaiiy in the lower paxt of the Fe distribution photograph (Fig. 1 C), are due to 
disintegration (dehydration) of hydrous iron oxides in vacuum and under the heat 
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FIG. 1. Electron beam scanning photographs which show part of the concentric layering 
comprising a spheroidal concretion. A. Electron image. The line XY indicates the traverse 
of the Fe-Mn-intensity profile in Fig. 2. B. Distribution of manganese, X-ray image, 
Mn Kal. C. The distribution of iron is dearly complementary to that of manganese. X-ray 
image, Fe Kel. D. X-ray image, P K,. Note the similar distribution of phosphorus and iron. 

effecz of the electron beam during scanning. The iack of such cracks in the manganese- 
rich layers possibly is an indication that the water is chiefly bound to iron. 

Burns and Fuerstenau (1966) found in an eiectron probe investigation of some 
Pacific manganese noduies that the iron concentration fluctuates whereas the man- 
ganese concentration is relatively uniform throughout a noduie, beirig only slightly 
higher where the iron is low. This does not, however, seem to be the case with Baltic 
concretions, as can be inferred from the iron and manganese distribution photographs 
in Figs. 1 B and 1 C. The distribution profiie in Fig. 2 shows the reiative concentra- 
tions of iron and manganese along the vertical traverse marked XY in Fig. 1 A. The 
inverse relationship between iron and manganese is obvious. 
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Evidently it is possible to distinguish three different types of layers in Baltic 
spheroidal concretions according to their iron and manganese concentrations: 

1. an iron-rich phase practically void of manganese; 
2. a manganese phase containing at most only minor quantities of iron; and 
3. an intermediate layer consisting of both iron and manganese phases, possibly 

in the form of a layer lattice structure with alternating sheets of ordered manganese 
dioxide and disordered iron-manganese hydroxides reported by Buser (1959) to be 
found in manganese nodules. 

Even though ionic diffusion in concretionary aggregates may sometimes cause 
segregation of constituents into separate layers, the alternating iron and manganese 
phases in the present spheroidal concretions must be considered as primary features, 
i.e. depositionary. There are at least two factors clearly speaking against a post- 
depositionary segregation. Firstly, the occurrence of alternating iron- and manganese- 
rich layers is consistent throughout a sample, i. e., there is no detectable difference in 
the distribution pattern of the elements between the central and the peripheral parts 
of a nodule. Secondly, the accumulation rate of the concretionary materia1 is too 
great (up to 0.1 mm/yr. according to Manheim, 1965) to allow for ionic diffusion 
of a magnitude capable of explaining the formation of separate Fe and Mn phases. 

The iron and manganese in sea water occur mostly as colloidal hydrous oxides 
(Fe8 + and Mn4 +) (cf., Krotov 1951, Hartmann 1964). The coagulation of the colloids 
is governed by the pH of the sea water. According to Krotov (op.cit.) colloidal 
ferric hydroxide coagulates at pH-values as low as 6.6 while manganous hydrosols 
are precipitated first at pH-values exceeding 8. The pH of Baltic waters is generally 
around 7, which during intense biological aaivity in the summer season can, however, 
reach values considerably over 8. 

Other factors reflecting seasonal and climatic variations, such as fluctuations in 
oxygen content, temperature and biological activity, typical of a shallow sea like the 
Baltic, are also capable of influencing the precipitation of iron and manganese. Con- 
sequently, it seems feasible to consider the seasonal changes in the physicochemical 
conditions of Baltic waters sufficient to cause the rhythmic precipitation of separate 
iron and manganese layers. Thus, an iron and a manganese phase may together con- 
stitute an annual growth layer. It should be pointed out that climatic fluctuations 
may occasionally distort this sequence. Variations in bottom currents, which directly 
affect sedimentation conditions on the sea-floor, are capable of influencing the for- 
mation of concretions. 

In Fig. 2, the part of the concretion between 0 and 160 microns has been precipi- 
tated during conditions of environmental instability. After this the seasonal influence 
on the precipitation of both iron and manganese has become more distinct causing 
the formation of three clearly discernible, consecutive, annual, growth layers (first: 
160-320 rnicrons; second: 320-520 microns; and third: 520-720 microns). This 
gives an accumulation rate of nearly 200 micronslyear. From another electron probe 
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Fte. 2. The relative concentrations of iron and m g a n e s e  along line XY in Fi . 1 A. Spcimen tmvershg 
cliused either by an hteS?arity in the poiished seaion 

profile (length 1.1 mm), radially across a sample of a spheroidal concretion from a 
different location in the Bothnian Bay, seven distinct pairs of iron and manganese 
rich layers were observed. This corresponds to a mean accumdation rate of 160 
microns per year. 

Discoidal concretions, charaaerized by a girdle of concretionary materia1 around 
some nucleus, e.g., a pebble, exhibit a concentric growth structure. The annual growth 
pattern of altenating iron and manganese rich layers typical of the spheroidal nodules 
(Figs. 1 and 2) is not, however, evident in the discoidal type (Figs. 3 and 4). This is 

FIG. 3. Electron beam scanning photographs of part of a discoidal concretion. Part of the nucleus 
(a granitic pebble) is visible as a black area in the lower left-hand corner of the pictures. A. The 
distribution of manganese, X-ray image, Mn &,. B. The distrihution of iron, X-ray image, Fe K,. 
Owing to differences in the X-ray intensities and in photographic exposure times, the specimen 

seems to contain more manganese than iron, although in reality the opposite is the case. 



at 10 mbons m3aute. A Aop in. ths Fe and Mii W d t i e s  (ag. at 243 and 258 & c m  in die is 
or by &e pzesence of a quartz. or e i m k  grah. 

FIG. 4. Electron beam Scan profiles showing the 
relative X-ray intensities of Fe Kai, P Ka, Ca K, 
and Mn G1 radiaiiy acioss the lower part of a 
discoidal concretion. The intensities have not 
been calibrated against standards and thus the 
concentrations of the different elements are not 

comparable 



TABLE 1. 

Iron, manganese, and phosphoms concentrations in Fe-Mn-concretions from the Gulf of Bothnia 

Anal.: T. Koljonen l), Meeri Taug 3, the gest of the data is from Winterhalter (1966). 

Location of anmpling station Percentagcs on d q  wcight bads 1 - 1  Remarks 
Longitiide 1 iatitndc MnO 1 Pe.0. 1 PaOa F@a 

Flat concretion 4-5 mm thick 
Spheroidal conretions < 0.8 cm 0 
Discoidai concretion around a pebble nudeus 
Discoidal concretion around a pebble nudeus 
Spheroidai eoncretions < 0.5 cm 0 
Spheroidai concretion ,- 2 cm 0 
Spheroidal concretion - 1.5 cm 0 
Corroded ffat concretion 
Spheroidal concretions < 0.4 cm 0 
Spheroidal concretion - 1.3 cm 0 
Spheroidal concretions < 1 cm 0 
Spheroidai concretions 3-7 mm 0 
Spheroidal concretion - 0.5 cm 0 
Spheroidal concretions 5-10 mm 0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

CIII 
US4a 
A3 
S3 
BII 
P20 
6 7  (a) 
P9 (b) 
BIII 
F9 (a) 
SM2 
K A ~  
A7 (b) 
RR5 

64' 42'N 
62" 39% 
64" 51% 
63" 57'N 
61" 29'N 
65" 04'N 
64" 51'N 
64' 38'N 
61" 37'N 
64' 38'N 
64" 04% 
62" 15'N 
64" 51% 
64" 50'N 

23' 05'E 
19" 30'E 
22" 18'E 
21" 45'E 
1Y 48'E 
23" 21'E 
22" 47'E 
22" 55'E 
19" 48'E 
22' 55'E 
21" 27'E 
19" 16'E 
22" 47'E 
23' 10'E 

74 
140 
59 
70 
93 

77-92 
78 
79 
90 
79 
88 
94 
78 
71 

38.2 
34.33 l )  
41.2 
30.0 
30.95 l) 
39.3 
26.9 
33.1 
29.66 ') 
27.5 
26.92 l )  
20.79 l )  
22.5 
27.77 l )  

3.5 
5.67 l) 

17.0 
15.5 
10.04 l) 
7.8 

17.3 
4.5 
9.9 2 l) 

21.8 
17.07 l )  
17.98 l )  
23.5 
18.32 l) 

6.4 
4.88 l )  
4.33 3 
4.0 
3.90 l )  
3.63 3 
3.3 
3.02 
2.98 ') 
2.97 9 
2.5 9 1) 
2.59 l) 
2.5 
2. i 3 l) 

0.16 8 
0.1 43 
0. i 05 
0.133 
0.126 
0.092 
0.1 2 3 
0.092 
0.1 0 1 
0.1 0 8 
0.096 
0.125 
0. i i i 
0.077 
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probably due to the difference in environmental faaors governing the formation of 
the concretions. Spheroidal nodules are generally found in marginal areas of active 
and in some cases serni-stagnant sedimentary basins, where physicochemical condi- 
tions are mostly governed by seasonal changes in the overlying water-masses. Dis- 
coidal concretions, on the other hand, are typical of rather hard sandy or graveily 
sea-floors swept dear of fine detrital materia1 by bottom currents, which are often 
induced by surface winds. Any seasonal pattern in the conditions governing the 
precipitation of iron and manganese, which could be effective in a calm environment 
(e.g. in the formation of spheroidal concretions), would be disguised or obliterated 
by bottom currents bringing water-masses of varying physicochemical properties 
over regions where discoidal concretions ase forming. 

Despite this difference, both spheroidal and discoidal concretions show equally 
well the striking correlation between iron and phosphorus. A set of bulk chemical 
analyses are given in Table 1 to show the concentrations of P, Fe and Mn in con- 
cretions from various parts of the Gulf of Bothnia. The assay data have been plotted 
in Fig. 5 in the order of decreasing phosphorus concentration from left to right. The 
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M I L L I M E T E R S  

FIG. 6. Specimen traversing profiles (30 microns per minute) showlng the relative X-ray intensities 
of phosphorus and iron. It should be suessed that the concentrations of the elements are not com- 

parable. 

phosphoms/iron ratio seems to decrease slightly with an increase in the rnanganese 
content of the sample. 

According to Studies in the lacustrine environment made by Hutchinson (1957), 
iron and phosphorus tend to from a highly insoluble precipitate. If however, tetra- 
valent manganese is present, he found, that the iron wiil be preferentialiy precipitated 
as a hydroxide instead of phosphate. This wouId mean that the more manganese is 
present the less phosphoms can be fixed by iron. Whether the inverse relationship 
between the phosphorusliron ratio and the manganese in Fig. 5 is only apparent or 
actually is a result of the afore mentioned effect cannot, however, be concluded on 
the basis of the available data. 

It is evident from the assay data in Table 1 that the concretions contain considera- 
bly more iron than can be bound in ferric phosphate stoichiometricaily. The excess 
iron would be fixed as a hydrous oxide. Microprobe determinations show the fiuc- 
tuations in the distribution of both iron and phosphorus across a sample to be strik- 
ingly identical. This is especially discernible in concentration profiles (cf., Figs. 4 
and 6). The few odd deviations in the phosphorus profile in relation to the iron profile 
can be explained if a comparison is made between the phosphorus and calcium con- 
centrations. Thus the phosphorus highs with no equivalent maxima in the iron pro- 
file (e.g. Fig. 6 at 0.53, 0.57, 0.80, 1.42 mm, etc.) were found to correspond to defmite 
calcium concentrations indicating the occurrence of eitner detrital apatite or aiithigenic 
caicium phosphate. 
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The exceedingly close rehtionship between phosphorus and iron would imply a 
simultaneous precipitation of ferric phosphate and ferric hydroxide and the main- 
tenence of a fairly constant ratio between both elements. This seems to be fairly im- 
probable, and the presence of phosphorus in Baltic concretions seems rather to be 
due to the scavenging effect of ferric h~droxide on the P0,-8-anion (cf. Borchert, 
1965 p. 179). 
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ABSTRACT 

Sukulaite, a new mineral with the formula (Ta, Nb),Sn,O,, was found as narrow rims surround- 
ing wodginite inclusions in tantaiian cassiterite in a specimen from the graaite pegmatite in Sukula, 
Tammela, SW Finland. Under a binocular microscope the color of sukulaite is yeiiowish brown, 
uanslucent; in reflected light, light gray with a reddish or lilac tint. Reflectivity in oil is 3.4 % in 
Xe light. Polishing hardness is greater than that of cassiterite and wodginite. X-ray powder photo- 
graph shows the mineral to be isotypic with microlite. The space group is Fd3m with a, = 10.57 A. 

Chemical analyses of the wodginite suggest a variety with iron prevailing over manganese. 
Precession photographs show the systematic extinctions to be consistent with the space groups 
C2/c and Cc. Ceii parameters are given for two wodginite crystals, microprobe analyses for three. 
The mineral is twinned on (100). The nature of oriented intergrowth with cassiterite is discussed. 

INTRODUCTION 

In a recent paper by one of the authors (Vorma, 1965) three columbite specimens 
associated with ainalite, the tantalian cassiterite of A. E. Nordenskiöld (1863) from 
the Penikoja granite pegmatite in Somero, SW Finland and two columbite specimens 
from the adjacent Torro pegmatite area were described. The columbite in all the five 
investigated specimens was in a disordered state. During the same study tapiolite 
from two specimens from the same pegmatite province was investigated and the 
disordered state was noted. The present work is a continuation of the study of ainalite 
specimens from the same pegmatite province (Tammela-Somero pegmatite province). 
This time the inclusions in the ainalite specimens from the pegmatite at Sukula in 

*) The name sukulaite is from the locality. The name is approved by the Commission on New 
Minerals and Mineral Names, IMA, May 1967. 
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PIG. 1. Zoned cassiterite. Polished seaion, oblique illuminatioa Specllnen 
no. 439. Sukula, Tammela, SW Finland. 

Tammela will be described. The study shows sukulaite - a new Ta-Sn oxide -, iron 
rich wodginite, tapiolite and native bismuth occurring as inclusions in cassiterite. 
This paper is mainly concerned with sukulaite and wodginite. 

The pegmatite province of Tammela-Somero was described by Mäkinen in 1913 
and recently by Aurola, 1963. The specimens investigated during the present study 
are from the collection of Dept. of Geology and Mineralogy, University of Helsinki, 
ui?. nos. 439,440,443,444,445 and 446. All of these specimens were collected about 
one hundred years ago. 

OCCURRENCE 

Numerous pegmatite exposures with small abandoned quaaz quarries are met 
with in the Sukula village and its surroundings. A small pegmatite quarry near the 
Kulmala farm house in Sukula is known, due to the type materia1 for tapiolite (Nor- 
denskiöld, 1863, p. 445). From the same quarry the occurrence of triphylite has been 
reported (ref. in Mäkinen, 1913, p. 96). An adjacent small quarry is mentioned by 
Nordenskiöld (op.cit., p. 449) as a locality from which he described columbite. In 
one pegmatite dike at Sukula, triplite has been described (ref. in Mäkinen, 1913, 
p. 100). The Sukula pegmatite is characterized by quartz, microcline, albite, muscovite, 
biotite, tourmaline and beryl. 

The specimens investigated during this study are listed in Table 1. No doser 
locality for these specimens is given than Sukula, Tammela. It is, however, highly 
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Fro. 2. Zoned cassitdte with overgrowth pyramids weil developed. Polished 
section, oblique iiiumination. Specimen no. 439. Sukula, Tammeia, SW Finiand. 

probable that the specimens originate from the quarry near the Makitulokas farm 
house in Sukula. This quarry is distinct from both the above mentioned quarries 
where tapiolite and columbite have been described. The quarry at Makitulokas was 
mentioned by Nordenskiöld in 1863 (op.cit., p. 452) as the locality where ainalite was 
found in Sukula. 

The specimens consist of cassiterite in coarse granular rnasses, grain size being 
mostly about 1 mm, occasiondy up to a few centimeters. When a polished section 
is studied under a binocular microscope (oblique iliurnination), very marked zoned 
structure is often observed in cassiterite. The cores of cassiterite grains are usudy 
light yeUow, transparent (diameter 0.2 mm). The transparent cores are then sur- 
rounded by aumerous opaque, in obliquely illuminated light steel gray, zones of 
tantalian cassiterite. In places the growth bands are parallel to the bounding faces, 
in places the growth is sectoral (Figs. 1 and 2). Microprobe analyses of cassiterite 
indicate Ta20, amounts varying from point to point and from specimen to specimen 
between 0.xand 6 wt.- %. The highest Nb20, content is about 1 wt.- % (in specimen 
no. 445; 6 % for Taso, was recorded at the same point). FeO contents amount in 
places up to 1 wt.- %, MnO and Ti02 up to 0.x %. In addition to the Ta and Nb 
concentrations above, in the cassiterite stmcture (solid solution of tapiolite in cassi- 
terite), numerous indusions of opaque minerals were found in cassiterite, occurring 
pady as oriented intergrowths. So far iron rich wodginite, tapiolite, native bismuth 
and sukulaite have been identified (Table 1). 



TABLE 1. 

Identitication of Sukula specimens 

(1) = X-ray powder determiaation 
(2) = X-ray single crystal study 
(3) = electron probe miaoanalysis 
(4) = detected on poiished section 

The sizes of the wodginite and tapioiite indusions in cassiterite are mostly between 
0.01 and 0.2 mm. The indusions are sometimes quite irreguiar in shape, sometimes, 
however, lathlike. Due to the S c u l t y  in distinguishing wodginite from tapiolite 
under reflected light no estimation is given of their relative abundance. Sukuiaite 
has been identi6ed so far in one specimen (no. 440). In this specimen the smail wodgi- 
nite indusions are often surrounded by narrow (< 20 p) rims of sukulaite (Pigs. 3 
and 4); in places sukulaite replaces wodginite almost completely. I t  should be men- 
tioned that specimen no. 440 is rather strongly disintegrated pointing to the possible 
role of supergene processes in the origin of sukulaite. 

Native bismuth occurs in each investigated specimen as very small inclusions in 
cassiterite. The grain size varies from 0.01 to 0.03 mm. Only some few grains were 
found in each poiished section. 

Point count analyses were made of the poiished sections. The opaque inclusions 
in cassiterite amounted from 0.6 % to 3.6 % (wodginite + tapiolite + native bis- 
muth + sukuiaite). The silicate indusions were present about 2 4  %, in specimen 
no. 443 this figure amounted to 19 %. 

Pheaes obiiervednnd method of 
identitiration 

Zoned tantalian cassiterite (1, 3, 4) with indusions of 
wodgmite (1, 4), tapiolite (3, 4) and native bismuth 
(3, 4). 

Zoned tantalian cassiterite (1, 3, 4) with indusions of 
wodginite (1, 2, 3, 4), sukulaite (1, 3, 4) and native 
bismuth (4). 

Tantaiian cassiterite (1, 2, 3, 4) with indusions of 
wodginite (1, 3, 4) atid native bismuch (4). 

Tantalian cassiterite (1, 3, 4) with indusions of 
wodginite (1, 2, 3, 4). tapioiite (3, 4) and native 
bismuth (3, 4). 

Tantalian cassiterite (1, 3, 4) with indudons of 
tapiolite (1, 3, 4) and native bismuth (3, 4). 

Zoned tantaiian cassiterite (1, 3,4) with indusions of 
wodginite (1,4), tapiolite (3,4) and native bismuth (4). 

Speeimen 
hbel no. 1 

439 

440 

443 

444 

445 

446 

Ainlite, Sukula, Tammela, 
1861. 

Ainalite, Sukula, Tammela, 
1861. A present from A. E. 
Nordenskiöld. 

Ainalite, Sukula, Tammela. 

Ainalite, Sukula, Tammela, 
1870, F. J. W. (the iaitiais of 
prof. F. J. Wiik). 

Ainalite, Sukula, TammeIa, 
1861. 

AMalite, Tammela. 
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FIG. 3. Sukulaite (s), wodginite (w) and cassiterite (c). Polished section. Speci- 
men no. 440. Sukula, Tammela, SW Finland. 

FIG. 4. Sukulaite (s) occurring as a rim between wodginite (w) and cassiterite 
(c). The area bounded by the broken line refers to the Fig. 5. Polished section. 

Specimen no. 440. Sukula, Tammela, SW Finland. 
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TABLE 2. 

Chemical composition of sukulaite. Electron miaoprobe analysis by J. Siivola 

SUKULAITE 

WC.-Yo Atomic prop. 

Phyaical properties 

Ta,Os ...................... 47 
Nb,O, ..................... 8 
TiO, ....................... 1 
Mno ...................... 2 
FeO ....................... 1.7 
SnO , ...................... 40 - 

(99.7) 

Under a binocular microscope the color of sukulaite is yellowish brown, translu- 
cent, under reflected light gray with a reddish or lilac tint. The color is lighter than 
that of cassiterite and wodginite. Between crossed nicols the mineral has strong inter- 
nal reflections, certainly pady  due to the small grain size, in reddish brown, making 
it impossible to judge whether the mineral is optically isotropic or not. 

The reflectivity of sukulaite was measured in xenon light in oil immersion with 
a photomicrographic exposure meter. R turned out to be 13 % higher than that of 
cassiterite, relatively. If taking R = 3 % for cassiterite in oil, then R = 3.4 % for 
sukulaite in oil. This also concerns the pigmentation on the grain boundaries of 
sukulaite. 

The polishing hardness of sukulaite is greater than that of cassiterite and wod- 
ginite. Due to the scantity of material, density could not be determined. For synthetic 
Ta2S%0,, Gasperin (1955) gives the density as 8.34. 

Ta ......................... 313 
Nb ........................ 
Ti ........................ 
Mn ........................ 
Fe ......................... 
Sn ......................... 
0 ......................... 1328 

Chemical composition 

There was insufficient sukulaite material for wet chemical analysis. The composi- 
tion could be tested only with an electron probe rnicroanalyser (model Geoscan). 
All the elements between Na and U were scanned, but only Ta, Nb, Sn, Mn, Fe 
and Ti were found (see Fig. 5). The result of the analysis is given in Table 2. The 
analysis nearly corresponds to (Ta, Nb),Sn,09 with Ta : Nb = 78 : 22. 

The role of iron and manganese in sukulaite is questionable. The mineral occurs 
as aggregates, the grain size being approximately 5 p. The grains are often thinly 
coated with an unidentified mineral (Fig. 6). Because the diameter of the electron 
beam used was of the same magnitude (< 2p) as the grain size of sukulaite, and the 
effective penetration of the bearn is of the same order, it is quite possible that the 
analysis given also indudes the coating on the sukulaite grains. 
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FIG. 5. Electron probe scanning pictures showing the distribution of Ta, Nb, Sn, Ti, Fe 
and Mn in sukulaite, wodginite, muid cassiterite. Cf. Fig. 4. Spedmen no. 440. Sukula, Tam- 

mela, SW Finland. 
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FIG. 6. Idiomorphic sukuiaite (s) and wodginite (w). 
Polished section. On immersioa. Specimen no. 440. 

Sukula, Tammela, SW. Finland. 

Debye-Scherrer photographs from an aggregate of sukulaite showed the mineral 
to be cubic with a, = 10.57 A. The powder data are given in Table 3. These also 
contain some difiaction Iines of the adjacent cassiterite which could not be com- 
pletely separated from sukulaite. Due to the aggregate nature of the preparate (grain 
size in it N 5 p) the intensities of reflections may be affected by preferred orientation 
if present. 

The powder data show sukulaite to be isotypic with microlite and thus to have 
the space group Fd3m. No work could be done on single crystals due to their very 
s m d  grain size. 

Gasperin, 1955, synthesized the compound T%Sn20, by heating equal weights 
of powdered Suo2 and T%05 with a globule of tin. According to Gasperin the 
compound is isotypic with the minerals of the microlite-pyrochlore group. The 
materia1 synthesized by Gasperin is yellow, transparent. Measured density is 8.34 

and calculated density 8.21 (Structure Reports for 1955, VOI. 19, p. 392). Cubic 
system, a, = 10.48 A. The work of Gasperin indicates the tin to be in the Sne+ 
State. As shown, sukulaite is isotypic with microlite as is also the compound synthe- 
sized by Gasperin. Thus we can condude that sukulaite is rather TaaSn20, than 
Ta2S%09 (cf. p. 178), in consistency with the structure formula of the atopite struc- 
ture type. 
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FIG. 7. Lamellar twinning h wodginite. Polished =aion. Nicols + -8'. Speci- 
men no. 440. Sukula, Tammela, SW Finland. 

Gasperin (op.cit.) claims Ta to be in the position 16(c) and Sn in 16(d) in the 
synthetic Ta2Sn20, while in microlite the position 16(d) is occupied by Ta. The 
structure deterrnination by Gasperin is based on the 28 strongest reflections of the 
powder data. It must be emphasized that in a structure of rnicrolite type aii the 
reflections with h, k and I = even have the same contribution from Sn and Ta re- 
gardless of their distribution between the positions 16(c) and 16(d). All the reflec- 
tions with h, k and I = odd, however, have contributions from atoms in these posi- 
tions with opposite signs; thus these reflections are weak compared with most of 
those with h, k and I = even. To judge whether sukulaite does belong to the micro- 
lite-pyrochlore group or not (Ta in the position 16(d) or in 16(c)) one ought to 
record accurate intensity data from the reflections with h, k and 1 = odd. Due to 
the very small size of the preparate and its aggregate nature with possibly some 
preferred orientation, it has been impossible for us to get such data *. 

WODGINITE 

In five out of the six investigated ainalite specimens a rnineral, at first regarded 
as columbite, was found as inclusions. The identihcation was carried out by means 

*) The X-ray scattering curve for (Ta,.,,Nb,.,$ is practidy the same as that of dysprosium 
(at least up to sin@/A = 0.8 A-l). The intensities of the reflections in the powder data of Dy,Sn,O, 
(ASTM 13-187) are very similar to those of sukulaite. 
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X-ray powder data for sukulaite from Sukula granite pegmatite in Tammela, SW Finland . Camera dia . 
57.3 mm. CuKa 

*) Due to the very small preparate and long exposure time the background at srnaii 8 angles 
is very strong and hence the data are not very accurate at small 8 angles . 

BU I 
111 ................................. VW -6.0 4* 
(cassit.) .............................. w 3.351 
311 ................................. w 3.175 
222 ................................. vs 3.046 
400, (+ cassit.) ....................... ms 2.640 
511, 333 ............................. VW 2.034 
? .................................... VW 1.953 
440 ................................. s 1 .~66  
(cassit.) .............................. VW 1.767 
620, (+ cassit.) ....................... VW 1.670 
622 ................................. s 1.509 
444 ................................. m 1.524 
711, 551 ............................. w 1.479 
(cassit.) .............................. VW 1.440 
642, (+ utssit.) ....................... VW 1.415 
731, 553 ............................. VW 1.374 
? .................................... vvw 1.340 
800 ................................. mw 1.3189 
662 ................................. m 1.2105 
840 ................................. m 1.1796 
911, 753 ............................. VW 1.1587 
844 ................................. mw 1.0780 
933,771, 755 ......................... VW 1.0635 
10.2.2.666 .......................... m 1.0171 
880 ................................. VW . 9346 
11.3.1. 971; 955 ....................... w . 9228 
10.6.2 ................................ m . 8938 
12.0.0. 884 .......................... mw . 8811 
11.5.1.777 .......................... VW . 8716 
11.5.3. 975 .......................... w . 8485 
12.4.0 .............................. mw . 8360 
13.1.1. 11.7.1. 11.5.5; 993 .............. w . 8085 
10.6.6 .............................. mw . 8065 
12.4.4 . ............................. w . 7973 
13.3.1. 11.7.3. 997 .................... w . 7905 

l 

1 
l 

of Debye-Scherrer photographs (camera dia . 57.3 mm) . Subsequent electron micro- 
If 

probe analyses (Table 4) and X-ray single crystal study showed that the mineral. l 

thought to be columbite. was iron rich wodginite . No phase corresponding in com- 
position to columbite was detected . Tapiolite was encountered as inclusions in 
cassiterite in four specimens . Presumable wodginite and tapiolite were present as 
inclusions in every specimen concerned (see Table 1) . i 

In polished section under reflected light wodginite is grayish white and weakly 
pleochroic . Anisotropism is distinct . Twinning is often observed; occasionaiiy the 
twinning is lamellar (Fig . 7) . 

do f d )  

6.10 

3.187 
3.051 
2.642 
2.034 

1.069 

1.671 
1.593 
1.526 
1.480 

1.412 
1.376 

1.3213 
1.2125 
1.1818 
1.1602 
1.0788 
1.0623 
1 . 0 1 i i  . 9343 
. 9235 
. 8933 . 8808 . 8718 . 8490 
. 8356 
. 8083 . 8060 
. 7967 . 7900 
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Chemical &ta and the unit ceiis of wodginites 

... 
Nb,Oo . . 
SnO, .... 
mo .... 
PeO ..... 
TiO, .... 
CaO .... 
MgO .... 
SiO, .... 
Loss of 

I 

C e l l p n r n m c t e r s  

Unit c e l l  c o n t e n t s  

1. Wodgina, Austraiia (Nickel et al., 1963). 
2. Bemic Lake, Manitoba (Nickel et al., 1963). 
3. Ruanda (Bourguignon and MClon, 1965). Correaed for hpurities. 
4. Sukula, Tammela, SW F h d .  S p h e n  no. 440. Electron rnicroprobe analysis by J. Siivola. 
5. >> » » » » » 443. » >) * » » » 
6. » )) » )) » » . » » » » »  » 

8.40 
0.27 
2.32 
3.38 
0.69 
0.79 

32.00 

Chemical composition 

The analyses in Table 4 reveal that the wodginite from Sukula is characterized 
by high Ta,O,, Nb,O, and SnO, contents (see also Fig. 5). The Fe/Mn ratio exceeds 
one. The other published wodginite analyses are given in the same Table 4. The 
unit cell contents are calculated assuming 32 oxygen atoms per ceii (Nickel et  ul, 
1963). It is seen that the Tammela wodginite is the iron richest so far recorded. The 
mineral originaliy named wodginite is a manganese tin tantalate. In the case of the 
Tammela mineral we are dealing with an iron tin tantalate. As the crystal chemistry 
of wodginite is only slightly known we think it unwise to give any special name to 
the iron rich wodginite. Mention should be made that also the Ruanda wodginite 
(Table 4, column 3) is richer in iron than in manganese. 

8.45 
2.74 - 
1.95 
2.07 - 

32.00 

7.4 
1.7 
1.7 
1.8 
2.8 
0 . 6  

32.0 
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The tapiolite indusions in the ainalite specimens concerned are richer in tantalum 
than the wodginite. The composition in each of the six quantitatively analyzed crys- 
tals is practicaily the same, viz. T%O, 74 %, Nb,O, 8 %, FeO 10 %, MnO 1 %, 
TiO, 3 % and SnOz 2 %. These electron microprobe analyses indicate that the Ta/Nb 
ratio is much higher than that in wodginite. The same also applies to the Fe/Mn 
ratio. The low figure for SnO, in tapiolite compared with that in wodginite is also 
noteworth y. 

X-ray c rystaliography 

Two crystals of Tammela wodginite were investigated by single crystal methods. 
The Buerger precession photographs showed the rnineral to have systematic extinc- 
tions consistent with the space groups C2/c and Cc. The cell parameters of the inves- 
tigated specimens are given in Table 4, columns 4 and 6. The space groups are the 
same and the cell parameters very similar to those given for wodginite by Nickel 
ct  al. (1963). The /3 angle, however, is smder than that of any previously published 
wodginite. Bourguignon and Mélon (1965, p. 299) recognize that some of the Ruanda 
wodginite specimens do not exhibit the doubling of some characteristic reflections 
in thW powder data, even though these have ail the other characteristics of wodginite. 
The authors mentioned attribute this to the variation of the /3 angle. Comparing the 
Fe/Mn ratio in the wodginites in Table 4 with the /3 angle it is presumable that the 
increasing Fe content decreases /3. The synthetic compound G of Moreau and Trama- 
sure (1965, p. 354) corresponding to iron free Mn rich wodginite with cell parameters 
a, = 9.45 A, b, = 11.40, c. = 5.09 and B = 91°14' also supports this. If this as- 
sumption is correct the identification of iron rich wodginites using X-ray powder 
methods must be carried out with care. Mention should also be made that the Tam- 
mela wodginites do not show the 110 reflection (at 7.2 A) in their single crystal 
photographs even though this reflection is aliowed in the space groups C2/c and Cc. 
Ali the other low angle reflections characteristic of wodginite (see Nickel e t  al., 1963), 
however, are present in the single crystal data of Tammela wodginites. 

Both single crystais of the Tammela wodginites investigated by the Buerger 
precession method were twinned on (100). The /? angle deviates in both cases so 
much from 90" (90'42' and 90°37') that there was no difficulty in detecting the twin- 
ning law. 

The orientation law of wodginite inclusions in respect to their host, cassiterite, 
was revealed by precession photographs. These show in addition to the wodginite 
phase weak extra diffractions which could easily be attributed to cassiterite. The 
oriented intergrowth was observed to obey the rule *: 

*) The same orientation law was also verified by X-ray single crystal photographs for a disordered 
columbite intergrown with cassiterite (specimen from the Penikoja pegmatite quarry, Somero, 
S W Finland). 
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x , (lxW, i.e., the 4.73 A axis of cassiterite is parallel to the 2 x 4.73 A 
axis of wodginite and hence 
theyx-pIane of cassiterite is almost paraliel to theyg-plane 
of wodginite, on which plane 

d(Ol l ) , , ,  i.e., L I )  [IO?], and hence yeAyw w 34O, where the subscripts c and w 
refer to cassiterite and wodginite, respectively. 

Ramdohr showed 1961 (p. 478) that in exsolved columbite in cassiterite the columbite 
a axis (3 x 4.75 A axis) is parallel to the cassiterite a axis (4.73 A axis). Thus it seems 
that the exsolved wodginite phase and columbite phase in cassiterite are oriented 
according to the same rule (4. Haapala et al., 1967). 

DISCUSSION 

Comparing the chemical analyses of the Sukula wodginites (Table 4) with those 
of the coexisting tapiolite (p.184) it is seen that the Ta/Nb ratio is considerably 
lower in wodginite than in tapiolite. The fractionating of Ta and Nb is more advanced 
in tapiolite than in wodginite. This is evidently partly due to the fact that the exsolu- 
tion of wodginite in cassiterite takes place earlier than that of tapiolite. Cassiterite is 
isotypic with tapiolite and heterotypic with columbite-tantalite. This explains why 
more tapiolite than columbite-tantalite is dissolved in cassiterite (Schröcke, 1966, p. 9) 
arid why the columbite-tantalite phace exsolves before the tapiolite phase (Ramdohr, 
1961, p. 478). This same explanation can certainly be extended to the assemblage 
wodginite-tapiolite in cassiterite. 

The stability range and crystal chemistry of wodginite is not fully known. The 
experimental works of Turnock (1965, 1966) and Schröcke (1966) indicate that the 
occurrence of wodginite, either without other tantalates or with tantalite, indicates 
relatively high oxygen pressure of the genetic conditions while tantalite is stable 
over a relatively large range of oxygen pressure. The occurrence of tapiolite is indi- 
cated by relatively low oxygen pressure. According to Turnock the partial pressure 
of oxygen will control which of the above mentioned minerals will form. 

Turnock prepared synthetic wodgiaite in the system MnTa206-FeTa206-0 as 
well as in the system FeTa206-MnTa206-FeTa04 in the join MnTa206-FeTa04. 
The wodginite phase produced was ~ n ~ + , , F e ~ , i T a ~ O , ,  with 0.08 < w < 0.29 
(Turnock, 1966). According to Turnock wodginite may contain ferric but not fer- 
rous iron. Tin is not an essential element. Wodginite is a solid solution between 
AB20B and ABO, types. 

Moreau and Tramasure 1965 (p. 354) prepared the G phase, analogous in cell 
dimensions to the wodginite phase, by heating MnzO, and Ta20, (1 : 1) in air at 
1050" for 95 hrs. The authors mentioned also produced the wodginite phase in 
the binary system FeTa206-MnTa,O, (op.cit. pp. 376-378). For a composition 
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(Feo,Mno~9)Ta,06 the wodginite phase was produced at 1 05OUC in nitrogen in 50 hrs 
simultaneously with tantalite, while for the compositions (Feo,2Mno.9)Ta,06 and 
(Feo.,,Mno.,)Ta206 the wodginite phase was produced simultaneously with tapiolite. 

Schr~cke (1966, pp. 33-34, 46) has described a monoclinic phase analogous to 
wodginite in the quaternary system FeNb0,-(Fe, Mn) (Nb, Ta),06. Accordhg to 
him: »Im Bereich voa 900-1 100°C gibt es 3 quaternare, homogene Mischkristall- 
raume: einen alseitig um FeNb04 mit a-Pb0,- bzw. Wolframitstruktur, einen um 
FeTa206 mit Rntil- bzw. Trirutilstruktur und einen randlich um das Columbit- 
system, ausgehend von dessen Zweistoffsystemen FeNb206-MnNb,06-MnTa206 mit 
a-Pb0,- bzw. Columbitstruktur. Dieser wird sich bei 1 100" kaum mehr als 10-15 
Mo1.-% in den quaternären Raum erstrecken und sich mit sinkender Temperatur 
wesentlich verkleinern. Auch der FeNb0,-Raum verkleinert sich bis auf 900" 
betrachtlich ausser der Ecke gegen MnTaz06. An diesen Bereich des FeNb0,- 
Raumes ist die monocline Aufspaltung analog dem Wodginit gebundenn. On pp. 46 
-47 Schröcke discusses the role of FeS + in the columbite-, a-Pb0,- and wolframite 
structures with Fe : (Ta, Nb) > 1 : 2 as a cause of monoclinic distortion. Schröcke's 
statement, after discussing the chemical analyses of Bernic Lake and Wodgina wod- 
ginites, ~ W e n n  an der Richtigkeit der Analysen nicht gezweifelt wird, muss es offenbar 
mehrere Gebiete der komplexen Mischkristalie vom ABO,, und ABZO6 geben mit 
monoklin deformierter a-Pb0,-, Wolframit- oder Colurnbitstruktur. Das Wodginit- 
problem bedart offenbar noch weiterer Mineralanalysen und experimentalier Arbeitn, 
receives addi t iod  support from a comparison of the compositions of Ruanda and 
Tammela wodginites with those of synthetic wodginites. So far synthetic wodginite, 
corresponciing in composition (FelMn ratio) either to Ruanda or Tammela wodginites, 
has not been produced. Certainly the extensive replacement of manganese by tin 
should have some influence on the stability field of wodginite. 

In one of the investigated specimens from Sukula the new mineral sukulaite - 
Ta,Sn,O,-replaces wodginite. The given formula is derived on crystallochemical 
bases. In tapiolite Ta occurs as pentavalent, in cassiterite Sn as tetravalent. In suku- 
laite at least one of these cations has to occur in a lower oxidation State. The sequence 
wodginite-tapiolite-sukulaite possibly reflects the gradual decrease of the partial 
pressure of oxygen. 

A~kno~Iedgments - The authors are indebted to Prof. Ahti Simonen and Dr. Kai Hytönen for 
the critical reading of the manuscript. Our thanks are also due to Mr. Erkki Halme for takiig the 
photographs and for the reflectivity measurement of sukulaite. 
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ABSTRACT 

Sinuous, worrn-shaped bodies occurring on the ripple-marked surfaces of Precambrian quartzite 
are described, and their possible origin is discussed. One new age determination is reported, giving 
an U-Pb age of 1,800 miiiion years for uraninite from a veinlet in the Karelian schist belt of Kuu- 
samo. 

INTRODUCTION 

The authors took part in geological field work in the commune of Kuusamo, 
northeastern Finland, during the month of July, 1966. One of them (R.P.) found 
two slabs of quartzite the ripple-marked surfaces of which contained odd worm- 
shaped bodies. The find was made in connection with the geological remapping of 
the Kuusamo schist belt begun by the Geological Survey of Finland in the summer 
of 1965. The two slabs were discovered lying by the side of a tractor trail made for 
timber haulage on a steep hiliside. The slabs had evidently been thrust to the surface 
when the trail was made, and the finder's attention was first drawn to them on account 
of their conspicuous ripple-marked surfaces. 

At the site and in the vicinity of the find, the overburden is thin, apparently less 
than a meter thick. A few dozen meters northeast of the place where the find was 
made, there is a steep wall of rock in the rugged exposures of which the same kind 
of quartzite is to be seen as the two slabs. And also the boulders lying around in 
the immediate surroundings of the spot where they were found consist of the iden- 
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tical rock. The quartzite has obviously been broken up by the frost action typical of 
conditions in northern Finland. The boulders have sharp edges (see Figs. 2 and 3) 
and no signs are to be detected of the rounding produced by glacial transportation. 
Considering these facts, it seems rather obvions that the boulders are quite local in 
origin. 

A careful search failed to bring to light any additional slabs containing worm- 
shaped bodies. The search was considerably hampered by the circumstance that the 
local boulders have a fairly strong deavage subparallel or parallel to the bedding, in 
consequence of which the rock does not split off under hammer blows along the 
ripple-marked surfaces, where similar worm-like bodies might be seen. 

LOCATION 

The site of the find is in northeastern Finland some fifteen kilometers northwest 
from the church ar Kuusamo (see Fig. 1). More exactly stated according to the 
available map (Topographical Map of Finland, 1 : 20 000, Sheet 4522 11, 1966), it 
is situated about 800 meters to the southwest from the northwestern end of Hieta- 
lampi (lake) at an altitude of 320 meters. According to the general geodetic coor- 
dination of Finland, its coordinates are: y = 450 350, x = 7 328 950. 

GEOLOGICAL SETTING AND AGE OF THE QUARTZITE 

The Precambrian geology of the Kuusamo schist belt, with its surroundings, is 
outlined in Fig. 1 according to the geological maps by V. Hackman (1910) and 
V. Hackman and W. W. Wilkman (1925). In the light of these maps and other geo- 
logical investigations (e.g., Simonen 1960, pp. 6-10), the Karelian supracrustal rocks 
rest unconformably on the pre-Karelidic basement. Age data reported e.g. by Kouvo 
and Tilton (1966, p. 421) indicate that the rocks in the basement complex crystallized 
between 2,600 and 2,800 million years ago, and that the sedimentary column overlying 
the basement rocks was intruded by syntectonic plutonic rocks 1,800-1,900 million 
years ago. 

Recently, Dr. 0. Kouvo made an age deterrnination of a smail sample containing 
uraninite, which was forwarded to him by Mr. Y. Vuorelainen from the Outokumpu 
Company. The sample (No. A 185 of the Outokumpu Co.) was taken from a vein- 
let associated with albite diabase, which forms a sill in the schist formation. The 
source of the sample is about 200 m north of the Jyrava waterfall in the centrdi part 
of the Kuusamo schist belt (Y. Vuorelainen, personal communication). This uraanite 
yielded following radiometric ages: Pb207-Pb2M 1,800 m.y., Pb207-U288 1,790 m.y. 
and Pbz06-Um 1,780 m.y. The result is nearly concordant and the parent-daughter 
ratios fit a 1,800 m.y. diffusion curve when plotted on a concordia diagram (0. 
Kouvo, personal communication) On geological grounds it is obvious that this 
uraninite is younger than the sediments ui the Kuusamo schist belt, and this age 



determination thus gives a reliable minimum age also for the quartzite in which the 
worm-shaped bodies are embedded. This quartzite is thus with a high degree of cer- 
titude older than 1,800 U o n  years and, on the other hand, considerably younger 
than 2,600-2,800 million years. Accurately determining the age of sedimentation 
of the quartzite on the basis of the data at present available is difhcult and the result 
is bound to be uncertain, but it probably is roughly 2,000 million years. The place 
where the quartzite slabs were discovered is situated, according to the rnap drawn 
by Hackman and Wilkman, approximately three kilometers from the contact of the 
pre-Karelidic basement and the Karelian schists, as measured over the ground. 
The geological remapping operations are still in progress in the area, and they 
may bring more light on the relations between the quartzite under our scrutiny and 
the other local rocks. 

DESCRIPTION OF THE QUARTZITE SLABS AND THE WORM-SHAPED 
BODIES 

The larger of the two slabs is 30 cm long, 25 cm wide and 3 cm thick. The smaller 
slab is 21 cm long, 18 cm wide and 5 cm thick. Both slabs are platy parallel to the 
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FIG. 2. Overlapping of the quartzite slabs, shown in normal position. Counterpart at left. 
The vertical surface of the larger slab at right has been sawed. 

bedding and interference ripple marks can be seen on both of them. Both are parts 
of the same original boulder because the ripple-marked surfaces fit together exactly 
in the way shown in Fig. 2. The smaller slab is the counterpart. The wave length of 
the main set of ripple marks ranges from 5 cm to 7 cm, and the crests are 5 to 8 mm 
higher than the troughs. The ripple index is about 10. The other set of ripple marks 
are approximately at right angles to the mah  set and their wave length and amplitude 
are slightly smaller than those of the main set. The ripple-marked surfaces of both slabs 
are shown in Fig. 3. 

On the freshly broken surfaces the quartzite is pale gray in color, whereas on the 
weathered surfaces the color is brownish gray. The ripple-marked surface of the 
smaller slab (counterpart) has a brownish color which is evidently due to a very thin 
mica film. The ripple-marked surfaces of both slabs contain also splotches of mica 
here and there. The X-ray data of this mica are consistent with those of muscovite. 
In places the ripple-marked surfaces have a sheared appearance, but the shearing has 
been quite weak and with respect to the genesis of the worm-shaped bodies alto- 
gether a secondary phenomen. The maximum thickness of the mica splotches is 
approximately 0.5 mm and the average thickness of the mica-bearing layer only a 
fraction of this figure. - 

According to the microscopic evidence, the rock contains approximately 70 per 
cent of quaaz, 20 per cent sericite, and 10 per cent potassium feldspar, plagioclase 
and accessory minerals. The grain size of the rock is 0.05-0.1 mm. The texture is 
shown in Fig. 7. 



The ripple-marked surface of the larger slab contains several worm-shaped bodies 
(see Figs. 3-5). Two of them are to be seen also on the surface of the counterpart. 
The two slabs have separated exactly along the rippled-marked surface so that two 
worm-shaped bodies are shared by each slab, a portion of each of these bodies being 
on the ripple-marked surface of the larger slab and a portion on the surface of r n ~  
obverse slab. 

The longest of the worrn-shaped bodies is 17 cm long and the shortest one 2.5 cm 
long. In thicksess thep vary between two and seven millimeters. The longest of the 
bodies is 2 mm thick in the middle, and on both sides of this portion it expands to 
7 mm and 5 mm in thickness. The thickest portions are situated in throughs of the 
interference ripple marks and narrowest at the crests. All the bodies have tapering 
ends. The shape of the bodies can be seen in Figs. 3-5. In cross section it approxi- 
mates an ellipse, the longer axis of which is parallel to the bedding surface. (Fig. 6). 

The worm-shaped bodies follow precisely the ripple-marked bedding surface. No 
sign of penetration can be observed either upwards or downwards. On the walls of 
the mold of one body there can be detected under suitable illumination minor cor- 
rugations, which are about one millimeter apart (Fig. 5). 

One transverse thin section was made of one of the bodies. Under the rnicroscope 
it was observed to consist of materia1 almost identical with the quartzite, that is to 
say, of lithified sand (Fig. 6). Megascopically, the worm-shaped bodies are on freshly 
broken surfaces slightly lighter in color than the matrix. 
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FIG. 7. Photomicrograph of texture of the quanzite. 

DISCUSSION 

Sirnilar sinuous, worm-shaped or ropelike structures occurring on the ripple- 
marked bedding planes of arenaceous rock have been described from different parts 
of the world during the past three decades, and the question of their origis has 
provoked considerable controversial discussion. Endo (1933) reported the observa- 
tion of ~branching tubuiar bodies with nurnerous microscopic hlaments still pre- 
seved within their w d »  in a quartzite from South Manchuria. He considered them 
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to be algal remains and proposed the name of a new genus, Manchuriophycus, for 
them. The organic origin of Manchuriophycus was later disputed by Hantzschel 
(19491, who regarded the tubular bodies as infilled mud-cracks. From Montana, 
U.S.A., Fenton and Fenton (1937) described filled, non-annulate burrows from a 
Precambrian quartzite in the Belt series. This discovery seems to be accepted by 
Glaessner (1966) as trace fossil. 

Faul (1950) described sinuous markings on the bedding surfaces of Precambrian 
Ajibik quartzite occurring in Michigan U.S.A. He interpreted the markings as bur- 
rows made by some small unknown organism. Subsequently, Frarey and McLaren 
(1963) reported similar features from Huronian quartzites and interpreted them to 
be metazoan relics. Wheeler and Quhlan (1951) and Barnes and Smith (1964) have 
interpreted sitnilar structures as mud-crack infilling on ripple-marked surfaces. 

Recently, Hofmann (1967) has described complex structures in Upper Huronian 
quartzite in Ontario, Canada, and interpreted them as probable metazoan fossils. 
They are preserved as Sand casts in the form of curved spindles having inclined 
lateral coi-rugations, axial marking, and apparent bilateral symmetry. A c c o r b g  to 
this source i t  seems likely that similar structures described from many geologic 
systems are polygenetic, and that one single explanation cannot apply to all the 
similar-looking forms. 

The specimens with the worm-shaped bodies described in the present paper 
closely resemble those described by Hofmann, induding the corrugated structures, 
which he considers to be among the most significant evidence of the biological 
origin of the bodies. The geologia1 age of the two finds is also approximately the 
same. Our own material is slightly smaller, consisting of only two slabs, and the 
bodies contained in them are apparently somewhat less well preserved; yet, their 
origin seems to be identical. I t  is nevertheless dear that many more similar speci- 
mens - or ones whose origin is more unambiguous - must be found and studied 
in detail, with careful comparisons made, before the problem of the origin of the 
structures of this description can be deemed solved. 
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EINLEITUNG 

Vorliegende Untersuchung befasst sich mit der Diatomeenflora Finnlands in sy- 
stematischer, ökologischer, quartargeologischer und geographischer Hinsicht. Auch 
die Beziehungen der Arten und Varietäten zu der Trophie und zum pH des Wassers 
werden behandelt. Bei der Beschreibung der Arten und Varietäten werden aus Finn- 
land bisher vorliegende Diatomeenarbeiten beriicksichtigt. Weil die Verfasser bei der 
Umgrenzung ihrer Taxa die Hustedtschen Grundlagen befolgt haben, mussten viele 

l) Anschrift: Dr. Karl Mölder, Kelohongantie 2 C, Tapiola, Finnland. 
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Formen wieder eingezogen werden und als Synonyme stehen bleiben. Es ist schon 
seit langem ublich, dass man kleine Abweichungen vom Typus nicht mehr als neue 
Formen beschreibt. Neue Kombinationen werden nur dann vorgenommen, wenn 
zwingende Grunde dazu vorliegen. 

Die Diatomeen oder Kieselalgen sind mikroskopisch kleine einzellige Algen, 
deren Zelle aus zwei schachtelartig ubereinandergreifenden Teilen besteht und Kie- 
selsaure enthält. Die Zellwand ist mehr oder minder stark verkieselt und Von Poren, 
Poroiden und Kanälen durchbrochen. Ebenso kornmen an ihr verschiedene Ver- 
dickungen ais Rippen, Warzen, Punkte usw. in mannigfaltigster Weise vor. Die 
Zeilen haben einen Zellkern und einen bis mehrere Plattenchromatophoren. Als 
Assimilationsprodukt findet man meistens gelbbraunes fettes 01. 

Die Diatomeen leben im Wasser, auf feuchtem Gestein, auf feuchter Erde, auf 
den Baumen oder uberall, wo Wachstumsbedingungen fur sie vorhanden sind. Viele 
Arten leben einzeln und frei, andere Arten wieder haften mit Hiife Von Gailertstielen 
oder Gallertpolstern an der Unterlage. Einige Aaen, wie z. B. Asterionella formosa 
Bacillaria paradoxa und Tabellaria fenestrata var. asterionelloides bilden Kolonien, Sterne 
und Ketten oder leben in Gallertschlauchen oder in formlosen Gallertlagern. 

Trotzdem Nitzsch schon im Jahre 1817 seine Untersuchung uber die Diatomeen 
veröffentlichte, dauerte es 65 Jahre, bevor die erste Arbeit (Juhlin-Danfelt 1882) 
erschien, die mit der Diatomeenflora Finnlands im Zusammenhang steht. 

Im Jahre 1891 veröffentlichte sodann P. T. Cleve seine Untersuchung uber die 
Diatomeenflora Finnlands, in welcher neben den rezenten auch subfossile Formen 
behandelt sind. Neben den systematischen Angaben findet man hier auch ökologische 
Bemerkungen uber Kaltwasserdiatomeen. 

Hiernach vergingen 25 Jahre, ehe Astrid Cleve-Euler, die Tochter P. T. Cleves, 
im Jahre 1915 wieder eine Untersuchung uber die Diatomeen Finnlands herausgab. 
Im gleichen Jahre veröffentlichte K. M. Levander seine Untersuchung »Zur Kenntnis 
der Bodenfauna und des Planktons der Pojovik)) und auch einige andere Arbeiten, 
in denen er im Plankton vorkommende Melosiren behandelt. 

Im Jahre 1920 erschien Von Caroline Leegaard die Untersuchung: »Microplancton 
from the Finnish waters during the month of May 1912», in welcher die Verfasserin 
auch einige neue Diatomeen beschreibt. Funf Jahre spater veröffentlichte H. Jarne- 
felt (1925) seine Dissertation ~ Z u r  Limnologie einiger Gewasser Finnlands». Das 
Diatomeenrnaterial ist Von Fr. Hustedt bestimmt worden und enthalt viele neue Arten 
aus Finnland. 

Im Jahre 1926 erschien Von C. W. Fontell eine kleine Untersuchung »Om brack- 
och saitvattendiatomaceers förekomst i sött vatten i närheten av kusten)). Der Ver- 
fasser hat aus kleinen Binnengewassern in der Nahe des Finnischen und des Bottni- 
schen Meerbusens Salz- und Brackwasserformen gefunden, die jetzt als Relikte im 
Susswasser wachsen. 

Im gleichen Jahre 1926 verteidigte 1. Väiikangas an der Universität Helsinki 
seine Disseaation »Planktologische Untersuchungen irn Hafengebiet Von Helsinki», 
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in welcher er neben dem Zooplankton auch planktische Diatomeen und andere Algen 
behandelt. Der Verfasser wendet sich in dieser Untersuchung besonders den ökologi- 
schen Fragen zu. 

In den Jahren 1927-34 folgen sodann mehrere Untersuchungen in der Reihe 
»Zur Limnologie einiger Gewasser Finnlands* Von H. Jarnefeit. Da aber die in 
diesen Arbeiten erwahnten Diatomeen nicht aus Dauerpraparaten bestimmt sind, 
mussen diese Bestimmungen mit Vorsicht genommen werden. 

Astrid Cleve-Euler besuchte im Jahre 1932 Finnisch-Lappland, und als Ergebnis 
dieser Reise erschien die Arbeit »The Diatoms of Finnish Lapland)), in welcher neben 
der Diatomeensystematik auch geologische Fragen im Untersuchungsgebiet Behand- 
lung finden. Auch hat die Verfasserin vieie neue Varietaten und Formen aufgestellt. 

In der Arbeit Von 1937 (Mölder) »Die rezente Eunotienflora Finnlands» werden 
aus Finnland 39 Emotia-Arten und 24 Varietaten angefiihrt. Dazu werden unter- 
schieden die Ubiquisten, die Arten mit ausgepragt nördlicher Verbreitung und die 
Kaltwasserformen. Im gleichen Jahre erschien Von Mölder auch die Arbeit ~Einige 
neue Diatomeen aus Finnland und Estland~. 

Im Jahre 1938 erschien Von H. Luther die Untersuchung uber die Algen im 
westlichen Inari (Enare) in Lappland. Die Bestimmungen der in der Arbeit enthaltenen 
Diatomeen sind Von Mölder. Zwei Jahre spater (1939) veröffentlichte Mölder 7 neue 
Diatomeen aus finnischen Gewassern. 

Im Sommer 1933 bereiste Astrid Cleve-Euler wieder die nördlichsten Teile Finn- 
lands und sammelte Materia1 fur eine neue Diatomeen-Untersuchung, die dann im 
Jahre 1939 erschien. In dieser Arbeit versucht sie mit Hilfe der Diatomeen auch 
geologische Fragen ihres Untersuchungsgebietes zu lösen und unterscheidet die 
Arenariaflora, die Rhoicospheniafiora, die Saimaflora und die lapplandisch-arktische 
Käiteflora. Auch zahlreiche neue Taxa werden beschrieben. Weil aber mehrere Abbil- 
dungen unzulanglich gezeichnet sind, lässt sehr schwer kontroliieren, welche Formen 
sie tatsachlich darstelien. 

Im Jahre 1942 erschien Von derselben Autorin die Untersuchung ~Coscinodisci 
et Thalassiosirae Fennosueciae~, wo sie kritisch diese Diatomeen behandelt. Diese 
Arbeit bringt viel Neues und befasst sich auch mit systematischen Fragen. 

Im folgenden Jahre 1943 erschienen Von Mölder zwei Arbeiten: »Rezente Dia- 
tomeen in Finnland als Grundlage quartärgeologischer Untersuchungen~ und »Stu- 
dien uber die Okologie und Geologie der Bodendiatomeen in der Pojo-Bucht». 
Erstere behandelt rezente Diatomeen der Meeresufer bei Kemi und Helsinki nebst 
einigen Diatomeen aus dem Susswasser, die zweite die rezenten Diatomeen des 
Litorais und des tieferen Wassers, mit Angaben uber die ökologischen Verhältnisse 
im Untersuchungsgebiet. 

Gleichzeitig mit diesen veröffentlichte G. Krasske (1943) seine Untersuchung 
»Zur Diatomeenflora Lapplands» und im Jahre 1949 noch eine erganzende Arbeit. 
In diesen Arbeiten hebt der Verfasser nordische Arten, nordisch-alpine Arten nnd 
Kaltwasserformen hervor. 
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Astrid Cleve-Euler hat wahrend der Jahre 1951-55 funf grosse Arbeiten Unter 
dem Titel »Die Diatomeen Von Schweden und Finnland* herausgegeben. Aus ihnen 
erhält man eine gute Vorsteliung Von der Diatomeenflora dieser Gebiete. Die Ver- 
fasserin beschreibt auch viele neue Arten, Varietäten und Formen und bildet sie ab, 
leider aber in manchen Fäiien so, dass es Schwierigkeiten bereitet, diese Diatomeen 
in den Praparaten zu identifizieren. 

Im Jahre 1958 erschien Von E. Halme und K. Mölder eine urnfassende Unter- 
suchung uber das Phptoplankton der Pojo-Bucht an der finnischen Sudkuste. Darin 
werden genaue Angaben uber die Temperatur und den Salzgehalt des Wassers ge- 
macht, in  denen die im Plankton vorkommenden Algen wachsen. Hier wurden 
insgesamt 502 Diatomeen-Arten festgestelit. 

Im  Jahre 1959 veröffentlichte F. E. Round aus Finnland zwei Arbeiten, in denen 
er neben anderen Algen aus den Flussen Tornionjoki, Muonionjoki und Könkama- 
eno sowie aus Tvärminne auch Diatomeen angibt. 

In den Jahren 1959 und 1960 erschienen Von R. Simonsen zwei Arbeiten, »Neue 
Diatomeen aus der Ostsee» 1 und II, in denen er fur die Wissenschaft neue Formen 
beschreibt. 

In einer grösseren Untersuchung uber die Diatomeenflora des Bottnischen Meer- 
busens und der Ostsee behandelt Mölder 1962 ausfiihrlich die Wirkung der im Was- 
ser gelösten Salze und der Temperatur auf die Diatomeen. Planktische Formen wurden 
im Untersuchungsgebiet nur wenig gefunden, der Schwerpunkt liegt deutlich bei den 
Formen des Meeresbodens. 

Im Jahre 1966 erschien Von K. Mölder und R. Tynni die Untersuchung »Diato- 
meen im Plankton bei der Stadt Helsinki und in der Stromschnelle Putaankoski irn 
Kirchspiel Askola, Sudfinnland, im Jahre 1964~.  In dieser Arbeit konnten die Ver- 
fasser z. B. feststellen, dass Achnanthes taeniata im April bei 3.6'C am besten wachst. 
Scektonema costatm dagegen hat ihr maximales Vorkommen im Juli bei 23OC warmem 
Wasser. 

Ausser den vorhin schon genannten Untersuchungen hat H. Järnefelt noch einige 
Arbeiten veröffentlicht, in denen die Diatomeen Von K. Mölder an Dauerpraparaten 
bestimmt wurden. Dazu gibt es eine Menge quaaargeologischer Arbeiten, in denen 
die subfossile Diatomeenflora aus Vertikalprofilen bestimmt worden ist. (Siehe laite- 
raturverzeichnis.) 

DIE DIATOMEEN, IHRE OKOLOGIE, VERBREITUNG UND SUBFOSSILES 
VORKOMMEN 

Die Diatomeen zerfallen in zwei Gruppen, die sich sowohl morphologisch als 
auch biologisch voneinander unterscheiden lassen. Die erste Gruppe, Centricae oder 
Centrale~, bilden Diatomeen mit zentrisch gebauten Zellen und radiarer bis unregel- 
mässiger Struktur, ohne Rhaphe oder Pseudorhaphe. Chromatophoren zahlreich, 
meist klein und rundlich. Die nveite Gruppe, Pennatae oder Pennales bilden Diato- 
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meen mit zygomorph gebauten Schalen, mit Rhaphe oder Pseudorhaphe und fast 
stets mit fiedriger und regeldssiger Struktur. Chromatophoren klein und zahlreich, 
oft gelappt. 

Melosiren 

Melosiren gehören zu der ersten Gruppe und die Zelien sind stets zylindrisch, 
trommelförmig oder beinahe kugelförmig. Frusteln bilden lange perlschnurartige 
Ketten oder walzenförmige lange Faden. Die Valvarflache ist immer kreisförmig und 
die Endflache der Valva flach oder konvex. Die Schalen sind regellos oder radial 
punktiert, am Rande haufig gezahnt. Chromatophoren sind als kleine rundliche oder 
gelappte Plattchen vorhanden. 

Melosira ambigua (Gun.) Miiiier 

Synonyme: Melosira mffulota var. m b i p  Grun., M. mofonsnsis Wolle, M. mmufaf~ var. Panfm~ski 
De Toni, M. a m b i p  ssp. umiota Muller, M. amb@ ssp. p~~ncfimlosa Muller, M. @Iymorpba ssp. 
Ctaiica var. arnb&zu Bsthge, M+ ifaIica var, a~br&a A. a v e .  
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Sehr verbreitet in den Seen und Flussen. Reichlicher irn Plankton der eutrophen 
Seen und im Wasser mit pH 5-7. Individuenzahlen sehr klein in den alkalischen 
Seen. Abb. 1. Subfossil selten in den Eisseesedimenten und individuenreich in Binnen- 
see- und den Ancylusseesedimenten. 

kfehosira arctica (Ehr.) Dickie 

Synonyme: GaillBnella arctita Ehr., Mslosira nummrrloider var. bypwbwu Gnin., Gaiflone!!~ nrmr- 
nr#loi&s var. bypsrborea De Toni, Melosira &perborea (Grun.) Schutt, M. numn~ufoides Vanhöffen, 
M. jwgensi Vanhöffen, M. nrmrmuioides var. mctica P. T. Cleve, M. arctica var. bornbolmiensis Cleve- 
Euler. 

In arktischen Meeren im Wasser mit 2 bis 3 % Salz gemein. In Finnland an den 
Meereskusten Von Oulu bis Helsinki im Wasser mit 0.5 bis 0.8 % SaIz individuenarm, 
im Fruhling und im Herbst haufiger vorhanden. Abb. 2. Subfossil in den Yoldia- 
und Litorinameersedimenten recht selten vorhanden. 

Melosira arettarza Moore 

Synonyme: Gaifkm~fla vmians Ehr., G. biseriata Ehr., G. vermicularis Brkb., Ortbosira arenaria 
Smith, Mslaria ar& var. bungar13a Pantocsek, M. i1.sbida Peragalio, M. arenaria var. granulata 
Gutwinski, M. CsMjuna, M. neogena et M. menaria var. tertiaia Pantoaek, M. menaria var. vestita 
Pantocsek. 

Kommt rezent in Finnland in der Litoralregion der grösseren Seen selten vor. 
Cleve-Euler (1951) hat sie jedoch auch zu den Planktonformen gerechnet. Im voi- 
liegenden Materiai ist MeloJira arsnariu nicht im Plankton angetroffen worden. Sub- 
fossil kommt sie ais typische Ancylusseediatomee in den Ancylusseesedimenten vor. 

Melosira distans (Ehr.) Kutzing 

Synonyme: Gaillonefla dirtans Ehr., CoscirnHisiu~ minor Smith, Ortbosira nritafis Kitton, GaiIIoneIfa 
g&a Ehr., Melosira dirtmrr var. nivafis Grun., M. solkia var. Smsii Gran, M. po~morpba ssp. drrfans 
Bethge, M. $obmwpba ssp. distam var. nivaIis Bethge, M. distms vai. gmnina Gnin., M. distans vai. 
bmilis A. Cleve, M, distans var. bmifis f. validigt A. Cleve, M. disfans var. bririliis f. clinostriata A. Cleve, 
M. distans var. decipiens Grove, M. deciens Grove, M. Pfaffiana Reinsch, M. distans var. PfqfFana 
(Reinsch) Grun., M. distans var. afticana MUUer, M. fae#isJm Grun., M. lirata var. ext&a A. Cleve, 
M. diztans var. exigus A. Cleve, M. scaImis Grun., M. disfans var. scalarls G~uiow. 

Seht verbreitet im Litoral in sussen Gewassern Finnhnds besonders in oligotro- 
phen Seen. Selten im Plankton und dam in Uferdhe. Abb. 3. Subfossil in d e n  Was- 
sersedimenten in Fimiand. 

Var. lirata (Ehr.) Bethge 

Synonyme: Gailfoneffa lirata Ehr., Melosira lirata Kiitz., M. dislans var. litala f.  lacwtris (Grun.) 
Bethge. 



ther Finnlands rezente und subfossile Diatomeen 205 

a3, Abb. 4. 

ABB, 3. R&%a&e Veibreitung von Melosira distam (Punkte) und M. d. VW. litata (Ringe). 
ABB. 4. Verbreitung von Melosira jwrgetasi (Punkte) und Nehsira Hdfa (Ringe). 

Kommt haufig zusammen mit der Hauptart besonders in den Seen vor. Abb. 3. 
Subfossil seltener in den Sedimenten als Hauptart. 

r'orma seriata Muller 

Unterscheidet sich Von voriger durch unvollstandige Porenreihen, Von denen 
1-2 Querreihen am Diskusrand vorhanden sind. Der ubrige Teil des Manteh ist 
strukturlos. Kommt selten in den Seen vor. 

Als Variarionen Von M. distans hat Cleve-Euler (1951) M. distans var. b~/miIis aus 
Kuusamo beschrieben, M. distans var. afrcana aus dem Fluss Poukanijoki, M. distans 
var. nipalis insbesondere aus Nordfinnland sowie M. distans var. exigtla aus dem Fluss 
Kemijoki und dem See Höytiainen. 

Melosjra dubia Kutzing 

Synonym: Pohsira dnbh Gm.  
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Gedeiht im Wasser mit 1.5 bis 2.5 % Salz in der Litoralregion der europäischen 
Meereskusten. Kommt in Finnland selten und individuenarm an den Meereskusten 
vor. Abb. 4. Subfossil sehr selten in den Litorinameersedimenten. 

Melosira granulata (Ehr.) Ralfs 

Synonyme: Gailtnella granadata Ehr., G.  decusata Ehr., Ortbosira puncfata Smith, Melosira rk!o~~~saatrr 
Kiitz., M. dsEwssata var. ordimta Kiitz., M. granulata var. maxima Ehr., M. granuIata var. rk!cussa~-a 
Grun., M. granulat~ var. jeremiae Grun., M. granulata vai. jonmtir Grun., M. lineolata Grun., M. pa ta ta  
Juhiin-Dannfelt, M. granufafa var. boryana Pmtocsek, M. granulata var. atfe1wptum Pantocsek, M. gra- 
nulata var. 'pinosa Bolachoncew, M. ganulata var. maeofica Pantocsek, M. g r d a t a  ssp. mutabilis 
MiiUer, M. granulata ssp. punctafa Muller, M. granulata f. reticulata Muiier, M .  polymorpba ssp. gra- 
nnlata Bethge, M. grmdata var. Iypica A. Cleve, M. gr~nidata var. m u t a  Grun., M. grwulata f. cmata 
Grunow. 

Findet sich besonders im Plankton der grösseren Seen und Flusse Finnlands. 
Gedeiht in eutrophen bis oligotrophen Gewassern mit 4.5-6.5 pH. Gelegentlich 
trifit man sie in kleineren Wasseransammlungen. Wachst auch in den ziemlich aus- 
gesussten Hussmundungen des Finnischen Meerbusens. An der Station 1 in der Pojo- 
Bucht ist beobachtet worden, dass die optimalen Wachstumsbedingungen im Hoch- 
sornrner bei einer Wassertemperatur Von 22OC und einem Salzgehalt Von 0.08 % 
gegeben sind (Halme und Mölder, 1958). Nach Cleve-Euler (1951) liegen keine 
rezenten Funde aus Lappland vor. Neueren Untersuchungen gemass ist die Art aber 
doch vieleroas in Lappland angetroffen worden (Abb. 5). 

Subfossil konimt sie haufig in den Ancylusseesedimenten und auch in den Sedi- 
menten der grösseren Binnenseen vor, nicht selten auch in den Eisseesedimenten. 

Var. angmiissia Miiller 

Synonyme: Gaillonella tmerrima Ehr., Melonra arwrdimcea Castracane, M. granrlata vva procera 
f. tenmima Muiier. 

Kommt häufig zusammen mit der Hauptart vor. Abb. 5. Bevorzugt saures Was- 
ser. Subfossil in den Ancylusseesedimenten und auch in den Binnenseesedimenten 
häufig. 

Var. mqzanensis (Meister) Bethge 

Die A a  wurde nur 3 Mal aus Lappland in den Hiissen festgestelit. Abb. 5. 

Melosira islandica Miiller 

Synonyme: Melosira frans~ilvanica Pantocseli, M. granulaia var. bungarica Pantocsek, M. Te~peri 
Pantocsek, M. pobmorpba ssp. granulata var. irlandica Bethge, M. venmensis A. Cleve. 



Kommt in Lappland in den grösseren Seen selten voi. Subfossil selten in den 
Ancylusseesedimenten. 

Ssp. bcketica Miiller 

Synonyme: Meko~ira iireolata Grun., M. granttlafa ssp. belvetica A. Cleve, M. pobmwpba ssp. 
gtan111ata var. heluetica Bethge. 

Sehr verbreitet im Plankton der Seen ui~d Flusse und in den Bächen. Wächst 
auch in den kälteren Zeiten des Jahres in eutrophen bis oligotrophen Gewassern mit 
4-8 pH. Gedeiht auch in schwachem Brackwasser. Abb. 2. In der Pojo-Bucht entspra- 
&en den optimalen Wachstumsverhältnissen eine Temperatnr Von 9.4OC und Salz- 
gehait von 0.17 %. Oligohaline eurytherme Kaltwasserform (Haime & Mölder, 1958). 

Subfossil individiuenreich in den Ancylusseesedimenten und auch in den Binnen- 
seeablagerungen vorhanden. Selten in den Eissee- und anderen spatglazialen Suss- 
wassersedimenten. 
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Melosjra iMca (Ehr.) Kutzing 

Spnonyme: Gailloneila ifalica Eht., G. crenulafa Ehr., G. crenak Ehr., G. kaevis Ehr., G. crotonetuis 
Bailey, Aufacosira crenulata Thwaites, Ortbosira tenuis Rabenh., Melosira tenuis Kutz., M. crenuiafa 
Kutz., M .  laevis Ralfs, M. crenulata var. itcllca Grun., M. crenulata var. laevis Grun., M. crenulafa var. 
remilaevis Grun., M. trenulafa var. tenuis Grun., M. crenufafa var. fossifis Pantocsek, M .  crenulafa var. 
debilis Pantocsek, M. crenulafa var. bungarica Pantocsek, M. Zeiferi Mauler, M. italica var. fenuis Muller, 
M. laevis var. elongafa Lauby, M. laevis var. fuegiana Frenguelli, M .  polymorpba ssp. ifalica Bethge, 
M. crenulafa var. tenuissirna Gmn., M. crenuiata var. amb@ua Gmn. 

Wachst besonders haufig im Litoral der oligotrophen und dystrophen Seen, in 
Teichen, Flussen, Bachen und Graben. Kommt auch in schwachem Brackwasser an 
den Flussmundungen im Plankton vor. Abb. 6. Subfossil in den Eissee-, Ancylussee- 
und Kleinseesedimenten sehr verbreitet. 

Vai. u~lida Grun. 

Synonyme: Melosira valida Meister, M. polymorpba ssp. disfans vai. valida Bethge, M. crmlafa 
var. valida Grun. 

Wachst in der Litoralregion der Seen und Teiche, seltener in den Flussen und 
Bachen zusammen mit der Hauptaa. Abb. 7. Subfossil in den Ancylusseesedimenten 
und in anderen Susswasserseenablagerungen. 

Ssp. subarctica Muller 

Synonyme: Melosira polymorpba ssp. ifalica var. subarrfica Bethge. 

Sie ist eine Kaltwasserdiatomee und kommt in den Gewässern Lapplands sehr 
individuenreich vor. Sie wachst hauptsächlich in den oligotrophen Gewassern. Abb. 7. 
Subfossil in den Sedimenten der Binnenseen. 

Nach Cleve-Euler (1951) entspricht die Von Hustedt (1930) beschriebene Form 
M. italica var. subarctica der Form M. italica var. valida. Cleve-Euler hat aus Inari 
auch M. italica var. alpigena gemeldet (Järnefelt: vorherrschende Planktodorm im 
See Kaskenjärvi). Die ui Frage stehende Varietät ahnelt der Von Hustedt beschrie- 
benen kleinen Form ,W. distans var. alpigena. Cleve-Euler hat ausserdem eine auf der 
Insel Karnasaari gefundene, fossile M. ludica-Art beschrieben. 

Melosirajziergensi Agardh 

Synonyme: Melosira subjlexilis Kutz., M. subangularis Grun., M. Borreri var. bofbnica Grunow. 

Sehr verbreitet an den Meereskusten in ganz Europa und seltener im Brackwas- 
ser des Binnenlandes. Beste Wachstumsbedingungen hat sie im Wasser mit 1.5 bis 
2.5 % Saiz. In Finnland kommt sie haufig an den Meereskusten als Benthosform 
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Abb. 7. 

im~. 7. Rezente Verbeitang von Melo*a itrrlioa va.  &efieu 

&B. 8. R m t e  Verbreitung Von M~Iosira wiam (Punkte), 
var. n m a m i  (Kreuze). 

- . * 
AU. 8. 

(Piinkh) und M. i. var. vai* (Rbge). 

Melos2-a &luta (Ringe) und M. 6.. 

vor, wo im Wasser 0.5 bis 1 % Salz vorhanden ist. Sie ist eine Brackwasserdiatomee. 
Abb. 4. Subfossil in den Yoldia- und Litorinameersedimenten vorhanden, wo sie in 
den letzteren in einigen Proben recht grosse Individuenzahlen hat. 

Mefosira monih-formis (Muiier) Agardh 

Synonyme: Conferva moniliformis Miiiier, C. lineata Diiiwyn, C. mmmuloi&s, Fragikaria lineata 
Lyngbye, Lys&onilrm Iineatutn Link, L .  monilifo~me Link, GaiIIonella moniliformis Bory, G. lineafa 
Ehr., G. Borreri Peiietan, Melosira lineata Ag., M. Borreri Greviiie, M. lenfigcra Harvey, M. Borreri 
var. moniliformis Gnanow. Der Name hat sich nicht eingebiirgert, denn u.a. CLEVE-EULER (1951) 
und M.-B. FLORIN (1957) gebrauchen begrundet die Bezeichnung M. lineafa. 

Im Litoral des gesamten europäischen Kustengebietes, besonders in Nordeuropa. 
Planktondiatomee im Wasser mit 0.5 bis 3 % Salz. In der Ostsee, wo weniger Salz 
im Wasser gelöst vorhanden ist, sind die Punkte auf den Schalen nicht so deutlich 
entwickelt. Kommt hauptsächlich am Sudwestende des Landes vor. Abb. 1. Sub- 
fossil haufig in Litorina- sehr selten in den Yoldiaseesedimenten. 



M. monidifw~is (Agardh) A. Cleve ahnelt M. nrcrica, aber die Art ist aus Pinnland 
nicht gerneldet. 

iMe6osh n~mmaloides (Dillw.) Agardh 

Synonyme: Conferva mmmloides Dillw., Fragit'arla n~~mmuloides Lyngbye, Gaii/oneLa nummrrloides 
Boq,  Sp6aeropbwa gl~bu/ifwa HassalT, Mebsira &~igera Ag., M. salltid Kiitz., M, salina var. concassnata 
Kutz., Af. numm~Iuider va. elesfdana Pantocsek. 

Als Aufwuchsdiatomee wiichst sie im Wasser mit 1-3 0/0 Salz in allen Kusten- 
gebieten. Abb. 6.  Von den Wellen wird sie u.a. Von Wasserpflanzen losgerissen, und 
man findet sie auch im Plankton an den Kusten. An den finnischen Meereskusten 
komm sie Von Vaasa bis Helsinki rezent vor. Subfossil in den Litorinameersedi- 
menten. 

Melosirla roescana Rabenhorst 

Synonyme: Ortbosira ~pinosa Smith, 0 .  Roeseana O'Meara, Melosira spinosa Brun. 

In Finnland aus folgenden Stellen festgestellt: Fluss Muonionjoki, Fluss Vasko- 
joki, See Inarinjärvi, See Kemijärvi und See Konttajarvi. Aile Fundorte in Finnland 
sind aus Lappland, und sie ist demgemäss eine Kaltwasserdiatomee. Subfossil nur 
aus Lappland bekamt. 

Mebsira saZcata (Ehr.) Kutzing 

Synonyme: Gaillotel/a sulcafa Ehr., G. coronafa Ehr., G .  pl&a Ehr., Orfbosira marina Smith, 0. sui- 
cata O'Meara, Paralin marina Heiberg, P. sulcafa P. T .  Cleve, P. sulcata f. radiata Van Heurk, Melosira 
marina Janisch. 

Haufig im Litoral an den Meereskusten ganz Europas. Selten an den Meeres- 
kusten Finnlands (Mölder 1962). Vereinzelt auch im Plankton. Optimde Wachstiuns- 
bedingungenim Wasser mit 2.5-3 % Salz. Abb. 1. Subfossil in Yoldia- und Litorina- 
meersedimenten. 

Melosjra zlladztZata (Ehr.) Kutzing 

Synonyme: Gaillonelia rrndulafa Ehr., G .  pmtata Ehr., G. pfitnctigera Ehr., Melosirc puncfigr~ 
Ralfs. 

Nur aus 4 oligotrophen Seen in Finnland rezent festgestelit. Abb. 8. Subfossil in 
Wärtsilä und Ilomantsi gefunden. 

Var. nortnan~i Arnott 

Synonyme: Melosira gownii A. Schmidt. 
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Nur im See Raanujami aus Lappland festgestellt. Abb. 8. Subfossil selten in den 
Binnensee- und Ancylusseesedimenten gefunden. 

Melosira varians Agardh 

Synonyrne: Confwua hiemulis Roth, C .  fasciutu Dillwyn, Nemuafoplutu pudrutu Bory, Gui/lone/iu 
vmiuns Ehr., Vesiculifera composita Hassaii, Lysigonium vuriuns De Toni, Melosiru uetpzlis Ag., M. 
comctata Ehr., M. vmiuns var ueyalic Kutzing. 

Sehr verbreitet in den Gewassern Finnlands. Haufig auch an den Meereskiisten, 
wo das Wasser 0.5 bis 1 % Salz enthält. Abb. 8. Benthosform. Subfossil in den Yoldia-, 
Ancylus- und Litorinaseesedimenten sowie in Binnenseesedimenten, fehlt aber in den 
Baltischen Eisseesedimenten. 

MeZosira westii Smith 

Synonyme: Discopleu runbilicata Ehr., Cyclotella wnbilicuta Rafs, Lysigoniwm Westii O'Meara, 
Gaillonellu Westii De Toni, 

Litoral im Salz- und Brackwasser. Optirnale Wachstumsbedingungen im Wasser 
mit 3 o!, Salz. Subfossil in Litorinameersedimenten relativ gemein (kleine Form, 
forma jama Brander), selten in den Yoldiameersedimenten. 

Hyalodiscus 

Linsenförmige, kurze Ketten bildende Zellen. Die Randzone der Schale zart 
areoliert, Scheitel sehr zart punktiert. 

Hyalodisc~s scoticzccs (Kutzing) Grun. 

Synonyme: Cyclotellu scotica Kutz., C. ligwica Kutz., Pds i ru  bormoihs Smith, P.  Smitbiam 
Grun., P. Jirunklini Gm., Hyalodiscw sJIrbtilis var. scoticu Peragaiio. 

An den Kusten des Salz- und Brackwassers verbreitet. Optirnale Wachstums- 
bedingungen im Wasser mit 1.5-3 % Salz. In Finnland kommt sie selten an den 
Meeresufern vor. Subfossil in den Yoldia- und Litorinameersedimenten recht haufig. 

Pyxidicula 

Zellen kugelig bis ellipsoid mit hochgewölbten Schalen, einzeln oder kurze 
Ketten bildend. 

Pyxid.icz/Ia mediterranea Grun. 

Rezent aus Finnland nicht bekamt. Im Mittelmeergebiet verbreitet. Subfossil 
sehr selten in Yoldiameersedimenten. 
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Stephanopyxis 

Zellen zylindrisch, kugeiig oder ellipsoid. 

Stepha~opyxis tzcrris var. polaris Grun. 

Pelagisch an den europäischen Meereskusten verbreitet. Rezent aus Finnland nicht 
bekannt. Subfossil selten in den Yoldiameersedimenten. 

Sceletonema 

Dunnwandige, zylinder-ellipsoidförmige Zelien, die mit Kieselstabchen zu faden- 
förmigen Kolonien vereinigt sind. 

Sceletonema cosdatum (Grev.) Cleve 

Synonyme: Melosira costata Greviiie. 

Sehr gewöhnliche Planktondiatomee an den Meereskusten. Eurytherme und 
euryhaline Form (Hustedt 1930), deren optimale Wachstumsbedingungen bei Hel- 
sinki i. J. 1964 im Juli herrschten (Temperatur 2 3 O ,  Salzgehalt 50/00) (Mölder & Tynni 
1966). Nach Cleve-Euler (1951) hat die Art ein beträchtliches Wintermaximum. Den 
oben genannten Beobachtungen gemass ist die Art jedoch eurytherm und gedeiht 
am besten in warmem Wasser. Wegen ihrer schwachen Schale hält sich die Art nicbt 
in Sedimenten und ist subfossil nicht beobachtet worden. 

Thalassiosira 

Zellen trommelförmig, seltener zylindrisch, durch zentralen Gallertstrang ni 

Ketten verbunden. 

TbaZassiosira baltica (Grun.) Ostenfelt 

Synonyme: Coscimdiscw pobacantbw var. baltica Grun., C. balticw P. T.  Cleve. 

Eine typische Brackwasserdiatomee und sehr verbreitet im Bottnischen- und 
Finnischen Meerbusen sowie in der Ostsee (Mölder 1962). Haufige Planktondia- 
tomee. Subfossil haufig in den Yoldia- und Litorinameersedimenten. 

ThaZassiosira a%n)ietzs (Grun.) Joergensen 

Im Kustenplankton ganz Europas verbreitet. An den Ktisten Finniands Von 
Vaasa bis Helsinki und im Plankton der Ostsee haufig (Mölder 1962). Subfossil in 
den Yoldia- und Litorinameenedimenten nicht haufig. 
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Fig. 1. Melosira ambigua, 2. M .  arctica, 3. M. arenaria, 4. M.  distanr, 5. M. d. var. lirafa, 6. a-b. 
M. dubia, 7. M. granulafa, 8. M. g. var. angustis&na, 9. a-b. M.  idandica ssp. beluefica, 10. M. 
islandica, 1 1  . a-b. M. italica, 12. M. i. var. subarctica, 13. M .  i. var. valida, 14. M. juergensi. 



T A F E L  I I  

Fig. 15. a-b. M6fo1ira moniItfmmis, 16. a-b. M. nummulaidss, 17. M.  raesauna nach (Hustedt), 
18. M. r .  var. epidcndron (nach Hustedt), 19. M. sufcata, 20. a-b. M. undrrata, c. M .  pl. vat. 

normanni, 21. M. ~~. 
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Fig. 22. Mularira avesiii, 23. a-b. H&odiscat scofim, 24. a-b. Pyxidicnla mditewanea (Origi- 
nal), 25. a-b. StqbanopyxLc br&s var. plarjs (nach Gnuiow), 26. a-b. Scc?utomma costatrrm, 

27. TbaZmsMsira BaZtica. 28. a-b. T. decibians. Photo E. Halm~. 
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