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More than three centuries ago there was a farm at Lellainen in the parish
of Honkilahti, southwestern Finland, that was owned by a man who had been
christened Esko. A tax reform was enacted around that time which forced
everybody to adopt a family name. That is how Esko’s farm became known
as Eskola, a name that became attached to its proprietors and their families,
too. The official records reveal that in 1640 the owner of the farm was Pentti
Eskola and that ever since it has remained in the possession of the same
family. Eskola grew into an estate of considerable size, one big enough to be
obliged by law to furnish and equip a cavalryman for the king’s army.

Throughout the centuries the Eskolas were farmers. But there was one
known exception, a character named Lars Aeschonius (because Finnish
names were changed at school by the Swedish-speaking authorities) who
enrolled as student No. 42 in the recently established Academy of Abo (Turku
to the Finns). He applied himself to learning there in the years 1647 and
1648 and earned himself a clergyman’s frock.

It was on the family’s hereditary farm that on the 8 th of January, 1883,
Berndt Eelis Eskola was born, the second child of parents whose ancestors
had all been tillers of the soil. Later on, the lad changed his first name from
the Swedish Berndt to the Finnish Pentti.

His father was Kustaa Eskola, and his mother, Eeva Kristiina Ellaa,
descended from old farming stock, too.

When Pentti was six years old, his mother died giving birth to her sixth
child. Only two of her children survived to adulthood.

Father Kustaa was forty when he married, which meant that young
Pentti could expect little help from him at that time. That is how it turned
out that it was Farmer K. Eino, his aunt’s husband, who became mainly
responsible for bringing up young Pentti Eskola.

At the age of eight, he was sent to the primary school at the farmhouse of
Ellaa, where he lived for two years with his maternal uncle. There he met
his cousin Frans Lampola, at that time a student, later to become a clergy-
man, and some of his friends. Listening to the wise discussions of the students,
Pentti Eskola, who was ten at that time, made a firm decision to learn similar
things so as to be able to converse in the same way.
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He was admitted to the secondary school in Pori. As Pentti Eskola him-
self remarked later on, he was never again so wise as after the entrance exami-
nation to the secondary school. That was in 1893. In this school, botany,
Greek and Latin were the subjects that most attracted his young mind, but
he was also interested in sports and all kinds of other things. Therefore, he
was not a very good pupil at first — as far as marks are concerned. In the
higher grades the situation changed, and he matriculated in 1901 with the
highest marks in most subjects and with honor. As mentioned, he was in love
with Greek, but not very fond of German. So, for instance, he never studied
any grammar in this language — and still did well! In the last class at school,
in view of approaching matriculation, he decided to buy a German grammar,
too. But his classmates decided: Eskola never needed a grammar before,
why now? And they hid it. Pentti Eskola never bought a new one, yet he
passed his final examination in German — without the benefit of a grammar!

Pentti Eskola was at first inclined to major at the University in Greek.
He changed his mind, however, and began by majoring in zoology. He failed
in one of the preliminary examinations, and therefore went over to chemistry,
in which he graduated in 1906. But, as he wrote in 1951: »Before that, how-
ever, I had decided to go over to geology, not because I was unfaithful to
chemistry, but in order to apply chemistry to the mineral kingdom.»

Eskola’s graduate study in chemistry concerned reactions effected by
pressure in the solid state. At that time very little was known about such
reactions, and the problems connected with them remained in his mind for
most of his life.

We meet the young geologist Pentti Eskola, however, as early as 1904,
working as a field assistant, and every year after that not only in Finland,
but also abroad. Wilhelm Ramsay was Eskola’s teacher in geology. He
wanted, according to Eskola, to teach his students independent thinking
rather than technical details. When asked for advice, he used to say: »Think
it over and then do it so that it is well done.»

In 1914 Eskola won his doctorate with a thesis on the Orijarvi region —
a classical work, which will be discussed more on the forthcoming pages.

In 1910 Eskola began his activity as a university teacher, thus inaugu-
rating a distinguished career in this field. His first appointment was as
teacher of geology at the department of agricultural economy of Helsinki
University. The following year he wrote a basic textbook in geology, which
was then used in several revised and expanded editions as the basic textbook
in geology courses at Finnish universities continuously up to recently.

October 1, 1913, was a red letter day because on that day he was appointed
assistant at the Institute of Geology and Mineralogy, Helsinki University —
the institute at which he worked until his retirement in 1953, that is, for
forty years. In 1924 he was awarded the chair of extraordinary professor of
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geology and mineralogy of the same institute, and in 1928 he succeeded his
teacher Ramsay as ordinary professor. This period produced several text-
books in geology and mineralogy. Some of them, being written in German,
were adopted as textbooks in many Universities abroad. The most remarkable
result of this period of Eskola’s activity is the fact that all the contemporary
geologists with important geological posts in Finland are his pupils.

Eskola was an excellent teacher, who always took over his students from
the very beginning and personally delivered the preliminary lectures and
gave out advice. And he closely followed the progress of each of his students.
He wrote about them to his friends, among them prominent geologists around
the world. As K. J. Neuvonen, one of his students, once observed, no student
ever told Eskola thanks and good-bye upon graduating, but then proceeded
to cultivate the friendship of their erstwhile professor. In his memorial speech
at the funeral of Eskola on December 14, 1964, Vidino Auer said: »Eskola was
one of the predestined university men, who could give their time endlessly
both to students and to friends, and his receptions usually lasted practically
all day.»

It was not only his doctor’s thesis that made the year 1914 a memorable
one in Eskola’s life: That year he also married Mandi Wiiro. He got a wife who
brought the life of Pentti Eskola to full flower, and she gave him a son, Matti,
in 1916 (killed in the war in 1941) and in 1920 a daughter, Paivitir (now a
secondary school teacher of chemistry). She was also of an old farming stock,
and like her husband had graduated in the natural sciences, having once, in
secondary school, been the present writer’s geography teacher. Eskola cher-
ished his wife very deeply. In his response to the presentation of thePenrose
Medal in 1951, he wrote: »In the first place I must mention my wife, who has
taken part in all kinds of my work and has accompanied me to many lands.
Without her help the best part of my work would have remained undone.
In especial, she has done much to help and encourage my pupils. In Sweden,
she was known by the pet-name Geologmamma, first given her by H. von
Eckermann.» Indeed: all the students of Eskola knew Mrs. Eskola well — and
she them. Eskola often held final examinations at his home. Such examina-
tions could last long — for hours. A break usually came after a couple of
hours of strong thinking in the form of Mrs. Mandi Eskola carrying a coffeepot:
»Halloo, boys — isn’t it time to relax?» When in 1947 Mrs. Eskola became
partially paralyzed and bedridden for a decade (she died in 1959), Pentti
Eskola took care of her with such love and devotion, at last being obliged
to cope simultaneously with his own health as well, that everybody could
not help but admire him also in this respect.

Meanwhile, Eskola also worked with the Geological Survey. From Aug.
1, 1918, to Feb. 1, 1924, he was on its staff as a State geologist his speciality
being ore geology and ore prospecting. For this work Eskola also had the
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necessary training: in 1907 he had been a student in the Bergakademie,
Freiberg, Germany. He spent the time from March 1921 to November 1922
in America, however, mainly working in Washington with the Geophysical
Laboratory. His aim was to establish an experimental basis for his mineral
facies hypothesis, and he worked on the silicates of barium and strontium.
As far as the initial aim of his visit was concerned, he felt disappointed. But
at the same time, his belief in the necessity of experimental work was
strengthened, exerting a decisive influence upon all his later work. There he
met Norman Bowen, and they became lifelong friends, and we, Eskola’s
students, would often hear from him what progress Bowen had again made
in his studies. When the experimental research on hydrated systems under
high pressures started, there Eskola’s expectations were raised to a high
pitch. He hoped that these experiments would finally settle the dispute
between the »pontiffsy and the »soaks».

During his stay in America, Eskola also made another contribution, which
at the time was just a routine mapping project, but became rather important
and topical again some 30 years later. In 1922 he worked for four months
with the Geological Survey of Canada in the region north of Lake Huron.
From this time dates the geological map of the Blind River area, which
Joubin could later find only after some difficulty, and it was this map that
he used during his prospecting work there. That led to the discovery of
tremendous uranium deposits. »I never had any uranium in my mind there,»
said Eskola laughing when the subject of the Blind River was broached to
him in Helsinki once in the late 1950’s.

The scientific papers of Eskola, before his thesis in 1914, deal with quite
a variety of problems. After determining the rock types of neolithic weapons
for the National Museum of Finland, he described vesuvianite. Then there
followed a concise geological study of the sandstone of Satakunta, SW-Fin-
land. He went on to deal with Quaternary problems connected with the
Poyrisjoki (river), and with the volcanic activity of Martinique and St.
Vincent. During his period as State geologist and in succeeding years he
published several, mostly popular, papers on ores and prospecting. But at
this time he already had begun to cope with several solid problems, some
of which gave him work for the rest of his life. These problems will be
discussed later on in this paper and in much more detail. Before going
into them, however, it may be of special interest to learn something about
certain of the non-geological features of Eskola’s make-up, which neverthe-
less were quite characteristic of him.

Going through Eskola’s old field notebooks, one is surprised to find a
wealth of non-geologic observations in them. His love of Greek and Latin may
also explain his keen interest in many linguistic questions. He knew most of
the Finnish dialects, and the ones spoken in the parts of the country often
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visited by him he could speak well enough to fool the local people into think-
ing he was one of them. His notebooks had many entries concerning dialects,
and his students were often privileged to hear anecdotes told by Eskola in
the original dialect.

Another trail typical of Eskola is his extraordinary exactness everywhere
and in everything. In the field notes from the summer of 1914, Transbaikalia,
there is a note: »I saw a bear, it was at a distance of approx. 12. 5 meters
from me.» Contrary to what we might imagine, writing especially as he grew
older, did not come very easy to him. He wrote again and again, and often
after the corrections and revisions nothing was left of the original manuscript.
His daughter, Pdivatar Eskola, stressed this matter, and probably this
difficulty arose also from his ceaseless searching for exactitude. In 1964,
when he was confined to his sickbed and had only a few days more to live,
and he could hardly speak, his doctors prescribed a regular daily fluid intake.
Eskola then became quite worried about the inexactness of the glasses used
for this purpose. And when he tried to held a glass in a shaking hand himself,
he became still more worried: »One should first determine the spilling fre-
quency of the milk and then the constant which could be used as a correlation
of the amount given,» he said.

During the last months of his life his love for the Greek and Latin lan-
guages burned brighter than ever before. Lying half unconscious in his
hospital bed, he spoke at length in these languages, and then translated what
he had said to his daughter and to Mrs. Helena Syrjild-Eskola, his second
wife (whom he had married in 1962). She is only about a year his junior, and
they were already good friends fifty years ago. back in the golden days of
their youth. Helena Eskola had likewise been educated in the natural sci-
ences and she had very much to give Pentti Eskola mentally. She gave him
happines again — but unfortunately only for a short duration.

Eskola’s achievements as a scientist have been of such a magnitude that
in a small country like Finland few have attained to the same level. As a
geologist he must be ranked, also internationally, among the most distin-
guished representatives of his science. He received honorary doctorates from
the following foreign universities: Oslo (1938), Padova (1942), Bonn (1943),
Prague (1948). He was awarded the following medals, each of which must be
rated a high honor for a geologist: the Gustav-Steinmann-Medaille of the
Geologische Vereinigung (10 I 43, Bonn, Germany), the Penrose Medal of the
Geological Society of America (8 XI 51, Detroit, USA), the gold Wollaston
Medal of the Geological Society of London (30 IV 58, London), the Friedrich
Becke- Medaille of Osterreichische Mineralogische Gesellschaft (1960, Helsin-
ki), Leopold von Buch-Plakette of Deutsche Geologische Gesellschaft (1962),
and the Vetlesen Prize (together with Holmes, in 1964). In addition: in 1963
the Geological Society of Finland established a gold Eskola Medal to be
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awarded to geologists who have made notable contributions to the geology
of Finland and the Precambrian. The first Eskola Medal was awarded to
Pentti Eskola himself, being presented to him in Helsinki on the occasion of
his 80th birthday, on January 8, 1963.

He has also been awarded high decorations by the Finnish and Swedish
governments.

He has been a member or fellow in numerous geological, mineralogical
and other scientific societies and academies round the globe and he was
honorary president of the Geological Society of Finland.

On the occasion of his 75 th birthday in 1958, O. Kouvo and Y. Vuore-
lainen named a new mineral, Cr,0 ;, from the Outokumpu mine, Eskolaite.

Pentti Eskola is a name that will always have its place in any book dealing
with the history of the geological sciences. His scientific contribution to
geology embraced numerous problems, mostly of basic importance and of
large scope, and his field covered most branches of geology. No exhaustive
review of his investigations can be ventured upon here; rather is it the aim
of the following pages to consider the most important problems he coped
with and what he contributed toward their solution.

MAGNESIA METASOMATISM

Eskola’s first major scientific project was his Ph. D. thesis, published
in 1914: »On the Petrology of the Orijérvi Region in Southwestern Finland.»
This impressive paper has become a classical work on Finnish geology, but
for some decades it has been out of print, and nowadays is almost a »geobiblio-
graphic» rarity, as far as younger geologists are concerned.

In this paper, Eskola is mainly concerned with the complexity of the
geology of the region investigated, including the sulphide mine of Orijarvi.
The results of the investigation have been summarized by Eskola as follows:
»The rocks of the Orijérvi aureole owe their peculiar character to pneumato-
lytic agencies which have caused considerable changes in their composition.
These changes have, for the greatest part, consisted in a metasomatic replace-
ment of lime, soda and potash by iron oxides and magnesia. These main
features are the same in the alteration of the limestone into skarn, of the
leptites or other siliceous rocks into cordierite-anthophyllite rocks, and of the
amphibolites into cummingtonite-amphibolites. In some localities the altera-
tion consisted in a considerable enrichment in silica.» And, further »The
sulphide as well as the oxide ores originated in the same processes by which
the rocks assumed their present habit and composition.» These statements
include the basic points of Eskola’s hypothesis on magnesia metasomatism.
This hypothesis immediately gained wide approval everywhere, but, of
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course, especially in Fennoscandia. In Sweden, a couple of years later, Per
Geijer was led to the same conclusion in the Falun region, around a very old
and famous mining area. Quoting Eskola’s own words: ».... and some
geologists gave it a far wider application than I had ever dreamed of.» Granite
was the supposed source of magnesia necessary to produce the respective
metasomatism. Barring a few objections, like those submitted by Tilley and
Flett in 1930 and by Brogger in 1934 — men who did not believe in the
possibility that the residual liquids from a granite very poor in magnesia
could bring forth such amounts of it in, for instance, a leptite as to convert
it into a really magnesian rock — the hypothesis was soon accepted and
introduced into several textbooks as an almost proven theory. It was not
until 1950, or 36 years after Eskola first expounded his theory, that two
pupils of his, Heikki Tuominen and Toivo Mikkola, brought up really serious
objections against the magnesia-metasomatism theory, and, remarkably
enough, after re-investigation of the same Orijérvi region, where Eskola came
to his conclusions. They suggested that the enrichment in magnesia there
may be a result of metamorphic differentiation produced by tectonic deforma-
tions — an idea close to that proposed in 1939 by Sven Gavelin for the
Malonis ore district in Sweden. The latter, however, placed the responsibility
for the metamorphic differentation on the intruding sulphide solutions.
Eskola’s reaction to the paper published by Tuominen and Mikkola came
immediately in his answer entitled »Orijarvi Re-interpreted» »If 1 feel
sceptical concerning some of their conclusions and even believe they are
decidedly wrong in certain points, this does not mean that I would deny this
first publication by the authors the rank of an important contribution to
Archean geology. Their new points of view, stressing the kinematic control
of metamorphic differentiation, follows a modern trend in petrology and the
study of ore deposits and leads to many interesting working hypotheses which
certainly will arouse discussion and may lead to real progress.» Here spoke a
grand scientist, who encountered new facts and new ideas with an open mind
and was fully prepared, if necessary, to change his own opinions for science’s
sake. For old Eskola, such an attitude was not uncommon at all. But, basi-
cally, Eskola’s theory concerning the enrichment of magnesia itself, still stands
well.

ECLOGITE THEORY

Throughout his life, primarily as a chemist, Eskola was seriously con-
cerned with reactions in a solid state — both wet and dry — and especially
with reactions under high pressures. The idea of rocks composed of heavy
minerals and formed at high pressures goes back to 1904, to his student days.
At that time, the Belgian chemist Walter Spring made his early experiments
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on reactions in the solid state effected by pressure. J. H. van’t Hoff discussed
the Clausius-Clapeyron equation, which expressed the pressure volume
control of reactions in a closed system. These investigations made up the
basis of Eskola’s work on reactions in crystalline conditions (1906) and
earned him the credits to graduate as a chemist from the University of Hel-
sinki.

Later on, in 1913, Sir Lewis Fermer published a paper on garnet as a
geological barometer. It was his conclusion that within the earth’s crust
there exists a continuous infraplutonic zone where the basic rocks are eclog-
ites.

Including the other heavy minerals, such as jadeite, kyanite, rutile, and
diamond, Eskola accepted the eclogite theory, adding, however, that there
may be still other heavy minerals that have never been observed, because of
release of pressure they are immediately converted into lighter minerals.
These questions are dealt with in Eskola’s paper on mineral facies (1921),
and the ensuing discussion was based on his work together with his good
friend V.M. Goldschmidt in Oslo, in addition to the studies on the Norwegian
eclogites out in 1919 and 1920.

In 1921 Eskola went to the Geophysical Laboratory in Washington to
experiment with synthesizing minerals under high pressures. At that time
his experiments failed, however, but the eclogite theory aroused lively dis-
cussion. Such petrologists as R. A. Daly, Arthur Holmes and Percy Wagner,
the student of kimberlite pipes containing diamonds in addition to eclogite
nodules, were ready to accept Eskola’s theory.

For many decades the heavy minerals referred to defied all attempts at
synthesis, and the belief gained foothold that, owing to the small differences
in volume, pressure alone was not sufficient to invert the stability relations,
its main effect being to lower the crystallization temperatures by preventing
the escape of volatile constituents. In the 1950’s, however, also the eclogite
minerals could be synthetized. Later on, Francis Birch could say that the
Mohorovicié discontinuity in the earth’s crust probably marks, not a compo-
sitional but a phase boundary, or the upper surface of the eclogite zone, thus
realizing the early expectations of Eskola.

MINERAL FACIES THEORY

The eclogite theory is, however, only part of the mineral facies theory of
Eskola, which is the most important of his contributions to the classification
and study of crystalline rocks. As much as possible, Eskola always endeavoured
to apply the principles of physical chemistry to the problems of the origin of
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crystalline rocks. His mineral facies theory is the best known result of such
an application. In the light of the mineralogical phase rule, Eskola showed
clearly that, in a rock which has reached phase equilibrium, the mineral
assemblage is determined by the bulk composition, the temperature, and the
pressure, whether the rock crystallizes from a magma, recrystallizes from
solid rocks under metamorphic conditions, or is deposited from solution.

Eskola himself stated in his response at the presentation of the Penrose
Medal to him in Detroit in 1951 that the conception of mineral facies arose
from the discussion in 1919—20 with V. M. Goldschmidt, who had first applied
the concept of chemical equilibrium to the contact-metamorphic rocks of the
Oslo region.

Actually, however, the conception of mineral facies must certainly have
been evolving in his mind as early as the presentation of his Ph. D. thesis in
1914, as may be deduced from his Lectio praecursoria on this occasion. The
next year (1915), in his paper »On the Relations between the Chemical and
Mineralogical Composition in the Metamorphic Rocks of the Orijirvi Regiony,
Eskola cited the theories of F. Becke, U. Grubenmann, and C. R. van Hise,
mentioned V. M. Goldschmidt, who »by applying this (physico-chemical) prin-
ciple in a more concise form and making use of the phase-rule», explained the
correspondence between the chemical and mineralogical composition of the
contact-metamorphic rocks in the Oslo region. He also mentioned P. Niggli’s
venture in the same direction in dealing with certain Alpine schists. At this
time Eskola wrote: »Archean rocks have not hitherto been subject to such
treatment. — During the investigation of the petrology of an Archaean area
in Southern Finland, the writer was struck by the fact that the mineral
paragenesis in the metamorphic rocks seemed to be controlled by simple
laws and to stand in definite relation to the chemical composition. — It
appeared, in fact, that the problem could be solved satisfactorily and that
the Archaean formations have actually reached an almost true chemical
equilibrium.» On p. 114 of the paper cited, Eskola defined his conception of
metamorphic facies. »In any rock of a metamorphic formation which has
arrived at a chemical equilibrium through metamorphism at constant tem-
perature and pressure conditions, the mineral composition is controlled only
by the chemical composition.» It is remarkable that before reaching this
definition, Eskola had based his discussion chiefly on the saturation diagrams
of van’t Hoff.

Eskola’s theory concerning the mineral facies later became the subject of
numerous international discussions and elaboratorions, and it was then
greatly enlarged by Francis J. Turner, especially in his paper of 1948. Since
Eskola defined his five original facies (sanidine, hornfels, greenschist, amphib-
olite and eclogite), a division into subfacies has in some cases been found to
be necessary, while several additional facies have also been proposed.
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The control of the mineralogical composition of rocks by their chemical
composition can now clearly be illustrated by means of triangular composition
diagrams. The apices of the diagram represent the three components that
mainly account for the observed mineralogical variation within the facies.
These components, as used by Eskola, are Al,0,, CaO, and (Mg,Fe)O, and
he named the diagrams themselves as triangular ACF diagrams.

The mineral facies classification has the great advantage of elasticity, and
may be adopted to meet the needs of descriptive petrography as our knowl-
edge of the equilibrium relations of various mineral associations increases.

In 1951 there appeared a paper by Ivan Rosenqvist, in which he sought
to fix the temperature intervals of each mineral facies by using as basis the
expulsion temperatures of water from hydrated minerals typical of each
facies. It thereby markedly strengthened the importance of Eskola’s theory.
On the other hand, the experimental work, done mainly in the United States,
relating to the actual stability of different minerals has shown that many
changes in the facies classification are still to be expected. Especially after
the paper by Yoder issued in the Bowen Volume of the American Journal of
Science in 1952, Eskola became worried about the future of the classification,
at that time accepted, according to his mineral facies theory, and he advised
also the present writer to keep the doors open and watch the results of future
experimental work along these lines.

The greatest value of Eskola’s facies theory is that it stands solidly as the
basis for the classification of metamorphic rocks, and that the modern prog-
ress of sciences can only improve and modify but not change it.

GRANITE PROBLEM

After returning from America in 1922, Eskola became more and more
engrossed in the granite problem, which, with advancing age, became more
and more important to him. In early 1940’s, after he had lost his son Matti
in the war, in 1941, he was very much depressed, and his spirits fall still more
in 1944 when the future of Finland during the last year of the war — and
after — sometimes looked dismally uncertain. But even at that time the
granite problem continued to haunt him, and in a letter to V. M. Goldschmidt,
who was at that time in England, Eskola wrote (23 IV 45): »In fact I am
seriously pondering the alternative of retiring for ever. During the present
conditions in many surroundings it would be far more pleasant for me to
devote my remaining years to horticulture and to have the writing of my
long-prepared work upon the origin of granites only as a hobby of the holi-
days!» (As an explanation it may be mentioned here that Eskola had become
deeply interested in horticulture and he had an orchard with 450 apple trees).
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When Eskola began with granites — some time around 1924 — his
scientific attitude was, in his own words (acknowledging speech at the
presentation of the Penrose Medal in 1951): »In the great controversy around
the granite problem I am a magmatist, perhaps largely because I have seen
Bowen at work and, so to say, been soaked with the arguments for the reality
and importance of crystallization from liquid magma, contained in the work
of the Geophysical Laboratory.» Officially, that is, as he stated himself, he
remained a magmatist throughout his life. Especially stiff was his attitude
in the late 1940’s and early 1950’s, as his correspondence with Hans Cloos, of
Bonn, reveals. At that time, C. E. Wegmann, representing the »soaks», wrote
much in the »Geologisches Rundschauwy, edited by Cloos. Eskola did not like
the situation and wrote about this to Cloos, who agreed with Eskola, but, on
the other hand, did not like to bound the freedom of science. Still, on Jan.
3, 1950, he wrote to Eskola: »Wir kénnen uns nicht zu einem einseitigen
Propagandaorgan fiir die Bildung von Granit aus frischer Luft machen lassen»
and asked Eskola for a magmatically oriented paper. Eskola’s answer was
that he was too old and too lazy to engage in scientific polemics here, but he
predicted that some day a reaction against the soaks would come, and that it
was quite the same whether this reaction come during his lifetime or later.
Often, in various connections, he used the names »pontiffsy and »soaks» for
different »camps» of petrologists, and poked fun at them through the satirical
verse on German philosophers by the Swedish poet Gustaf Froding (in a very
freely translated form):

»What’s settled truth in Cambridge and in Oxford
is just a silly joke in Edinburgh.»

His papers on granites do not, however, impress the reader as very
strongly identifying Eskola as a »pontiffy. I should say that he was only
moderately a magmatist — especially when viewed in the light of the papers
of his last years.

Eskola’s first granite papers deal with rapakivi granite. In 1928 he wrote
on the rapakivi rocks at the bottom of the Gulf of Bothnia. The following
year he became interested in orthoclase and microcline in the Finnish granites
and pegmatites. In this connection he reached a conclusion that was actually
far ahead of the time of writing and it did not become really topical again
until about 25 or 30 years later: ».... orthoclase and microcline may also
be almost identical in free energy, and the conversion of one form to the other
is not likely to take place when the transformation point is surpassed. The
change may be achieved on heating, i.e., microcline may be changed to
orthoclase, but a change in the opposite direction can not very well take place
on cooling, unless mechanical deformation increases the mobility of the
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lattices.» Thus Eskola understood that an additional factor was necessary
for the transformation of orthoclase into microcline. He entertained the
concept of a deformation, which he still clung to in his paper on the granulites
of Lapland in 1952, as the required factor. Later on, when the present author
proposed time as such a factor — i.e., sluggish crystallization — Eskola did
not contradict this possibility.

Eskola’s first — and really important — contribution to the granite
problem came in 1932. Entitled »On the Origin of Granite Magmas,» this
paper proposed to divide the Finnish granites into three different magma-
tectonic types. His starting point was magmatic, but (p. 474): »It is of course
difficult and in many cases it will probably always be impossible to tell
exactly to what extent truly juwenile ichors, derived by squeezing out or
by some other way of differentiation from the magma, have been added to
the palingenic magma in any particular case.» As a matter of fact, he described
all granites accompanied by but small amounts of basic rock types, or those
entirely sterile in ore minerals, as being largely or entirely palingenetic. In
this paper of 1932, Eskola still postulated a juvenile magmatic origin for his
synkinematic granites. Regarding late kinematic granites he wrote (p. 477):
».... In their composition (they are) close to the final stage of crystalli-
zation differentiation (and represent) very uniform potash-rich granites,
though frequently containing almandite or cordierite, which are perhaps
remains of original sedimentogeneous rocks that have never been entirely
dissolved. .... These granites would seem to be largely palingenetic.» It is
highly interesting to note that despite Eskola’s continuously repeated state-
ments about his being himself strictly magmatically minded, he was up to
the last years of his life quite prepared to weigh new ideas, and also to
reconsider what he had said in his earlier paper. Thus, one reads with admi-
ration what he wrote on the same two groups of granite two decades later.
In 1955, in his »About the Granite Problem and Some Masters of the Study
of Granite», p. 129: »Today I must . ... admit that there may be no synkine-
matic ideal granites of original bulk composition in Finland», and that »among
the late kinematic granites, where the typical eutectoid ideal granite compo-
sition is common, metasomatic types with preserved ghostly relics or old
design of stratification are fairly common.» But: »There are probably always
portions, mixed with rocks of the metasomatic mode of origin by replacement,
that have had a liquid phase from which the crystallization has taken place
in a truly magmatic way.» This concession to the metasomatic school was
made when Eskola was already 72 years old! Certainly this change of view
was not easy for him, but he accepted it because new observations and
theoretical considerations forced him to do so; and that is something which
enhances his greatness as a scientist! Still later, Eskola (1960) seemed to have
abandoned the name late kinematic using instead the term »serokinematicy.
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Actually in close connection with his work on granite problems, there
arose several other problems, among which the development of the theory on
»metamorphic differentiation» warrants first mention. The term »metamorphic
differentiation» had been used some years earlier by F. L. Stillwell. Eskola
introduced the same term independently, however, but gave credit to Still-
well in 1933. In the light of this principle Eskola explained the formation of
veined gneisses. The fact of some of them having been previously designated
as injected gneisses could, according to Eskola, be likewise explained on the
basis of metamorphic differentiation, together with certain bands or schlieren
of eclogite rocks, some of which consisted of garnet, the others again entirely
of chloromelanite or jadeite. Eskola also considered possible the extraction
and redeposition of the most soluble substances.

As a further development of metamorphic differentiation is the differ-
ential anatexis, which Eskola embraced after Goranson’s work on the remelt-
ing of granites. The results are used by Eskola in explaining certain veined
gneisses in migmatites as well as of minor aplitic masses.

To certain extent connected with his granite problem, is the discussion
on the domes. In 1941, when reviewing late Erkki Mikkola and his contri-
butions to the geology of Finland, Eskola discussed the dome of Mustio,
mapped by Erkki Mikkola, as well. He wrote: »Die Entstehungsweise solcher
Tumoren ist noch unklar, am wahrscheinlichsten erscheint mir, dass sie Mag-
madiapire ohne entblosste Plutonmassen darstellen.» Simultaneously Eskola
concluded, however, that in the most parts of Finland, the granitization has
led to the formation of microcline-granitic rocks of comparatively constant
composition. In 1951, Eskola explained the formation of mantled domes of
Pitkdranta as follows: »Granitization under addition of much potash and
increase of volume has altered especially the marginal parts and made ancient
intrusive masses well up into domes.» Next year he adds: »In domes that have

‘not been granitized, the upheaval may be due to tectonic causes alone,» and
that the granitization may be independent of the amount of tectonic move-
ment though contemporaneous with it, as Eskola wrote already in 1949.

GEOLOGY OF FENNOSCANDIA

Notwithstanding the fact that Eskola started his university studies by
major in chemistry and also graduated as a chemist, he kept before his mind’s
eye from the very beginning that goal he had set for himself — that he would
be a geologist. Therefore he set out early to do geological field work. In 1904
he worked in northern Finland, the next summer in southern Karelia as well
as in southwestern Finland, where he focussed his attention on rapakivi. In
1906 he visited Swedish Lapland and northern Norway. In 1907 he went down
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to Germany, but in 1908 he started his investigations of the Orijirvi region,
continuing them until 1913. In 1914 he was in Transbaikalia, Russian Asia,
searching for radium: but as a result of this field work he published at a much
later date however, an excellent petrological desription and also a report on
his observations bearing on Quaternary geology. After working in 1915 on
Finnish limestone occurrences, he undertook in 1916 extensive field investi-
gations in East (Russian) Karelia, which continued into the following year.
He made his first visit to this area, however, as early as 1909. He was to
return to these investigations 25 years later with the assistance of several
pupils who were there during the war in 1942 and 1943, as Finnish army
officers. I personally especially remember one such trip to study the volcanic
rocks of the so-called Suoju-complex, which Eskola had visited in 1917, too.
On this trip, a military escort was put at Eskola’s disposal because the area
visited was not very safe!

All the experiences gained on his various geological expeditions built up
for Eskola an excellent background to promote interest in the general geology
of Fennoscandia. Furthermore, in 1924 he became professor of mineralogy
and geology. In this capacity, he had to carry on the traditions of his teacher
Wilhelm Ramsay. In addition, he had great capacity for discussing large
questions. For instance, in his first strictly scientific paper »On Phenomena
of Solution in Finnish Limestones and on Sandstone Filling Cavities», issued
in 1913, he described the limestone of Illo, containing cracks and cavities in
which sandstone had been left behind. On this basis, involving at first glance
a simple phenomenon, he was still prepared to draw the following conclusions
(p. 50): »There has never been any advanced chemical weathering in the pre-
Cambrian rocks of this area during post-Cambrian periods. .... In post-
Cambrian times the area had never been raised to any considerable height
above the level of the sea. .... In post-Cambrian times the area was never
covered by very thick beds of sedimentary formations.»

In the field of the regional geology of Finland, during the Eskola’s youth,
J. J. Sederholm was the strong man of geology. The leading expert on East
Karelia was Wilhelm Ramsay. The latter had found there a contact between
a schist and an overlying quartzite and explained it as an unconformity be-
tween an older, Kalevian, and a younger, Jatulian formation. J. J. Sederholm
had accepted this division and applied it to the whole of eastern and northern
Finland. Sederholm’s division was chiefly based upon the grade of meta-
morphism. He concurred with L. V. Pirsson, who had postulated that older
rocks are more likely to be strongly metamorphized than younger ones. The
year 1916 found Eskola demonstrating, however, that the so-called Kalevian
schist and Jatulian quartzite were really conformable horizons of one forma-
tion and that the schistosity of the former was due only to its incompetent
character. Thus he reached conclusions similar to those arrived at a year
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earlier by his lifetime-long friend Eero Mékinen in the western part of central
Finland. Eskola concluded that the grade of metamorphism of rocks has
nothing to do with their age, and he named the whole formation in question
Karelian, which was known to rest unconformably upon the older Precam-
brian. This re-interpretation was accepted by Ramsay, but vigorously rejected
by Sederholm. Many hot disputes on this and other Precambrian age problems
took place between Eskola and Sederholm around 1920. Finally, probably
thanks to C. E. Wegmann’s intervening with additional evidence, Sederholm
gave up. The term »Karelian» was used for the first time in print in 1921 —
appearing in the elementary texbook on geology, mineralogy and crystallo-
graphy written by Eskola. Later on, the new name for the combined forma-
tion was generally and everywhere accepted and adopted. Recalling happen-
ings of 1920—1924, Eskola wrote to Hans Cloos in a letter dated 18 IV 1944:
»Ich war wirklich fiir Sederholm ein’malus spiritus’, der ihm plagte.»

In his old age, Eskola was obliged to take part in trying to solve a new
puzzle connected with the Precambrian stratigraphy of Fennoscandia, and
his »Karelian» became involved again. The rocks of western and southern
Finland have always been considered as older than those of eastern and
northern Finland, where the Karelian formation mainly occurs. The older
ones have been subdivided into Svionian and Bothnian, but in 1909 Ramsay
combined them into a single Svecofennian or Svecofennidic folded zone. Thus,
in the southern part of Fennoscandia there mainly existed older Svecofennidic
and in the north and east younger Karelidic formations and folded zones.
When in the 1950’s, absolute ages became more and more available, it was
found — principally due to the work of Russian geologists, notably Polkanov
and Gerling, of Leningrad — that both the Svecofennidic and the Karelidic
rocks are of more or less the same age, roughly 1800—1900 m.y. Consequently,
both supposed orogenies, foldings, may be of the same age — the same
orogeny. Both Russian and Finnish younger geologists became more and
more skeptical about the correctness of the division into Svecofennidic and
Karelidic, especially because the drawing of boundaries between these two
had actually never been successful.

Eskola considered the fresh facts very seriously and brought up the possi-
bility of a rejuvenation of Svecofennidic rocks as the result of a younger oro-
geny, thereby explaining the discrepancy between absolute ages and geology.
Furthermore, he challenged the younger geologists to enter a scientific debate
with him, which took place in the pages of the newsletter of the Geological So-
ciety of Finland, »Geologi», which is mainly written in Finnish. This took place
in 1958. After that he became, perhaps, a bit calmer. To the present writer he
said, however: »Your arguments cannot stand. It would be easy to reject
them.» Still, when Ahti Simonen, one of his students, too, lectured at Gott-
ingen on March 9, 1962, in the presence of Eskola, and mentioned that the
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Svecofennides and Karelides should probably be bound together, Eskola took
the floor in opposition contending that any statements in this matter are
premature and that we must first learn more about rejuvenation. At any rate,
he later became less rigid in this controversy. Just a year before his death,
in 1963, there appeared Eskola’s last major work on geology, »The Precam-
brian of Finland.» It was a work written by a man who had celebrated his
80th birthday. In this paper he gave full credit to the stratigraphy of Finland
and also discussed the absolute ages mentioned. He still held reservations
concerning the possible regeneration of minerals, thus invalidating the abso-
lute age determinations. He did not categorically deny the conclusions of
younger men, but: »The number of radioactive datings of Finnish rocks is
still too small to allow any sure age classification of the rock systems.» In this
Eskola was perfectly right. Still we, or most of us, believe that Svecofennian
and Karelian go together, but as yet we have failed to produce any actual
proof. We have only much evidence in favour of the new ideas! The question
is still open to dispute. In his very last paper, written for the 70th anniversary
of Carl W. Correns, and issued in 1964, Eskola agreed, however, to accept both
orogenies as simultaneous: »Eine besonders gewaltsame Revolution war die
Karelidisch-Svekofennidische Orogenese um 1800 Mill. Jahre vor unserer
Zeit. Sie hat die ganze Fennoskandien und grosse Areale der russischen Platte
betroffen und die Bildung der meisten Granite und anderen Eruptivgesteine
veranlasst.»

THE EVOLUTION OF LIFE

Since the 1890’s in Finland J. J. Sederholm had been an enthusiastic and
victorious advocate of the actualistic principle, while in Sweden more scepti-
cal or antiactualistic views lingered to some extent up to the beginning of the
1930’s. Eskola also became interested in this problem, and he wrote in the
introduction of his paper »Conditions during the Earliest Geological Times as
Indicated by the Archaean Rocks» (1932, p. 7): »Some of the old questions
still wait to be answered and new questions have been raised: How far can the
actualistic mode of origin be traced back in the Archaean series? Of what kind
are the oldest rocks? .... The physical conditions having not been uniform
through the ages, but showing cyclic changes following the alternation of
orogenic and anorogenic periods, it may be asked for closer details of the
characteristics of the climate witnesses, or the indicators of physiographic
conditions during the Archaean periods.» Eskola also asked a physicist, Risto
Niini, to make a theoretical study to determine whether the oldest Archaean
rocks could have originated either before the condensation of water was
completed or immediately after. Eskola also discussed the Precambrian
graphite-bearing schists, deducing that they must originally have been suba-



Suomen Geologinen Seura. N:o 37. Geologiska Sillskapet i Finland. XXXVII

quatic sediments, and that organic life may have existed in the waters from
which they were deposited. He further suggested that these schists comprise
bituminous shales formed in the same way as recent bituminous muds in deep,
closed basins.

The discussion on the conditions prevailing during earliest geological times
led Eskola to the problems of the evolution of these conditions and of life.
Somewhat earlier, in a paper written in Finnish, Eskola had discussed human
life (1931, p. 16): »Not only has the evolution of domesticated animals and
cultivated plants been guided along entirely new lines, but even wild organic
life is under man’s direct or indirect control. In quite a special way the
consequences of rational control, whether social or individual, influence
human evolution. The evolution of civilized man in modern communities has
already deviated from natural life. Man has taken the reins of his evolution
into his own hands and he cannot possibly any longer withdraw from respon-
sibility for its direction.» Eskola subsequently turned his attention in many
connections to a similar matter: Man is influencing the recent geological
processes. He does it like an anarchist disturbing normal evolution.

After that Eskola certainly worked a great deal on these questions but
wrote very little, and when he did, it was in Finnish. He did a considerable
amount of reading during this period, especially in the late 1940’s, and he
often remarked that it was necessary to read so much though time was
running short. He was searching for his own cosmogony, for the truth of the
natural world, his picture of the world. »One has to consider the science of
life, as well as biology, biochemistry, the laws of heredity and of evolution,
geology and astronomy», he wrote in one of his textbook in Finnish. Some-
times, however, he was in doubt whether these sciences should be studied
by him, a geologist. Should not a shoemaker stick to his shoes? In 1952 Eskola
was ready to present the results of his search, and he did it in the form of a
lecture series for students. This was the subject of his last lectures at the
University of Helsinki, in the capacity of ordinary professor of geology and
mineralogy. Then he became emeritus. He repeated these lectures in a revised
form in 1954 at the Labor Academy, and in the same year published them as
a book in the Finnish language. In it: »I tried to include my conception of the
world in the form in which it had crystallized in my mind at the end of the
seventh decade of my life», as he wrote in the introduction. (In hislater days,
his daughter tells, Eskola prepared everything clearly in his mind before he
started to write). In my opinion it isreally a pity that this book has appeared
only in Finnish and Swedish. It includes an excellent review of all the
sciences necessary for the construction of such a picture as Eskola was search-
ing for, and the reader is struck by the enormous knowledge Eskola had to
absorb before being able to write his book. This is not the place to review his
picture of the world. Its characteristic feature is humility, which is possible
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only to a scientist who has gone through the whole evolution of his learning,
has striven to solve the problems of nature and life basing strictly in the light
of the sciences but finally halted at the point where knowledge fails to allow
further progress: »The scrutiny of nature does not conjure up anything like
a 'miracle’ deviating from the common laws, nor any ’life force’, even if the
expediency and harmonious accomodation of different evolutionary directions
are most astonishing, as for instance in the case of the development of the
faculty of vision. The fact that the features of organic life, if separated from
all the other phenomena, do not obey the law of enthropy can be explained
on the basis of the character of both these features and enthropy itself.»

»In any case, we can find guidance in Nature. The Almighty Creator has
been able to make his laws fit His purposes.»

Eskola closed his book with the following words: »In the future, science
will face tasks involving more and more responsibility and ever greater de-
mands. Controlling the energies of Nature will be a comparatively easy task
compared with what the future holds in store, that is when man must learn
to govern his own nature.»

THE EPIC OF LIFE

Despite the fact that Eskola maintained his vital scientific activity almost
to the very last days of his life, and thereby kept himself strict and exact and
always prepared to learn new ideas and experiences — even, if necessary, at
the cost of changing his own old opinions — he simultaneously delved into
philosophical problems, especially the problems of life itself, and into ques-
tions to which the sciences failed to provide answers. Eskola was planning to
write a work to be titled »The Epic of Life», but he never got the opportunity
to realize the project. In a letter to Dr. A. Streckeisen of Bern, who had writ-
ten a book about the origin of Man, Eskola observed: »Ganz besonders inter-
essierte mich Thr Manuskript »Vom Ursprung des Menschen», weil ich etwa
seit 2 Jahren mit einem verwandten Thema beschédftigt bin, aber leider bis
jetzt nur einige wenige Seiten geschrieben hade. Als Titel schrieb ich *The
Epic of Life.” Das erste Kapitel soll den Ursprung des Lebens behandeln. Zum
primitiven Leben gehort u.a. unser Corycium aenigmaticum. Die Lebens
Entwicklung, und besonders die Bedeutung des Christentums dafiir. Zuletzt
die Aufblicke fiir die Zukunft.» At Eskola’s funeral, Toivo Tarkka, the offici-
ating minister, concluded that actually »In Quest of a Picture of the World»,
the book referred to in the foregoing, was in itself such a work. This is a view
all of us probably would more or less agree with.

To trace the development of Eskola’s philosophy of life, or to discover
how he arrived at this stage in his scientific work, is entirely beyond the ca-
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pacity of the present writer. Therefore, just a few glimpses across the path
of his life must suffice here. Possibly they can give us some hints on these
questions.

In his memorial address, Vdiné Auer characterized Eskola at the begin-
ning of our century as »an angry young man, who sharply critized the teaching
system of the University at that time.» This may be applied to his attitude
toward his own scientific work as well. It is only natural that he simulta-
neously criticized the church and its limiting influence upon the natural
sciences in the past. He joined those who attempted to explain all natural
and supernatural problems in the light of scientific laws. And his wife, Mandi
Eskola, also a scientist, shared her husband’s views. Yet they did not object
when in 1935 their daughter decided to rejoin the church. Eskola was quite
tolerant of the convictions of other people.

But Eskola grew continuously as a scientist. He constantly wrestled with
problems that failed to obey the laws he knew. His son was killed at the front
in 1941, and he was profoundly worried about the destiny of his country.
This is reflected by his correspondence in 1944 with Hans Cloos, who vigor-
ously tried to cheer Eskola up and bring him back to a more optimistic out-
look. In 1947 his beloved wife was stricken with a serious illness and Eskola’s
personal burden constantly grew heavier. Perhaps these happenings had a
bearing on his turning more and more to philosophic questions, perhaps not.
He never opened himself in these matters even to his family. But it is equally
possible that he also reached the stage as a scientist where he realized the ne-
cessity of seeking something transcending the laws he knew from the sciences.

It is almost impossible to say when he went back to the religion. It was
his wife who, confined to bed, first wanted to talk with a minister. On Dec.
21, 1950, Eskola’s home received a clergyman Sigfrid Sirenius for the first
time. He was an elderly Lutheran pastor, who became very close friend of
Eskola’s. They had intimate and ceaseless conversations, mostly on religious
problems. When already mortally sick, Eskola once said: »One must extend
a warm hand to one’s neighbour.» Ethical responsibility became a mental
habit of his. This aspect of Eskola’s character became especially conspicuous
to most of the Finnish people through the correspondence, published in two
books, Eskola and Sirenius carried on with a young man named Rolf Arnkil,
who was bedridden and condemned to an early death. This correspondence
started in 1960. Arnkil lived as long as he did only because of his extremely
strong will, greatly strengthened by his serious attitude to the problems of
life. He also drew strength from the encouraging letters he received from
Eskola and Sirenius which also probed the depths of these questions. This
exchange of letters continued after the death of Sirenius.

As for Eskola himself, these letters at last laid bare his attitude towards
the basic questions of life. There is something fateful and dramatic in the
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circumstance that Rolf Arnkil died only two days after Eskola, and the last
letter he could read was also the last letter dictated by Eskola to his daughter.
It contained only two words: »Dear Arnkily. The end of Eskola’s life marked
the end of the career of a great scientist. He passed away on the 6th of De-
cember, 1964, Finland’s Independence Day.

The most suitable words to close this memorial, so as simultaneously to
give full credit to Eskola as a scientist and as a man, are those expressed by
Toivo Tarkka at his funeral service: »It is common for a great man to speak
either to a large mass of people or around the globe, but he does it only by
confining himself to his own special subjects. Today many scientists from all
parts of the world follow Pentti Eskola in their minds to his last resting place.
But that he should also be followed by a mass of people who know very little
about what Eskola had done as a scientist is much less common, but they
remember full of thanksgiving his sincere strivings to find the truth behind
the basic issues of life.»

Viadi Marmo
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Yhd. tiedonant./Medd. Geol. Foren. i Helsingfors, 1921—1923, p.
38—39.

Ontarion prekambrimuodostuksista [English abstract]. Helsingin
Geol. Yhd. tiedonant./Medd. Geol. Foren. i Helsingfors, 1921—1923,
p. 39—45. — Reprint of the same, titled »On the Huronian of the north
shore of Lake Huron, Ontario». 6 p. Forssa.

Yleistajuinen geologia. 121 p., illus. Werner Séderstrom Oy, Porvoo.

On the petrology of eastern Fennoscandia. 1. The mineral devel-
opment of basic rocks in the Karelian formations. Fennia 45, N:o 19.
93 p., illus.

Ala-Satakunnan kallioperusta. Satakunta, Kotiseutututkimuksia 5,
p. 297—334, illus.

Selostus Ivalojoen alueella 192425 tehtyjen kultatutkimusten
tuloksista. Tekn. Aikl., Vsk. 15, p. 263—272, illus.

Ivalojoen kullasta. Suomalainen Tiedeakatemia. Esitelmit ja Poyti-
kirjat 1925, p. 51—56.

Nykyaikaisia kéasityksid maapallon sisuksesta. Toinen Madrdaikainen
Tutkijainkokous 11—14. 1. 1926, I, p. 120—129. Helsinki.

Lounais-Suomen kivien jddkaudenaikaiset matkat. Satakunta 6, p.
30—36.
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1928

1929

1930
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Petrographische Charakteristik der kristallinen Gesteine von Finn-
land. Fortschr. Mineral., Krist. u. Petrogr., Bd. 11, p. 57—108, illus.

Jénisjérvi ja Lappajéirvi; Suomen »tulivuorijirvety. Summary: Lakes
Jénisjarvi and Lappajarvi; The »volcano lakes» of Finland. Terra, 39.
vsk., p. 1—S8, illus.

Liikkuvat vuoret ja magma [Abstracts in Finnish and Swedish].
Terra, 39 vsk., p. 149—151.

On rapakivi rocks from the bottom of the Gulf of Bothnia. Fennia 50,
N:o 27. 29 p., illus.

On the occurrence of orthoclase and microcline in the Finnish granites
and pegmatites. C. R. Soc. Géol. Finlande 1, p. 54—58. — A4lso Bull.
Comm. géol. Finlande N:o 85, p. 54—58.

On the role of pressure in rock crystallization. C. R. Soc. Géol.
Finlande 1, p. 77—88. — Also Bull. Comm. géol. Finlande N:o 85,
p. 77—88.

Om mineralfacies. Geol. Foren. i Stockholm Forh., Bd. 51, p. 157—
172.

Beobachtungen iiber die Glazialbildungen in der Gegend der Was-
serscheide zwischen dem Bargusin und der oberen Angara in Trans-
baikalien. C. R. Soc. Géol. Finlande 2, p. 37—57, illus. — Also Bull.
Comm. géol. Finlande N:o 87, p. 37—57.

R. Staubin mannerliikuntoteoria. Summary: R. Staub’s theory of
continental drift. Terra, 41. vsk., p. 104—113, illus.

with AARNE La1TAKARI. Yleisimpien mineraalien tuntomerkit. 3. uud.
painos. 27 p. Werner Séderstrom Oy, Porvoo—Helsinki. [4th edition
1939; 5th edition 1946; 6th edition 1951]

On the disintegration of rapakivi. C. R. Soc. Géol. Finlande 3, p.
96—105, illus. — Also Bull. Comm. géol. Finlande N:o0 92, p. 96—105.

On the rocks of the Upper Bargousin and Namama regions in Trans-
baikalia. C. R. Soc. Géol. Finlande 3, p. 106—140, illus. — A4lso Bull.
Comm. géol. Finlande N:o 92, p. 106—140.

Rapakiven moroutumisesta; Vanhoja ja uusia tutkimuksia. Sum-
mary: On the disintegration of rapakivi. Terra, 42. vsk., p. 151-176,
illus.
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with TH. G. SAHLSTEIN. On astrophyllite-bearing nephelite syenite
gneiss found as a boulder in Kiihtelysvaara, eastern Finland. C. R.
Soc. Géol. Finlande 3, p. 77—388, illus. — Also Bull. Comm. géol.
Finlande N:o 92, p. 77—88.

with Tu. G. SasrsteiN. Uber die unvollkommene Ausléschung
einiger Amphibole. C. R. Soc. Géol. Finlande 3, p. 106-—140, illus.
— Also Bull. Comm. géol. Finlande N:o 92, p. 106—140.

IThmisen valta-aika geologisen kehityksen asteena. Summary: Age
of Man as a stage of geological evolution. Terra, 43. vsk., p. 1—16,
illus.

Maapallon 6ljyseudut. Summary: The oil fields of the world. Terra,
43. vsk., p. 92—103, illus.

with BROR ASKLUND, GUSTAF TrROEDSSON and MATTI SAURAMO.
3rd edition of »Geologiens grunder» by Wilhelm Ramsay. Pt. 1,
400 p., illus. Pt. 2, 481 p., illus. Holger Schildts Forlag, Helsingfors.

Conditions during the earliest geological times as indicated by the
Archaean rocks. Ann. Acad. Scient. Fennicae, Ser. A, Tom. 36, N:o
4. 74 p., illus.

On the origin of granitic magmas. Mineral. Petrogr. Mitt. (N. F.), Bd.
42, p. 455—481.

On the principles of metamorphic differentiation. C. R. Soc. Géol.
Finlande 5, p. 68—77. — Also Bull. Comm. géol. Finlande N:o 97,
p. 68—171.

Kevojoen kuru, Suomen »Suuri Kanjoni». Summary: The gorge of
Kevojoki, the »Grand Canyony of Finland. Terra, 44. vsk., p. 178—
186, illus.

Muuttuva maapallo. 422 p., illus. Werner Séderstrom Oy, Porvoo.

Die geologische Entwicklung der Erde und das psychozoische
Zeitalter. Sitz.ber. Finn. Akad. Wiss. 1931, p. 35—52. [Finnish
edition 1932]

Tausend Geschiebe aus Lettland. Ann. Acad. Scient. Fennicae, Ser A,
Tom. 39, N:o 5. 41 p., illus.

On the differential anatexis of rocks. C. R. Soc. Géol. Finlande 7, p.
12—25. — Also Bull. Comm. géol. Finlande N:o 103, p. 12—25,
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On the chrome minerals of Outokumpu. C. R. Soc. Géol. Finlande 7,
p. 26—44, illus. — Also Bull. Comm. géol. Finlande N:o 103, p.
26—44.

The term »Metamorphic Differentiation» first proposed by F. L.
Stillwell. C. R. Soc. Géol. Finlande 7, p. 45—46. — Also Bull. Comm.
géol. Finlande N:o 103, p. 45—46.

Eine Bemerkung zur Mineralfazies des Archéidikums. C. R. Soc. Géol.
Finlande 7, p. 47—48. — Also Bull. Comm. géol. Finlande N:o 103,
p. 47—48.

Uber die Bottenmeerporphyre. C. R. Soc. Géol. Finlande 8, p. 111—
127, illus. — Also Bull. Comm. géol. Finlande N:o 104, p. 111—127.

Prehnite amygdaloid from the bottom of the Baltic. C. R. Soc. Géol.
Finlande 8, p. 132—143, illus. — Also Bull. Comm. géol. Finlande
N:o 104, p. 132—143.

A note on diffusion and reactions in solids. C. R. Soc. Géol. Finlande
8, p. 144—156. — Also Bull. Comm. géol. Finlande N:o 104, p.
144—156.

Malminetsinnéstd ja malmityypeistd. Summary: On the ore pros-
pecting and the ore types. Terra, 47. vsk., p. 129—146.

Kuhmoisten zeoliittiesiintyméa ja sen mahdollinen suhde Péaijanteen
murroslaaksoihin. Summary: An occurrence of zeolite in the parish
of Kuhmoinen, Central Finland, and its possible relation to the
fracture lines in the basin of Lake Péijanne. Terra, 47. vsk., p.
171—178, illus.

A paragenesis of gedrite and cummingtonite from Isopéé in Kalvola,
Finland (with a contribution by Tauno Kervinen). C. R. Soc. Géol.
Finlande 9, p. 475—487, illus. — Also Bull. Comm. géol. Finlande
N:o 115, p. 475—487.

Wie ist die Anordnung der dusseren Erdsphiren nach der Dichte
zustande gekommen? Geol. Rundschau, Bd. 27, p. 61—73.

J. J. Sederholm als Bahnbrecher der prikambrischen Geologie. Geol.
Rundschau, Bd. 27, p. 293—297.

Uber die wissenschaftlichen Forschungsanstalten und Museen. Sitz.
ber. Finn. Akad. Wiss. 1934, p. 95—97. [Finnish edition 1935]

Loenin vuorensytksy. Summary: Mountain slip at Lake Loen. Terra,
48. vsk., p. 193—197, illus.
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Forhallandena pa jordytan under de édldsta geologiska tiderna.
Pohjoismainen (19. Skandinaavinen) Luonnontutkijain kokous
Helsingissa elok. 11-—15 pnid 1936/Nordiska (19. Skandinaviska)
Naturforskarmotet i Helsingfors den 11—15 Aug. 1936, p. 145—153.

Om diabaspegmatiterna pa on Séppi. Ibid., p. 401—403.

Nagra synpunkter i fragan om magnesia metasomatos. Ibid., p.
404—406.

Magnesia-metasomatism and the lamprophyric rocks. Internat.
Geol. Congress, 17th session, U. S. S. R. Abstracts of papers, p. 118.

Meteorikraatereista. Summary: On meteor craters. Terra, 49. vsk.,
p. 45—58, illus.

with UrHO VuorisTo and KALERvVO RANKAMA. An experimental
illustration of the spilite reaction. C. R. Soc. Géol. Finlande 10, p.
61—68. — Also Bull. Comm. géol. Finlande N:o 119, p. 61—68.

On the esboitic crystallization of orbicular rocks. J. Geol., Vol. 46, p.
448485, illus.

Prikambrium. Geologische Jahresberichte ... hrsg. von S. v. Bub-
noff, Bd. 1, p. 345—359.

Suomen rauta. Summary: The iron in Finland. Suomen Kemistil.,
11. vsk., A, p. 43—45.

with EEro NieMINEN. The quartzite area of Tiirismaa near Lahti.
C. R. Soc. Géol. Finlande 12, p. 29—45, illus. — Also Bull. Comm.
géol. Finlande N:o 123, p. 29—45.

Die metamorphen Gesteine. In »Die Entstehung der Gesteine; Ein
Lehrbuch der Petrogenese» by Tom. F. W. Barth, Carl W. Correns
and Pentti Eskola, p. 263—407, illus. Julius Springer, Berlin. [ 2nd
printing 1960]

Kiteet ja kivet. 360 p., illus. Werner Soderstrom Oy, Porvoo—Hel-
sinki.

Waldemar Christofer Brogger. Die Naturwiss., Jg. 28, p. 617—619,
illus.

Dr. Erkki Mikael Mikkola. Geol. Rundschau, Bd. 31, p. 97—98.

Einfithrung [des Finnlandheftes der Geologischen Rundschau]. Geol.
Rundschau, Bd. 32, p. 401—414, illus.
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Erkki Mikkola und der heutige Stand der priakambrischen Geologie
in Finnland. Geol. Rundschau, Bd. 32, p. 452—483, illus.

Die geologische Organisation in Finnland. Geol. Rundschau, Bd. 32,
p. 699—700.

Geologisch wichtige Worter der finnischen Sprache. Geol. Rund-
schau, Bd. 32, p. 701—702.

Prikambrium. Geologische Jahresberichte ... hrsg. von S. v. Bub-
noff, Bd. 3, p. 11—23.

Erkki Mikkola. C. R. Soc. Géol. Finlande 14, p. xiv-xxiii, illus. —
Also Bull. Comm. géol. Finlande N:o 126, p. xiv-xxiii.

Itd-Karjalan kallioperiistd. Referat: Uber den Felsgrund Ost-
Kareliens. Terra, 53. vsk., p. 171—193, illus.

Kuvia ja kuvauksia matkoilta Itd-Karjalassa. Referat: Bilder und
Schilderungen von Reisen in Ost-Karelien. Terra, 53. vsk., p. 231—
254, illus.

Ein natiirliches System der Mineralien. C. R. Soc. Géol. Finlande 15,
p. 179—183. — Also Bull. Comm. géol. Finlande N:o 128, p. 179—
183.

Kohlenstoff, Sauerstoff und Leben der Erde. Sitz.ber. Finn. Akad.
Wiss. 1939, p. 80—83, illus. [Finnish edition 1940]

Waldemar Christofer Brogger 1851—1940. Nachruf, gehalten am
9. XI. 1940. Sitz.ber. Finn. Akad. Wiss. 1940, p. 86—92, illus.
[Finnish edition 1941]

Kidetieteen, mineralogian ja geologian alkeet. 3. uud. painos. 312 p.,
illus. Werner Soéderstrom Oy, Porvoo—Helsinki.

Kern und Schichten der Erde. Sitz.ber. Finn. Akad. Wiss. 1945, p.
218—228, illus. [Finnish edition 1946]

Kristalle und Gesteine. Ein Lehrbuch der Kristallkunde und allge-
meinen Mineralogie. 397 p., illus. Springer-Verlag, Wien. [Finnish
edition 1939]

Om Finlands gra;,niter. Geol. Foren. i Stockholm Foérh., Bd. 68,
p. 473—474.

Yld-Satakunnan kallioperusta ja Ylojarven kuparimalmi. Satakunta
13, p. 1—24, illus.
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Uber die Geologie Ost-Kareliens. Geol. Rundschau, Bd. 35, 154—165,
illus.

Atomit ja kiteet. 224 p., illus. Tammi, Helsinki

The problem of mantled gneiss domes. Quart. J. Geol. Soc. London,
Vol. 104, p. 461—476, illus.

The mica of the moro. C. R. Soc. Géol. Finlande 22, p. 113—116. —
Also Bull. Comm. géol. Finlande N:o 144, p. 113—116.

The nature of metasomatism in the process of granitization. Internat.
Geol. Congress, 18th session, Great Britain 1948, Pt. 3, p. 1—9.

Paragenesis of cummingtonite and hornblende from Muuruvesi,
Finland. Amer. Mineralogist, Vol. 35, p. 728-—734.

Glimpses of the geology of Finland. Manchester Geol. Assoc. J.,
Vol. 2, p. 61—79.

Orijarvi re-interpreted. C. R. Soc. Géol. Finlande 23, p. 93—102,
illus. — Also Bull. Comm. géol. Finlande N:o 150, p. 93—102.

Around Pitkidranta. Ann. Acad. Scient. Fenn., Ser. A, 111, 27. 90 p.,
illus.

Muuttuva Maa. 2. painos. 441 p., illus. Werner Soderstrom Oy,
Helsinki.

On the granulites of Lapland. Amer J. Sci., Bowen Volume, Pt. 1,
p. 133—171, illus.

A discussion of domes and granites and ores. C. R. Soc. Géol. Finlande
25, p. 125—144, illus. — Also Bull. Comm. géol. Finlande N:o 157,
p. 125—144.

The problems of the beginning of the Earth and the Universe.
Sitz.ber. Finn. Akad. Wiss. 1951, p. 93—95. [Finnish edition 1951]

with AARNO JUURINEN. Fluoborite from Pitkaranta. C. R. Soc. Géol.
Finlande 25, p. 111—114. — Also Bull. Comm. géol. Finlande N:o
157, p. 111—114.

The granite problem and the dyke rocks. Congrés géol. internat.,
19¢éme session, Alger 1952. Comptes Rendus, Fasc. VI, p. 169.

Die bothnische Formation im finnischen Grundgebirge. Geol.
Rundschau, Bd. 41, Sonderband, p. 11—20, illus.
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Malmien synnystd. Summary: On the genesis of ores. Vuoriteollisuus-
Bergshanteringen 1953, N:o 1, p. 14—18.

Radioaktiivisen kaliumin osuus Maan atomienergian tuottoon.
English title: The role of radioactive potassium in the production of
atomic energy in the Earth. Suomen Kemistil., 26. vsk., A, p.
103—105.

A proposal for the presentation of rock analyses in ionic percentage.
Ann. Acad. Scient. Fennicae, Ser. A, 111, 38. 15 p.

Ein Lamprophyrgang in Helsinki und die Lamprophyrprobleme.
Tschermaks Mineral. Petrogr. Mitt. (3. F.), Bd. 4, p. 329—337. illus.

Om indelningen av Finlands granitiska bergarter. Geologi, 6. vsk.,
p. 36—37.

Silikoneista. Summary: Silicones. Tekn. Kemian Aikl., 11. vsk., p.
139—142.

Maailmankuvaa etsiméssd. 308 p., illus. Werner Soderstrom Oy,
Porvoo—Helsinki.

with OrLavi RENKONEN. Lukion maantiede. 128 p., illus. Otava,
Helsinki [2nd printing 1957]

About the granite problem and some masters of the study of granite.
C. R. Soc. Géol. Finlande 28, p. 117—130, illus. — Also Bull. Comm.
géol. Finlande N:o 168, p. 117—130.

Eero Mikinen. Memorial address; delivered 15. 1. 1954. Sitz.ber.
Finn. Akad. Wiss. 1954, p. 31—41, illus. [Finnish edition 1955]

Maapallon ja elimén kemiallinen kehitys. English title: The chemical
development of the Earth and life. Suomen Kemistil., 28. vsk., A,
p. 163—167.

Maailmankuvamme perusteet. Luonnontutkimuksen historia ja
uudet oivallukset. 288 p., illus. Werner Séderstrom Oy, Porvoo—
Helsinki.

On the geological eras and the factors controling organic evolution.
Verh. Koninkl. Nederl. Geol.-Mijnbouwk. Genootschap, Geol. Ser.,
Deel 16, p. 84—91, illus.

Postmagmatic potash metasomatism of granite. C. R. Soc. Géol.
Finlande 29, p. 85—100, illus. — Also Bull. Comm. géol. Finlande
N:o 172, p. 85—100.
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1960

1961
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Peruskallion ikd. Summary: Age of the bedrocks. Terra, 68. vsk.,
p. 101—111.

Einige Altersprobleme des fennoskandischen Grundgebirges. Neues
Jb. Miner., Abh., Bd. 91, p. 213—222.

On the mineral facies of charnockites. J. Madras Univ., B. 27, p.
101—119.

Kidetieteen, mineralogian ja geologian alkeet. 4. uus. painos. 337 p.,
illus. Werner Séderstrom Oy, Porvoo—Helsinki

Pa spaning efter en virldsbild. Svensk oversittning av Ragnar
Numelin. 328 p., illus. Soderstrom & Co, Helsingfors. [Finnish
edition 1954]

Urbergets aldersproblem. Knglish title: (The age of the Basement
Complex). Geologi, 10. vsk., p. 16.

Svekofennidit ja Karelidit. Geologi, 10. vsk., p. 76—78.

On pressure. Sitz.ber. Finn. Akad. Wiss. 1958, p. 73—88. [Finnish
edition 1959

Memorial to Matti Sauramo. Proc. vol. of the Geol. Soec. America
for 1958, p. 196—200, illus.

Svekofennidit ja Karelidit 1I. Geologi, 11. vsk., p. 40—41.

Granitentstehung bei Orogenese und Epirogenese. Geol. Rundschau,
Bd. 50, p. 105—113, illus.

Laumontite in Finland (with contributions by Yrjé Hentola). Indian
Mineralogist, Vol. 1, p. 29—41, illus.

Geology in Finland. Geotimes, Vol. 4, p. 8—9, 39—42, illus.

Granitization of quartzose rocks. C. R. Soc. Géol. Finlande 33, p.
483—498, illus. — Also Bull. Comm. géol. Finlande N:o 196, p.
483—489.

Uber finnische Granulite und ihren Mineralbestand. Neues Jb.
Mineral., Abh., Bd. 96, p. 172—177.

Regeneration of rocks in the Archean. Acta Geol. Acad. Scient.
Hungaricae, Tom. 7, p. 109—113.

Perioden geochemischer Beschleunigung der Lebensentwicklung.
Acta Geol. Acad. Scient. Hungaricae, Tom. 7, p. 115—121.
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1963

1964

Suomen Geologinen Seura. N:o 37. Geologiska Sillskapet i Finland. LITT

with RoLF ARNKIL and SIGFRID SIRENIUS. Perimmaéisten kysymysten
aarelld. Kirjeenvaihtoa ja kirjoitelmia sairaskammion hiljaisuudessa.
219 p. Werner Soderstrom Oy, Porvoo—Helsinki. [12th printing 1964]

Elban kallioperusta. Summary: The rocks of Elba. Geologi, 14. vsk.,
p. 101—105, illus.

The Precambrian of Finland. In »The Precambriany, edited by
Kalervo Rankama. Vol. I, p. 145—263, illus. Interscience Publishers,
Inc., New York—London—Sydney.

Uber Spuren von primitivem Leben im Grundgebirge. Beitr. Mineral.
Petrogr., Bd. 10, p. 260—262, illus.

Marjatta Okko
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ON THE SCHISTS AND ASSOCIATED INTRUSIVE ROCKS OF THE
VIEREMA-KIURUVESI REGION 1Y)

OBSERVATIONS AND CONCLUSIONS

BY

ANTTI SAVOLAHTI

Institute of Geology and Mineralogy, University of Helsinki

ABSTRACT

The area of Vieremii-Kiuruvesi is situated in the border zone between the Karelides
and Svecofennides in the North Savo region of Finland. The {ollowing rocks have been
described as occurring in the region: basal conglomerates, mylonites, quartzites with
mica schist intercalations, various schists containing calcic minerals (biotite-plagio-
clase schist, biotite-plagioclase schist containing garnet porphyroblasts, biotite-plagio-
clase schist containing hornblende porphyroblasts, biotite-epidote-plagioclase schist
containing hornblende porphyroblasts and quartz-bearing amphibolite), oligomictic
conglomerate, staurolite mica schist, pseudo-staurolite porphyroblastic mica schist,
so-called Kukkoméki conglomerate, mica gneiss, biotite-plagioclase gneiss, hornblende
gneiss, cummingtonite-bearing hornblende gneiss, microcline-plagioclase gneiss,graph-
ite-bearing schist, garnet-bearing pyroxene amphibolite, diopside amphibolite, pyro-
xene-bearing porphyritic granite, pyroxene-hornblende granodiorite, biotite granite,
aplite and pegmatite. Nine chemical analyses of the rocks were made, in addition to
many analyses of their modal mineral composition and of the optical properties of
the minerals. Furthermore, observations concerning the mutual relations of the rocks
are presented, opinions are expressed on the genesis of some of the rocks, and a few
of the petrological and geological questions bearing on the subject of this paper are
discussed.

1) Received September 25, 1964.
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INTRODUCTION

The Vieremi-Kiuruvesi schist belt is situated in the North Savo region
of Finland. It lies one to two degrecs east of Helsinki and on the southern side
of the 64 th parallel N. lat. It includes the western part of the commune of
Vieremé and the eastern part of the commune of Kiuruvesi.

The author began his geological investigations in this area in the summer
of 1957 in response to advice and urging from Professor Pentti Eskola. The
field work in North Savo was carried out during the summers of 1957—1962,
with the exception of the latter part of the summer of 1960. In the spring of
1958 the Exploration Department of the Outokumpu Company began ore
prospecting operations in the commune of Kiuruvesi, and the author joined
the geological staff of the company at that time; and, as a consequence of
this action, his original research program could be enlarged. The area to be
investigated finally included the whole of the commune of Kiuruvesi, the
western part of the commune of Vieremi, the southern part of Pyhanti
commune, the southeastern part of Kérsidméiki commune and the eastern
part of the Pyhajarvi commune. The area investigated contains a great vari-
ety of rocks and exhibits a rich variety of geological phenomena. The expan-
sion of the research program proved in itself to be a good thing, although it
did delay the publication of the results. The assistance of the Outokumpu
Company has been invaluable. I have had at my beck and call, for example,
boys enrolled in the trade school run by the Outokumpu Company, and they
have saved me much leg work by seeking and finding outcrops for me. I know
that I have benefited much more from my association with the Exploration
Department of the Outokumpu Company than it has from my services. As
basic reference maps in my own mapping work, I have been able to use so-
called »instant» air-photo maps of the entire territory on a scale of 1 : 20 000
and aerial photographs on a scale of 1:10 000 of a few of the important
target localities.

Figure 1 shows two sketch maps of the Vieremé-Kiuruvesi schist belt and
the intrusive rocks belonging to it. One of the sketch maps has been drawn
after the map published by Makinen (1916) and the other after the one
published by Wilkman (1929). The marks identifying the rocks on the maps
have been made uniform upon being drawn so that the sketch maps might be
easier to compare, one with the other.
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Fig. 1. Sketch maps of the so-called Vieremi-Kiuruvesi schist belt

drawn after maps published by Mikinen (1916) and Wilkman (1929)

and reduced to the same scale. 1) Bothnian plagioclase gneiss and mica

schist. 2) Bothnian vein gneiss. 3) Post-Bothnian intrusive rock. 4)

Kalevalian mica schist. 5) Kalevalian vein gneiss. 6) Kalevalian arkose

and quartzite. 7) Kalevalian arkose and augen schist. 8) Kalevalian
conglomerate.
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According to Méakinen (1916), the Vieremé-Kiuruvesi schist belt is divided
into two parts, which belong to mountain chains of different ages. The part
on the side of Nildntojarvi belongs, according to Méikinen (1916), among
Bothnian mica schists and vein gneisses, which are regarded as included in
the Svecofennides, and the part on the Salahmijarvi side among Kalevalian 1)
schists, augen gneisses and conglomerates. It is Méikinen’s view (1916) that
the first-mentioned rocks are cut by post-Bothnian granite. According to
Wilkman (1929), the entire schist area must be classified among Kalevalian
schists, which are younger than the post-Bothnian granite on the northeastern
shore of Nélantojarvi and which have been deposited on top of this granite.

The Kalevalian schists are regarded as belonging among the Karelides.
Viyrynen (1954, p. 154) treats the Vieremé-Kiuruvesi schist area in his book
as a single formation, joining in this respect Wilkman (1931). He draws a
parallel (Vayrynen 1954, p. 153) between this area and the Karelian schists
but he points out that these sedimentary formations do not belong among
Jatulian types. In the petrographic map of Finland drawn by Simonen (1960
a), the main part of the Vieremé-Kiuruvesi schist belt is marked as phyllite
and mica schist and the part Wilkman (1929) designated as arkose and
quartzite is marked as quartzite.

On the edge of the schist area on the Nalintojarvi side, an intrusive rock
area has been marked at the point representing Nalantoéjarvi (Fig. 1). Accord-
ing to Wilkman (1931, pp. 141 and 142), it contains very many rocks differing
in composition and structure: microcline granite, coarse-grained, pyroxene-
bearing porphyritic granite, even-grained pyroxene granodiorite, pyroxene
granite and potash-natronsyenite.

The present study has, of course, been affected by the literary outpourings
in Finland concerning the question as to whether the Svecofennides and the
Karelides are of the same age or not. Among papers that either endorse the
view that only one mountain chain has existed or argue that there is insuffi-
cient evidence to prove the existence of two mountain chains, one might cite
the ones by the following: Metzger (1959), Simonen (1960, 1960 a), Schmidt
(1960), Mikkola (1961, p. 52), Saksela (1961), Hofmann (1962), Wetherhill
et al. (1962) and Simonen (1963). The question has not, however, yet been
definitively decided, for studies continue to appear in which the existence of
two mountain chains is defended. Wegmann (1961), for example, has defended
the old view on tectonic grounds, and Eskola (1963) in his extensive work
on the Precambrian in Finland has taken an unqualified stand in support of
the old view.

! The form »Kalevalian» is here used advisedly, instead of the traditional form, »Kaleviany,
which is an erroneous translation of the original Finnish term Kalevalainen. (vKalevian»
would correspond to the Finnish K ale vainen, which is non-existent as a geological term.) —
The Author.
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One purpose of the present study is to present observations made in the
schist area of Kiuruvesi and to describe the rocks occurring there. Another
purpose is to describe the intrusive rocks occurring at the western edge of
the schist area, shed light on their mutual relations and to weigh their age
sequence and possible differentiation. Since the schist belt of Vieremé- Kiuru-
vesi is situated in the border zone between the Karelides and the Svecofen-
nides, certain of the observations included in this investigation are also likely
to add pertinent data to the material required to resolve this timely question.
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THE SALAHMI REGION

The region of Salahmi discussed in this chapter (Plate I) comprises the
eastern margin of the so-called Vierema-Kiuruvesi schist belt (Fig. 1), with
the exception of its extreme south end. The margin of the schist belt runs
nearly north-south where it lies within the boundaries of Salahmijédrvi. The
schist formation is situated west of the margin and the basement complex on
the eastern side.

Almost all the schists described here have previously been mentioned as
occurring .in the Salahmi region (Méikinen 1916 and Wilkman 1929). The
basal conglomerate considered to be best is the one at Kukkomadki, which
lies 4.5 km to the east from the center of Salahmijirvi (Fig. 1). The eastern
edge of the schist area has been mentioned as having augen schists and
arkose schists, and Mékinen speaks of having found one conglomerate boul-
der. Mention has further been made of staurolite-mica schists and the occur-
rence at Metelinméki, a locality in the Salahmi region, of metabasites

(cf. p. 18).

BASAL CONGLOMERATE

VALKEISKYLA

At Valkeiskyld, in cuts through the bedrock on the new highway from
Vieremé to Konolanmiki, a conglomerate is visible for a distance of roughly
350 meters about 4.5 km from the crossroads. The highway intersects the
foliation of the conglomerate at an angle of about 20°. The foliation is N25°W,
45°W and the lineation N25°E, 30°S.

This conglomerate contains a rather sparse occurrence of pebbles 0.5 to
5 cm long, the light gray color of which makes them distinguishable in the
dark gray matrix. In many cases the pebbles are angular and, to some extent,
elongated; and they consist of quartzite and arkosic schists, graphic feldspar,
granite and limestone. Potash feldspar porphyroblasts also occur in the form
of pebbles with an abundant content of perthite and plagioclase grains, which
include sericite as an alteration product. Some of the pebbles appear elongated
and among them are broken ones, too.
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The grain size of the matrix of the conglomerate is 0.1 to 0.04 mm. It
contains over 50 9%, by volume biotite (y = 1.643 = greenish brown) as well
as plagioclase (An,,), potash feldspar, quartz, calcite (w = 1.663), chlorite,
(sphene, apatite and opaque minerals). The calcite is frequently observed to
occur as narrow fissure veins, which in many cases begin from a limestone
pebble. The apatite occurs as long, thin prisms in spots rich in biotite.

WEST OF VIEREMA CHURCH

Wilkman (1931, p. 162) in his early day reported that at a distance of
some four kilometers to the west of the Vieremé church there occurs some
augen schist. During new mapping operations in these parts, four different
exposures of clearly stratified conglomerate were found. The structure and
composition of the different layers of the conglomerate vary considerably.
The strike of the stratification is approximately N30°W and the dip is steep.
The foliation is NS and vertical. The thickness of the conglomerate formation
at right angles to the foliation is over 50 m. See Hausen (1930, p. 42).

The conglomerate contains pebbles consisting of gray, smallgrained
gneiss, dark gray, medium-grained rock of dioritic composition, small-grained,
light brownish gray granite, graphic granite, quartz, feldspar-bearing peg-
matite, vein quartz, quartzite, arkosic schist and phyllite. The size of the
pebbles varies from less than 1 ecm to over 15 cm. They are mostly subrounded
and in many instances elliptical; the phyllite alone occurs as angular frag-
ments and also as long, narrow strips. The pebbles have become somewhat
elongated during the process of metamorphosis.

The matrix of the conglomerate contains quartz, feldspar, biotite, calcite,
(epidote, hornblende, sphene and a small amount of opaque minerals). The
relative amounts of minerals in the matrix vary. Some spots are rich in mica.
Calcite occurs in it as veins of microscopic size, while the epidote, sphene and
opaque minerals occur as separate grain clusters.

Four different layers can be distinguished in this conglomerate. First,
there are layers containing pebbles of quite different sizes and varying
composition, phyllite fragments. Second, there are layers in which the matrix
consists of arkosic schist of a medium-sized grain and in which there is a
sparse scattering of roundish pebbles measuring between two and five cen-
timeters in length. Next, there occurs a grading over into a conglomerate
containing a profusion of 2 to 5 cm pebbles; the transition occurs within a
span of a couple of centimeters. At the same time there appear strips of
phyllite between five and fifteen centimeters long and 0.5 to two centimeters
wide. Fig. 2 shows this type. Fourth, the conglomerate contains layers from
20 to 30 cm wide with an abundance of phyllite fragments (Fig. 3).

2 4901—65
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Fig. 3. Layer of basal conglomerate rich in
phyllite fragments. Approximately 4 km west
of the church at Vieremi.

The phyllite fragments contains about 70 %, by volume biotite (y = 1.652
= greenish brown), calcite, quartz, (muscovite, feldspar, sphene, epidote,
zircon and opaque minerals).

The western part of the conglomerate includes tectonic rocks resembling
eye-shaped schist. It would be hard to recognize the rocks as conglomerates
in the absence of proximate conglomerates just described.
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Fig. 4. Basal conglomerate resembling augen schist.
Murennusmiki, Salahmi, Vierema.

MURENNUSMAKI

Alongside the highway at the eastern edge of Murennusmiki, in the vil-
lage of Salahmi, basal conglomerate is slightly exposed. Here the conglom-
erate stratum as a whole is thinner than in the two previously described
places. Conglomerate beds a few dozen centimeters thick alternate in it with
quartzite layers of approximately the same thickness. The alternating layers
occur irregularly, in wedge-like fashion. Tectonic movements were factors in
their genesis. Whether any crossbedded features occur in the conglomerate
is a question to which one would hesitate to give an answer.

The pebbles in the conglomerate are 0.5 to 2.5 cm long and between 0.5
and 1 cm wide. They are in most cases eye-shaped (Fig. 4) and light gray in
color. Viewed under the microscope, the pebbles are rounded or subrounded
in shape. They consist of quartzite, arkosic schist, quartz, potash feldspar
grains and sericitized and epidotized plagioclase grains. There also occur
tiny phyllite fragments.

On the weathering surface the matrix of the conglomerate is yellowish
gray and on the fresh surface dark gray. Its structure is blastoclastic and the
size of the grain 0.02—0.1 mm. The minerals contained in the matrix are
biotite, quartz, feldspar, (muscovite, chlorite, epidote and opaques).

LAHDEMAKI

On the eastern and southeastern slopes of Lahdemaiki in the village of
Nissild, in the commune of Viereméi, about 200 m from the road leading
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from Salahmi to Nissild toward the west, there is an occurrence of conglom-
erate containing very small pebbles and consisting in places almost of quart-
zite. To be sure, in these quartzitic types there are in many cases in addition
to the cementing material two clearly distinguishable grain sizes, representing
quartz in particular, so that some parts of this rock might also be designated
as conglomerate. In a couple of spots in this rock, cross-bedding has been
observed. Compared to the conglomerate of Murennusmiki, this rock is
poorer in feldspar. The pebbles embedded in it, furthermore, do not represent
varieties of rock to any appreciable extent but are composed of individual
minerals. The rock is, in addition, mylonitized in many spots. See Hausen
(1930, p. 99).

The pebbles range in length between 1 and 7.5 mm, and in mylonitized
types they generally appear to be eye-shaped. They are composed of quartz,
microcline and plagioclase. Very tiny phyllite fragments also occur in them.
Eye-shaped microcline grains appear in the mylonitic types more often than
in the other ones, but they suggest porphyroblasts in many instances. Here
and there they contain as relicts plagioclase inclusions, the edges of which
are no more albitic than the middle portions (Rogers, 1961). In the mylonitic
types the large feldspar grains exhibit the effects of rolling and are to some
extent broken. Moreover, all the quartz grains have become elongated and
twisted, and they occur as curved lenses with a conspicuous undulatory
extinction and with a ring of tiny, broken quartz particles encircling them.

The matrix contains quartz, feldspar, biotite, muscovite, (epidote, chlo-
rite, opaques and a slight amount of carbonate). Carbonate also occurs as
narrow veins in fissures — e.g., in the fissures of potash feldspar porphyro-
blasts. Prehnite also occurs as fissure filling. In mylonitized varieties the main
portion of the matrix consists of completely re-crystallized quartz and mus-
covite (¢ = 1.566, f = 1.606, y = 1.619).

BASEMENT COMPLEX

This chapter may surprise the reader by its placing, but the reason is
that it concerns only the basement situated immediately to the east of the
basal conglomerate.

The strike of the foliation of the basement complex is nearly north-
south. Its dip right next to the conglomerate is steep, just as is that of the
conglomerate itself. Farther away the dip varies and is frequently gentle.
The fold axis is a gentle one, approximately 10° N. On the eastern shore of
Salahmijérvi there is a peninsula with a very beautiful, gently dipping fold
of large dimensions and very much worth seeing.
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According to Simonen (1960 and 1963), the basement complex in eastern
Finland contains amphibolites, hornblende gneisses, mica schists, mica
gneisses, quartz-feldspar gneisses, gneissose quartz diorites, granodiorites
with a cataclastic texture, striped gneisses and migmatites. Eskola (1963)
mentions further, as belonging among pre-Karelian cratons, the occurrence
of ultramafics, gabbros and potash granites. Both investigators, Simonen
(1960) and Eskola (1963), list a number of works dealing with the matter.
Suffice it in this connection to cite only a few: Frosterus and Wilkman, 1916;
Viyrynen, 1928 and 1933; Preston, 1954 and Matisto, 1958.

The basement complex situated on the eastern side of the basal conglom-
erate of the Salahmi area contains all the rocks mentioned in the foregoing.
Wilkman (1931) describes striped granite gneisses occurring on the eastern
side of Salahmijérvi. Without delving deeper into the nature of these rocks,
in the present connection, the author nevertheless wishes to point out that
some of the outerops contain basic volcanics, too.

THE MYLONITES OF KARHUMAKI

On the southern slope of Karhumiki, about 1.5 km southwest of Nissilé,
there is a zone of strongly mylonitized rock running N50°E. Also rocks of the
basal formation have been observed to occur in it as mylonites. Some of
them have become mylonitized to a degree where their minerals have for the
most part turned to quartz, feldspar, sericite and chlorite. The structure of
such types is augen-gneissoid and totally mylonitic. A portion of these
mylonites resemble the mylonitized conglomerates found at Liahdemaiki.
Evidently, this mylonite zone contains, in addition to the rocks of the
mylonitized basal formation, schists and also conglomerates representing the
southern side of the schist belt.

THE ALTERNATING FELDSPAR-BEARING QUARTZITES AND MICA
SCHISTS OF MURENNUSMAKI

On the eastern slope of Murennusméki in the village of Salahmi, the
basal conglomerate is overlain by a bed about 200 m thick of feldspar-
bearing quartzite and feldspar-bearing mica schist, which generally alternate
in layers 0.5 to 5 cm thick (Fig. 5). In addition, the quartzite and the mica
schist are stratified: in the quartzite there occur laminae resembling conglom-
erate and in the mica schist quartzite laminae and quartz-grain lenses. See
Hausen (1930, p. 14).

The strike of the stratification and the foliation is N15°W and the dip is
vertical. In addition, the mica schist layers are marked by the occurrence of
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Fig. 5. Alternating feldspar-bearing quartzite and feldspar-bearing mica schist. The mica
schist shows transverse foliation. Murennusmiki, Salahmi, Vieremai.

Fig. 6. Feldspar-bearing mica schist, with
transverse foliation. Murennusmiki, Salahmi,
Vieremi.

transverse foliation in several different directions (e.g., N35°W, 60°W and
N10°E, 70°E). Associated with the transverse foliation is pseudobedding
(Figs. 5 and 6). The basal direction of the formation is easterly, and it has
been measured from the graded bedding (Fig. 7 and 8). No cross-bedding has
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Fig. 7. Feldspar-bearing quartzite. Figure shows basal direction.
East is situated on the right. Murennusmiiki, Salahmi, Vieremi.

Fig. 8. Mica schist revealing basal trend. East is situated on the left.
Murennusmiki, Salahmi, Kiuruvesi.

15
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here been indisputably observed. Spots seemingly possessing this feature
have tended to prove to be of tectonic origin. The fold axis here is 15°S, and
the lineation, as measured from the longitudinal direction of the minerals,
N15°W, 65°S. The pyrrhotite in especial occurs on the black foliation surface
of the mica schist as elongated grains as much as 2-mm long and with a
metallic luster. It is lamellated in such a way that the schist lineation runs
parallel to the intergrowth plane of the pyrrhotite lamellae.

The structure of both the quartzite and the mica schist is blastoclastic.
The grain size of the minerals in the quartzite varies between 0.04 and 0.2 mm,
while in varieties resembling conglomerate the range is 1.2—0.1 mm and the
color light gray. The grain size of the minerals in the mica schist is 0.01 to
0.1 mm and in the quartzitic layers 0.04 to 0.5 mm and the color dark gray.
The cement in the quartzite consists of a fine-grained sericite and feldspar
mass as well as muscovite, biotite, quartz and pyrrhotite, which occurs as
uniform meshes measuring as much as 1 mm in diameter around the grains.
Both rocks contain by and large the same minerals, namely, quartz, biotite,
muscovite, plagioclase, chlorite, potash feldspar, sphene, garnet, tourmaline,
epidote, pyrrhotite, hematite, graphite, goethite, hydro-pyrrhotite and stoi-
chiometric FeS, which occurs as inclusions in the pyrrhotite.

Present in both rocks are anhedral chlorite porphyroblasts, the grain size
of which is 0.5 to 1 mm and which do not run parallel to the foliation plane.
In spots the potash feldspar and the plagioclase also occur as porphyroblasts.
The biotite flakes (y = 1.646 = brown) generally run parallel to the plane
of the foliation. Some biotite is also to be noticed in the quartzites. There is a
greater amount of muscovite (¢ = 1.560, f# = 1.594, y = 1.600) in the quart-
zites than in the mica schists. It likewise occurs in profusion in the plagio-
clase as an alteration product. The muscovite flakes do not always run
parallel to the foliation plane, either. Apatite is present in greater amounts
and as larger grains in the conglomerate-like laminae of the quartzites than
elsewhere. The tourmaline, again, favors mica schist; in many places, it occurs
in small amounts, but in other spots it forms groups of crystals, including
an abundance of prisms a couple of mm long. Garnet is generally met with
only in the proximity of lenses rich in calcium minerals.

Meinel (1963) has studied the mode of occurrence, form, internal structure
and orientation of the chlorite porphyroblasts contained in the rocks of the
Thyringer schist mountain range. The indices of refraction do not, perhaps,
suffice to identify the muscovite positively; also the d-values would have to
be known (Deer et. al., 1962).

Table 1 presents a chemical analysis of the mica schist and Table 2 one
of the quartzite. They do not correspond to typical mica schist or quartzite.
Apparently, they contain an overabundance of feldspar, and the quartzites
also micas.
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Table 1. Chemical composition of the feldspar-bearing mica schist. Murennusmiki,

Salahmi, Vieremé#. Analyst: A. Heikkinen.
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‘Weight ‘Weight Molecular Niggli

per cent norm norm values
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Table 2. Chemical composition of feldspar-bearing quartzite. Murennusmiki, Salahmi,

Vieremi. Analyst: A. Heikkinen.

3 4901—65
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OTHER ALTERNATING FELDSPAR-BEARING MICA SCHISTS AND
QUARTZITES

Overlying the basal conglomerate situated west of the Viereméa church,
there is a formation containing thin, alternating layers of feldspar-bearing
mica schists and quartzites; it is thicker than the corresponding formation
at Murennusméiki. However, it contains more mica schists than the latter.

Situated between the basal conglomerate of Lahdeméki and the oligo-
mictic conglomerate between Rotimojoki and Euvejoki, there is a formation
about 1 km thick, in which very thin mica schist and quartzite layers alter-
nate. This formation is the least metamorphosed in the entire Salahmi area,
and the clastic structure of its rocks is still clearly distinguishable. The schists
of this formation contain considerably less feldspars than is the case at
Murennusméki — and more mica schists. There are very few quartzite layers
and they are extremely thin. These schists in many instances contain a
scattering of quartz grains of conspicuously larger size than the minerals in
general found in them. The biotite also occurs in places in this way.

SCHISTS CONTAINING CALCIC MINERALS

METELINMAKI

At Metelinméki, which is situated immediately west of Murennusmaki,
there is a layer about 500 m thick containing schists containing extremely
fine-grained, calcic minerals and alternating as thin layers. The thickness of
the different schist layers varies from a centimeter to a few meters. On
weathered surfaces the layers of finest grain appear to be thinly laminated,
whereas on fresh surfaces and in thin section this feature frequently can
hardly be detected. In the schists of Metelinméki there are further some thin
quartzite and mica-schist intercalations, particularly in the eastern part of
the formation; but mica schists are to be found also at its western edge.

The following types can be distinguished in the schists of Metelinmiki:

1) Biotite-plagioclase schist,

2) Biotite-plagioclase schist with garnet porphyroblasts,

3) Biotite-plagioclase schist with hornblende porphyroblasts,

4) Biotite-epidote-plagioclase schist with hornblende porphyroblasts, and
5) Quartz-bearing amphibolite.

The hornblende-rich types occur most commonly in the western part of
the schist formation, while the garnet-bearing types are more prevalent in
the eastern part than elsewhere. The transition between the different types
occurs both abruptly and gradually. Types two and three include varieties
in which there are both garnet and hornblende porphyroblasts. It was
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exceedingly difficult to clear the schists of Metelinméki completely of lichens
and mosses, a circumstance that hampered determining the layer sequence
of the various schist types and their situation in relation to each other as
well as studying the texture of the schists.

All the rocks included among these schists are full of slickensides and
mylonitized zones, along both of which movements have taken place. In
addition to the foliation, the directions of movement have been the following,
among others: N45°, 60°E, N20°E, vertical and N50°W, 85°W. Movements
occurred also after the formation of porphyroblasts, judging by the fact that
garnet and hornblende porphyroblasts have broken and their parts shifted
in relation to each other. In places the rocks exhibit a beautiful brecciated
fabric resulting from the movements, one best seen in thin section.

Various zones of movement can be distinguished even in the same rock
through its mineral composition. In the same rock there have been observed
shear cleavages formed from partially intergrown quartz grains with almost
the identical orientation, biotite-rich, extremely thin shear cleavages intersect-
ing the foliation, and shear zones containing chlorite, epidote and a very
fine-grained quartz-potash feldspar mass. Moreover, zones containing princip-
ally chlorite and sphene have been noted, as well as shear zones a few centi-
meters wide containing fine grains of hornblende, epidote and chlorite.

The color of the biotite-plagioclase schist is a brownish
black gray, the grain size 0.01—0.3 mm and the fabric blastoclastic. The
essential minerals are biotite, plagioclase (An,;). Accessory minerals include
quartz, potash feldspar, chlorite (partly biotite undergoing alteration into
chlorite), epidote, sphene, apatite and, to a slight degree, opaques. The
apatite occurs in spots as large, idioblastic crystals.

The grain size of thebiotite-plagioclase schist contain-
ing garnet porphyroblasts is0.02—0.15 mm, the fabric blasto-
clastic and the color dark gray. In places the schist is laminated, for it is
likely to contain chlorite-bearing layers. The reddish-brown garnet por-
phyroblasts (n = 1.795) are idioblastic and their grain size is 0.2 to 3 mm. In
addition, there occur a few chlorite and epidote porphyroblasts here and
there. Quartz is present in it as clusters of eye-shaped grains between 0.4 and
0.6 mm long. The minerals contained in the matrix of the schist are biotite
(y = l.643 = dark brown), plagioclase, quartz, chlorite, epidote, apatite,
zircon and opaques. In a few types there is a little carbonate. A chemical
analysis of the carbonate-free type is presented (Table 3).

The grainsize of the biotite-plagioclase schist contain-
ing hornblende porphyroblasts is 0.01—0.1 mm, the fabric
blastoclastic and the color dark gray. The hornblende porphyroblasts in it
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Table 3. Chemical composition of biotite-plagioclase schist with garnet porphyroblasts.
Metelinméki, Salahmi, Vieremé. Analyst: A. Heikkinen.

Weight Weight Molecular Niggli

per cent norm norm values
B0y weoscimsmsvs semos s 56.88 si 176
PO 5 i ool faidtafyorsrs 0.79 or 19.5 Or 20.0 al 33
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Table 4. Chemical analysis of biotite-plagioclase schist containing hornblende por-
phyroblasts. Metelinmiki, Salahmi, Vieremé&. Analyst: A. Heikkinen.

‘Weight Weight Molecular Niggli

per cent norm norm values
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(¢ = 1.667 = yellowish, y = 1.690 = bluish green, ¢ Ay = 18°) are black
and vary between 0.5 and 2 mm in length, and they contain pale minerals in
abundance as inclusions. The schist also has some large quartz grains, which
appear to be neither porphyroblasts nor phenocrysts. The minerals of the
basic mass of the schist are biotite (y = 1.632 = brown), plagioclase, (quartz,
epidote (¢ = 1.714, y = 1.729), chlorite, apatite, zircon, chalcopyrite, hema-
tite and ilmenite). But hornblende is altogether missing from the groundmass.
This rock has been chemically analyzed (Table 4).
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Fig. 9.

Hornblende porphyroblasts in the biotite-epidote-plagioclase schist. Around the

porphyroblasts is a light gray halo. Metelinmiki, Salahmi, Vierema.

Table 5. Chemical analysis of biotite-epidote-plagioclase schist containing hornblende
porphyroblasts. Metelinméki, Salahmi, Vieremé#. Analyst: A. Heikkinen.

Weight ‘Weight Molecular Niggli

per cent norm norm values
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The biotite-epidote-plagioclaseschist with horn-
blende porphyroblasts is blackish gray, its grain size 0.3—0.2
mm, and its structure granoblastic. The hornblende porphyroblasts (« =
1.670 = yellowish green, § — 1.684 = green, y = 1.692 = bluish green, ¢ Ay
= 20°, 2Ve = 60°—65°) are 0.3—10 mm long. They appear rosette in shape
and are surrounded usually by a light gray ring free of biotite (Fig. 9). Instead
of biotite the ring contains more potash feldspar than occurs elsewhere in the
schist. As inclusions the hornblende contains quartz, epidote and plagio-
clase. The hornblende porphyroblasts are oriented to some extent and there
are more of them in certain zones that do not conform to the stratification
than elsewhere. The matrix of the schist contains biotite, plagioclase (a¢ =
1.554, y = L.563, Any,), epidote (2Va = 86°), quartz, potash feldspar, sphene,
apatite and opaque minerals. The apatite occurs as large, idioblastic crystals
(the cross-section of the prism always being 5 mm). There is no hornblende
in the groundmass of the schist. The chemical analysis of this schists is pre-
sented in Table 5. When this analysis is compared with that in Table 4, one
will note that the occurrence of the epidote here is mainly due to the chemical
difference between the schists.

The quartz-bearing amphibolite is fine-grained (grain size: 0.3
—1 mm) and dark gray. The minerals are hornblende, plagioclase, quartz,
apatite, epidote and opaques. The hornblende is idioblastic and it reveals an
abundance of inclusions. The plagioclase is zonal (An,, ,,). The apatite occurs
as both large and small grains and the epidote with slickensides.

WEST OF VIEREMA CHURCH

Overlying the basal conglomerate and the mica schist formation with
quartzite intercalations on top of it west of the parish center of Vieremi,
there occur schists containing calcic minerals. This formation is approxi-
mately as thick as the formation containing calcareous minerals at Metelin-
maki, which, however, exhibits more variety. The latter formation contains
a greater number of different rock types and is stratified to a greater extent
than the former. _

These schists consist mostly of fine-grained amphibolite. A few more acid
layers than they are can be distinguished. The plagioclase is zonal, and its
composition is Any, ., (¢« = 1.548, y = 1.563). The hornblende (¢ = 1.659
= light green, f = 1.674 = green, y = 1.681 = bluish green, ¢ Ay = 20°)
occurs in some instances as a mixture of both small and large grains. Other
minerals include quartz, epidote, apatite and opaques.
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THE OLIGOMICTIC CONGLOMERATE BETWEEN ROTIMOJOKI AND
‘ LUVEJOKI

Between Rotimojoki and Luvejoki, about 1 km east of Lihdemiki, in
the locality of Nissild, Vieremd commune, there is a zone of oligomictic con-
glomerate over a kilometer long. The greatest thickness of the zone is about
200 m. The strike of the stratification and foliation of the conglomerate is
N0°—30° W and the dip 70°~—80° SW. The basal direction, which has been
measured from the bedding, is generally east. The zone exhibits a transverse
foliation, which in some places is exceedingly clear. The strike of the trans-
verse foliation is N30°—75° E and the dip 70°—90°SE. The transverse folia-
tion becomes more distinct as one moves northward. There one meets also
with several simultaneous directions of the transverse foliation, and in some
cases they are so marked and so numerous that only the lineation of 70°SSW
is readily measurable. The last-mentioned phenomenon occurs most clearly
in the mica schist intercalations situated in the conglomerate and in the
extension of the conglomerate zone on its northern side.

Fig. 10. Oligomictic conglomerate with narrow intercalations of mica schist. The strike
of the foliation is almost the same as the position of the lead pencil. Between Rotimojoki
and Luvejoki, Nissild, Vierema.
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Fig. 11. Broad mica schist intercalations in oligomictic conglomerate. Between Rotimojoki
and Luvejoki, Nissild, Vierema.

The conglomerate is stratified (Figs. 10 and 11). Mica schist layers alter-
nate in it with conglomerate layers. The thickness of the mica schist layers
varies between 5 cm and a couple of meters. The conglomerate layers are in
general thicker than the former. The conglomerate layers proper also appear
to vary in a direction, for instance, perpendicular to the layers. The size of
the pebbles, it seems, varies in different parts of the layers, and the situation
differs, furthermore, in different layers. Also the mica schist layers exhibit
variation. Fine-grained layers alternate with more coarse-grained and sandier
layers. The last-mentioned are likely to contain pebbles in the millimeter
class composed of quartz and feldspar as well as angular phyllite fragments.
The structure of the conglomerate and the mica schist is clastic.

The size of the pebbles in the conglomerate varies between 1 and 15 em.
They are well rounded or rounded and generally slightly elongated. Their
long axis runs either parallel to the stratification or has turned in the direction
of the strike of the transverse foliation or, then, toward this strike. The
pebbles have predominantly evolved out of stratified quartzite. Accordingly,
individual pebbles are likely to show bedding (Fig. 12) and to differ in form.
Some phyllite fragments likewise occur in this conglomerate.

The minerals present in the pebbles include quartz, biotite, plagioclase,
potash feldspar, muscovite, chlorite, sphene, tourmaline, apatite, zircon and
opaques. Among the pebbles are quartz-rich, biotite- and quartz-rich, biotite-
and muscovite- and quartz-rich, and chlorite- and quartz-rich types. All of
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Fig. 12. Oligomictic conglomerate, which contains bedded quartzite pebbles, clusters of
pebbles that appear to have broken off some larger body, and pegmatite veins. Between
Rotimojoki and Luvejoki, Nissilé, Vierema.

-

Fig. 13. Pebbles in oligomictic conglomerate. Pebble on right side is larger

“of grain than the one on the left, which is fractured. The cementing material

contains in part larger mineral grains than the pebbles do. Between Rotimo-
joki and Luvejoki, Nissild, Vieremi.

4901—65
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them contain feldspars, in some places in very small amounts, in other places
in comparative abundance. The grain size of the minerals varies from 0.04 mm
to 1 mm. As cementing material, the pebbles contain considerable quantities
of quartz and chlorite. They are clastic in structure.

The matrix of the conglomerate consists of the same kind of rock as the
mica schist that alternates with the conglomerate layers (Fig. 11). In some
cases the cementing material contains larger mineral grains than the pebbles
do that are enveloped by it (Fig. 13). The structure of the conglomerate’s
matrix is similarly clastic, and the grain size of its minerals ranges from 0.01
to 0.2 mm (not including the pebbles).

Near the northern end of the conglomerate zone and near its western
edge, there is prominently folded rock in which narrow mica schist layers
alternate with narrow quartzite laminae. The quartzite laminae have to some
extent been broken into small pieces, which resemble the pebbles of the
conglomerate just described (Fig. 14). The material of the quartzite is the
same as that of the pebbles. This gave the present author a reason to seek
data relating, on the one hand, to the tectonic mode of origin and, on the

Fig. 14. Alternating folded quartzite and mica schist layers. The quartzite

layers have undergone breakage, and a few of the pieces have evolved into

forms identical to those of the pebbles in the conglomerate. Between Rotimo-
joki and Luvejoki, Nissild, Vieremi.
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other, to the normal genesis of this conglomerate. In Finland, Mikkola (1957)
has interpreted the oligomictic conglomerate of Taivalkoski situated along
the bank of the Kemi river as a tectonic conglomerate or pseudoconglomerate.
Generally, the quartzite conglomerates of Finland have been regarded as of
sedimentary origin. '

The Vieremé conglomerate is situated between two mica schist beds near
the northern end of the schist belt, where there is a major fault. Its strike is
N60°E, its dip steep and its axis 15°SWW. The schist beds have bent at their
north end toward the east, 7.e., the block at the north end of the fault has
moved eastward and downward in relation to the segment on the southern
side. Other, smaller faults are known on the southern side of the major fault,
as, e.g., at the south end of Marttisenjarvi (Lake Marttinen).

With respect to the tectonic mode of origin, the following case can be
made:

1) The tectonic position of the conglomerate is favorable.

2) The strike of the transverse foliation deviates toward the east from
the strike of the stratification, and the pebbles embedded in the conglomerate
have rolled in that direction. Naturally, they have first been broken off the
quartz layers. Figure 15 provides an argument, or at least an assumption,

Fig. 15. A quartzite layer in the oligomictic conglomerate. One of

the matches runs parallel to the stratification and the other to the

foliation. The question arises as to whether the pebbles in the quartzite

have evolved through metamorphism or whether the structure was

produced during sedimentation. In any case, the quartzite had been

bedded before the metamorphism occurred. Between Rotimojoki and
Luvejoki, Nissild, Vieremi.
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that such an event has occurred. Griindel and Rosler (1963, p. 1033), among
others, have written about such a tectonic genesis of pebbles and the mecha-
nism involved.

3) In places the pebbles may be regarded as having originated from a
large body through brecciation, in view of the fact that the edges of the
pebbles fit in one anothers’ recesses (Fig. 12). In the photomicrograph (Fig.
16), again, it will be observed how the pebble has been shattered to form
smaller pebbles. On the surface of an exposure, one can sometimes see tiny
broken pieces around round pebbles — the likelihood being that they were
broken off while the pebbles were worn round during movements.

4) A few of the pebbles seen in Fig. 14 must surely have formed by break-
ing off quartzite layers.

5) There is a lack of evidence of cross-bedding, and the mode of sedimen-
tation is not clear.

The following points of view may be presented in support of the genesis
of the conglomerate through a process of sedimentation:

Fig. 16. Part of a large conglomerate pebble in the process of breaking up.
Oligomictic conglomerate. 1 Nic. Between Rotimojoki and Luvejoki, Nissili,
Vieremi.
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1) The variation in the size of the pebbles in the layers making up the
conglomerate in a transverse direction could be construed to signify sorting
under sedimentation.

2) The clastic structure of the pebbles and the matrix of the conglomerate
(Fig. 17) has been well preserved, and on the whole the conglomerate contains
very few marks of deformation. Why should this be if the conglomerate
represents a tectonic breccia?

3) A large part of the pebbles in the conglomerate are well rounded, but,
on the other hand, very little can be seen of the remains of the rounding
process involved in the genesis of pebbles through tectonic deformation.
Where would they have vanished?

4) The phenomena of the kind shown in Fig. 14 are rare in the conglom-
erate zone. The question is raised as to whether they represent only folded
and broken intercalations in the conglomerate.

5) The author has had thin sections made of such portions of the conglom-
erate as contain pebbles that appear to have originated by breaking off a
larger body. Fig. 17 illustrates such a thin section — but the pebbles to be

Fig. 17. Different kinds of pebbles in the oligomictic conglomerate.
Crossed Nicols. Between Rotimojoki and Luvejoki, Nissild, Vierema.
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seen in it are so varied that it is difficult to imagine their having broken off
the same piece. Similarly, Fig. 13 shows two quite different pebbles side by
side, though the one on the right side is, moreover, broken.

In this conglomerate area the quartz layers have folded and broken up,
and the broken pieces have taken on ‘the shape of pebbles. Further, the
conglomerate contains clusters of pebbles that have formed through breakage,
though sedimentation, too, may have had the effect of crowding them close
together. Also the pebbles in the conglomerate had rolled in the direction of
the transverse foliation and in certain cases even become rounded in the
process, while the residue was left next to the resulting pebbles. Still, suffi-
cient evidence is lacking to prove that the whole conglomerate is the product
of tectonic brecciation. Phenomena of this kind are likely to be found in any
conglomerate whatsoever. Elucidation of the sedimentation process through-
out the entire schist area and the mapping of the conglomerate zone with
a very small-scale map serving as a guide map could conceivably provide the
missing answers to our questions.

Eskola (1941, p. 470) writes about conglomerates of this kind in the
commune of Suojarvi and the region of Aunus in Soviet Karelia: »Die Entsteh-
ung solcher Quarzger6llmassen mag schwer erklirbar ersheinen, aber man
kennt ja recht Ahnliches in jiingeren Formationen, wie z. B. ein Quarzkong-
lomerat der Kreideformation bei Washington in Nordamerika, das dem Verf.
durch Autopsie bekannt ist.» On the other hand, Horny (1962) includes in
his study pictures from central Bohemia in which the harder layers of strati-
fied rock appear to have broken into pebble-like pieces — though these pic-
tures, to be sure, show many concretions, too. Griindel and Rosler (1963)
describe the formation of pebbles in the sedimentary Upper Devonian series
of Thiiringia and comment on the effect of tectonics on the process. Actually,
the pebbles consist of limestone, but the composition of the rock is an imma-
terial consideration in a case where the most significant factor is the differ-
ences in hardness between the different layers. It may also be asked whether
the modes of formation of auto-conglomerates can be applied to such con-
glomerates (Hills 1963, p. 18).

In some portions of the conglomerate there are wedge-like quartz veins
0.1 to 3 em wide and 5 to 100 cm long (Fig. 18). They usually run parallel to
the transverse foliation. Some of these veins exist within only a single pebble,
some are found only in the mica schist bed and some intersect both the
pebbles contained in the conglomerate and its matrix. There also occur a few
feldspar-bearing veins (Fig. 12). Since the veins are wedge-shaped —i.e.,
confined — the material could not have come from outside the conglomerate
in this so-called quartzification process. Rather did the process take place
wholly within the rock — what we are confronted with is a metamorphism
pure and simple.
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Fig. 18. Lenticular quartz veins in the oligomictic conglom-
erate. Between Rotimojoki and Luvejoki, Nissild, Vierema.

STAUROLITE MICA SCHISTS AND MICA SCHIST WITH PSEUDO-
STAUROLITE PORPHYROBLASTS

Staurolite mica schists are to be seen at many points throughout the
entire length of the Salahmi schist zone. At the north end of the schist se--
quence, southwest of Nissild, there occur the thickest staurolite schist layers,
while it is in the area of the village of Valkeiskyld, at the south end, that the
thinnest ones are situated. At Kulvemaiki, in the village of Salahmi, staurolite
mica schists alternate with mica schist layers in a fairly broad zone. Wilkman
(1931, p. 200) mentions staurolite mica schists as occurring at Tuliniemi,
Salahmijérvi. Further, they occur about 1 km NNW of Tuliniemi and about
1.5 km north of the northwest end of Salahmijarvi. Except for one occurrence,
the staurolite mica schists in this area are much alike (Fig. 19). The exception
is situated in the last-mentioned locality, that is, about 1.5 km north of the
northwest end of Salahmijdrvi, where the staurolite porphyroblasts have
become transformed in certain portions of the formation into other minerals
and now appear as pseudo-porphyroblasts (Fig. 20).
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Fig. 19. Staurolite mica schist. Southern edge of Karhumiki, Nissild,
Vieremi.

STAUROLITE MICA SCHISTS

The staurolite mica schists (Fig. 19) are dark gray and fine-grained (0.1
to 1 mm). The quartz grains in particular are in spots larger than the other
ones. Here and there the schist is slightly bedded. And it has narrow layers
richer in quartz, which are at the same time somewhat coarser of grain than
the schist as a whole.

The schist contains yellowish brown staurolite porphyroblasts, which are
poikiloblastic. Present as inclusions are quartz, in particular, and also opaque
minerals in profusion. The porphyroblasts are usually 3 to 4.5 ecm long and
0.8 to 1.5 cm thick. Also smaller grains up to 0.5 cm in length occur, and in
some places one can see schist layers in which all the staurolite porphyrob-
lasts are only 0.5 to 1 em long. The staurolite porphyroblasts appear in part
to have become situated parallel to the foliation and to some extent in arbi-
trary fashion nowise dependent on it. In the former case, the crystal faces of
the grains do not seem to be developed so well as they are in the latter case.

Chlorite porphyroblasts occur in nearly all the staurolite mica schists,
and in most instances the chlorite flakes do not run parallel to the foliation
plane. The length of the chlorite porphyroblasts is between 1 and 3 mm, and
they can frequently be observed to be polysynthetically twinned and with
a ragged form.

In places in the staurolite mica schist zone there occur layers containing
small quartz lenses, which vary in lenght from a centimeter to several centi-
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Table 6. Optical properties of certain minerals contained in the staurolite schists of
the Salahmi area.

1 2 } 3 4 4 5

| 1 !
Staurolite .......v..:: l ‘
) eom R o T B e % 1.737 — == | — 1.735
Y arsisls & wooe e ieeio & 5 1.753 1.754 1.753 1.748 1.750
AT 86° — — 98° -
Biotite ..............
T AT o o T 1.637 1.635 1.636 = —
Muscovite ............
DI S e e 1.596 1.600 1.596 — —
B s s o abissisls s vimemng s 1.592 1.595 1.592 — —
1. Staurolite mica schist, Karhumaiki, Nissild, Vieremi.
2 » » »  Valkeiskyld, Vieremé.
3 » » »  Kulvemaki, Salahmi, Vierema.
4. » » » C.1km NNW of Tuliniemi, Lapinmiki, Vieremd.
5. Granite, » » » » » » »

meters. They, too, contain staurolite crystals. Also narrow quartz veins are
to be found; and in the site about one kilometer NNW of Tuliniemi, Lake
Salahmi, the staurolite mica schist contains a fine-grained, light gray granite
vein about 0.5 m wide with staurolite porphyroblasts ranging between 1 and
5 mm in length (Table 6) and also microcline porphyroblasts (grain size:
2—5 mm).

In addition to staurolite and chlorite, the minerals present in the stauro-
lite mica schist include quartz, biotite, muscovite, feldspar, apatite, epidote,
zircon, sphene and opaques as well as — at least at Valkeiskyld — tourma-
line. The optical properties of certain minerals contained in the staurolite
mica schists are presented in Table 6. The composition of the staurolite
appears here, too, to remain fairly constant and even independent of the
rock in which it is contained (Juurinen 1956).

MICA SCHIST WITH PSEUDO-STAUROLITE PORPHYROBLASTS

About 1.5 km north of the northwest end of Lake Salahmi, there are
three small exposures, which are situated in a row nearly parallel to the
schistosity at intervals of about 150 m. They contain mica schist with pseudo-
staurolite porphyroblasts. Quartz-rich layers 5 to 15 cm thick alternate in
the exposures with dark gray, mica-rich layers 0.5 to 5 cm broad.

The pseudo-staurolite porphyroblasts occur in the dark gray beds of the
exposures. Fig. 20 has been taken of a section of such a bed that runs parallel
to the stratification surface. The crossed twins 4 to 8 mm long to be seen in
it are pits in the surface, the bottoms of which happened to be in shadow at
the time the picture was taken. In thin section not a single twin has been
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Fig. 20. Mica schist containing pseudo-staurolite porphyroblasts. About 1.5 km north of
NW end of Salahmijérvi, Marttisenjarvi, Vieremad.

seen to have staurolite relicts; instead there have been grain aggregates
containing chlorite (f = l.626) and muscovite (¢ = l.541, f = l.571,
y = 1.575). The pseudo-staurolite evidently weathered more readily than
the quartz-bearing host rock and now are represented by the pits on the
surface of the rock.

In the dark gray layers there are very narrow biotite-rich laminae. The
grain size of the minerals in these layers ranges from 0.1 to 0.02 mm, and the
schist is blastoclastic in structure. It contains biotite (y = 1.619 = greenish
brown, ¢ = nearly colorless) in profusion, quartz, muscovite and, to some
extent, feldspar. Accessory minerals are apatite, zircon and opaques.

The grain size found in the gray layers varies between 0.04 and 0.2 mm.
The main minerals are quartz, which is present in the greatest amounts,
biotite and muscovite. The feldspar content is slight. In addition, there occur
zircon, apatite and, very slightly, opaque minerals.

In both schist layers there occur poikiloblastic chlorite porphyroblasts.
In the gray schist layers they are distinctly larger (0.4—0.2 mm) than in the
dark gray schist layers (0.2—0.1 mm). But the chlorite porphyroblasts are
noticeably smaller than the pseudo-staurolite porphyroblasts. In many in-
stances, they are polysynthetically twinned and have a symmetrical extinc-
tion in relation to the intergrowth plane of the lamellae. In a few cases, the
chlorite flakes have fanned out radially.
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Both schist layers have undergone metamorphism, but differently. For
instance, the quartz has a much stronger undulatory extinction in the dark
gray than moderately gray layers. In the gray schist layers there are lenti-
cular quartz veins a few millimeters thick with trends of N30°W and N60°E,
which generally do not extend to the side of the dark gray layer (ven echelon»
— cracks). Also the dark gray schist layers contain lenticular, very narrow
quartz veins, but their orientation is either N15°E, 70°E or NS80°E, 65°W.
They do not extend over to the adjacent layer, either. The stratification and
foliation of the schist at the point where the foregoing measurements were
made are N30°E, 65°E and the lineation is NS, 40°S. See Hausen 1936, p. 25.

The pseudo-staurolite porphyroblasts appear to have rolled somewhat dur-
ing metamorphism. It is natural to think that they have rolled while they were
still in the condition of hard staurolite and not after they had metamorphosed
into a soft mineral — chlorite and muscovite. The staurolite porphyroblasts
have generally been bigger in the staurolite schists of the Salahmi area
than are the pseudo-staurolite porphyroblasts described here (cf. Figs. 19
and 20). For some reason, the growth of the staurolite crystals in this schist
ceased earlier than elsewhere, though the staurolite schists described all belong
to nearly the same horizon. Then the staurolite mineral became instable in
the schist and disappeared, having turned to chlorite and muscovite.

Hietanen (1962) describes staurolite mica schists from a belt near the St.
Joe river, Idaho, and pseudomorphs after staurolite found there. The pelitic
rocks in northern New Hampshire show, according to Green (1963), biotite
or staurolite altering to chlorite, or staurolite armored by andalusite. It is
Eskola’s observation (1946, p. 300) that staurolite is rich in iron and does
not seem to be able to accomodate more than a slight amount of magnesium
in its lattice. That magnesium could not replace the Fe?* in staurolite is diffi-
cult to understand. According to Turner (1948, p. 82), staurolite appears to
be stable over a narrowly limited range of temperature. On the other hand,
it is obvious that if a mineral remains in very narrowly limited PT-conditions,
it must maintain a nearly constant composition, although one might think
differently upon contemplating its formula.

MICA SCHISTS AND MICA GNEISSES

Approximately 5 km southwest of the cross-roads at Karhukangas, Salah-
mi, there are mica schists, which are situated on the western side of the
schists containing calcium-bearing minerals at Metelinméki. This mica schist
is relatively poor in feldspar compared to the mica schists of Murennusmaéki,
and it is also more thoroughly re-crystallized. The constituent minerals are
quartz, biotite (y = l.642 = brown), muscovite, feldspar, chlorite (porphy-
roblasts), apatite, zircon and opaques.
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Proceeding southwest from Karhukangas, the schist is in places vein-
gneissoid and appears to be richer in feldspar. It is mica gneiss.

At Kulvemiki mica schists occur in association with staurolite mica
schists as alternating thick and thin beds. They occur in the same way on the
southern slope of Karhumiki at Nissild. Also on the western side of the
oligomictic conglomerate at Nissild one meets with mica schists.

LENSES CONTAINING CALCIC MINERALS IN MICA SCHISTS

Lenses containing calcic minerals have been found here and there as
inclusions in the schist of Murennusméki with alternating layers of quartzite
and mica schist and in the mica schist situated about 2 km to the southwest
at Karhukangas. They evolved through metamorphism either from calcareous
concretions and/or thin calcareous layers by developing boundinage. Fig. 21
shows a portion of one such lens. The lenses are on the whole very much
alike in structure. ’

This lens found about 3.5 km southeast of the cross-roads of Salahmi at
Karhukangas is zonal (Fig. 21). The rock situated in the middle of the lens
contains porphyroblasts and is fine-grained and light gray in color. Its por-
phyroblasts are green diopside prisms 1 to 4 mm in length, round garnet
grains of a brown color and some black amphibole prisms. Around the mid-
portion of the lenses there is a dark gray zone about 2 cm wide, which lacks
foliation and which borders rather sharply on its host rock, composed of mica
schist. The dark color of the border zone derives from the amphibole present
in it. On the other hand, it lacks epidote and — almost — diopside, too, and
the garnet content is likewise very scanty. The pale groundmass in the mid-
portion of the rock consists of quartz (most), epidote, plagioclase and calcite.
In addition to the amphibole, the dark gray ring contains an abundance of
quartz and plagioclase. There appears to be more pyrrhotite at the point
between the middle portion and the marginal zone than elsewhere. Garnet
porphyroblasts are met with also in the mica schist immediately next to the
lens. The index of refraction of the biotite (y) at this point in the mica schist
is 1.648 and a short distance farther in the same rock 1.642.

The composition of the plagioclase in the middle of the lens is Angg (y =
1.570, @ = 1.562). The garnet poikiloblasts (n = 1.783) are indistinctly
formed, and they contain considerable amounts of quartz and epidote as well
as small amounts of sphene, calcite and amphibole as inclusions. The
amphibole (¢ = 1.647 = light green, # = 1.659 = yellowish green, y = 1.665
= blue-green, ¢\ y = 19°, 2Va = 76°) is likewise poikiloblastic. The inclu-
sions in it are the same as in the garnet, but there are more of them. The form
of the amphibole porphyroblasts is very indefinite and ragged, and they have
conspicuously beautiful, brown pleochroic haloes. The components producing
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Fig. 21. Zoned lens containing calcareous minerals in mica schist.
Karhukangas, Salahmi, Vieremd.

the haloes are so tiny that they could not be identified. The diopside (¢ =
1.705, y = 1.734, ¢ /\ y = 42°) occurs in the same way as the amphibole, but
it also contains amphibole as inclusions. In places there is a fair amount of
calcite (w = 1.664), and quartz is also present as inclusions. The epidote
(B = l.732)is likewise poikilitic, but it occurs as rather small, roundish grains.
In addition, the lens contains a slight amount of sphene and a few grains of
potash feldspar. Besides pyrrhotite, the opaque minerals in it include small
amounts of chalcopyrite, magnetite and cobalt pentlandite, which is present
as lamellae in the pyrrhotite.

The metamorphism has not advanced so far in the lenses as to make it
impossible to see in them still that the zoned structure is largely due to
composition differences arising as early as the sedimentation stage. This
observation does not deny the possibility that metasomatism might also have
occurred between the lens and the host rock, though, to be sure, no positive
proof of it has come to light.

THE SCHISTS OF VALKEISKYLA

Directly overlying the basal conglomerate of Valkeiskyld is a thin layer
of garnet-bearing mica schist. Next follow staurolite mica schist, garnet mica
schist and, then, mica schist containing chlorite porphyroblasts. The schist
layers here catalogued are only a few meters thick. Farther from them one
meets with graphite-bearing mica schist.
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Fig. 22. Gneiss from western margin of conglomerate at Kukkomiiki.
In the upper part of picture, facing east, there occurs augen gneiss with
the appearance of a conglomerate. Kukkomiki, Vierema.

THE CONGLOMERATE OF KUKKOMAKI

Kukkomaiki is situated about 4.5 km to the east from the central part of
Salahmijérvi, in the commune of Vieremé. There one can observe strongly
tectonized rock resembling conglomerate in a zone over 500 m long running
parallel to the foliation.

On both marginal sides of the conglomerate formation there occurs gneiss
of the kind shown in Fig. 22, which is stratified and very prominently foliated.
In the upper part of Fig. 22, which represents the eastern flank of the forma-
tion, there is a layer of augen gneiss with the appearance of a conglomerate.
The middle portion of the formation consists of very strongly tectonized
conglomerate and/or breccia. Fig. 23 has been taken of the surface of the
exposure situated at right angles to the lineation and the foliation, and the
»conglomerate» there appears to contain distinct pebbles. Fig. 24, again, was
taken of the surface of the outcrop running parallel to the lineation (N10°E,
45°S) but at right angles to the foliation. Both figures (23 and 24) show the
same outcrop at adjacent points. The latter picture (Fig. 24) shows an abun-
dance of intersecting shear cleavages, which break up the rock and its various
layers into long, wedge-like pieces. These pieces appear to fit into one another
and to form layers, and in this picture (Fig. 24) they cannot be easily imagined
as elongated pebbles.

The structure of the gneiss and the augen gneiss with the appearance of a
conglomerate in the marginal portions of the conglomerate formation is
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Fig. 23. Conglomerate and/or breccia? The picture was taken
of the surface of the outerop at right angles to the lineation
and foliation. Kukkomaiki, Vierema.

cataclastic. Their principal mineral components are quartz, plagioclase, mi-
crocline. biotite, and muscovite. The muscovite occurs as conspicuously large
poikiloblasts. The »eyes» in the augen gneiss consist of quartz, quartzite and
feldspar-rich quartzite as well as feldspar grains, some of which are porphy-
roblasts.

The middle portion of the conglomerate formation — the portion desig-
nated as conglomerate — contains pebbles consisting, first of all, of the gneiss
and augen with the appearance of conglomerate met with in the marginal
parts of the same zone as well as tectonic varieties of these constituents.
It also contains mica schist fragments, in addition to pebbles of quartz,
graphic feldspar and aplitic rock. All are strongly deformed in wvarious
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Fig. 24. Conglomerate and/or breccia? The picture was
taken of the surface of the outcrop at right angles to the
foliation and parallel to the lineation. Kukkomiki, Vierema.

degrees. The matrix of the conglomerate is made up of various shear zones,
which separate these so-called pebbles from one another. The minerals found
in the conglomerate are quartz, plagioclase (An,,), epidote, sphene, apatite,
zircon and opaques. The matrix is in many places richer in mica than the
other parts of the rock.

Is this conglomerate a tectonic breccia and/or a true conglomerate? The
augen gneiss resembling conglomerate in the marginal zone has structural
features that are perhaps distinct relicts of a conglomerate fabric. There may
have been layers of more distinct conglomerate structure and with large
pebbles in the middle portion of the conglomerate formation than can be
seen at present, although no sure evidence to substantiate this view exists.
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But the conglomerate formation has undoubtedly also contained layers resem-
bling the rocks of the marginal zone, layers from which very many rocks
resembling the large-pebbled conglomerate must have evolved during tectonic
movements. It was not until this metamorphism occurred that some of the
quartz pebbles, for example, were formed.

Koark (1961) has studied the structure and petrofabrics of the Venna
conglomerate. The rock, as he describes it, is very markedly metamorphosed,
like the conglomerate of Kukkoméki. The Venna conglomerate, according to
Koark (1961), represents a B-conglomerate tectonite with part-areas of
predominantly B | B fabric. The B-tectonites, he asserts (1961), might be
referred to transversal foldings.

The reader probably would like to have an answer to the question as to
what conglomerate in the Salahmi area offers a counterpart to this conglom-
erate and/or breccia. On account of its advanced stage of metamorphism,
the question is not easy to answer. The formation may, perhaps, be compared
with the basal conglomerate — but also, probably equally well with the
oligomictic conglomerate situated between Rotimojoki and Luvejoki. Perhaps
it is well to keep in mind that the Kukkomiki conglomerate is flanked on
both sides by similar rocks. At least, no essential differences have been noted
between the rocks on its eastern and western flanks.

6 4901—65°
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THE NALANTO REGION

The Nélinto region (Fig. 25) comprises the western part of the so-called
Kiuruvesi-Vieremé schist belt, and in the middle of this region lies the lake
after which it has been named, Nélintojarvi (Lake Nélanto). The Nalanto
region contains many different rocks, including both metamorphic and
plutonic varieties. The metamorphic gneisses and schists can be divided
handily, according to the grouping of exposures, into three groups: 1) the
rocks on the NE-side of Nélintojéarvi, 2) the rocks on the SW-side of the lake,
and 3) the rocks situated along the banks of Rikkajoki (Rikka river). The
plutonic rocks in the region form two small separate bodies, which are situated
on opposite sides of the lake.

METAMORPHIC GNEISSES AND SCHISTS

NE-SIDE OF NALANTOJARVI

MICA GNEISS

There is mica gneiss on the NE-side of Nalintojarvi — at the eastern
margin of the area encompassed by the map. It is partly garnet-bearing, in
places fine of grain (grain size 0.1—0.5 mm), in other places medium-grained
(grain size 0.3—1.5 mm). In the latter places there are zones containing small
quartz lenses and other zones, containing quartz and quartz-feldspar veins.
The mineral composition of the mica gneiss deficient in garnet is as follows,
expressed in terms of percentages by volume:

Quartz ......... .. 30.2
Plagioclase ............ciiiiiiiiiiinan.n. 26.8
Biotite. «: vswisewsisasuscnsissonissaus s st 35.1
Muscovite ............ i 1.8
ChloTite s :sasspnsis mmss samnssases s 9usseis 1.1
Apatite ........ ... ... ... 1.3
Opaque mINerals . ::svic vt sanaisonasans 2.8
Other minerals ........................... 0.9
LOBRL. 5 s 55w 5 655 0 5.5 915180 35058 0 2 6 0 100.0

The designation »other minerals» includes sphene, potash feldspar, epidote
and zircon.



Suomen Geologinen Seura. N:o 37. Geologiska Sillskapet i Finland. 43

refoo

Tihila

| 64 )

50

64
50’

Q)
Yy
\)\5
S

\\3\
\\’s\
»s\)\

26°(30"

Fig. 25. Nalanto region. 1) Mica gneiss, 2) Amphibolite, diopside amphibolite and

garnet-bearing pyroxene amphibolite, 3) Biotite-plagioclase gneiss, 4) Microcline-plagioclase

gneiss, 5) Hornblende gneiss and cummingtonite-bearing hornblende gneiss, 6) Graphite-

bearing schist, 7) Pyroxene-bearing porphyritic granite and pyroxene-hornblende gran-

odiorite, 8) Biotite granite, 9) Strike and dip of foliation, 10) Lineation, 11) Fold axis and
12) Strike and dip of shear zone.

In medium-grained varieties there is more plagioclase (a = l.548, y =
1.558, An,,) than in fine-grained ones. Similarly, the content of epidote and sphene
is larger in the medium- than in the fine-grained varieties of the rock. The biotite
(y = reddish brown) is poikiloblastic in medium-grained types.
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AMPHIBOLITE

Between the mica gneiss and the biotite-plagioclase gneiss on the north-
eastern side of Naldntojarvi, there occurs a dark gray, medium-grained,
weakly schistose amphibolite, with which fine-grained amphibolite varieties
are to be found in association. Particularly in the fine-grained amphibolite,
one will observe very dark gray, lenticular hornblende schist inclusions 10 to
70 cm long and 2 to 10 em wide. This amphibolite contains a scattering of
garnet porphyroblasts a couple of centimeters in diameter. The mineral
composition of the medium-grained amphibolite, minus the garnet porphy-
roblasts, is as follows in percentages by volume:

Quartz ....... ... .. 14.6
Plagioclase s« 5e demsemasnb el s o ase s o5 34.1
Hornblende ................. ... ... u.... 29.8
BIOLILO v si0 5 m s 8.5 5 508 Es 5 ake w9 05w e 5 e 14.1
Apatite ...........c.iiiiiiiiiiiiii i 3.0
Opagque MINerals: « :cs:v s nmes 55 d5amenseen 2.5
Other minerals ........................... 1.9
ROBRL 5 555 v i 3 0 40 5 0 55 ) S e 100.0

This amphibolite contains a relative abundance of biotite and also quartz,
and therefore it apparently has a high Niggli k value. Leake (1964) writes
that amphibolites having low Niggli k values are almost certainly igneous
in origin, but amphibolites with high Niggli k values may be either igneous
or sedimentary in origin. The amphibolite under consideration here should
perhaps be designated as para-amphibolite.

The composition of the plagioclase is An, (a = 1.549, y = 1.555). The
hornblende (a = l.662 = light green, f = 1.674 — green, y — 1.684 = bluish
green, cA y = 20°), being poikiloblastic, especially in medium-grained types, and
appearing in both types in conjunction with biotite. The garnet (n = 1.780)
contains quartz in particular as inclusions. There is an abundance of apatite, the
idioblastic grains of which are largish (the cross-sections of the prisms: 0.1—0.3 mm).
The apatite contains hornblende, among other things, as inclusions. Polished
sections have revealed the presence of the following opaque minerals: magnetite,
pyrite, chaleopyrite, graphite and hydro-pyrrhotite.

In the hornblende schist the composition of the plagioclase is An ;5 (a =
1.552, y = 1.560) and the refractive indices of the hornblende are a = 1.663,
B = l.s79, y = l.684,

BIOTITE-PLAGIOCLASE GNEISS

Biotite-plagioclase gneiss may be observed on the eastern side of Nilinto-
jarvi in two different places: at Loutemiki, toward the NE from the biotite
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granite body lying on the eastern side of the highway which runs past the
eastern end of the lake, as well as along the banks of Tyrsivinjoki northward
from the southeastern corner of Nildntdjarvi.

Loutemaki

At Louteméki there occurs biotite-plagioclase gneiss containing micro-
cline and amphibole. On the weathered surface of exposures the gneiss is
vellowish gray, whereas on fresh surfaces it is bluish gray. It is a relatively
homogeneous rock. In places it is somewhat brownish gray, in which case it
contains more than the usual amount of potash feldspar. Similarly, the degree
of metamorphism of the gneiss varies: in spots it has undergone a more
advanced stage of mylonitization than in general. Some unmistakable my-
lonite zones can be seen in the rock. The types rich in potash feldspar are
generally more metamorphosed and resemble augen gneiss to a greater extent
than the rest do.

The grain size of the minerals composing the biotite-plagioclase gneiss
varies from 0.2 mm to 2 mm and most usually ranges from 0.5 to 1 mm. The
structure of the gneiss is granoblastic and cataclastic. Evidence of a blastoc-
lastic structure can scarcely be detected in it. It contains numerous micro-
scopically thin shear zones, which run mainly in two directions, cutting
across each other at a 45° angle, though, to be sure, they do meander a bit,
curving around large feldspar grains. In these zones the mineral grains have
been ground small and have to some extent altered into other minerals.
Present are, inter alia, quartz, microcline, epidote, amphibole and sphene.
Table 7 shows the chemical analysis and mineral composition in percentages
by volume of the most common biotite-plagioclase gneiss. The minerals con-
tained in it are plagioclase, quartz, microcline, biotite, amphibole, epidote,
muscovite, sphene, apatite, chlorite, orthite, hercynite and opaques.

Some of the plagioclase grains (¢ = 1.535, f = 1.589, y = 1.544, Any;)
have broken and the lamellae of the grains twisted. The grains are in many instances
ovoid and their edges have bands formed out of tiny particles. The microcline
(¢ = 1.520, y = 1.526) contains broad flamelike perthite. The quartz occurs as
very tiny grains in shear zones, but as considerably larger grains elsewhere in the
rock. In the shear zone the biotite flakes (y = 1.637 = brown, a = yellowish)
have partly altered to amphibole, epidote, sphene, muscovite and, sometimes, chlorite.
In spots no biotite can be seen at all. It would appear as if the biotite had vanished
to make way for epidote and amphibole. The epidote (y = 1.737, 15 mol. per cent
pistacite component) is present in crushed areas as clusters or rows of grains. The
amphibole (a = l.652 = nearly colorless, § = slightly greenish, y = l.675 =
light bluish green, ¢ A y = 20°) occurs in many cases as indefinitely shaped grains
resembling porphyroblasts. The apatite (w = l.640, ¢ = 1.636; according to
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Table 7. Chemical analysis and modal mineral composition of biotite-plagioclase gneiss.
Loutemiiki, NE-side of Néldntéjiarvi, hamlet of Néldnto, Kiuruvesi commune. Analyst:
A. Heikkinen.

Weight Weight Molecular ‘ Niggli

per cent norm norm | values
D0 et 0 S DR S ‘ 68.60 Q 22.1 Q 20.7 l si 300
7 T T L 0.3 or 15,0 Oor 150 | al 41
ABOs o tysawns nesiasni ; 15.8 | ab 40.4 Ab  43.0 | fm 19
RS operece mesidims’ otons dinies's 0.60 | an 13.3 An 135 c 13
PO ;ocusesssumnessenmes 2.15 z 90.8 P 923 | alk 27
MNO i sssa s s s rrRes | 0.06 | ti 1
Mo byl A sz adyes e \ 129 | en 3.2 En 36 | h 7
CA0 s smee s smvemuassimmss [ 285 | 18 2.9 Fs 22 | k 0.38
NEYO S i d octla vz 2 s i 4.80 C 0.3 C 0.3 | mg 0.45
¥ 10 N S S T Ml | 2.55 il 0.8 11 06 | o 0.11
PoOg ssioise v smmmsssn swieas | 0.13 mt 0.9 Mt 0.8 c¢/fm 0.72
2 AT Rjked ) \ 0.00 ap 0.3 Ap 03 | qz +92
HE QA o omsm maivis s mswnse | 0.50
HoO— o s a0 usnoes womemes \ 0.05
. S P 99.81 | X 9.2 | X  100.0
Modal mineral composition:
Microcline ..........cccoviinnnnn 12.5 DPNBNS) vz asosilds so et st iaadsd 1.2
Plagioclase usessessmwesssmmes 35.5 ChloTHe: <. von s v pommassimsmsnsswm 1.1
T E T e BT E 29.7 MUBCONALE! + s i a5 smirs s @ o 0.4
Biotite .......... ... .. ... 8.5 HEITYNIE .o oo smamidis o 0.4
Apaphibole . .xvis o vaeswas sane s 4.5 Opaque minerals ................ 0.7
Eptdote: o650 s s smnee os smds ox 4.5 = =
Agatit o £ 5 P U SN S 100.0

Fig. 26. Quartzite containing intercalations of hornblende schist. The rock is markedly
metamorphosed and folded. Northeastern side of Nilintéjirvi, Loutemiiki, Nilinto, Kiuruvesi
commune.
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Fig. 27. Top of fold in folded quartzite containing intercalations of hornblende schist. The
hornblende schist layers have thickened and also developed a boudinage structure during
the folding process. Northeastern side of Nildntojarvi, Loutemiki, Nilinté, commune of
Kiuruvesi.

Troger (1959), it would be fluorapatite) takes the form of largish grains. The herc y-
nite consists of a few very green, euhedral, isotropic little grains. The opaque
minerals are hematite, pyrite, pyrrhotite, magnetite and hydro-pyrrhotite. The
hematite has the same kind of lamellae as those described by Ramdohr (1955, p. 690).

In this biotite-plagioclase gneiss, there are lenticular, very light gray
quartzite layers with intercalations consisting mainly of hornblende schist.
These lenticular quartzite layers are quite highly metamorphosed and folded
(Figs. 26 and 27). The thickness of the lenticular layers varies from one to
ten meters and the longest one known stretches 150 m in length. The lenses
are not all in the same foliation plane, and they could hardly have belonged
to the same layer, for examples of them are to be found along both western
and eastern margins of Loutemiki. In all likelihood, they belong to at least
three different layers, albeit the different lenses resemble each other closely
in structure and composition.

The structure of the largest lens, which at the same time is situated
farthest to the SW, is shown in Figs. 26 and 27. On its weathered surface,
the quartzite is a very light gray, and it contains intercalations, mostly of a
green hue. The thickness of the intercalated bands varies between less than
1 cm and as much as 10 cm. They are conspicuously folded (fold axis N5°E,
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25°N), and in places they have thickened and become broken. The structure
of the quartzite is granoblastic and the size of the quartz grains in it ranges
from 0.1 to 1 mm. The quartz grains have an undulatory extinction and are
quite definitely oriented. The mineral composition of the quartz grains is as
follows, expressed in percentages by volume: Quartz 94.5, feldspars < 0.1,
hornblende 3.5, pyroxene 1.5, biotite < 0.1, apatite 0.1 and opaque minerals
0.4. The pyroxene and the hornblende occur as stripes 0.1 to 3 mm thick,
which conform to the foliation, invariably contain quartz and generally are
not sharply bounded against their country rock but grade over into it by
degrees. Both the hornblende and the pyroxene have in many cases been
enriched into different stripes. The fine-grained stripes are usually narrower
than the large-grained ones. The hornblende (¢ = 1.655 = colorless,
B = 1l.660 = light greenish, y = 1.675 = light bluish green, c A\ y = 17°, 2Ve
— 83°, 40 mol. per cent (Fe2", Mn, Ti)-component) occurs in the stripes a
laminae 0.2 to 2 mm long, and pyroxene (a=1.668, y=1.696, c/\y
= 39°) is present as grains of the same size.

On the weathered surface the hornblende-schist intercalations in the
quartzite are green and, in rare instances, reddish brown in color, and the
grain size of their minerals varies between 0.3 and 1 mm. The main mineral
is hornblende. The reddish brown variety also contains a slight amount of
pyroxene. In addition, there are small amounts of quartz, apatite, biotite
and opaque minerals. The brown hue of a few of the hornblende schist layers
is given them by hematite, which envelops all the minerals in the rock,
including the quartz and is present in their fissures. The dark minerals in
the brown bands are richer in Fe than in the green layers: The composition
of the hornblende in the brown layer is 65 mol. per cent (Fe*", Mn, Ti)-
component (¢ = 1.674 = olive green, f = green, y = 1.717, ¢/\ y = 18°)
and that of the green layer (¢« = 1l.662, f = 1.676, y = l.684, ¢ /\ y = 23°,
2Va = 69°) 50 mol. per cent (Fe2*, Mn, Ti)-component. The following optical
properties have been measured from the pyroxene contained in the
reddish brown layer: « = 1.683, f = l.689, y = 1.715, ¢/\ y = 41°. The
quartz generally occurs in the hornblende schists as separate, very narrow
wedge-like veins.

The genesis of these quartzite lenses is not easy to understand. They are
quite strongly tectonic lenses in metamorphic, probably sedimentogeneous
gneiss. Perhaps they have first undergone powerful dynamometamorphism
and then, in addition, developed a boudinage structure. The quartzite
contains no relicts of the original rock. In it has been found, however, one
layer 10 cm wide that has the same mineral composition and structure as
biotite-plagioclase gneiss, but these quartzites need not have evolved out of
such rock. The metamorphosis of the quartzites could scarcely have happened
without marked simultaneous metamorphic differentiation, although the
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original rock could have been somewhat stratified. In the biotite-placioclase
gneiss the biotite of the shear zones has altered partly into epidote and
amphibole. In the diopside amphibolite of Rikkajoki, there exists an example
of the banded texture partly produced by metamorphic differentiation,
although the primary stratification prevails there.

In the biotite-plagioclase gneiss there are a few veins of crushed rock
resembling pegmatite, which run parallel to the schistosity. Some of them
consist of pegmatites with an abundant content of plagioclase (¢ =
1.535, y = 1.543, An,;) and, in addition, small amounts of quartz and potash
feldspar, while some of the other ones consist of pegmatite containing
abundant microcline (¢ = 1.523, « = 1.529) and, in addition, plagio-
clase, quartz, muscovite and biotite as well. The latter are more markedly
metamorphosed than the former. In many cases they almost look like my-
lonite. There are also pegmatites intersecting the foliation. For example, one
consists of pure white quartz. It is 3 m wide and some 50 m long. Its strike
is N45°N and its dip vertical. The quartz grains contained in this vein have a
prominent lattice orientation and an undulating extinction.

Banks of Tyrsavanjoki

The biotite-plagioclase gneiss situated along the banks of Tyrsdvinjoki
is rich in quartz, fine-grained (grain size 0.05—0.9 mm, commonly ranging
between 0.2 and 0.7 mm), bluish gray, brownish pale gray on the weathered
surface. In it occur sparsely scattered light gray, ovoid feldspar grains up to
5 mm in length. Its structure can still be described as blastoclastic. As
cementing material it contains quartz, microcline and mica. The foliation
of such types is relatively hard to detect. The mineral composition of the
quartz-rich biotite-plagioclase gneiss, expressed in terms of percentages by
volume, is as follows:

MICLOCIIE i 58 msis s me eismm o s 3 mie s 5 © s ars s 8 4.3
ONEFtE icizs:SrEon:mdn; iBETE RN iEEaS:EE 51.1
Plagioclase .. savsisssns smmovsiman swmmesss 26.7
HOTODIOAAS oo o cvss e oara s s oiomn s smmeess 1.1
BIOBINE o6 65 556 5150w o0 10 5 o0 19 60080 016 06ty 0 8 45 im0 & 08 2 12.4
EBPIAGIE & pupimes D ek s i Semssee & 5,5 1.6
APAEIEO: ioc s m s B as onimsios e m s gmenssmosy o 0.7
MUSOONINE sl unm e 5 ¢ 6 & 5 40w Foi o s sl orss & @ 0.7
Opaque minerals : .« iausssnsvssme s sowsse 1.0
Otherminerals .........cccivveeennnaasenns 0.4
TTOBBL. .« o 5 506 6 5060w 6 8 6050 6 B0 555 608 o a8 0 100.0
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The plagioclase grains (An,; ,;) are subangular. The quartz grains are
small (0.03—0.3 mm), with an undulating extinction, partly intergrown and also
elongated. They are oriented in such a way that &’ is on the foliation plane. The micro-
cline likewise occurs as small grains. The brown biotite flakes (y = 1.647) are not
nearly all on the foliation plane. The epidote and the hornblende are xenoblastic.
The apatite occurs as small euhedral grains. ’

This gneiss is in some places more than commonly dynamometamorphic
and its structure is cataclastic. Such portions of rock are regularly richer in
potash feldspar than is the main type. And in these instances the potash
feldspar also has the appearance of porphyroblasts. The apatite in it, moreo-
ver, consists of larger grains than normally.

This biotite-plagioclase gneiss further contains a number of dark gray
mica schist intercalations (0.5 m thick) as well as pegmatite veins.

HORNBLENDE GNEISS

On the northeastern shore of Nalantojarvi, to the south of the biotite
granite, there occurs hornblende gneiss of highly varying character. Alter-
nating by layers, there are a very markedly foliated gneiss, a very weakly
foliated gneiss, and a gneiss in which biotite is present as lenses 2 cm long,
1 em wide and 1—2 mm thick. The last-mentioned gneiss has an outward
appearance bound to arrest the eye. The amounts of biotite and quartz vary
in hornblende gneiss, otherwise the differences between the types are mainly
structural. In terms of percentages by volume, the mineral composition of
the hornblende gneiss is as follows:

QUATEZ ..o i i e 6.6
Plagioclase .............. ... ... ... .. ... 56.5
Hornblende ::u:c:cuwssmnmse swmsssnmsssnns 16.5
Biotite ........ ... ... . il 11.8
APANITE: s vrsmsvrianns smewwaEs s 5w @RS 2.8
Opaque minerals .......................... 3.5
Other TNETAlS «ismsaiconmscanmns samssaaenns 2.3
Total ... ... .. 100.0

The plagioclase (a = 1.546, y = 1.556, 2Vy = 85°, An 4;_,, ) is idioblastic
and partly xenoblastic and it occurs as grains 0.3 to 1 mm long. To some extent it
has undergone sericitization. The hornblende (a = l.651 == light green, § =
1.663 = green, y = 1.669 = green,c A\ y = 21°, 2Va = 75°, 33 mol. per cent (Fe?+,
Mn, Ti)-component) occurs as prisms 0.3 to 1.5 mm long, among which the large ones
are poikiloblastic. The quartz occurs as roundish grains, measuring 0.1 to 0.2 mm
in size. The biotite flakes (y = 1.649 = brown) do not run parallel even in lenses.
In addition to the biotite, the lenses only contain opaque minerals. The polished section
of the hornblende gneiss has revealed the presence of the following opaque min-
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erals: pyrrhotite, with cobalt pentlandite, chalcopyrite, pyrites, galena, ilmenite,
hematite, magnetite, graphite and hydro-pyrrhotite. Graphite occurs enriched in
conjunction with the pyrites and also as lenses in the hornblende.

The hornblende gneiss brings to mind with respect to its mineral compo-
sition the amphibolite found on the NE-side of Nilantojarvi (p. 44), except
that it contains much more plagioclase.

MICROCLINE-PLAGIOCLASE GNEISS

Immediately north of the biotite-granite body, there occurs microcline-
plagioclase gneiss. In it during the dynamometamorphic process the dark
and the light minerals were apparently sorted and separated from each other,
and the gneiss took on a somewhat augen-gneissoid appearance. The light
minerals in the gneiss form pale brownish »eyes» that in sections perpendic-
ular to the lineation are 1 to 3 mm thick and 5 to 10 mm long and that in
sections parallel to the lineation are 1 to 4 c¢cm long. The dark minerals
surround these eyes. The grain size of the minerals in the gneiss varies be-
tween 0.1 mm and 1.5 mm, the usual size being 0.8 mm. This gneiss is gener-
ally rather homogeneous, but at the northern edge of the group of outcrops
it has been found to occur as indefinite, fine-grained, gray fragments.

The microcline-plagioclase gneiss is granoblastic and cataclastic. Its con-
stituent minerals are microcline, plagioclase, hornblende, biotite, (sphene,
epidote, allanite (?), quartz, apatite, zircon, garnet and opaques). Table 8
presents the mineral composition of the microcline-plagioclase in percentages
by volume and its chemical analysis.

The microcline (a= l.520, f = 1.524, y» = l.527) has a distinct cross-
hatched structure, and it displaces the plagioclase. In spots one can notice the vanish-
ing plagioclase in the form of streaks resembling perthite included in the microcline.
The lamellae of the plagioclase (y = 1.540, a = 1.524, An,,) have twisted and
the marginal portions adjacent to the potash feldspar are albitic. Quartz occurs
as small grains but only in small amounts. The biotite (y = 1.658 = brownish
green, a = yellowish light green) and the hornblende (a = 1l.680 = yellowish
green, f = 1.690 = dark green, y = 1.695 = bluish green, ¢ A y = 24°) occur together,
and in conjunction with them there is quite an abundance of sphene as euhedral grains.
The biotite may be seen invading the plagioclase. The a p a t it e occurs as relatively
large grains, like the zircon. The allanite is embedded in the epidote (a = 1.7009,
B = L11%, y= l.721).

The microcline-plagioclase gneiss is penetrated by pale reddish brown,
fine-grained granitic (partially aplitic) dikes. Fig. 28 shows one such gneiss-
cutting dike and a dikelet of it. There is also an occurrence of pegmatite
dikes, which in many instances have a considerable abundance of micro -
cline (e = 1.520, f = l.524, y = 1.527). Both types of dikes may often
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Table §. Chemical analysis and modal mineral composition of microcline-plagioclase
gneiss. NE-side of Nildntojdrvi, hamlet of Néldnto, Kiuruvesi commune. Analyst:
A. Heikkinen.
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Fig. 28. Fine-grained granite dikelet cuts across microcline-plagio-
clase gneiss (lower margin of figure). Northern corner of northeastern
side of Nalantojarvi, Nalinto, Kiuruvesi commune.



Suomen Geologinen Seura. N:o 37. Geologiska Sillskapet i Finland. 53

be observed to run parallel to the foliation, and more of them have been met
with close to the biotite granite than farther away. At least to an extent,
the dikes are likely to have made their penetration from the granite situated
south of the gneiss. This cannot, however, be stated as a certainty insofar
as not a single dike has been observed to branch off directly from the granite.

SW-SIDE OF NALANTOJARVI

CUMMINGTONITE-BEARING HORNBLENDE GNEISS

On the islands at the northern end of Naldnt6jiarvi the rock found is
mainly cummingtonite-bearing hornblende gneiss. It is slightly banded.
Biotite, among other minerals, occurs in it as very narrow bands of short
length. Also the hornblende and the cummingtonite as well as the plagio-
clase have to a certain extent undergone sorting into streaks, which are
visible only under the microscope. Mica gneiss is present in places in this
gneiss as intercalations. The gneiss is foliated, but the foliation is poorly
visible in places with a scanty content of mica. In color the rock is dark
gray, and the grain size varies between 0.5 and 1 mm, but the plagioclase,
in especial, occurs as much larger grains, which measure up to 5 mm in length.

The mineral content of the cummintonite-bearing gneiss is as follows,
expressed in terms of percentages by volume:

QUATYZ) o nmsin o ie so e B 55 e B 6 & S 1.5
Plaigioclame . i o o le b v Soibaase by s pistionm i e i 55.9
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The plagioclase (a = 1.554, f = 1.559, y = 1.563, An;,) is euhedral and
it contains some epidote as an alteration product. The subhedralcummingtonite
(¢ = 1.642 = colorless, f# = 1.653, = light grayish green, y = l.672 = light bluish
green, ¢ Ay = 17°, 2Vy = 81°, 47 mol.-per cent Fe? +-component) and subhedral
hornblende (a = 1l.644 = greenish, f = 1.656 = light green, y = 1.663 = light
bluish green,c A y = 21°, 2Va = 80°, 25 mol.-per cent (Fe®+, Mn, Ti)-component)
occur together in many instances as grain clusters. In some cases the cummingtonite
is situated in the middle of the grains as well as in such a way that their c-axes run
parallel. Hornblende also occurs as poikiloblastic grains larger than usual. Biotite
(y = B = 1.623 = yellowish brown, a = light yellow) occurs also in conjunction with
hornblende and cummingtonite. The apatite grains are large and subhedral or
anhedral. They are situated here and there as enriched grain clusters. Slight amounts
of chlorite, epidote and muscovite are also to be detected.
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Fig. 29. Mica gneiss resembling vein gneiss. Southwestern side of
Nildntojarvi, Remeskyld, commune of Kiuruvesi.

MICA GNEISS

Mica gneiss occurs in two places on the SW-side of Nalintojarvi — at the
SSE-end of the granite body and at the SW-corner of the region covered by
the man (Fig. 25).

The mica gneiss at the SW-edge of the region is fine-grained and bluish
gray. Here and there it shows a banded structure. In places the rock is rich
in feldspar and in other places rich in mica. It is conspicuously metamor-
phosed. In many instances, this mica gneiss has the appearance of vein gneiss
(Fig. 29). The veins are mainly composed of quartz and plagioclase or quartz
alone. Very little potash feldspar has been detected in it. Fig. has been taken
from the surface of the rock at right angles to the lineation. On surfaces
parallel to the lineation, the light veins form long, uniform surfaces.

The chief minerals contained in the mica gneiss are plagioclase
(Angs, y = 1.553, @ = 1.545), quartz and biotite (f =y = 1.648). The
mica-rich types are in some instances garnet-bearing, though garnet has
also been met with in mica-poor types. On the other hand, types are known
that lack garnet. There is very little microcline in the mica gneiss. Accessory
minerals are muscovite, chlorite, apatite, zircon and opaques.

There is very little mica gneiss visible on the SSE-wide of the granite
body between the graphite-bearing schist and the cummingtonite-bearing
hornblende gneiss. In the cases met with, it has been quite like the mica gneiss
described in the foregoing. Here, however, the mica gneiss evidently contains
various other rocks as intercalated layers. Various kinds of rock have been
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observed in the intrusion and in the portions of the rock on the eastern edge
of the body as fragments. In addition to the mica gneiss and the garnet-
bearing mica gneiss, there are also present in it fragmented amphibolite,
diopside gneiss, graphite-bearing gneiss and biotite-plagioclase gneiss, efc.

There is reason to believe that between the cummingtonite-bearing horn-
blende gneiss on the islands of Naldntojarvi and the graphite-bearing schist
at the southwestern end of the lake there occur other rocks besides the mica
gneiss referred to; but they do not crop out. This may be said even though
one does not take into account the gneiss fragments present in the intrusion
on the southwestern side of Naldntojarvi and which apparently originate
from the layers between the rocks mentioned.

GRAPHITE-BEARING SCHIST

Graphite-bearing schist occurs between the pyroxene-amphibolite and
the mica gneiss on the eastern side. It contains narrow layers of feldspar-rich
and mica-poor fine-grained gneiss. In places in the graphite-bearing schist,
pyrrhotite grains can be seen even megascopically. The size of the mineral
grains in the schist varies between 0.1 and 0.8 mm. Here and there in the
rock there occur a few large, poikiloblastic pyroxene and amphibole grains.
The graphite-bearing schist is banded. In it generally microscopically thin
hornblende- and biotite-rich bands alternate with pyroxene-rich layers. The
latter contain quartz and a bit of potash feldspar. According to Marmo (1960),
pyroxene-rich layers are always present in amphibole-rich sulphide-graphite
schists. The mineral composition of the graphite-bearing schist, in which
amphibole-rich and pyroxene-rich layers alternate, is as follows:
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The composition of the plagioclase contained in the graphite-bearing
schist is An,, (¢« = 1.566, y = 1.576, 2Vy = 82°). According to Troger (1959), the
properties of amphibole (2Va = 81°, cAy = 17°, @ = 1.650 = greenish yellow,
B = pale green, y = 1.671 = brownish light green) apply better to hornblende than
to tremolite. According to Peltola (1960), the amphibole in calcareous black schist
is usually tremolite. There is a small amount of hypersthene (2Va = 55° cAy
— 0°, 35 mol.-per cent Fs-component) present throughout the rock, but it decreases
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in the pyroxene-rich thin bands, in which diopside occurs alone. Except in cases
marked by the presence of pyroxene, quartz with an undulating extinction is found
forming separate streaks. There is profusion of biotite (a = yellowish, y = f =
1.646 = reddish brown) found in conjunction with amphibole prisms. Sphene occurs
as inclusions in the amphibole. There are slight amounts of tiny apatite grains and
chlorite. Graphite occurs abundantly as flakes 0.5 mm long, being concentrated in
places. In addition to the graphite, the thin sections have been observed to contain
the following opaque minerals: pyrrhotite, chalcopyrite, magnetite, sphalerite
and hydropyrrhotite.

GARNET-BEARING PYROXENE AMPHIBOLITE

Between the mica gneiss and the graphite-bearing schist situated along
the southwestern margin of the region included in the map, there occurs
banded garnet-bearing pyroxene amphibolite. In it there alternately occur
amphibole-rich and pyroxene-rich layers, which range in breadth from 0.1
mm to 20 mm. Garnet (n = 1.798) is present in the rock here and there, in
many cases as porphyroblasts the size of the end of a man’s thumb. Moreover,
the outcrop contains blackish gray hornblende schist lenses 10 to 30 cm
long. In spots the pyroxene amphibolite is brecciated by light gray veins of,
inter alia, calcite and pale amphibole which measure about a centimeter in
thickness (Fig. 30). Of the fragments created by brecciation, some have
become slightly rolled, although the brecciating material did not probably

i I T s 7pls

Fig. 30. Brecciated garnet-bearing pyroxene amphibolite, in which fragments have rolled
somewhat. Brecciated material probably did not originate outside the amphibolite. South-
western side of Nilantojirvi, Remeskyld, Kiuruvesi.
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Fig. 31. Rolled pyroxene-gneiss fragments in metamorphic sedi-
mentogeneous gneiss. Osmanki, Kiuruvesi commune.

originate even outside the pyroxene-amphibolite layer ). The pyroxene
amphibolite further contains grain clusters, in which the grain size is larger
than in the host rock and in which there occurs, among other minerals,
calcite, pyrrhotite, garnet and pale amphibole. Also granitic veins are to be
noticed in the pyroxene amphibolite.

The pyroxene amphibolite is fine-grained (0.2—1 mm) and its structure
is nematoblastic. Hypersthene occurs in it as poikiloblastic grains between
2 mm and 10 mm long. It occurs in both pyroxene-rich and amphibole-rich
bands. The mineral composition of the rock in percentages by volume as
measured from a specimen in which extremely narrow pyroxene-rich and
amphibole-rich bands alternate, is as follows:

BIaSiOClaBe | o g i ETRT srterhots [« 1o 918 § i deblois of & 34.5
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1) This would seem to show that if the fragments in some breccia occur in arbitrary positions,
it serves as no unambiguous proof that the brecciating material must be a magmatic rock, as
has sometimes been contended. Fig. 31 shows another, similar breccia, in which the fragments
are arbitrarily arranged. Its situation lies some distance south of the southern margin of the
region in the map (Fig. 25). The brecciating material in it is a metamorphic sedimentogeneous
gneiss, which had not originally been a magma, either.

8 4901—65
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The plagioclase (a==1.560, f = 1.565, ¥y = 1.568, Ang,) is euhedral. The
hypersthene (¢ = 1.712, f = 1.722, y = 1.726, 45 mol.-per cent Fs-component)
does not generally occur as small grains, and in certain broad, pyroxene-rich bands
there is little of it. The diopside (a = 1.687, f = 1l.696, y = 1.718, 34 mol.-per
cent (Ca, Fe? +)-component) occurs both as small euhedral grains and sometimes also
as large poikiloblasts. The hornblende (a = l.658 = light green, f = 1.674 =
brownish green, y = 1.680 = brownish green, 45 mol. per cent (Fe?+, Mn, Ti)-com-
ponent) is subhedral and occurs only in some instances as large poikiloblasts. The
rock further contains a bit of reddish brown biotite, which in certain narrow,
separate zones is present in comparative abundance. The sphene is fairly abundant,
but the apatite content is rather slight. In addition, the following opaque min-
erals have been noted in polished sections: pyrrhotite, ilmenite, chalcopyrite,
graphite, hematite, sphalerite, pyrite and cubanite.

BANKS OF RIKKAJOKI

BIOTITE-PLAGIOCLASE GNEISS

Biotite-plagioclase gneiss occurs along the banks of Rikkajoki farthest
eastward on the eastern side of the highway bridge. The biotite-plagioclase
gneiss is to some extent rich in microcline. In places it contains intercalated
layers of mica gneiss and in other places it resembles granite gneisses. In
some cases it is likely to be somewhat banded. On occasion one will observe
pegmatites associated with it, and in the proximity of the pegmatites it
usually has narrow quartz veins runnig parallel to the foliation. In spots the
gneiss nearly has the appearance of mylonite and it is marked by an abun-
dance of shear surfaces trending in different directions.

On fresh surfaces the biotite-plagioclase gneiss is bluish gray and it is
fine- or medium-grained. In spots it has light-colored »eyes» two to three mm
long. In structure it is granoblastic or cataclastic. The main minerals are
plagioclase, quartz, biotite and, in some cases, microcline as well. Accessory
minerals are epidote, tremolite, muscovite, chlorite, sphene, apatite, zircon
and opaques. The mineral composition of one microcline-rich type of biotite-
plagioclase gneiss is as follows, in percentages by volume:
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The composition of the plagioclase in this microcline-rich type is Anyg (a = 1.542,
» = 1.550). The microcline (¢ = 1.521, y = 1.529) has a distinct cross-hatched struc-
ture. The edges of the biotite flakes are very ragged and the grains themselves are
twisted.

DIOPSIDE AMPHIBOLITE

The diopside amphibolite is situated on the sloping bank of Rikkajoki
between the mica gneiss and the biotite-plagioclase gneiss on the western
side of the highway bridge.

The diopside amphibolite is blackish gray and streaky. The streaks are a
greenish dark gray. The thickness of the streaks varies from a microscopic
line to a couple of centimeters. Many of them are lenticular. The average
grain size of the rock is 0.4—1 mm, but in the streaks the diopside content,
for example, is much greater than in other parts of the rock. In the streaks
one can distinguish various types according to the main minerals, although
all the stages between them are known. For example, the following principal
mineral assemblages have been observed: diopside and plagioclase; plagio-
clase and epidote; plagioclase, diopside and epidote. In connection with these
streaks, quartz lenses, which have less often been encountered elsewhere,
occur, being 1—5 mm broad and 2—5 em long). The quartz grains in them
have a very prominent undulating extinction, are orientated and elongated
and in spots appear to be intergrown. The mineral composition of this streaky
diopside amphibolite is as follows, in percentages by volume:
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The hornblende (2Va = 80°, 85° (marginal portion), a = l.661 = light
green, f# = 1.679 = green, y = 1.683 = bluish green, 45—50 mol. per cent (Fe?+,
Mn, Ti)-component) is idioblastic.
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The diopside (a = l.690, f = l.698, ¥ = 1.720, cA y = 42°, 2Vy = 56°, 35
mol. per cent (Ca, Fe? +)-component) occurs as small idioblastic grains, but in its
greenish gray streaks it is poikiloblastic, in which case it contains as inclusions horn-
blende, plagioclase and tremolite. Also plagioclase (a = 1.551, y = 1.559, 2Vy
= 77°, An,;) is present as tiny grains, though in the greenish gray streaks it is notice-
ably larger of grain than elsewhere in the rock. The lamellae of the grains are then
twisted and it is appreciably richer in anorthite (¢ — 1.558, y — 1.566, Ang,) than
in general. Epidote occurs in the plagioclase as an alteration product. In the greenish
gray streaks the epidote (a = 1.717, = 1l.724, y = 1.730, 14 mol. per cent
pistacite component) consists of large grains with a consistent occurrence of small,
colorless, worm-like inclusions (quartz?), which in spots in the middle of the grains
can be observed in great profusion while, in many cases, there are none at the margins.
Pyrrhotite and sphene are concentrated in the spots rich in epidote and quartz.
The diopside amphibolite, furthermore, contains a trifle magnetite, tremolite, reddish
brown biotite and apatite.

The streakiness of the diopside amphibolite is largely primary, but
especially in the areas rich in epidote and quartz, metamorphic differen-
tiation would seem to contribute to its formation.

The diopside amphibolite contains blackish gray amphibolite and black
hornblende schist intercalations, of which the thickest measures 1.5 m. The
last-mentioned has small light gray lenses, from which there branch out
light gray veins 2 to 3 mm thick, which in some cases run parallel to the
foliation and in other cases cut across it. These veins and lenses have been
corroded on the surface of the rock into hollows, which, at least to an extent,
is due to their carbonate content.

The amphibolite’s main minerals are plagioclase (An ;,_,;) and hornblende
(¢ = 1.658 = light green, f = 1.672 = green, y = 1.678 = green, ¢ A\ y = 16°, 45 mol.
per cent (Fe? +, Mn, Ti)-component). The accessory minerals are sphene (rather abun-
dant), quartz, apatite, epidote, biotite and opaques.

The grain size of the hornblende schist is 1-—2 mm. Its principal mineral is a
green hornblende (¢« = l.662, f = 1.678, y = 1.689, ¢ A y = 20°). In addition to the
hornblende there occurs a small amount of epidotized plagioclase, epidote, sphene,
apatite, pyrrhotite, chalcopyrite, pyrite and ilmenite. The light gray lenses and
veins in this rock contain diopside, epidote, plagioclase, sphene, tremolite and car-
bonate.

MICA GNEISS

Mica gneiss occurs underneath the bridge crossing Rikkajoki and also
on the eastern side of it between the occurrences of diopside amphibolite
and microcline-plagioclase gneiss. Along the western edge of the layer it is
reminiscent of vein gneiss: Biotite-rich bands (varying in thickness between
0.5 and 2 mm) alternate with thicker bands rich in feldspar and narrow
quartz veins running parallel to the schistosity. The gneiss also contains
pegmatite lenses. In the eastern portions of the layer there are varieties of
the rock resembling augen gneiss, in addition to fine-grained mica gneiss.
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Varieties poor in quartz or in feldspar likewise occur there, just as do layers
poor in mica.

The structure of all the gneisses mentioned is granoblastic and cataclastic.
The mineral composition of the fine-grained mica gneisss is as follows, in
percentages by volume:
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The plagioclase grains (An,,) in these mica gneisses are in many cases
badly broken. The quartz is marked by a strong undulatory extinction and
its grains frequently observed to be elongated, taking on a lenticular form.
In spots the quartz has broken up into very tiny particles, which form
narrow bands running through the grains. The biotite flakes (y = 1.658 =
dark reddish brown) are badly twisted and also fractured. They are in many
cases surrounded by a very narrow ring formed of muscovite grains. The
muscovite also occurs as slightly larger grains. The muscovite flakes are not
usually situated in line with the foliation plane of the gneiss. Other minerals
are sphene, chlorite and zircon. In places the gneiss contains sphene in great
profusion.

MICROCLINE-PLAGIOCLASE GNEISS

Microcline-plagioclase gneiss can be seen on the bank of the Rikkajoki
immediately to the west of the highway bridge crossing the river for a distance
of some 600 m. The gneiss is either a light bluish gray or a reddish brown.
It contains black, partly twisted, flaked mineral aggregates less than 1 mm
thick, 3—10 mm broad, and 10—30 mm long, which run parallel to the
foliation plane. A large proportion of the dark minerals in the gneiss have
accumulated in them. Under the microscope the pale minerals can also be
seen to be sorted to some extent in the same way apart from each other.

The microcline-plagioclase gneiss is granoblastic and cataclastic. The
main minerals in the gneiss are microcline, plagioclase and biotite. The
accessory minerals are apatite, sphene, quartz, epidote, chlorite, muscovite,
carbonate, magnetite and zircon. Table 9 shows the chemical analysis of the
gneiss and the quantity of minerals in percentages by volume.
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Table 9. Chemical analysis and modal mineral composition of microcline-plagioclase
gneiss. Northern end of Nalantojarvi, Rikkajoki, hamlet of Néldnto, Kiuruvesi com-
mune. Analyst: A. Heikkinen.
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The microcline (a = 1.519, f = 1.528, y = 1.526) has a cross-hatched structure
and it replaces the plagioclase. The plagioclase (a = 1.534, y = 1.542, An,,) contains
as alteration products muscovite, epidote and carbonate. The perthite in the microcline
is in certain instances joined together without any visible boundary to the adjacent
plagioclase grain, with which it has a simultaneous extinction. The amount of perthite
in the microcline varies. In some cases it seems to be lacking even from large grains
almost totally, while in other cases it is present in profusion.

The biotite (y = 1.653 = brown or greenish brown) is the predominant constituent
of the grains producing the black splotches. Associated with it are large grains of
apatite and considerable amounts of sphene. There is a higher content of chlorite
and epidote in the reddish brown varieties than in the others.

The microcline-plagioclase gneiss contains as inclusions and narrow
intercalations a slight amount of smaller-grained, bluish-gray gneiss, which
has the same mineral composition as the host rock. But in these gneisses the
minerals have not been sorted into separate lenticular groups. The fine-grained
gneiss is evidently a relict in the microcline-plagioclase gneiss, which has
been formed from it mainly in connection with the dynamic metamorphism.
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CONCLUDING REMARKS

How should these three gneiss groups be connected? Mékinen (1916) and
Wilkman (1931) have connected the microcline-plagioclase gneiss situated
on the bank of Rikkajoki and at the NNE end of Néldntojarvi. Petrographi-
cally, they are very much alike. Similarly, they have joined the cummingto-
nite-bearing hornblende gneiss occurring on the islands of Nalantojarvi and
the hornblende gneiss situated on the northeastern shore of this lake. In
addition to the content of cummingtonite, they differ from each other with
respect to the composition of the plagioclase, but, on the other hand, both
formations are rather unhomogeneous. The occurrence of mylonite zones,
which are at the same time to some extent fault zones, makes for difficulty
in combining the occurrences.

Wilkman (1931) has regarded the gneisses situated on the northeastern
side of Nalantojiarvi as Kalevalian, probably in the main on account of the
quartzite layers with intercalations of hornblende schist existing in the
biotite plagioclase gneiss. But such occurrences are to be found also in
southwestern Finland 1).

PLUTONIC ROCKS
INTRODUCTION

In the proximity of Nilantojiarvi, plutonic rocks occur in two different
places: 1) on the southwestern side of Naldntojirvi, near the northwestern
corner of the lake and 2) on the northeastern side of the lake, west of the
Tihild-Tyrsdvd highway. In the former locality there is a composite body
about a km broad and 2 km long consisting of coarse-grained porphyritic
pyroxene-bearing granite and even- and medium-grained pyroxene-horn-
blende granodiorite. In the latter locality there is a biotite granite body
measuring roughly a square kilometer.

It has not yet been possible to divide the rocks in the western body into
separate areas on the available 1 : 20 000 — scal e map, for they form a kind
of breccia. The relatively homogeneous porphyritic granite occurs in greater
abundance at the northern end of the body. There is a greater content of
non-homogeneous granodiorite than porphyritic granite. The greener and
darker varieties of granodiorite occur to a greater extent in the marginal
portions of the body and in the proximity of large fragments in the body.
These contact varieties are finer of grain and also appear to be poorer in
quartz than the other granodiorite types.

The biotite granite body is quite homogeneous, and it contains scarcely
any fragments.

The granite body is completely discordant.

Both bodies contain a certain amount of aplites and pegmatites.

1) Mr. Toivo Mikkola, Phil. Mag., oral communication.



64 Bulletin de la Commission géologique de Finlande N:o 218.

PYROXENE-BEARING PORPHYRITIC GRANITE

The pyroxene-bearing porphyritic granite is a coarse-grained, brownish-
gray rock. It contains an abundance of rectangular microcline phenocrysts
with more or less rounded corners and measuring between 4.5 and 7 ecm in
length and between one and three cm in width. In addition, it contains
microcline grains one to 2.5 cm long and 0.2 to one cm wide. These grains have
a fairly clear orientation (N15°W, vertical), and the mafic minerals in the
rock as well as some of the rows of quartz grains twist around the large
microcline grains.

The main minerals contained in the pyroxene-bearing porphyritic granite
are microcline, quartz, plagioclase, hornblende, augite, hypersthene and
biotite. Accessory minerals are zircon, apatite, opaques, monazite, chlorite
and iddingsite.

The large microcline grains are frequently twinned, according to
Karlsbad’s law, and they contain an abundance of other minerals as inclu-
sions, notably plagioclase and quartz. Plagioclase perthite occurs in the
microcline (e« = 1.519, y = 1.527) as what looks like strings of pearls
and also as thin, straight bands. The latter lie nearly at right angles to the
former. The cross-hatched structure of the microcline can be plainly seen.
Plagioclase likewise occurs (¢« = 1.542, y = 1.550, An,; ., outside the
microcline grains. It is usually albitic against the potash feldspar, which in
places contains tiny albite grains. Not infrequently the plagioclase may be
seen to contain myrmekite alongside the microcline.

Tuttle (1952) and Tuttle and Bowen (1958) describe phenomena of the
kind referred to in the relation of potash feldspar to plagioclase, and they
stress the importance of post-solidification recrystallization to account for
many of the textures exhibited by the alkali feldspars. Rogers (1961) demon-
strates in his extremely interesting paper that, at least in certain cases,
albitic rims on more calcic plagioclase grains and tiny, separate, unoriented
albite grains have formed through the simultaneous crystallization of albite
and potassium feldspar.

Hornblende (¢ = 1.691 = yellowish green, f = green, y = 1.714
= dark green, over 75 mol. per cent (Fe?**, Mn, Ti)- component) occurs as
poikilitic grains and in some cases develops in conjunction with quartz
structures resembling myrmekite. It also works itself into cleavages in the
feldspars, producing a weed texture. The augite content (2Vy = 52°,
c Ny =42°, y —a = 0.023, ¢ = 1.714, y =1.736) is frequently consider-
able. Orthopyroxene is also present in the rock (2Ve = 78°, y —«
= 0.019, @ = 1.749, y = 1.769, Fs;;). The biotite (y =8 = l.691 =
dark brown) is likewise rich in Fe.
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Zircon occurs as quite idiomorphic, strikingly large crystals. Apatite is
likewise present as large crystals, but it is partly anhedral.

The aplites in the porphyritic granite contain hornblende, monoclinic
pyroxene and biotite as mafic minerals.

PYROXENE-HORNBLENDE GRANODIORITE

Pyroxene-hornblende granodiorites are even-grained rocks with a gray,
dark gray, brownish gray or greenish gray color. Potash feldspar is present
in them as grains 3 to 7 mm long and 2 to 3 mm broad. Hornblende occurs
in them as ragged, indefinitely shaped, poikilitic grains up to 15 mm in
diameter, which can be seen on the highly weathered surface of outcrops.
The dark gray and greenish varieties of these rocks are usually to be found
near the edges of an intrusion. The chemical analysis of pyroxene-horn-
blende granodiorite (Wilkman 1931, p. 141) corresponds well to the chemical
composition of granodiorites (Table 10).

The rock’s main minerals are microcline, plagioclase, quartz, hypersthene
and hornblende. Accessory and secondary minerals are opaques, iddingsite
(Sun 1957, Wilshire 1958 and Brown and Stephen 1955), apatite and zircon.
Table 10 further gives the modal mineral composition of the rock.

Table 10. Chemical analysis and modal mineral composition of even- and medium-
grained pyroxene-hornblende granodiorite. Northwestern corner of southwestern side
of Naléntojarvi, schoolyard at Remeskyléd, commune of Kiuruvesi. Analyst: L. Lokka.

Weight Weight Molecular Niggli

per cent norm norm values
D105 cawevnsdsmeramineioes ‘ 61.85 Q 14.5 Q 14.0 si 225
ThOE 2 ememuasssinmtad M smmrs 1.88 or 16.7 Or 17.0 al 34
ALOS. oo nssmmmesssmen s 15.80 ab 31.4 Ab  34.0 fm 32
B0y sommrvecommnssimig ‘ 0.32 an 18.1 An 188 c 15
BoO “sspumustasimensdnios ; 8.35 z 80.7 z 83.8 alk 20
MO wooiwn s mmm 6890 swisnas s \ 0.01 ti 5
MEW .5 500hims o s i ‘ 1.02 wo 0.4 Wo 0.2 P 1
G0 1 et e AYS S S AT | 3.82 en 2.5 En 2.8 k 0.33
Ne, O vsvivnvmmosssmmanss ‘ 3.72 fs 11.9 Fs 10.0 mg 0.17
Kl oo oersemrdas e ‘ 2.80 il 3.7 1l 2.8 c/fm 0.46
005 wccnn o vsoniv s nme s ia | — mt 0.5 Mt 0.4 qz  +45
B0 susavvsmisossssimesss | 0.44
B 88 0 s Bl sciacgaressasns 10001 | X 997 | X 100.0
Modal mineral composition:
MACTOCHING 21555 v s sy, o e, 31.8 Opaque minerals ................ 1.0
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QUATEE 55 svisnmmesd ssmasaiads 11.3 TAXCON) 1.5 7oms Hea 8 P RIS TR o SRER 58 0.1
Hornblende .................... 2.8 100.0
Pyroxenes and iddingsite ........ 8.4 :
Biotite .......oc0mmneeccnmonoans 0.5
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The microcline (¢ = 1.522, f = 1.524, y = 1.527) contains quartz,
plagioclase and, in some instances, hypersthene as well as inclusions. At the
contact of plagioclase (¢ = 1.547, f = 1.552, y = L.554, Ang;) and
microcline there occurs myrmekite. The composition of the plagioclase
against the microcline is more albitic up to Any than otherwise. Tiny Ab-rich
plagioclase grains also are present. The hypersthene (¢ = 1.731, 8 =
1.742, y = 1.747, y — a = 0.017, 2Va = 70°, Fsq;)occurs both as poikilitic
grains and as clusters of tiny grains. The hornblende (¢ = l.671 =
light green, g = 1l.684 = green, y = l.692 = dark green, ¢ Ay = 17°, 64
mol. per cent (Fe”, Mn, Ti)-component) occurs as independent grains, but
also along the margin of hypersthene grains (homoaxially, in such a way that
their c-axes run in the same direction). Similarly, it penetrates the feldspars
and forms a weed texture. There is a small amount of biotite (y = f =
1.679 = dark brown, ¢ = light brown) and in many cases it forms in con-
junction with quartz a texture resembling that of myrmekite.

BIOTITE GRANITE

The biotite granite is generally quite unoriented, but in places it has dis-
tinet crush and shear zones. In them the granite possesses a distinctly different
texture, one acquired at a later date, such as the kind, shown in Fig. 35, which
resembles augen gneiss. In color the biotite granite is a pale reddish brown or,
in some cases, a light gray. Especially the types exhibiting shear foliation are
apt to be gray. The grains vary in size, by and large, from 0.5 mm to 2 mm,
and the rock contains a scattering of potash feldspar crystals 5 to 15 mm long.

The principal minerals contained in biotite granite are potash feldspar,
quartz, plagioclase and biotite. Accessory minerals are muscovite, chlorite,
pistacite, fluorspar, apatite, opaques and zircon. Table 11 presents a chem-
ical analysis of this granite and the calculations made from a specimen taken
from an exposure on the east shore of Nalantojarvi that had been described
as early as 1916 by Mikinen.

The potash feldspar grains (¢ = 1.519, f = 1.522, v = 1.525)
generally exhibit to some extent the cross-hatched texture of microcline.
This texture is more clearly seen in small than in large grains. Large potash
feldspar grains contain quartz and plagioclase, in especial, as inclusions. At
the edges of the plagioclase particles myrmekite occurs in places with albitic
edges. The included quartz grains frequently occur in rows in line with the
crystal faces. Biotite likewise is present (y = f = 1.657 = black-brown,
a = light brown) as inclusions, though in slight amounts, in large potash
feldspar grains. The included biotites and the biotites against potash feld-
spar grains in general are in many instances somewhat chloritized. Next to
the chloritized biotite one often finds allotriomorphic chlorite.
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Table 11. Chemical analysis of biotite granite. NE-side of Nildntojéarvi, hamlet of
Nilénto, Kiuruvesi. Analyst: A. Heikkinen.

l Weight ( Weight Molecnlar Niggli

} per cent norm norm values
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In the plagioclase (y = 1.545, a = 1.539, An,,), especially in the
middle of the grains, there are secondary minerals occurrings as inclusions,
among them muscovite and, as very tiny grains, epidote. The portions
containing secondary minerals border sharply upon the inclusion-free mar-
ginal zones, which are richer in Ab than the middle portions of the plagio-
clase grains. The lamellae of the plagioclase grains are partially twisted in
the sheared and crushed portions of the rock. Muscovite occurs not only
in the plagioclase but also at the edges of the biotite as flakes lying in many
directions. This muscovite, too, crystallized at a comparatively late date.

Fluorspar is frequently met with as allotriomorphic grains near
biotite that has altered into muscovite.

THE RELATION BETWEEN PLUTONIC ROCKS AND THEIR ORDER OF ERUPTION

In the intrusion situated on the western side of Nalantojarvi, the relation
between the pyroxene-bearing porphyritic granite and the pyroxene-horn-
blende granodiorite is to be observed best in the northern portions of the
body, that is, the outcrops in the vicinity of the Remeskyld elementary
school.

Wilkman (1931, p. 141), describing the exposures in the schoolyard at
Remeskyld, writes that the pyroxene-bearing porphyritic granite contains
broad, dike-like portions of pyroxene-hornblende granodiorite. He adds, to
be sure, that the borders between the different varieties of rock are indistinct
and that the transitions appear to be gradual. The present writer has not
found evidence of such gradual transitions.
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Fig. 32. Edge of fragment of coarse-grained, pyroxene-bearing granite from even- and
medium-grained pyroxene-hornblende granodiorite. Near schoolhouse in hamlet of Remeskyld,
in the northwestern corner of the southwestern side of Néldntojirvi, Kiuruvesi commune.

Eastward and also southward from the site referred to, pyroxene-bearing
porphyritic granite fragments have been found in the pyroxene-hornblende
granodiorite. In Figure 32 one can see the corner of one such fragment.
This particular fragment measures about 10X 15 meters. It borders quite
sharply on its country rock, which consists of pyroxene-hornblende grano-
diorite. The outline of the angular fragment has been wholly exposed. The
mafic minerals of the country rock conform to the shape of the fragment,
and this feature appears to indicate some sort of flow structure. The fragment
probably was a rigid body when the pyroxene-hornblende granodiorite
intruded around it.

When one regards the pyroxene-hornblende granodiorite veins mentioned
by Wilkmann (1931, p. 141) and the afore-described pyroxene-bearing por-
phyritic granite fragments as incontestable proof that the pyroxene-horn-
blende granodiorite is the younger of the two rocks, then it is easy to inter-
pret also the contact relations of the exposures in the schoolyard at Remes-
kyld unambiguously: The pyroxene-bearing porphyritic granite in the school-
yard is cut by a fine-grained, light brownish aplite vein. They are both cut
by an even-grained pyroxene-hornblende granodiorite (Fig. 33). All three
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Fig. 33. Coarse-grained, pyroxene-bearing porphyritic granite, containing an aplite vein

with an apophysis. The granite and the aplite are cut by even- and medium-grained pyro-

xene-hornblende granodiorite (lower margin of figure). Northwestern corner of southwestern
side of Naldntojarvi, schoolyard at Remeskyld, Kiuruvesi commune.

rocks are intersected in turn by aplite and pegmatite veins, but these, of
course, represent the pegmatites and aplites of the even-grained pyroxene-
hornblende granodiorite. Thus, the pyroxene-bearing porphyritic granite
and its aplites and pegmatites are older than the even-grained pyroxene-
hornblende granodiorite and its aplites and pegmatites.

In this body there must, therefore, have occurred at least two different
magma eruptions followed by differentiation in situ. Both erupted
masses have complete final crystallizations: aplites and pegmatites. The
main rock of the earlier eruption, the porphyritic pyroxene-bearing granite,
is richer in Si and K than the main rock component of the later eruption,
the even-grained pyroxene-hornblende granodiorite.

Whether what is involved consists of successive magmatic pulsations
(Case 3), as described by Harry and Richey (1963), or of two independent
eruptions in succession — since local co-existence does not suffice as an
explanation —, it is not easy to decide. If successive magmatic pulses are
the answer to the question, then at least what we apparently have is a
reversed differentiation sequence, as in the case of rapakivi. In this body,
however, no proof exists, as in rapakivis, of the rocks’ belonging to the same
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magmatic series. The porphyritic granite is distinctly foliated, and it is
oriented in the same way as the metamorphic rocks situated in the area.
The pyroxene granodiorite, on the other hand, is generally unoriented,
except in the foregoing cases and those described on p. 68. This circum-
stance suggests that there occurred two separate, possibly independent,
magma eruptions. The magmas participating in the separate eruptions (the
biotite granite magma as the third) need not even have been produced under
similar conditions and in the same way, for granites are created in many
different ways (e.g., Bowen 1948, Gilluly 1948, Read 1945, Wegman 1956,
Mehnert 1959, Winkler 1961, Saridse et. al. 1961, and Marmo 1963).

The intrusion on the eastern side of the lake is a separate one. It does
not even touch the intrusion on the western side of the lake; between them
are other rocks. On the islands at the northern end of Naldntojdrvi there
are metamorphic supracrustal rocks, and the majority of the rocks situated
along the shore between the lake and the granite body comprising the
intrusion area on the western side are likewise metamorphic supracrustal
varieties. Some of these shore rocks and, in general, the exposures on the
eastern side of this intrusion area are typical of the border varieties of the
gi‘anodiorites here. In color they are greenish gray or dark gray and finer of
grain than the other granodiorite types present in the intrusion. The phe-
nomenon resembles that found in the boundary zones of rapakivi, as previ-
ously reported by the present author (Savolahti 1962, pp. 38—44). The
occurrence of such border varieties of rock evidently constitutes the best
proof of the separateness of these two granite bodies — especially in the
event that the rocks of the area on the western side are older than those
of the intrusion on the eastern side.

Of the plutonic rocks found in the environs of Naldntojarvi, the biotite-
granite intrusion is the youngest, also according to earlier views (Wilkman
1931 and Makinen 1916). The rocks of the biotite-granite intrusion are less
metamorphosed than those of the area on the western side. This intrusion,
furthermore, is more massive than the rock on the western side, which
contains a few narrow granite veins that look like biotite granite. One of
them has even yielded a fragment (30X 10 cm) consisting of even-grained
pyroxene-hornblende granite. None of the available evidence is conclusive,
however, not even the fact just mentioned, for it has not been demonstrated
for sure that what we have is actually a vein extending from the biotite-
granite area on the eastern side — but no evidence to the contrary exists,
either.

Probably, the intrusion on the western side of Nalantojarvi is older
than the one on the eastern side. In the former body, coarse-grained pyroxe-
ne-bearing porphyritic granite cuts through the pyroxene-hornblende grano-
diorite. All three rocks have their own aplite and pegmatite.
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According to Wilkman (1931, p. 120), the extension of the intrusion
area at the northern end of the lake contains potash-natronsyenite. But
this syenite is no magmatic rock; rather is it a conspicuously metamorphic
layer belonging to the area’s series of metamorphic, supracrustal rocks.
On the other hand, this layer is no more metamorphosed, considering the
conditions, than the rest of the rocks belonging to the area’s supracrustal
series.

CRUSH AND SHEAR ZONES IN THE PLUTONIC ROCKS

In all the rocks, including the plutonic rocks, around Nélintojarvi —
coarse-grained pyroxene-bearing porphyritic granite, even-grained pyroxene-
hornblende granodiorite and biotite granite — there occur mylonite zones.
In general, they trend in two different directions: N25°—15°W, vertical and
N75°—55°E, 90°—75°S. The first-mentioned direction conforms at the same
time to the nearly general foliation of the area, whereas the latter sharply
cuts across the foliation. The lineation measured from the latter is N25°W,
50°SE.

PYROXENE-BEARING PORPHYRITIC GRANITE AND PYROXENE-HORNBLENDE GRANODIORITE

At the northwestern corner of the intrusion situated on the SW-side
of Nildantojéarvi, a certain mylonite zone cutting across the general foliation
of the rocks is clearly visible. The trend of this zone is N70°E, 70°S, and it
is about 5 m wide. It intersects both coarse-grained pyroxene-bearing por-
phyritic granite and even-grained pyroxene-hornblende granodiorite, which
shows that it is younger than both the latter rocks.

Immediately north of this mylonite zone, the terrain lies much lower
down, marking the beginning of broad, level stretches of bogland. Here
one gains the impression that different segments of the earth’s crust were
situated on opposite sides of the mylonite zone, although this one, visible
zone could not, perhaps, be regarded as the cause.

Fig. 34 shows a part of this mylonite zone, and it reveals the structure.
The zone contains rocks of different types, which border on each other
sharply and alternate as narrow bands. Thus the entire mylonite zone takes
on a banded appearance. It contains bands of light gray, fine-grained rock
and others of a dark gray shade but likewise fine of grain, both of which
contain few or no potash feldspar porphyroblasts. Then there are bands the
fine-grained rock of both light and dark gray of which both contain eye-
shaped microcline porphyroblasts 2 em long in abundance. The result is
outwardly a beautiful augen gneiss. All the bands have evolved, however,
through mylonitization out of the body’s granite and granodiorite.
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Fig. 34. Mylonitized pyroxene-hornblende granodiorite, which is banded in structure and
composition. Northwestern corner of southwestern side of Nildntojirvi, in the hamlet of
Remeskyld, Kiuruvesi commune.

It is biotite that gives the color to the dark gray, fine-grained mylonite.
In addition, the principal minerals include quartz, plagioclase (An,;) and
microcline. The light types are rich in quartz, microcline and plagioclase —
sometimes in all three, sometimes with one or two of the minerals missing.
In many instances, the quartz grains have grown together to form twisted
lenticular stripes conforming to the foliation of the rock. The eye-shaped
microcline grains represent either just a single microcline porphyroblast
or a cluster of tiny particles. The plagioclase likewise occurs in spots as
grain clusters. In places the porphyroblasts have obviously rolled around.
The perthite of the microcline porphyroblasts is extraordinary: it is composed
of plagioclase blebs rectangular in shape with rounded corners, 0.02 mm
thick and 0.05 mm long, which form chains resembling strings of pearls.
Also myrmekite occurs in places at the contact between the microcline and
the plagioclase. Besides the minerals already mentioned, the mylonite zone
contains the following as well: epidote, muscovite, sphene, zircon, opaques
(very slightly) and apatite.

This mylonite zone further contains a narrow aplite vein running parallel
to the foliation and a wedge-like aplite lens, as well as another aplite vein
running N25°W, the strike of which runs diagonally against the length of
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the vein. The mylonite zone also has stretches in which there are so many
feldspar porphyroblasts stuck together that.the rock resembles crushed and
sheared pegmatite.

Such an apparently banded mylonite would seem to have originated
when rock within the mylonite zone failed to move during the process of
mylonitization simultaneously throughout, with equal force and in the same
way. Rather did movements of varying strength and different kinds evidently
take place in the several »layersy composing the mylonite zone, movements
that are apt to occur either simultaneously or at different stages of the
mylonitization process at different places. It is also possible that the mylon-
ite zone contains adjacent rocks produced during several mylonitization
processes.

Tuominen (1957) has published a map, based on an exceptional number
of geological and geophysical investigations, which depicts the fault system
of the Orijédrvi area. In a later study (Tuominen 1962, p. 1) he has divided
the system into three groups: faults of older origin, those of contemporaneous
age, and those of later origin than the regional amphibolite facies. The ones
in the first category he refers to as relict faults (Tuominen 1961, p. 512)
and reports (Tuominen 1962, p. 2) that these old faults were active in later
times.

The intrusion on the northwestern side of Néalantojarvi has perhaps
more mylonite zones trending N25°—15°W, 70°—90°W than in a crosswise
direction. In their main features they are like the mylonite zone described
in the foregoing, which sharply cuts across the foliation. Considering that
the trend of the mylonite zones we have been discussing here very nearly
corresponds to the prevailing direction of the foliation in the area, it is
tempting in certain cases to contend that they do not represent mylonite
zones but rather strongly metamorphosed intercalations, of perhaps sedi-
mentary origin, in the coarse-grained porphyritic pyroxene-bearing granite
and the even-grained pyroxene-hornblende granodiorite. Such a contention
is likely in some instances to seem natural, if only because this intrusion
contains considerable quantities of various fragments of the country rock.
But at the same time it would be opportune to state here that the kind of
pseudolayer parallel to the foliation shown in Fig. 34 could easily but erro-
neously be interpreted as a potash-feldspar porphyroblastbearing granitized
layer and the original rock alongside it as a totally granitized product of it.
Descriptions also of this kind, purporting to present »examples of the
granitization», are not unknown in Finland.

The aplites situated in the crush and shear zones apparently originated
during the stage of mylonitization or, perhaps, more accurately stated, late
during this stage. In the environs of Néaldntojarvi, plutonic rocks erupted
during at least three different periods. Mylonite zones were produced in
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Fig. 35. Biotite granite (on left), augen-gneissoid
biotite granite (on right). Nalinto-Kiuruvesi.

connection with at least each of these eruptions, in addition to which such
zones could have developed — and presumable did — at other times, too,
and for other reasons. For example, the crush and shear zones contained
in the pyroxene-bearing porphyritic granite could have evolved during late
movements that perhaps followed an eruption, though they might just as
well or more readily have been produced by some subsequent movement.
In the latter event, the aplites in the crush and shear zones did not evidently
crystallize out of the residual magma left over from the intrusion’s main
crystallization stage but rather formed out of the magmatic liquids resulting
from the mylonitization process.

Thus do we find ourselves confronted with the task of distinguishing
aplite and pegmatite veins of different ages in the bodies. Each of the three
intrusions has its own aplite and pegmatite content, which has crystallized
out of residual liquids; and to each mylonitization process there perhaps
belongs its own share of aplite and pegmatite. It is interesting to try to
discover what differences might exist between the aplites and pegmatites
of these different generations.

BIOTITE GRANITE

Mylonite zones situated in the biotite-granite intrusion on the NE-side
of Nildntojarvi were described as early as 1931 by Wilkman (p. 142). Ac-
cording to this investigator, the granite at the boundary of the schist zone
in the outcrop at Hukka, toward the north, has undergone powerful pressure
and alters on the eastern slope of the outcrop into a schistose mylonite
containing microcline eyelets 0.5—1 cm long.

In this biotite granite near the eastern margin of the body, there runs
a crush and shear zone about 30 meters wide in the direction N5°W, 70°W.



Fig. 36. Slightly sheared biotite granite. Thin section, crossed Nicols.
Northeastern side of Nilintojirvi, hamlet of Nilinto, Kiuruvesi
commune.

From it has been measured the lineation N10°W, 30°N. In places the crush-
and-shear zone contains layers that can still be positively identified as
biotite granite. Fig. 35 shows one such augen-gneissoid rock created out of
biotite granite by slight crushing and shearing, the origin of which is clear
beyond doubt. This mylonite zone also includes rocks that have been mylon-
itized to a far more advanced degree, among them being types described in
the foregoing.

Proceeding eastward along this body one will encounter more and more
mylonite layers resembling highly sheared pegmatite that alternate with
layers still recognizable as biotite granite and that border on the biotite
granite either sharply or by gradually merging. In some places the sheared
pegmatite also appears to cut across mylonites.

Fig. 35 shows slightly sheared biotite granite in this crush-and-shear zone
— but the original rock is still easy to recognize. Fig. 35 shows the biotite
granite proper. The sheared biotite granite contains an abundance of slick-
ensides running in different directions and cutting across each other, which
have curved around feldspar grains. It is in this way that the rock gained
its augen-gneissoid appearance. Yet this variety of granite contains the
same minerals as does fresh biotite granite, though more chlorite, epidote,
sphene and muscovite (?). Furthermore, its biotite has undergone more
alteration, there is more myrmekite at the edges of the plagioclase, and the
cross-hatched structure of the microcline can be seen much more clearly in
the potash feldspar grains (Figs. 36 and 37) than in the case of biotite gran-
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Fig. 37. Biotite granite. Thin section, crossed Nicols. Nalintojarvi,
hamlet of Nilanto, Kiuruvesi.

ites proper. As evidence of mylonitization, it contains narrow shear zones
and exhibits a mortar texture. The shear zones are mainly composed of
micas and tiny quartz grains. In places they run through feldspar crystals,
sundering them.

The distinctly more abundant and more conspicuous occurrence of the
cross-hatched microcline texture in the augen biotite granite than in the
regular biotite granite appears to indicate that tectonic movements con-
tribute toward promoting the creation of a cross-hatched texture in micro-
cline. Perhaps tectonic movements have the same effect on the growth of
the degree of triclinicity in general in potash feldspar. Perhaps partly for
this reason the potash feldspar in synkinematic granites is generally micro-
cline. Even according to definition, thoroughgoing movements have occurred
in them subsequent to their crystallization. Karamata (1961, p. 129) presents
examples of how in granites and other rocks subjected to tectonic pressure,
microcline with a cross-hatched structure occurs to a greater extent than
in other rocks of otherwise similar character. In Finland Marmo (1955, 1959,
1962 and 1963) has written voluminously about potash feldspars and in so
doing has also taken a stand against Laves (1950, 1951, 1952, 1955 and
1960) and his disciples, who have specialized in the study of feldspars.
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SUMMARY AND CONCLUSIONS

Two parts of the so-called Viereméi-Kiuruvesi schist belt have been
described in the foregoing: the Salahmi area, or the eastern margin of the
schist belt, and the Nildnt6 area, or the western margin of the schist belt.
The central portion of the schist belt has been deliberately omitted, and
it measures over ten kilometers across. This tract contains many bogs and
moraines, but few exposures. Wilkmann (1929) and Mikinen (1916) had
reported a total of about thirty exposures from this tract, and it was on
such a basis that they connected the occurrences (Fig. 1). The present author
found roughly twice as many outcrops, but none of them provided clear
indications as to how a connection of the separate observations might be
carried out. For that reason, the writer has deemed it wiser to describe all
the observations appearing to be fundamental from each of the border areas
regardless of whether they seem to fit into any system or not. A beautifully
generalized system could easily cover opposing observations — that is why
any attempt at a unified picture should be confined to a separate publication.

In the basal conglomerate at Valkeiskyld, the pebbles are angular, and
the cementing material contains much clay and more carbonate tha nin
other basal conglomerates of the Salahmi area. West of the Vieremé church,
the basal conglomerate contains a great variety of rocks reduced to pebbles
of greatly varying sizes. But the pebbles in this conglomerate are more
rounded and the cementing material is sandier than in the conglomerate
of Valkeiskyld. Both conglomerate formations are fairly thick, but, in
contrast to the Valkeiskyld conglomerate, it is distinctly stratified. The
pebbles in the basal conglomerate of Murennusméki are small and do not
contain any large variety of rocks. The conglomerate is distinctly stratified
and the thickness of the entire formation is appreciably exceeded by that
of the basal conglomerates farther south. The basal conglomerate of Lihde-
maki can almost be designated as a feldspar-bearing quartzite, and it occurs
as a relatively thin layer. It has undergone the most far-reaching sorting
and, among other features, it has exhibited current bedding.

Overlying the basal conglomerate is a formation with narrow alternating
layers of quartzite and mica schist, which exhibit bedding. At Valkeiskyla
the formation is rather thin and thickens toward the north, being thickest
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at Lahdemiki. Tourmaline is among the minerals met with in these rocks.
According to Simonen and Kouvo (1951), the slates of the Tampere area
contain between 0.03 9, and 1 9%, B,0,. According to Simonen and Kouvo
(1951) as well as Eskola (1963), it could signify deposition in salt water.

Schists containing calcareous minerals occur in the central and southern
parts of the Salahmi area, but none has been met with in the northern parts
of the area. They contain mica schist and quartzite as intercalations. Whether
they also contain volcanogenic rocks, I would not dare to say for sure,
as I have discovered no unmistakable structural evidence of such a condition.

The thickest formation of staurolite mica schist alternating in layers
with mica schists exists at the northern end of the Salahmi area. From there
the staurolite mica schist zone extends all the way to the southern end of
the Salahmi area — getting thinner, to be sure, the whole way. In one
place the staurolite has turned to chlorite and muscovite after its crystalli-
zation.

In this resumé, the changes in the thickness of the formations and the
variations in the degree of sorting and the composition of the rocks agree
well with the general principles of sedimentation (Scrock 1948, Pettijohn
1949, Dunbar and Rogers 1957, and Krumbein and Sloss 1963).

In the quartzite conglomerate between Luvejoki and Rotimojoki, pebbles
were formed apparently to some extent during the movements that occurred
after the sedimentation; but the observations so far made do not suffice
to support the argument that it is completely of tectonic origin. Karelian
formations are known to contain quartzite conglomerates, which many
investigators consider to be intercalations and which are of the same de-
seription as the ones under discussion and which some observers are inclined
to view as tectonic breccias.

On the eastern edge of the Salahmi area lies the so-called Kukkomiki
conglomerate. It is very conspicuously deformed and the original structure
of the rock is faintly distinguishable. Both sides of it consist of the same
kind of rock. That it represents the basal conglomerate as Méikinen thought
(1916), is by no means certain on the basis of the observations made in
connection with the present investigation. Wilkman (1929) shifted the base
of the schists in the Salahmi area to the northeastern shore of Nalintojarvi.

The gneisses and schists of the Néldnto region are conspicuously meta-
morphosed, and they scarcely have any relicts left of their previous structure.
It has been related in the foregoing on what basis Médkinen (1916) and
Wilkman (1929) combined them and on what basis the latter (1931) included
them among Kalevalian formations. Nothing indicative of a basal con-
glomerate has, however, been found in the Nélanto region, but, on the other
hand, faults trending approximately N20°W and N65°E have come to light.
Near the point intersection of the differently trending faults, magmas had
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erupted several times in a sequence that does not fit in very well with the
classical theory of crystallization differentiation.

Basal conglomerates do occur at the eastern edge of the Salahmi area.
Should the basement complex underneath them be compared to the 2 800
million-year-old basement of the Karelian formations or to the Svecofen-
nides? The schists overlying this basal conglomerate have always been
counted among Karelian formations (though not representative of their
Jatulian type, as Viyrynen (1945) has pointed out). Where is the basal
conglomerate situated on the western edge of these schists? It has not been
found for sure in the Salahmi area, no sign of it whatsoever has been noticed
in the Nélinto area, and it is hardly conceivable that farther west one would
have better luck. If the basement at the eastern edge of the Salahmi area
represents a counterpart to the basement of the Karelides and if the Karelides
and the Svecofennides belong to the same mountain chain, one need not
expect to find basal conglomerates along the western margin of the schist
area. It can nevertheless be argued that a basal conglomerate has existed
in the vicinity and that relicts of it are to be seen, for example, at the western
edge of the Salahmi area.

At the northern end of the Salahmi area there is a fault, and there is
one also in the northern part of the Nélidnto area. These faults may belong
together, or, at least, to the same group. Abruptly, in their northern part,
these faults take on the same trend and nearly join each other’s extension.
They belong, at least, to a group of faults running in the same direction.
In the Nilanto area, perhaps, there lies a fault slightly farther north. It
is further to be noted that the long northern margin of the Vieremé-Kiuru-
vesi schist area (Fig. 1) nearly coincides with the fault here mentioned and
runs in the same direction.
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ABSTRACT

The article deals with petrographic features characteristic of basalt rocks contain-
ing native iron in Disko island. The association of anorthositic component with these
basalts has been discussed as well as the role of reddish spinel as an indicator of iron
bearing basalts and related metalliferous formations in Disko area has been emphasized.
A new analysis on iron basalt of Asuk area, Disko, has been represented.
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INTRODUCTION

The areas of basalt formations in the Disko-Syartenhuk region, West
Greenland (Fig. 1) belong to a greater sphere called the Brito-Arctic basalt
province. As proposed in earlier literature (Krueger, 1928; von Wolff, 1931)
the eruption of the West Greenlandic basalts was promoted by fissures formed
through block-faulting, presumably initiated during the last part of the
Cretaceous epoch. The basalt eruptions probably started during the Eocene

1) Received October 5, 1964
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Fig. 1. Sketch map showing the localities mentioned in the text.

but when this activity ended has not been determined. During the whole
period of basalt eruptions, the old basement forming the Greenlandic shield
was probably continuously uplifted. On Disko island the Precambrian gneis-
ses are exposed in the Godhavn region on the south coast, where the basalt
formations seem to occur partly in direct contact with the underlying Pre-
cambrian basement. In places, however, there occur thin layers of sedimen-
tary material between the basalt and the old basement formations. The
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sediments may be Cretaceous or Early Tertiary in age. Obviously, the basaltic
beds in the Godhavn region, where the Precambrian formations crop out,
represent the oldest members of the basalt series in the Disko area.

The existence of native iron in loose boulders on Disko island and its
surroundings has been known for more than a hundred fifty years, as proved
by written reports. This fact was primarily brought to the attention of the
scientific world at large, however, by the investigations carried out by A. E.
Nordenskiold at Ovifak, on the SW-coast of Disko island, where, with the
assistance of Greenlanders, he found several boulders composed mainly of
native iron (1870 and 1872). The largest of the boulders found (25 tons) was
delivered to Stockholm, the next in size (8.5 tons) to Copenhagen and one
weighing about 4 tons to Helsinki. It is well known that Nordenskiold thought
that the iron boulders at Ovifak originated in a meteoritic shower which fell
into the molten basalt during an eruption in Miocene times.

After Nordenskicld published his findings and conclusions on the native
iron of Ovifak, several other investigations were soon initiated. At first,
interest was focussed on the question as to whether the iron in the blocks was
meteoritic or telluric in origin. After it was observed that native iron also
occurs in basaltic beds cropping out in Disko, the question arose as to what
processes had led to the formation of the iron in these rocks. This question
is still an open one, for divergence of opinion prevails.

The investigations carried out earlier on the iron of Disko by Nauckhoff
(1872), Tornebohm (1878), Smith (1879), Steenstrup (1880) and Lorenzen
(1880) should be mentioned. The research done by Steenstrup and Lorenzen
concentrated especially on the description of the petrographic and analytical
features of samples. Later investigations by Lofquist and Benedicks (1941)
and by Pauly (1958) have proved of considerable value to the present author.
Both of these investigations are especially important in the study of metalli-
ferous phases associated with Disko basalts.

In the years 1872—80 Steenstrup systematically sought to locate all
possible occurrences in the Disko-Umanak area bearing evidence of native
iron. The number of localities has remained unchanged to date. From a pet-
rographic point of view, Steenstrup (op. cit.) gave special attention to obser-
vations that a reddish spinel, graphite and coarse-grained calcic plagioclase
always occur in association with iron basalts. To some degree these features
had already been considered by Térnebohm (op. cit.) and they also have an
important bearing on the conclusions arrived at by Lorenzen (op. cit.). On
the basis of the features mentioned, Steenstrup developed the terms »iron
basalty and »graphite basalty (Steenstrup. 1880).

In the present article, the main emphasis is on the pertinent petrographic
features observed in Disko basalts containing native iron. It should be noted,
however, that many of the petrographic observations to be discussed in this
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Fig. 2. Rusty sulphide-bearing dyke at Ovifak, Disko.

connection have been known since Steenstrup’s investigations. The author
came to personal grips with the subject on visits to Disko island in the
summers of 1962 and 1963 during the expeditions to West Greenland organ-
ized by the Kryolitselskabet Oresund A/S, Copenhagen. A proposal to study
the basalts of ENE-Disko was mentioned to the author by Professor Dr.
Hans Pauly, at that time chief geologist of the firm mentioned.

The observations described in the present study, which must be consid-
ered preliminary in character, are based on material collected by the author
during visits to Disko, on samples from the collections of the Kryolitselskabet
Oresund A/S and on samples from the collections of the Museum of Geology
and Mineralogy, the University of Helsinki.

DESCRIPTION OF THE SAMPLES STUDIED

The Ovifak Area

Nordenskiold has given a detailed description of this locality, wher: he
made his boulder discoveries in the immediate vicinity of the shoreline.
Besides the iron boulders, Nordenskiold has also described two dykes cropping
out close to each other and piercing the cover of basalt boulders accumulated
on the shore. One of these dykes is shown in Fig. 2; it is rusty on the surface
and includes sulphide ore minerals as unevenly distributed flecks. The other
dyke is situated at a distance of c. 5 meters from the dyke shown in Fig. 2
and does not contain visible sulphides.

Three samples from Ovifak, designated as A, B and C, have been consid-
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ered. Sample A represents the doleritic dyke without sulphides. Sample B
is from the rusty dyke with sulphides. Both of these samples were collected
by the author in the summer of 1963. Sample C is from the collections of the
University of Helsinki and described only as basalt from Ovifak, and it prob-
ably belongs to the primary material delivered by Nordenskiold.

Sample A is a medium-grained dolerite with an ophitic texture. In appear-
ence, the rock is identical to the doleritic inclusions to be seen in PIL. I, Fig. 1.
Plagioclase (Ang,) and augite (Z Ac = 37°, 2V, = 45°) are the dominant
components. The olivine is varyably altered along the cracks or appears as
pseudomorphs composed of a brownish iddingsitic-hisingeritic mass. Opaque
minerals occur in amounts typical of average dolerite.

The rock of sample B is primarily fine-grained, showing a sub-ophitic
texture. There are lesser areas of a coarser-grained portion corresponding in
appearence to the dolerite of sample A. Plagioclase (An;; ¢,) is the dominant
component in the fine-grained parts. Between the laths there occur small
grains of augite and rounded olivine. The opaque material is abundant locally
and is composed of pyrrhotite and ilmenite. Native iron was not observed.
The pyrrhotite has been altered secondarily and probably contains pentland-
ite as minute inclusions.

The main part of sample C is composed of doleritic material corresponding
to that of sample A. The dolerite, however, has been transected and brecciated
by anorthositic material (Pl. I, Fig. 1). The anorthositic portion of the rock
contains abundant graphite, small amounts of native iron and a reddish
spinel. The plagioclase (Ang,) is coarse-grained and has strongly resorbed the
spinel, as illustrated in Pl. I, Fig. 2.

The Asuk Area

The known formations of iron basalt at Asuk are exposed in a cliff in the
immediate vicinity of the Vaigat shore. The samples investigated from this
locality consist partly of older samples collected for the Kryolitselskabet
Oresund A/S and of new ones taken by the author during a few hours’ visit,
to Asuk in the summer of 1963. All the samples show such a uniformity of
properties that a comprehensive petrographic description could be given from
any one sample.

Steenstrup has published a detailed description of this locality, which he
visited twice (1880). A view of a part of the exposed occurrences is shown in
Fig. 3, which also illuminates the stratigraphic section determined as follows:

— Older sedimentary beds (lowermost but not seen in the picture)

— Interbasaltic breccia (partly covered by talus)

— Columnar beds of olivine bearing basalt, ¢. 15—20 m thick

— Iron basalt (at the top), ¢. 10—20 m thick

12 4901—65
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Fig. 3. Exposed basalt cliff at Asuk, Disko. Iron basalt at top.
Olivine bearing basalt with excellent columnar jointing.

The total height of the cliff as seen in Fig. 3 is c¢. 50—60 meters. Inland
from the cliff edge, the landscape forms a gently sloping surface for the most
part covered by overburden and blocks of basalt up to the beginning of the
talus accumulations in front of the escarpment of the basalt plateau. Because
of the topography and shortness of time during the visit to Asuk, the upper
contact of the iron basalt bed remains to be defined. In earlier reports on the
locality it has been suggested that the formation as seen in Fig. 3 is primarily
part of a plateau escarpment that slid down to its present position on the
shore. This phenomenon is a typical feature along the plateau escarpment
elsewhere in Disko and, in the light of the tentative observations of the
present author, it seems possible even in the case now under consideration.

It should be pointed out that the iron basalt at Asuk differs clearly on
the basis of macroscopic characteristics from the other basaltic rocks in the
area. It is a dense, grey, glassy rock, somewhat brittle in appearence. Steen-
strup (1880) had noted this difference in the appearence of iron basalt at
Asuk. He later found that this type grades into the usual basaltic rocks in the
Mellemfjord area and decided that the rock in question is merely a distinct
variety of the basaltic series in Disko and should be called simply »iron
basalt». In comparison with some typical basalt members from Kvandalen,
Disko, the chemical composition of the iron basalt from Asuk shows a dis-
tinctly deviating character (Table 1).

The individual samples from Asuk regularly show microscopical properties
that, for convenience of description, might be collectively termed as the
main material, inclusions and veinous material.
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Table 1. Analyses of Disko basalts, Western Greenland

i 2 3 4 5

Wt. % Cag/ion Wt. % Cagion Wt. % Cas/ion Wt. % Cag/ion Wt. % Cat,lon
B8i0g : Lvnmwe s s samns 59.60 | 56.14 | 49.80 | 47.91 | 48.87 | 46.39 | 48.78 | 47.48 | 43.70 | 45.17
TiOp oot l.og| O.79| 1.85| 1.39| 1.75| 1.25| 1.95| 1l.46| 1.20| 0.93
ALO; ««comi v cmens 13.80 | 15.34 | 13.57 | 15.38 | 15.81 | 17.67 | 14.74 | 16.88 | 13.66 | 16.63
FeaOy. . sioms s bnmniis 0.77 .57 | 3.28| 2.37| 3.45| 251 | 38.45| 2.57| 10.86| 8.44
FeO ...oerrrinns 4.85| 3.85| 9.89| 7.98| 8.31| 6.61| 8.56| 6.95| 1.24 1.05
MnO.............. 0.13| 0.11| 0.15| 0.12| 0.14| 0.11| 0.15| 0.12| 0.16| 0.12
MeQ . ems s s smmss 5.85| 8.21| b5.98| 8.61| 6.16| 8.72| 5.45| 7.89| 6.59| 10.17
CaO .............. 6.68| 6.73| 10.86 | 11.21| 10.96 | 11.11| 10.56 | 10.98 | 11.04 | 12.22
NagO : covwsvsapmns 2.10| 3.85| 2.43| 4.51| 2.76| 5.07| 2.63| 4.96| 2.36| 4.71
KgO :inmmossismmas 1.32| 1.58| 0.31| 0.35| 0.25| 0.28| 0.47| 0.53| 0.32| 0.37
L 0.16| 0.11| 0.22| 0.17| 0.35| 0.28| 0.24| 0.18| 0.22| 0.19
GOy o s smmsis pmsmmos 0.23| 0.34
HiOF snisssinmas 1.18 0.73 0.65 0.88 6.67
HO— ...t 0.25 0.74 0.22 1.50 2.22
Be o:unmwmesssmmes l.64| 1.64
0 ovssaomes snhase 0.15| 0.74

99.80 [100.00 | 99.81 [100.00 | 99.68 |100.00 | 99.36 [100.00 [100.24 | 100.00

Norms

O s v o pomnssiry 9 4 wigin g 16.42 17.22 17.44 15.78 20.34
18 cussvmmessssnmes 5.76 11.04 8.44 — —
hy ..o — - — 8.64 —
WO & s smman s s ssmwe @ 2.50 11.34 8.96 9.96 12.24
OF 5.5 5 5 s55ieie & & 6 s s 7.90 1.75 1.40 2.65 1.85
ab ...l 19:95 22.55 25.35 24.80 23.55
3 T 24.78 26.30 30.80 28.50 28.88
q sosimnesssanmess 17.60 3.01 0.60 2.41 2.09
AP e 0.29 0.45 0.75 0.48 0.51
B osssummas s smmms 1.58 2.78 2.50 2.92 1.86
Mt 55500005 s s 0.86 3.56 3.76 3.86 0.72
hm ... — - — — 7.96
BO: o5 & mmmiaie s ¥ pRte s 0.68 — —_ — —

. Iron basalt. Asuk, Disko, Greenland. Analyst A. Heikkinen.
. Doleritic basalt. Kvandalen, Disko, Greenland. Analyst S. Turkka.

. Olivine-bearing basalt. Kvandalen, Disko, Greenland. Analyst S. Turkka.

1
2
3. Tholeiitic basalt. Kvandalen, Disko, Greenland. Analyst S. Turkka.
4
5

. Basalt tuff. Kvandalen, Disko, Greenland. Analyst S. Turkka.

The main material of the samples is a relatively fine-grained rock
showing an orthophyric texture (Pl. II, Fig. 1). The dominant components
are plagioclase (Ang;) and an orthopyroxene with a low birefringence. How-
ever, large resorbed grains of clinopyroxene may occur occassionally. It
should be mentioned that in his study on the Asuk rock, Térnebohm (1878)
described it as an enstatite basalt. Lorenzen (1880) did not accept this conclu-
lusion and was of the opinion that the pyroxene present is commonly an
augite. According to observations made by the author, and on basis of the
chemical analysis of the rock (Table 1), it is obvious that Térnebohm was
nearly correct in his conclusion.
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Ore minerals occur sparsely. The individual grains vary in size from 0.1
to 0.5 mm in diameter. Steenstrup (1880) reports that the biggest ore mineral
aggregate observed by him was 14 X 18 mm in size. The ore material is com-
posed of pyrrhotite, native iron (i.e., the carbon-free cubic form, sementite,
etc.) and some magnetite. The pyrrhotite and native iron apparently may
exist as separate grains but in most cases these minerals are intergrown. A
textural relation often present is illustrated by Fig. 2, PI. I1. The figure shows
that the iron components occupy the inner part of a grain while the pyrrhotite
forms the outermost rim. Pauly, too, has mentioned this phenomenon in
samples from Mellemfjord (op. cit., Fig. 2, Pl. XX).

In addition to the sulphides and native iron, there occur unevenly distri-
buted opaque patches, which are characteristic of the main material in the
Asuk samples. The patches are blackish, even under reflected light, and
contain very tiny, light inclusions. The dark material of these patches might
be composed of hydrous iron oxides while the bright spots have been identi-
fied as native iron. Gradations from a grain composed of relatively homo-
geneous black material to a grain composed chiefly of native iron and sur-
rounded by a narrow rim of dark material can be followed step by step in the
polished sections (Pl. III, Fig. 1).

The inclusions present in the Asuk samples are composed of pla-
gioclase, which occurs as resorbed coarse, individual grains or as grain aggre-
gates in the main material (Pl. ITI, Fig. 2). On the one hand, the inclusions
are represented by aggregates of plagioclase accompanied by reddish spinel,
iddingsitic pseudomorphs after olivine, glass and ore. The ore material occurs
mainly as pyrrhotite, some chalcopyrite, native iron and magnetite. A second
type of inclusions is represented by aggregates of coarse-grained plagioclase
enclosing abundant opaque material, most probably composed solely of grap-
hite (Pl. IV, Fig. 1). The material of these inclusions is analogous to that of
the anorthositic portions described from Ovifak samples.

The veinous material is comparable to the inclusions of the second
type and borders sharply on the main material in the Asuk samples (Pl 1V,
Fig. 2). Glass is common along the contacts of the two portions. The veinous
material is also accompanied by resorbed grains of the reddish spinel. The
material mentioned here as veinous may actually represent brecciated frag-
ments in places surrounded by glassy margins. The term veinous as used in
this connection merely refers to the mode of occurrence in the thin section.

A petrographic study of the samples from Ovifak and Asuk show that in
both instances the graphite-bearing plagioclase rock occurs as an essential
component. Lorenzen (1880) especially emphasized that the origin of the
graphite-bearing plagioclase rock might have been in a close genetical rela-
tionship to the processes producing the native iron. Térnebohm (1878) was
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also interested in the rock and proposed that during the eruption of basalts
additional material was derived from sedimentary beds, including limestones,
carbon-rich mergels, etc., and gave rise to the formation of graphite.

THE REDDISH SPINEL

In agreement with the earlier results (c¢f. Steenstrup, 1880; Lorenzen, 1880)
the observations made in the course of the present study have shown that the
reddish spinel is consistently incorporated in specimens containing native
iron in the Disko area. In some cases, additional green spinel has been obser-
ved though not as frequently as the reddish one.

As already emphasized by Steenstrup (op. cit.) and Lorenzen (op. cit.),
the occurrence of the reddish spinel is indeed quite characteristic as regards
the mineralogical properties of the iron-bearing formations of the Disko area.
For instance, among the systematic samples collected by the present author
in the summer of 1962, representing a prophile through the basalt formation
exposed at Kvandalen, NNE-Disko, the spinel under consideration was never
observed and even the native iron was absent in these formations. On the
other hand, it is of interest to realize that the reddish spinel was observed
by the author from the subsilicic vein adjacent to the nickeliferous pyrrhotite
deposit at Igdlukunguaq (Pauly, 1958). This observation is of importance in
assuming that the reddish spinel would serve as an indicator of formations
genetically related to basalt flows containing native iron (cf. Pauly, op. cit.)

According to a complete analysis performed in 1901 by Nicolao (see,
Baggild, 1953), the composition of the reddish spinel is as follows:

SiOp v o 0.46 %
AlaOg sssssusscimusinans smussssnas smms 74.93 »
- 3.08 »
Fo sinaisnsnsipnms snpamennss samssmus 4.43 »
CroOg oo 0.91 »
Me® sinssssmucsnmps dpmas smmus spmsades 17.83 »

Total 101.61

For the present purpose, an attempt was made to separate the spinel
from sample C for analytical determinations. The minute amount of material
recovered did not, however, afford more than a provisional run by using the
X-ray fluorescence method. The run was made by Mr. A. Hoffren, M.Sc., at
the Geological Survey of Finland. Though the material separated was too
slight even for the method applied, the results obtained tentatively suggest
that the amount of chromium would approximate that of Nicolao’s analysis.
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On the basis of an uncomplete analysis of the reddish spinel, Lorenzen (1880)
likewise observed the presence of chromium and thought that it might give
the spinel its characteristic reddish-violet color.

The lattice parameter of the spinel was determined by the author using a
Philips X-Ray spectrometer (CuKe-radiation and Nifilter). The measurements
on the basis of reflections (400), (311) and (220) gave the result ¢y = 8.136 4.
This result suggests a hercynitic composition.

REMARKS AND DISCUSSION OF THE OBSERVATIONS

On the basis of his studies on the Biihl iron, Germany, Eitel (1920) decided
that the principal factors promoting the formation of native iron in basalt
have been a thermal dissociation of sulphides and the reducing effects of
bituminous material mixed with molten basalt. In regard to the formation of
iron blocks at Ovifak, Lofquist and Benedicks (1941) similarly assume that
the blocks originated from sulphide material by the addition of coal sub-
stances and illustrate the processes, which probably took place, by the fol-
lowing reactions:

FeS — Fe 4+ S (thermal dissociation)
3 Fe + C — Fe,C

In regard to the overall processes leading to the formation of the iron
blocks at Ovifak, Lofquist and Benedicks (op. cit.) suggested the following
interpretation: »One of the boulders of the nickeliferous pyrrhotite of the
neighbourhood has happened to be enclosed in a crack in which molten basalt
has risen, after having absorbed carbon from the coal beds broken through.
Under the compined action of the high temperature of magma and its carbon,
the sulphides of the pyrrhotite have been dissociated, giving carbonrich iron
i.e. a natural crude iron containing nickel, being the Ovifak irony.

A few observations carried out under reflected light in the course of the
present study indicate that the native iron may, at least in part, have origi-
nated from sulphide materials. From this point of view, the pyrrhotite rims
as shown in Fig. 2, PL. II, will be referred to. Pauly (1958) likewise considers
that the occurrence of native iron in Disko generally is a consequence of the
reduction caused by carboniferous materials incorporated into basalt melts
from bituminous beds, which are widely distributed in the Cretaceous and
Tertiary sediments of Disko.

On the other hand, the probable mechanism of reduction as such appar-
ently forms only part of the total problem confronted in investigations into
the occurrence of native iron in the Disko area. The concept as set forth by
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Lofquist and Benedicks (1941), even if correct in regard to the genesis of the
blocks at Ovifak, definitely does not explain the genesis of the relatively
homogeneous iron basalt at Asuk. This obvious deficiency in the theory of the
authors cited is also pointed out by Pauly (op. cit.), who states further that
the iron blocks at Ovifak are to be considered merely as a special concentra-
tion of the usually seperate iron droplets in the iron basalt.

One should, indeed, start from the reality that a basalt, like that from
Asuk, is a rarity, and that a doleritic rock accompanied by an anorthositic
component, as observed from Ovifak, is a unique combination as such. These
distinguishing features in certain rocks of the otherwise normally tholeiitic
basalt series of Disko formations must be especially emphasized. They prob-
ably mean that rather exceptional conditions had prevailed during the erup-
tion of the rocks in question, not only in the near surface zones, but even in
the locale of the deep-seated source. In regard to the lastmentioned aspect,
changes in water pressure and partial oxygen pressure (cf. Muan, 1958;
Osborn, 1959) may have been of primary importance. Both of these factors
may have a decisive influence on the solid phases finally produced by indi-
vidual eruptions or intrusions in the course of the magmatic activity in
general.

In this connection, suggestions that an increase in water pressure may
increase the plagioclase content of residual liquids of tholeiitic source material
are of special interest. A condensed and critical review of the matter is given
in a recent study by Yoder and Tilley (1962), who conclude that there is
substantial evidence of the existence of an anorthositic magma at reasonable
temperatures. This estimate seems most applicable to the case now under
consideration; the anorthositic portions as described from Disko occurrences
are understood to have crystallized from anorthositic melts, which originated
and separated at an early stage in the course of crystallization. This assump-
tion makes it understandable why the graphite, obviously derived from
bituminous sediments, is abundantly present in the anorthositic portions.
By their mode of emplacement the anorthositic melts might have brecciated
the older members of the basalt series, as shown by the textures observed in
sample C from Ovifak. The resorbed anorthositic inclusions and veinous
fragments, which are characteristic of the iron basalt at Asuk, may represent
material of a previously solidified anorthositic component.

An increase in Po,, which may occur as a consequence of dissociation of
higher water pressure, first effects the portion of the source material enriched
in femic constituents. It would be expected at the beginning that a change of
oxidation affects the olivine, which would then be more or less consumed in
reactions resulting in a pyroxene-tholeiitic magma. One of the possible pro-
cesses to be considered is illustrated by a reaction presented by Muir, Tilley
and Scoon (1957):
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(3Fe,Si0, + 3Mg,Si0,) + 0,—+2Fe;0, + 6MgSiO,
Olivine Magnetite = Enstatite

According to the petrographic observations, the reddish spinel was obvi-
ously one of the first species, besides the olivine, to be crystallized. The
content of chromium as revealed in the spinel may be evidence of its early
crystallization. In the course of further development, the spinel survived in
association with the anorthositic portion as though only in the form of resor-
bed grains (PL. I, Fig. 2).

Subsequently, processes as roughly outlined in the foregoing may produce
an enstatite basalt composition with an essential amount of magnetite. It
might therefore be proposed that this magnetite, reduced by coal substances
later incorporated from the sedimentary beds, might have been one of the
main sources of native iron in basalt flows like those at Asuk. Further, the
processes that produced the anorthositic rocks and enstatite bearing basalt,
and that were then added by hydrous and sulphide materials from the sedi-
ments transected, probably gave rise to the formation of sulphide-bearing
phases of a hydrothermal character. These formations, especially those ac-
companying the hypabyssic dykes, as well, may have suffered a reduction
according to the principles advocated, e. g., by Eitel (1920) and by Lofquist
and Benedicks (1941).

A close genetic relationship between the occurrences including native iron
and/or sulphides of Ovifak, Asuk and Igdlukunguaq appears evident. The
present data, however, do not afford a sufficient basis for further and more
exhaustive speculation along these lines. Such is not the purpose of this
article, which is a preliminary summary of petrographic facts obviouslye ssen-
tial to any investigation of the problems involved.
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