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(1966) and in Bulletin de la Commission géologique de Finlande N:o 222,

TasLE 1.

CaO-contents (determined by J. Siivola) and the corresponding An-contents of the maxima and
minima in the CaKa intensity diagram in Fig. 3.
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KIESELGUR IN FLUVIOGLAZIALEN ABLAGE-
RUNGEN IN HAAPAJARVI IN OSTBOTTNIEN

VON

RISTO AARIO

Institut fiir Geologie und Paliontologie, Universitit Helsinki

ZUSAMMENFASSUNG

Die in Haapajirvi getroffene Kieselgur besteht aus Planktonarten und ist in einer verhaltnis-
missig kithlen Interglazial- oder Interstadialzeit entstanden. Der in diesem Gebiet festgestellte
Vorstoss des Inlandeises spit in der Finiglazialzeit ist jiinger als die Kieselgur auch in ihrer heutigen
sekundiren Lage.
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VORKOMMEN UND LAGERUNG

Fundstellen

Bei meinen 1960 in Haapajirvi durchgefiihrten Untersuchungen des nérdlichen
Abflusses des Piijinne beobachtete ich in den Wandungen einer gerade begonnenen
Sandgrube am Ostufer des Mustolanjirvi 5 km stidstidostlich von Haapajirvi
(Abb. 1) reine Kieselgur, unter Binderton. Bei den weiteren Untersuchungen dieses
Vorkommens fand ich Kieselgur auch in der Sandgrube von Karjalahdenranta, 1 km
nordnordwestlich vom obigen Ort. Ausserdem machte mich Dozent Virkkala
wihrend der Untersuchungen auf das Vorkommen von Kieselgur auch in der Sand-
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Ass. 1. Untersuchungsstellen. 1. Autioranta, 2. Kuusanjoki, 3. Siponkoski, 4. Karja-
lahdenranta, 5. Kangasniemi, 6. Mustolanjirvi, 7. Varis, 8. Tervamiki.



Kieselgur in fluvioglazialen Ablagerungen in Haapajirvi. .. 5

Ass. 2. Gefalteter und gebrochener Binderton am Ostrand der Sandgrube von Karjalahdenranta.
Auch im Sand Stérungen. Die schwarze Linie zeigt die Grenze zwischen Sand und Ton an.

grube des Hofes Varis aufmerksam, etwa 3 km siidostlich der Sandgrube am Musto-
lanjirvi. In anderen Sand- und Kiesgruben der Umgebung von Haapajirvi fand
sich keine Kieselgur, obgleich ich im Laufe von drei Jahren in einigen von ihnen an
den durch die Entnahme von Sand und Kies immer neu entstehenden Schnitten
Beobachtungen anstellte.

Der obere Rand der Sandgrube von Karjalahdenranta liegt etwa 94 m, der von
Mustola 91 m und der der Varis’schen etwa 105 m iiber dem Meeresspiegel. Der
Hohenunterschied betrigt also 14 m. Alle drei Vorkommen liegen in der nord-
westlichen Fortsetzung des Oszuges von Pitkikangas, aber keins von ihnen hebt
sich morphologisch als Os aus der Landschaft heraus, obgleich die Michtigkeit des
fluvioglazialen Materials in ihnen oft sogar iiber 10 m geht.

Auch in der Struktur sind sich alle drei Fundstellen der Diatomeenerde dhnlich.
Da das fluvioglaziale Material als verhiltnismissig ebene Bildung auftritt, gibt es
keine von der Neigung der Oshinge abhingige grossziigige Neigung der Schichten.
Selbst in den verschiedenen Teilen der Aufschlisse finden sich in der Schichtenfolge
keine grossen Abweichungen. An allen drei Stellen liegt iiber den Sandschichten,
wenigstens zum Teil, eine Tonschicht. In Karjalahdenranta und Mustola sind sie in
den unteren Teilen warvig, wihrend die oberen Teile nahezu homogen sind, dem
Typus nach postglazial. In der Varis’schen Sandgrube fehlt der Binderton jedoch
und auch homogener Ton tritt in den 6stlichen hohen Teilen des Schnittes nicht auf.

In der Sandgrube von Mustolanjirvi sowie im nordwestlichen Teil der Sandgrube
von Karjalahdenranta geht der Sand mit vorwiegender Kreuzschichtung erst in
Sandwarven (oft mit Rippelschichtung) und dann in den ungestérten Binderton
iiber. In den 6stlichen und siidéstlichen Teilen der Sandgrube von Karjalahdenranta
treten in den unteren Teilen des warvigen Tones dagegen reichlich Stérungen auf
(Abb. 2), so wie auch in dem darunterliegenden Sand. Sogar Tonstiicke mit vollig
aufrechtstehenden Warven sind hier keine Seltenheit.
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In der Sandablagerung unter dem Ton liegt zuoberst meistens eine Schicht Mittel-
sand, der feiner ist als weiter unten (Tabelle 1, Proben K2, K7, V8, V9 und V11).
In dem ungestérten Nordwestteil der Sandgrube von Karjalahdenranta tritt in der
Ubergangszone zwischen diesem Sand und dem dariiberliegenden warvigen Teil
eine etwa 3 cm starke Kiesschicht auf. Im oberen Sand tritt in der Fallwinkel
der Schichten sowie in der Fallrichtung verhiltnismidssig viel Variation auf. Die
Kreuzschichtung ist allgemein, die Diagonalschichtung seltener.

Unter der Schicht von Mittelsand liegt im allgemeinen groberer, gleichmissiger
Sand (Tabelle 1, Proben K1, K3, K4, K5, K6 und V10), der das Hauptmaterial in
allen drei Sandgruben ist. Im 6stlichen und siidostlichen Teil der Sandgrube Karja-
lahdenranta liegt diese Sandschicht direkt unter der gestorten Tonschicht und der
obenerwihnte feinere Sand ist bis auf wenige Reste verschwunden. Den obersten
Teilen des groben Sandes ist wenigstens ortlich eine Regelmissigkeit in der Fall-
winkel (ca. 30°) sowie in der Fallrichtung (SO) der kleinen Schichtungen eigen.
Diagonalschichtung kommt hiufig vor. Weiter unten gibt es in der Neigung der
Schichten etwas mehr Variationen, aber das Material ist in der Hauptsache das gleiche.

In der Varis’schen Sandgrube gibt es ausser der obigen Reihe von Schichten
einen Riicken in NW-SO-Richtung, der aus sehr grobem Material besteht, in dem
reichlich iiber 20 c¢m, ja sogar iiber 1 m grosse Geschiebe vorkommen. Diese Bildung
reicht am Nordrand der Grube bis an die Oberfliche, sinkt aber nach Siiden hin
steil ab unter den oben beschriebenen groben Sand.

Nach der obigen Beschreibung sind alle drei Vorkommen in den wesentlichsten
Zigen ihrer Schichtenfolge ziemlich gleichartig und offensichtlich auch unter
ahnlichen Umstinden entstanden. Trotz des grossen Hohenunterschiedes und der
grossen Entfernung der Vorkommen voneinander (iiber 3 km) miissen diese offen-
sichtlich als gleiche Bildung betrachtet werden.

Der in der Varis’schen Sandgrube auftretende, reichlich Geschiebe enthaltende
Riicken entspricht der frithesten Phase der betrachteten Schichtenfolge, des wahr-
scheinlich im Inneren oder in einer Spalte des Inlandeises stark fliessenden Schmelz-
wasserstromes. Der diagonalschichtige grobe Sand dariiber hat sich im wesentlich
langsamer, laminar fliessenden Wasser (Illies 1949, S. 98) vor dem Rande des Eises
abgelagert oder unter ihm, falls der Rand des Eises geschwommen hat. Auch die
letzterwihnte Moglichkeit ist da, denn der Eisrand muss diinn gewesen sein, und es
handelt sich um ein priglaziales Flusstal, dass deutlich tiefer liegt als seine Umgebung.
Jedenfalls hat sich das Material dabei frei ausbreiten kénnen, ohne eine besondere
Osform zu bilden, obgleich es genug Material gab (vgl. Sauramo 1927, S. 36). Das
Auftreten von warvigem Ton iber dem fluvioglazialen Sand in der Schichtenfolge
zeigt, dass das Fehlen der Osform hier urspriinglich ist, und nicht auf die Ebnung der
Kiistenagenzien bei der Hebung des Landes zuriickzufithren ist. Das wird auch
bestitigt durch die Ahnlichkeit der Schichtenfolgen an den verschiedenen Stellen.

Die obere Schicht mit feinerem Sand vertritt offensichtlich eine grossere Ent-
fernung von der Miindung des Schmelzwasserstromes. Weniger klar ist jedoch,
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warum das Material in dieser Schicht in der Korngrosse sowie in Fallrichtung und
-winkel der kleinen Schichten mehr als im unteren groberen Sand wechselt, was auf
eine verinderlichere Stromung hinzuweisen scheint. Ist doch auch die Kreuz-
schichtung in dieser Schicht verbreitet. Da dariiber warviger Ton liegt, kann die
Unterschiedlichkeit nicht von flachem Wasser herrithren. Wenn sich der weiter unten
liegende grobere Sand unter den Randteilen des Eises abgelagert hat, wie oben
ausgefiihrt wurde, konnte die Verinderung der Struktur zum Unregelmissigen hin
durch die Nihe des Eisrandes erklirt werden. Die unter dem Binderton in Karjalah-
denranta anzutreffende diinne Schicht von gut gerundetem Kies wiirde sich auf diese
Weise auch leicht erkliren. Als zweite Erklirung fiir die Veridnderlichkeit der oberen
feineren Sandschicht liesse sich anfithren, dass diese verhiltnismissig diinne Schicht
(im allgemeinen weniger als ein Meter) langsam entstanden ist. So hat sie mehr
Verinderungen »registrieren» konnen als die darunter liegenden Schichten aus
grobem Sand.

Lagerung

Kieselgur tritt in verschiedener Korngrdsse in sekundirer Lage zusammen mit
Osmaterial auf. In einem Fall begegnete Diatomeenerde in Form von kleinen Kérnern
auch in den Sommerzonen der unteren Warven einer Bindertonschicht. In
postglazialem Ton und in dem aus groben Geschieben bestehenden Riicken des
Varis’schen Schnittes wurde sie nicht gefunden.

Die Form der kleinen Kieselgurkorner ist im allgemeinen unbestimmt, und sie
zerfallen leicht bei der Berithrung. Die grosseren, tiber 1 cm langen Kérner sind
dagegen meistens ziemlich fest, und sie sind deutlich abgerundet in der Art der
entsprechend grossen Kieskorner. Die abgeplatteten Formen sind jedoch' etwas
allgemeiner als in dem gewohnlichen, aus dem Stein gebildeten Kies, wie es natiirlich
ist im geschichteten Material (Abb. 3).

Nach meinen Versuchen sind die Kieselgurkdrner in ihrem jetzigen Zustand
selbst in stehendem Wasser nicht bestindig, aber in gefrorenem Zustand sind sie
haltbarer. Es ist auch offensichtlich, dass das Diatomeenmaterial in gefrorenem
Zustand mit den Schmelzwassern mitgefithrt wurde, wobei sich seine Stiicke wie
fluvioglazialer Kies abschliffen. Diatomeenmasse, die zum Teil durch dieses Ab-
schleifen frei wurde, zum Teil durch Schmelzen zerfiel, kommt reichlich im Sand als
nur mit dem Mikroskop unterscheidbares Material vor. Die starke Neigung zum
Zerfallen macht es unwahrscheinlich, dass die Kieselgur mit den Schmelzwassern weit
von ihrem primiren Ablagerungsort ‘mitgefiihrt worden ist.

Die Grosse der Kieselgurkorner steht in einer gewissen Korrelation zur Korn-
grosse des entsprechenden Sandes. In grobem Sand, den die Siebanalysen K1, K3,
K5, K6 und V10 (Tabelle 1) vertreten, schwankt die Grosse der Kieselgurkorner
nach den durchgefiihrten Messungen im allgemeinen zwischen 2 Millimetern und
2 Zentimetern, wobei die hiufigste Korngrosse in den verschiedenen Vorkommen
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* VATTENTALTA PLAN

Ass. 3. Die grossten Kieselgurkorner aus dem unter dem warvigen

herrschen vor.

Ton liegenden Sand, Karjalahdenranta. Die linglichen Formen

etwas iiber oder etwas unter einem Zentimeter liegt. In Mittelsand (Analysen K2,
K4, K7, V8, V9 und V11) liegt die Grosse der Kieselgurkorner im allgemeinen
unter 2 mm, wihrend die hidufigste Grosse etwa 1 mm betrigt. Die durchschnitt-
liche Sinkgeschwindigkeit der grosseren Kieselgurkorner ist etwas grosser gewesen
als die der kleineren, was ihr Vorkommen mit dem groben Sand verbunden hat.
Die Korngrosse der Diatomeenerde ist immer wesentlich grosser als die des
gleichzeitig abgelagerten Sandes, entsprechend dem kleineren spezifischen Gewicht

der gefrorenen Kieselgur.

TABELLE 1

Die Verteilung der Kieselgur enthaltenden Sandproben auf die Korngrésseklassen. Die Zahlen
sind Gewichtprozente. K = Karjalahdenranta, V = Varis.

Korngrosse K1 K 2 K3 K 4 K5 K 6 K7 Vs Vo vV 10 V11
mm
>6 0.1 —_ 0.1 0.0 —— — 1.7 — 0.8 0.8
6—2 1.7 0.1 0.5 0.0 0.4 0.5 0.1 10.8 0.1 5.0 0.6
2.0—0.6 91.3 | 10.0 | 94.6 | 16.0 | 66.1 83.9 | 12.5 | 36.9 4.1 50.1 6.5
0.6—0.2 .. 5.8 60.6 3.0 | 80.1 27.8 13.8 | 77.6 42.2 | 79.5 37.9 72.7
0.2—0.06 .. 0.9 28.1 1.3 3.5 5.4 1.6 9.7 7.9 14.4 5.6 16.3
<0.06 .. 0.1 1.2 0.5 0.4 0.3 0.2 0.2 0.4 1.9 0.6 3.2
Tiefem | 15| 08| 35| 80| 90| 40| 15| 30| 30| 35| 30
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AsB. 4. Eine aus Kieselgurkornern gebildete Linse, Varis. Sowohl
die Linsen als auch die diinnen Kieselgurschichten folgen jeweils
der Richtung der Sandschichten.

Die einzelnen Korner treten im allgemeinen zusammengeballt zu dinneren
linsenférmigen Kieselgurklumpen oder 1—3 mm starken Schichten auf. Die hori-
zontale Ausdehnung sowohl der diinnen Schichten als der Linsen beschrinkt sich
im allgemeinen auf einige Zentimeter bis etwa zwanzig Zentimeter. Die diinnen
Kieselgurschichten und die Linsen folgen den Schichten des Sandes. Abb. 4 vertritt
einen recht typischen Fall, wenn reichlich Diatomeenerde da ist. Die Korner haben
sich zusammen mit dem Sand abgelagert.

Da die Korner der Diatomeenerde und die daraus geformten Linsen in grobem
Sand grosser sind, entfillt der quantitative Hauptteil des Kieselgurvorkommens auf
diese Schicht, obgleich Kieselgur am hiufigsten in der sofort unter dem Ton gelege-
nen, inbezug auf die Neigung der Schichten und die Korngrosse etwas unhomogenen
Sandschicht vorkommt, wo der Mittelsand vorherrscht. Dennoch sind auch die in
grobem Sand gelegenen Vorkommen nicht sehr gross. Diatomeenerdelinsen, deren
Stirke grosser ist als 2 cm und deren Breite 15 cm iiberschreitet, sind verhiltnismissig
selten. Dennoch hat man auch Linsen gefunden, deren Stirke tiber 5 cm betrug.
Meistens hat man diese direkt an der oberen Grenze von grobem Sand gefunden.

Tiefer in grobem Sand nimmt das Vorkommen von Diatomeenerde ab, aber
in Karjalahdenranta hat man sie noch in iber 8 m Tiefe gefunden, vom unteren
Rand des Tones gerechnet.

2 8517—65
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Orientierung

Zur Ermittlung der Fliessrichtung der die Kieselgurkorner beférdernden
Strémungen wurde an drei Vorkommen der Kieselgur eine Richtungsanalyse durchge-
fihrt, und zwar an zwei von Karjalahdenranta (Abb. 5, 1—2) und an einem von
Varis (Abb. 5, 3). In beiden Richtungsrosen fiir Karjalahdenranta ist die NW-SE-
Richtung stark vorherrschend. Auch in der Richtungsrose von Varis ist dieselbe
Richtung im allgemeinen bevorzugt, aber das Orientierungsmaximum trifft die
N-S-Richtung. Die Unterschiede zwischen den verschiedenen Richtungen sind
auch in diesem Fall kleiner als in den beiden anderen. Die Richtungsrose 11 bezieht
sich auf die diinne Kies-Schicht mit einem Beischlag von Kieselgurkornern dicht
unter den Sandwarven unter dem Binderton. Auch hier herrscht die NW-SE-
Richtung vor. Da die zur Verfiigung stehenden Kieselgurvorkommen klein waren,
konnte die Orientierung an nur je 100—200 Kornern bestimmt werden. Aus
diesem Grund musste man sich in den Diagrammen mit einer verhiltnismissig
sparlichen Gruppierung der Richtungen begniigen.

Auch an den Sandschichten, die Kieselgur enthalten, wurden Richtungsanalysen
durchgefiihrt, und zwar aus Lackfilmproben (Voigt 1949) mit etwa 50.facher Ver-
grosserung nach einem von Prof. Dr. H. Reinhard (Greifswald) mir miindlich emp-
fohlenen Verfahren. In jeder Analyse wurde die Richtung von 500 Sandkérnern
bestimmt. Die Richtungsrose 7 (Abb. 5) an grobem Sand bezieht sich auf dieselbe
Schicht des groben Sandes, an der die Richtungsanalyse 2 fiir die Kieselgurkorner
gemacht wurde. Die Ubereinstimmung ist vollkommen. Auch die Analyse 6 an
grobem Sand aus der Nihe der Analyse 7 zeigt die Vorherrschaft der NW-SE-
Richtung. In den Richtungsrosen 4—5 und 8—9, betreffend die Schicht des
Mittelsandes, kommt auch die N-S-Richtung stark zum Vorschein. In zwei von
4 Richtungsrosen ist diese sogar die stirkste und auch in beiden anderen recht stark.

In den Geschieben des aus einem groben Steinmaterial bestehenden Osriickens
bei Varis ist auch die NW-SE-Richtung deutlich dominierend. (Abb. 5, 10).

Die Stromungsrichtung wurde auch makroskopisch direkt aus den Schichten
mit Hilfe der stirksten Fallrichtung bestimmt, deren Azimuth meistens etwa 150—
155 Grad betrug. In unserem Fall stimmen also die mit Hilfe der Fallrichtung be-
stimmten Stromungsrichtungen gut mit den vorherrschenden Richtungen der Sand-,
Kies- und Kieselgurkorner iberein. In seinem Lehrbuch »Sequence in layered
rocks» stellt Shrock eine ihnliche Ubereinstimmung in gewissen rezenten und
ilteren Stromablagerungen dar, aber nach G. Lundqvist (1948) lagern sich die
Sandkorner senkrecht zur Stromungsrichtung. Der Unterschied mag auf den Ver-
schiedenheiten in der Stromungsgeschwindigkeit beruhen.

Soweit man aus den oben dargestellten, vorliufig noch knappen Beobachtungen
Schlussfolgerung ziehen kann, scheint die Stromung bei der Ablagerung der Haupt-
masse des Sandes aus Nordwesten und Nordnordwesten gekommen zu sein, aber in
der letzten Phase, in der sich die Schicht des Mittelsandes bildete, kam noch eine
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AsB. 5. Richtungsrosen fiir fluvioglaziale Ablagerungen an Fundstellen von Kieselgur. 1. Kieselgur,

Karjalahdenranta W (Tiefe 1 m), 2. Kieselgur, Karjalahdenranta NW (Tiefe 3.5 m), 3. Kieselgur,

Varis W (Tiefe 3 m), 4. Mittelsand, Karjalahdenranta W (Tiefe 0.8 m), 5. Mittelsand, Karjalahden-

ranta W (Tiefe 1.0 m), 6. Grobsand, Kartjalahdenranta W (Tiefe 1.2 m), 7. Grobsand, Katjalahden-

ranta NW (Tiefe 3.5 m), 8. Mittelsand, Varis W (Tiefe 3 m), 9. Mittelsand, Varis W (Tiefe 3 m),

10, grosse Geschiebe, Varis N (Tiefe 1—1 %% m), 11. Kies-Schicht an der Grenze von Ton
und Sand, Karjalahdenranta NW (Tiefe 2 % m).
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recht starke nordliche Stromung dazu. Sowohl die nordwestlichen als nérdlichen
Stromungen haben Kieselgur mitgebracht.

MIKROFOSSILIEN

Diatomeen

Diatomeenanalysen wurden von allen drei Vorkommen sowohl an mehreren
einzelnen Kieselgurkornern (auch verschiedenen Teilen der Korner) als auch an den
senkrechten Schnitten der Sandgruben (Tabellen 2 und 3) vorgenommen. Wegen
der Gleichartigkeit des Artenbestandes in den einzelnen Kornern und Schichtenfolgen
der verschiedenen Vorkommen beschrinke ich mich darauf, nur die Analysener-
gebnisse eines Untersuchungsobjektes, des von Karjalahdenranta, darzustellen.

In den einzelnen Ko6rnern (Tab. 2) ist mit Ausnahme von Probe 5 in allen Melosira
islandica die vorherrschende Art, zusammen mit ihrer Subspezies helvetica, und sie
machen im allgemeinen tber 80 9, aller Diatomeen aus. Ein Teil der M. islandica
liesse sich noch als M. islandica var. vinerensis (A-Cleve) aussondern, aber die
Bestimmung ist in zu vielen Fillen wegen der Zerbrocklung der Individuen und
wegen ihrer Erscheinungsform als Dauersporen unsicher. So habe ich in der Tabelle
diese Variation mit der Hauptform der M. islandica zusammen gerechnet.

Von anderen Diatomeen erscheinen nennenswerte Mengen nur von Coscinodiscus
lacustris, Stephanodiscus astraea und Stephanodiscus hantzschii; die letztgenannte macht
in Probe 5 von allen unbeschidigten Diatomeen 55 9, aus. Die genannte Probe
diirfte zu einer im Alter etwas abweichenden Phase der Primirablagerung von
Kieselgur gehoren.

Alle genannten Arten, wie auch der grosste Teil der anderen in Kieselgurkdrnern
angetroffenen Arten, gehoren zum Plankton des siissen Wassers und zumindest
M. islandica ist eine Art kithlen Wassers (u. a. Cleve-Euler 1912). Eine Ausnahme
stellt die nur in Probe 2 vorkommende T halassiosira kryophila dar, die eine Meeresart
ist. Die Kieselgur von Haapajirvi unterscheidet sich also in ihrem Artenbestand
und hinsichtlich ihrer Bildungsumstinde in starkem Masse von allen frither in
Finnland gefundenen Vorkommen von Kieselgur (K. Mélder, miindl. Mitt.).

Da die Kieselgur zu ihrer jetzigen Lagerstitte eine kleine Strecke aus Richtung
Nordwesten gekommen ist (S. 8—10), wo das Gelinde ohne Hindernisse recht gleich-
missig zum Bottnischen Meerbusen abfillt, muss das Becken, in dem sich ein so
reines Diatomeenplankton abgelagert hat, zu irgendeiner Binnenseeperiode des
Baltikums gehort haben. Die Bildung von reiner Kieselgur wiederum setzt voraus,
dass sich vom Inlandeis kommender Schlamm nicht in nennenswertem Masse im
Becken abgelagert hat und dass auch das vom Festland stammende minerogene
Material das Kieselgurvorkommen nicht erreicht hat.

Besonders interessant ist die Erscheinungsform der Melosira islandica und ihrer
Subspezies: von allen unbeschidigten Individuen umfassen iiber 90 9, ihre
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TABELLE 2

Diatomeen in einzelnen Kieselgurkérnern von Karjalahdenranta. Die Zahlen sind Prozente und
beziehen sich auf die unversehrten Exemplare.

1 2 3 4 5 6 7

Coscinodiscus lacustris Grun. ............ 14 14 21
C. Iauatits TEagM: <viacive siogmioe s isgonsis s 16 15
Cyclotella kiitzingiana var. radiosa Fricke

C: ocellata Pant, o .amisisomasisamisse
Melosira ambigua (Grun.) Mull. ........ 1 1
< arenaria FAGM. cuivw s s wwiow o s ssiwv s 5 v
. distans (Ehr.) Kiitz. ............... 1
. granulata (Ehr.) Ralfs .............. 1 1
islandica O. Mall. ................. 7 9 6 3
islandica, Dauersporen .............. 67 47 62 82
islandica FLAGM. .o i s wvii o5 wninis s s 150 507 322 56
islandica ssp. helvetica O. Mill. .. .... 1
islandica ssp. helvetica, Dauersporen ..
islandica ssp. helvetica fragm. ........ 1
SPP: BEARIN: & svmms s soms 5 5 swen s 5 o
Stephanodiscus astraea (Ehr.) Grun. ...... 7
8. astraea FLa@mv . o wwwis s s wiovis s ¢ swivs & 36 10
S. hantzschii Grun. ........ ...
Thalassiosira kryophila (Grun.) Joergensen
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Achnanthes exigua fragm. ............... 1
Achnanthes linearis (W. Sm.) Grun. ...... 1
Cymbella sinuata Greg. ................ 1
Epithemia sp. fragm. .................. 3 1
Fragilaria brevistriata Grun. ............ 1
F. construens var. binodis (Ehr.) Grun. ... 3
F. construens vat. venter (Ehr.) Grun. .... 1
T T T A L R R
F. pinnata vatr. lancettula (Schum.) Hust.
B vivescens RalfS o s 50005 smnmiviiswsssss 1 1
Boor BB cvomasmpeinses sxes e e B oera R B0 T HIRADE T IS 3
Opephora martyi Herib. ................ 1
Tabellaria fenestrata fragm. ............. 1

Zahl der untersuchten Diatomeen ........ | 261 652 459 169 157 317 253

(S

Dauersporen (Abb. 6)! Auch unvollstindige Teile der Melosira, die in der
Tabelle als besondere Gruppe verzeichnet sind, stammen ihrer Struktur nach
hauptsichlich von Dauersporen.

Viele niedrigere Pflanzenarten bilden Dauersporen, wenn die Umstinde fiir
die normalen Lebenstitigkeiten zu ungiinstig werden. Mit Hilfe der Dauersporen
»iiberwintert» die Pflanze iiber eine ungiinstige Periode. Fiir die Bildungsvoraus-
setzungen von Dauersporen der Melosira habe ich jedoch keine Darstellung gefunden.
Es lisst sich jedoch kaum bezweifeln, dass die Dauersporen auch bei dieser dem
(*berstehen ungiinstiger Perioden dienen. Nach Cleve-Euler (1912) bildet die Melosira
islandica ssp. helvetica in 0—6° warmem Wasser Auxosporen, mit deren Hilfe sich
bekanntlich die Grdsse der Diatomeenindividuen in gewissen Grenzen hilt; bei
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AsB. 6 Die hiufigsten in der Kieselgur auftretenden Diatomeenarten. 1—7 Doppel-
wandige und an den Ende gerundete Dauersporen und Dauersporenhilften der
Melosira-Arten. 1. Melosira islandica ssp. helvetica, 2—7T7 Melosira islandica, 8. Stepha-
nodiscus astraea, 9—10 Coscinodiscus lacustris (etwa 1500 fach vergr., Photo E. Halme).
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TABELLE 3

15

Diatomeen in der Lagerfolge am westlichen Rand der Sandgrube von Karjalahdenranta. Die
Lage der Proben in der Schichtenfolge in Abb. 7. Die Zahlen geben die Anzahl der Exemplare an.

1 2 4 5 6 8 | 10 | 11| 12| 14| 16
Coscinodiscus lacustris Grun. ............ 2 2 4 1 3
G Tacustrts, SEAEIN:. tovaeveisis srosrsisslois e diaasa 3 2| &
C. 8D AL <o o oo ssuwns vouuma 1 1 5
Melosira ambigna (Grun.) Mall. ......... 1 i | 1
M. arenaria. MOOTE o o sivviv e 5vvene s s nmmss 1 3
M. areraria FRAgM. . .camnissivesssonss 1 1 1
M. islamdica ©. MG, .ooeoaome oo oommons 2| 4 1 21 1
M. islandica, Dauersporen .............. 3| 68| 40| 39| 45| 46| 40 14| 4
M, fslandica £Lagin . i i o5 vives s vy 1| 15| 34| 42| 23| 20| 36 8| 10
M. islandica ssp. helvetica O. Mall. ....... 2 4 11 5
M. islandica ssp. helvetica, Dauersporen ... 2 3 6| 14 6 8 3
M. islandica ssp. helvetica fragm. ........ 2 3 7 6 6 1] 12
M. spp. fragm. ....veveeivmevisineines 2 2 2] 1
Stephanodiscus astraea (Ehr.) Grun. ........ 1 3 2
s aiiraea FERFIN. 15 o 5 wenown § » Binesens o eMES 1] 1 3 2 3 4| 1
8. bantzsehil GIULL, .« 5 wiiis o s siisms s somnas 1
Epithemia turgida (Ehr.) Kitz.) ......... 1
B 8D, Bag. s v s wmives v demi s ¢ s weme 1 1
T ) o e T B 1
Lrragilarta 8P. wonvessmes vametsess vwmes 1
Gomphonema sp. fragm. ................ 1
Grammatophora oceanica (Ehr.) Grun. .... 1
Navicula rhynchocephala Kitz. .......... 1
WL SP. FRARM. oo vomavmsisamk s smmass 1
Neidium sp. fragm. ................... 1
Nitgschia stagnorum Rabh. .............. 1
Pinnularia hyyppéei fragm. .............. il
P, 8ps Bagmh: o snssmmsves sawn s s vesnes 1
Rhabdonema minutum Kitz. ............ 1
Synedra tabulata (Ag.) Kitz. ........... 1
S. tabulata vat. acuminata Grun. ........ 1
S. BB prossensis ek SUMH S8 NESEGE R 1
Tabellaria fenestrata fragm. ............. 1
Zahl der untersuchten Diatomeen ...... 4| 89| 90 (100 | 100 | 100 [ 100 | — | — | 40| 49

Temperaturen dariiber verliuft die Lebenstitigkeit normal. Auch Dauersporen
bilden sich in reichlichem Masse kaum in solchem Wasser, das wirmer als jenes
ist. Dagegen konnte ein langes Verweilen der Jahreshochsttemperatur in den Grenzen
der genannten Temperaturwerte die ganze Lebenstitigkeit in den Zustand von
Dauersporen iberfithren, wobei sich diese als Kieselgur ablagern konnen. Dieses

Problem muss jedoch noch weiter geklirt werden.

Die Tabelle 3 stellt die Diatomeenanalysen einer Schichtenfolge von Karjalahden-
ranta dar. Die Beschaffenheit des Materials in verschiedenen Tiefen geht aus der
Abbildung 7 hervor, sowie die Entnahmestellen der Proben an der rechten Seite. Die
Numerierung der Proben ist dieselbe wie fiir die spiter dargestellten Pollenanalysen.
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Ass. 7. Entnahmestellen der Proben
fiir Diatomeen- und Pollenanalysen in
Karjalahdenranta (Tab. 3 und 5).

Die Proben 8 und 10 bestanden aus Sand vermischt mit Kieselgur und enthielten
die gleichen Kieselalgen wie die an einzelnen Kieselgurkérnern vorgenommenen
Analysen. In den Proben 5 und 6 gab es auch reichlich Kieselalgen, obwohl Kieselgur
im Probensand makroskopisch nicht festgestellt werden konnte. In den oberen und
unteren Teilen des gepriiften Schnittes gab es weniger Diatomeen, in den Proben
11 und 12 fehlen sie sogar ganz. Doch Kieselgur kommt auch makroskopisch
feststellbar noch bedeutend unterhalb der untersten untersuchten Probe (1) vor,
woraus hervorgeht, dass die Kieselgur sich ziemlich unregelmissig abgelagert hat.

Aus der Vorkommensart der Diatomeen geht hervor, dass ihr primires Vorkommen
erst in der Randzone des Eises starker Erosion unterlag und das lose Material sich
bald ablagerte, nach einem kurzen Wege. Aus zerfallenen Kornern stammende
Dauersporen sind jedoch im Wasser auch noch viel spiter aufgetreten, so dass sie



Kieselgur in fluvioglazialen Ablagerungen in Haapajirvi... 17

sowohl im Binderton als auch in dem dariiberliegenden homogenen Ton begegnen.
Ungeklirt bleibt, ob sie direkt aus den weiterhin der Erosion unterlegenen
Primirablagerungen stammen oder aus den aufs neue abgetragenen Sekundir-
ablagerungen.

Die in dem kieselgurhaltigen Sand auftretenden unbeschidigten Diatomeen-
individuen des Salz- und Brackwassers, wie Grammatophora oceanica, Rhabdonema
minutum sowie Synedra tabulata und ihre Variation acuminata, die in den entsprechenden,
aus reinem Kieselgur gemachten Proben nicht begegnen, weisen darauf hin, dass die
sekundire Ablagerung der Kieselgurkorner in salzigem Wasser (Yoldia?) erfolgt ist.
Der Anteil der Salzwasserarten ist jedoch klein im Vergleich zu der sekundiren
Diatomeenmasse. Im iibrigen gibt es in den Sandproben der untersuchten Schichten-
folge einen gleichartigen Artenbestand wie in den entsprechenden Kieselgur-
kornern. Die Dauersporen der Melosira islandica sind auch in ihnen vorherrschend.

Pollen

Die Pollenanalyse der Kieselgur ist von zwei Proben aus Mustola, zwei aus
Karjalahdenranta und neun aus der Varis’schen Grube durchgefithrt worden. Da
die Ko6rner von ihrer urspriinglichen Stelle anderswohin transportiert worden sind,
hat der Ort ihrer Entnahme fiir deren Pollenbestand keine Bedeutung. Da ande-
rerseits zwischen der Pollenfrequenz und dem Pollenbestand eine gewisse Korrelation
zu herrschen scheint, sind die Proben in Tabelle 4 nach der Pollenfrequenz geordnet.
Die Entnahmestelle ist durch einen der Probenummer vorangestellten Buchstaben
gekennzeichnet.

Die Proben gliedern sich inbezug auf die Pollenfrequenz und den Pollenbestand
in drei Gruppen. Zu der ersten gehoren die, in denen je Priparat weniger als fiinf
Pollenkdrner da sind.

In den beiden Proben von Karjalahdenranta fand sich kein Pollen, in der drmsten
Probe aus der Varis’schen Grube fanden sich 4 Chenopodiaceae-Pollen, aber kein
einziges Baumpollenkorn. Insgesamt wurden in den {iber 20 Priparaten aus den
sechs Proben dieser Gruppe zwolf Baumpollenkorner gefunden, alle Birke. Das
vollige Fehlen anderer Baumarten erklirt sich natiirlich hauptsichlich aus der geringen
Anzahl der gefundenen Pollenkérner, aber anderseits zeigt es, dass deren prozentualer
Anteil auf jeden Fall sehr niedrig gewesen wire. Die Menge sowohl der NBP als
auch der Sporen ist 3/, von der Menge der Birkenpollen, also vergleichsweise gross,
soweit man einer auf so kleinem Material beruhenden Zahl Bedeutung beimessen
kann.

Zu der zweiten Gruppe gehoren M 1, V 5 und V 6, in denen die Pollenmenge
je Priparat 5—20 betrigt. Sogar die am wenigsten Befu/a enthaltende Probe hat
davon 80 9%, die anderen iiber 90 9,. Insgesamt wurden in den zwolf untersuchten
Priparaten aus den Proben dieser Gruppe 147 Baumpollenkérner gefunden, davon
4 9, Alnus, 88 %, Betula, T Y, Pinus und 1 Y4 9, Tilia. Fichte gab es nicht. Der Anteil

3 8517—65
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TABELLE 4

Die Pollen der Kieselgurkorner. K = Karjalahdenranta, V = Varis, M = Mustolanjirvi.

K1| K2| V1|V2|V3|V4|M1|V5|V6|VT|V8|IM2|V9

FAHGUE & v 0o v T B RN SRR 1] 4| 1| 2| 4| 2| 6
BOHIB s 505000 w0 pasmsmigings o omisins agmivse 3| 3| 6[20(47 (62|64 (82|47 |66

2710|5023

¥
E
~
=0

GORTEE 2er2 3 o ST SRS LS 1 1
JRAIDETUE ;5.4 5100000 vsrvomsmrnrs v psess 1 111
Sali% : voniscnmnas s ansees seEpeis aREs 1] 1
Britales v o0 erwivsesmesninesss oo 1] 5] 5
CYPEPACIAS .55 5 515700,5 ¢ spayeinis & smsewons oo alenre 1
GEEARRIREGE oo 0.510.5.50,878 i 408 Woa Siw/a 8578 T8 o078 1] 1
Caryophyllaceas. ...s.vvewvy s snweision snpoie 1
Chenopodiacedt, s svswiemssweimens oo 4 1
TOROGEL Q) < 01010y 358 o O S A 515 AT Sy R il
Plantago: .. somvicnsnmeresyasie sz 1
ROLICEAE  s55 005 wmusnsiren oo w9emo s HHTISE 1
b Y T 1
WAEIE viiovie 008w ammsineerssumroresins me driv s 21 11 %] 1] 1% 3] 1
Potapioolon, :axwwssssans samsises s 1

[N

Tyha. Jabifl, i aiselmes ot s aErnREAERE 1 1
BQUISOIUME. 5 s 55501035 wcparsisisvwnsiomsonwsines 3
LENCoPodisinn i vazviisv v oo wsswmssasiess 1 5 9|17| 5| 3(14| 6
Polypodiaceae . ..........ccccviiiiiniinnn 1 1 1] 3
Selaginella ..o ovinios eavempesamsas
SPUUPRIME 570.08.5 50007055 S0 0,05 G0N 80, SE T s 1 1

Zahl der Priparate ..cecusesasosssosees 4| 4| 4| 4| 4] 4

N|a=aJ0

+ | o
w
W
w

von Betula ist also auch in dieser Gruppe hoch. Die NBP-Menge macht 13 9 aus,
davon 8 Erikazeen. Sporen gab es 43 9, (Lycopodium 25 %, Sphagnum 14 9,).

Zur dritten Gruppe gehoren die Proben M 2 sowie V 7—9. In jeder von diesen
liessen sich 100 Pollenkdrner in 2 oder 3 Priparaten zihlen. In einer von diesen
betrigt der Anteil von Bet#la noch 82 9, in den anderen 46—66 %,, durchschnittlich
65 9,. Die prozentualen Anteile der anderen Biaume sind: Alnus 3 Y, 9,, Picea 4 Yy Y,
Pinus 27 %, und Ulmus Yy 9Y,.

Die Fichte erscheint recht gleichmissig in allen Proben. Die NBP-Menge macht
9 9, aus, davon die Hilfte Erikazeen. Sporen gibt es 52 %,, davon 20 9, Lycopodium
und 22 9, Sphagnum. Der Anteil von Lycopodium ist also niedriger als in der vorigen
Gruppe, der von Sphagnum hoher.

Aufgrund des oben beschriebenen geringen Materials ist es nicht méglich,
weitgehende Schlussfolgerungen zu ziehen, aber es lisst sich wohl nicht bezweifeln,
dass die letzte Gruppe deutlich giinstigere Umstinde vertritt als die beiden
vorhergehenden. Schwieriger ist es, die Gruppen im Vergleich mit den heutigen
Vegetationszonen einzuordnen. Dabei muss beachtet werden, dass diese aus
Planktonarten entstandene Diatomeenerde verhiltnismissig weit von der Kiiste
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TABELLE 5

Pollenanalysen aus Schichtenfolgen von Mustolanjirvi und Karjalahdenranta. Die oberste Ziffern-
reihe fiir Karjalahdenranta zeigt die Entnahmestellen der Proben (Abb. 7).

Mustolanjirvi (91 m) Karjalahdenranta (94 m)
Sand Biinderton Ton Sand Ton
41679 |12]16
Tiefem. | 37 | 33 | 31| 28 [27|1.6|11|04[03]|02]|12]|10[09]07] 0503
AIRHE, ot et S mms SR 12| 4 4| 4 22|11
Botula, ... i oo s somurs s sz 64 (31| 3| 4|17 2| 1| 3 21 2 11 2
P18 55 4 s vvweteics sa s 3 3 1 21 1 5
PIHE « & i 50500 5 1 wwinsian. s esiase o 1120 4| 1) 1|23 2| 1| 2| 3| 1] 3 7| 2
COLIMS, ovsiem o s vwmo s swismmas il
Salio o o sotomssin) 5 Sistere) siarzennss 1
Erieales cuiis s s vaias o6 swoms s 1 1 1
CYPEracear s .. veswsssvsnss 1
GrAWINBGE aivviass 0000010 sinisiosas 71 6 2 1
ATIEMEIA 305 i3 0100 000707000 8% 1
Chenopodiaceae . ............ 1] 4
ComPositas cooovavsssvsanes 1
Cruciferae. o sosisvsssmmos s 1
PUIGKILD: s56.510% & smsnetors, ssaiiotons o 1 1 |
Rosaceas oasi.vsnicssswioas 1 1
Saxifragaceae ivsoisaviases 1
s I 1] 1 1] 1
Bguisetum ;. .«ouws s swsn ss a3 1
Lycopodism . . ..co..svsassan 71 9 91 3] 3] 1 21 1
Polypodiaceae . ............. 16| 13 4110 4( 3| 5
SPBagIUM. o i o505 05 wssn s b 0 2] 1 1 1
Zahl der Priparate ........ 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 2| 4] 2| 2| 4| 2

entstanden ist, und nicht viel Sekundirpollen enthilt. Dagegen ist beim Fehlen einer
nahegelegenen ortlichen Pollenquelle die Wirkung des Fernfluges gross. Danach
scheint es, dass die beiden erstgenannten Gruppen ein Stadium vertreten, in dem
weite umgebende Gebiete kahl waren oder von spirlichen Birkenwaldungen bedeckt.
Wihrend der Entstehung der zur letztgenannten Gruppe gehérenden Diatomeenerde
sind die Nadelwilder deutlich niher gewesen, méglicherweise kann es sogar in den
nichstgelegenen Kiistengebieten Nadelbiume gegeben haben. Zusammenhingende
Nadelwilder kann es in der niheren Umgebung kaum gegeben haben, weil in der
langsam abgelagerten Diatomeenerde der Anteil der Pollen auch in dieser Gruppe
gering ist und die Menge der NBP und Sporen im Vergleich zu den Baumpollen
gross ist. Auf jeden Fall zeigt die Unterschiedlichkeit der Pollenzusammensetzung,
dass die Ablagerung der Diatomeenerde so lange angedauert hat, dass in dieser Zeit
im Pflanzenkleid eine beachtliche Verinderung hat stattfinden kénnen.

Von derselben, Diatomeenerde enthaltenden Schichtenfolge in Karjalahden-
ranta (Abb. 7), von der die Diatomeen untersucht wurden, sind auch Pollenanalysen
1—16 durchgefithrt worden. Die Schichtenfolge, besonders der Sand, erwies sich
als besonders pollenarm. In 13 aus Sand angefertigten Priparaten fanden sich
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insgesamt 13 Baumpollenkérner. Das ist auch natiirlich, weil sich der grobe Sand
vergleichsweise schnell abgelagert hat, vielleicht zum Teil auch unter dem Eis. Zum
grossten Teil muss der Pollen aus ilteren Ablagerungen stammen, u.a. aus der
Diatomeenerde. Der grosse Nadelholzanteil zeigt jedoch, dass die Diatomeenerde
dabei von geringerer Bedeutung ist. Die von dem Mittelsand der Schichtenfolge
von Mustolanjirvi (Tab. 5) durchgefithrte Analyse hat dagegen ein ziemlich gleich-
artiges Bild ergeben wie die dritte Gruppe der Diatomeenerdeproben. Das braucht
jedoch nicht zu bedeuten, dass der Pollen der Diatomeenerde dort wirklich der
Hauptteil ist, sondern der grosste Teil des Pollens kann primir sein und demnach den
zur Zeit der Entstehung der Schicht herrschenden Umstinden entsprechen.

Sowohl aus der Schichtenfolge von Karjalahdenranta als auch aus der von Musto-
lanjirvi ist ausserdem eine Pollenanalyse von dem iiber Sand und Diatomeenerde
liegenden Binderton sowie von der untersten Probe des dariiberliegenden homogenen
Tones durchgefithrt worden (Tab. 5). Wie im allgemeinen, diirfte auch in diesem Falle
der Anteil von Sekundirpollen betrichtlich sein, aber der grosste Teil des Pollens
vertritt wohl die Pflanzendecke zur Zeit der Entstehung der Schicht. Darauf deutet der
grosse Anteil von Betula und von Sporen hin sowie die verhiltnismissig grosse NBP-
Zahl. Wenn auch der Pollenbestand stark an den Pollen der dritten Gruppe der
Diatomeenproben erinnert, vertritt er demnach die Pflanzendecke einer ganz ver-
schiedenen Periode. Beachtenswert ist, dass im grossen und ganzen genommen
der Anteil der Birke in der Schichtenfolge nach oben hin abnimmt, was sich vielleicht
als Niherkommen der Kiefernwilder auslegen lisst.

ZUR CHRONOLOGISCHEN EINSTUFUNG

Um das Alter der Diatomeenerde zu bestimmen, ist versucht worden,
die Entstehung der spitglazialen Ablagerungen des Gebietes und deren Altersver-
hiltnisse zu kliren. In diesem Sinne mussten ausser den Fundstellen von
Diatomeenerde einige andere Aufschlisse untersucht werden. Die Klirung der
Altersverhiltnisse wurde dadurch erleichert, dass Sauramo im Geologischen Institut
mehrere aus der niheren Umgebung entnommene Probeserien von Binderton
hinterlegt hat, die er in seine Warvenchronologie eingearbeitet hat.

In Karjalahdenranta wurden die warvigen Tone sowohl in dem siidéstlichen
Teil der Grube untersucht (Karjalahdenranta I, Abb. 8), wo der Ton diskordant
iber dem diagonalschichtigen Sand liegt (S. 3), als auch in dem stérungsfrei
scheinenden Nordwestteil (Karjalahdenranta II). Ganz nahe gelegen, konnektieren
sich die Tone ausserordentlich gut, und das nicht nur inbezug auf die Michtigkeit
der Warve, sondern auch auf die anderen dabei verwendeten Ziige (Sauramo 1923,
S. 12—13), wie die Mikrostruktur der einzelnen Warven und ihre anderen speziellen
Eigenschaften. Die Konnexion zeigt, dass an dem gestérten Ostrand der Grube an
dieser Stelle etwa 60 unterste Warven fehlen. Da auch die Schicht Mittelsandes unter
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dem Binderton im siidéstlichen Teil der Grube fehlt und der Ton direkt an groben
Sand grenzt, ist die Storung ganz beachtlich.

Der Ton von Karjalahdenranta konnektiert sich zuverldssig auch mit Diagrammen
und Tonproben, die Sauramo von dem Gebiet zeigt. Die zur Konnexion verwendeten
Diagramme habe ich aus darstellungstechnischen Griinden auf der Grundlage der
Museumsproben und der Ursprungsbezeichnungen Sauramos neu gezeichnet. Das
nichstliegende Diagramm von Sauramo liegt von Karjalahdenranta nur etwa 400 m
nach Osten (Kangasniemi), die anderen Diagramme stammen aus der Gegend
nordwestlich vom Kirchdorf Haapajirvi (Siponkoski, Kuusanjoki) (Sauramo 1927,
S. 42, 1929, S. 42).

Bei den im Museum aufbewahrten Proben aus Kangasniemi fehlen einige untere
Watven, so dass auch in den daraus angefertigten Diagrammen die ersten Jahre
nach der Befreiung vom Eise fehlen. Der unterste Teil des Diagrammes II von
Karjalahdenranta umfassen auch die ersten Warven.

Die Nebeneinanderstellung mit Sauramos Warvenchronologie (Sauramo 1918,
1923,1927) zeigt, dass Karjalahdenranta etwa 1035 Jahre nach dem O-Jahr Sauramos,
d.h. nach Abschluss der zweiten Salpausselkiperiode, vom Eis befreit worden ist.
Die unter dem Binderton im fluvioglazialen Sand befindliche Kieselgur ist also
schon an ihrer sekundiren Stelle dlter.

Ausfiihrliche Analysen des Tones im Kieselgurvorkommen Mustolanjirvi
wurden als nicht notwendig erachtet, weil schon aufgrund einzelner Probestiicke
festgestellt werden konnte, dass die Tonwarven denen von Karjalahdenranta entspre-
chen.

Die warvigen Tone von Karjalahdenranta wurden auch mit den Tonserien aus
einem Sandgrubenschnitt etwa 200 m nérdlich von Autiorannankoski konnektiert,
sowie mit Sauramos Proben aus Kuusanjoki und Siponkoski (Abb. 1 und Abb. 8).
Zuunterst in der Schichtenfolge von Autioranta ist fluvioglazialer Sand und Kies.
Dariiber liegt an mehreren Stellen eine gut ein Meter michtige Morinenschicht,
die bedeckt wird von den bei der Konnexion verwendeten storungsfreien Tonen.
Die Schichtenfolge erinnert an den von Sauramo (1927, S. 22) aus Pyhisalmi beschrie-
benen Sandgrubenschnitt, wo er einen entsprechenden Vorstoss von Morine
iiber das Osmaterial als durch ein wahrscheinlich kurzes Vorriicken des Eises
verursacht erklirt, wofiir es in den Osen Finnlands reichlich Beispiele gibt.
Dennoch betrachtete er die interglaziale Herkunft des unter der Morine befindlichen
Osmaterials als nicht unmoglich, welche Auslegung (oder die Auslegung als inter-
stadial) einige andere Geologen fiir die entsprechenden Bildungen in Finnland als
wahrscheinlicher betrachten (Molder 1949, Aurola 1949).

Das Vorkommen von fluvioglazialem Material in Autioranta erinnert auch in der
Hinsicht an die Vorkommen von Karjalahdenranta, Mustola und Varis, dass es sich
landschaftlich nicht aus dem ganz ebenen Gelinde abhebt. Kieselgur hat sich trotz
Nachforschungen darin nicht gefunden.



Kieselgur in fluvioglazialen Ablagerungen in Haapajirvi... 23

Die Konnexion des iiber der Morine liegenden Tones sowohl mit den
Probenserien Sauramos als auch mit den Tonen von Karjalahdenranta hat mit
Sicherheit durchgefithrt werden kénnen. Nur eine Warve sowohl in den Proben von
Autioranta als auch in denen Sauramos aus Kuusanjoki weicht in ihrer relativen
Michtigkeit von den anderen Probenserien ab. Die Warve O -+ 1 140 bildet darin eine
kleine Spitze, wihrend die entsprechende Spitze in den weiter siidlich befindlichen
Proben bei Warve 0 + 1 141 liegt. Aufgrund der anderen in diesen Warven vorkom-
menden Eigenschaften miissen sie jedoch in der vom Diagramm gezeigten Weise
konnektiert werden. Die Schwankungen der Dicke sind auch garnicht immer so
konstant wie viele andere kennzeichnende Ziige der einzelnen Warven (Sauramo
1923, S. 11—12).

Die untersten groben Warven von Autioranta haben sich offensichtlich recht
bald nach dem Eisriickgang gebildet und sie zeigen zusammen mit den Probenserien
von Sauramo, dass die Ablagerung hier deutlich spiter als in Karjalahdenranta und
Kangasniemi begonnen hat (7bid. S. 41).

Die Sandgrube von Tervamiki liegt etwa 1.5 km westlich der Varis’schen Grube,
in einer Hohe von etwa 110 m. In ihrer Form und teilweise auch in ihrer Struktur
unterscheidet sich das Objekt von den fritheren, indem es sich, wenn auch sanft
ansteigend, iiber seine Umgebung erhebt. Wie auch in Autioranta, liegt iiber den
fluvioglazialen Sandschichten zum grossen Teil eine Morinendecke, an mehreren
Stellen sogar zwei gesonderte Morinendecken. Deren untere ist fest gepackt, oft
gefaltete Stauchmorine. Die obere hat eine waagerechte Lamellenstruktur. Abb. 9
zeigt die Struktur des Stidrandes der Grube im Herbst 1964. Das von Westen vorstos-
sende Eis hat einen ganzen Osteil (ganz rechts im Bild) verschoben und den Staidostteil
des Oses gefaltet. Ein Teil des Osmaterials hat sich mit dem Morinenmaterial vermischt,
ein Teil erscheint in der Morine in Form von Klumpen, wie auch die da und dort
vorkommenden 10—20 Warven umfassenden Bindertonklumpen. Im siidostlichen
Teil schiebt sich (ganz links im Bild) ein hauptsichlich aus Osmaterial gebildeter
Keil zwischen das Morinenmaterial. Der als Ganzes verschobene Osteil und die als
Klumpen auftretenden Stiicke des Osmaterials waren offensichtlich wihrend des
Vorstosses tief gefroren.

Im Sommer 1965, als dieselbe Sandgrube einer genaueren Priifung unterzogen
wurde, war die Falte durch die Entnahme von Kies und Sand zerstdrt, aber an den
Rindern der Grube liess sich noch warviger Ton unter der Morine feststellen. In den
grossten unbeschidigt erhaltenen Klumpen von Binderton konnte man sogar iiber
120 Warven zihlen, von denen allerdings ein Teil gestort war. Es handelt sich also
um einen recht beachtlichen Eisvorstoss nach einem langen Zwischenraum.

Fiir die Konnektierung des Bindertones wurden drei Proben genommen (Abb. 8.
Tervamiki I, II und III). Das Material in den Klumpen war briichig, so dass es
nicht immer méglich war, die Proben so zu nehmen, dass sie an ihren Enden teil-
weise einander decken. Da an den Enden der Proben sich leicht die Zussersten Warven
16sten, blieben in einzelnen Fillen zwischen den Proben kleine Liicken. Von den
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AsBs. 9. Stauchmorine in Tervamidki. A. Als Ganzes verschobener Teil eines
Oses. B. Gefaltetes und vermischtes Osmaterial, mit Stiicken von Binderton,
C. Sortiertes Material vermischt mit Morine, D. Faltige Morine, E. Deck-
morine, F. Herabgerutschter Schutt.
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jungsten, an die Morine angrenzenden Teil des Tones konnte keine Analyse
gemacht werden, weil dort reichlich Briiche und Faltungen erfolgt waren.

Die unter der Morine liegende lange Serie von warvigem Ton (Tervamiki 1)
konnektiert sich ausgezeichnet sowohl mit den etwa 1 km entfernten Bindertonen von
Karjalahdenranta als auch mit den Proben Sauramos aus Kangasniemi. Auch alle
kleinen kennzeichnenden Ziige der einzelnen Warven stimmen mit den ent-
sprechenden Ziigen der anderen Probenserien iiberein.

Da sich in den jiingsten, in die Morine iibergehenden Teilen eines in die Analyse
einbezogenen Tonklumpen ausser den im Diagramm dargestellten noch wenigstens
30 unbestimmte Warven zihlen liessen, wiirde deren jiingste Warve wenigstens dem
Jahre 0 + 1170 in Sauramos Chronologie entsprechen. Damals hatte sich das Eis
nach Sauramo (1927, S. 37) schon nordwestlich vom Kirchdorf Nivala zuriick-
gezogen, von wo es also nocheinmal zuriickgestossen war.

Das beobachtete Vorriicken des Eisrandes hat trotz seiner grossen Ausdehnung
iiberraschend wenig Spuren in den Schichtenfolgen des Gebietes hinterlassen. In den
von Sauramo untersuchten warvigen Tonen nordwestlich von Tervamiki sieht
man es nicht, auch nicht in dem vom Verfasser gepriiften Teil der Schichtenfolge von
Autioranta, wo man jedoch eine andere, dltere Vorriickungsphase des Inlandeises
erkennt. In Karjalahdenranta hat der Vorstoss des Eises Spuren in der Schichten-
folge nur in den Ostlichen und siidostlichen Teilen der Sandgrube hinterlassen
(S. 3) (Karjalahdenranta 1).

Die verhiltnismissig begrenzte Wirkung des Eisvorstosses diirfte sich daraus
erkliren, dass der Eisrand in der fraglichen Zeit schon ziemlich diinn war und aus-
serdem wahrscheinlich noch zum Teil von tiefem Wasser getragen. In den tiefsten
Teilen des Gelindes hat das Eis den Grund vielleicht garnicht beriihrt. In der Ebene
schob sich das Eis iiber das Gebiet, ohne nennenswerte Stérungen zu verursachen,
aber als es auf das hohere Hindernis in Tervamiki traf, verursachte es eine starke
Stauchung der Schichten. Die Richtung der Faltung scheint ausserdem darauf
hinzuweisen, dass der Vorstoss des Eises in dieser Phase aus Westen!) gekommen
ist, wo das Gelinde hoher ist als im Nordwesten in Richtung des Flusstales. Eine
Richtungsanalyse der Morine ist jedoch zunichst noch nicht durchgefithrt worden.
Es scheint auf jeden Fall eigenartig, dass die besagte Vorriickungsphase keine deut-
lichen Spuren in den Warven der Bindertone in der Umgebung hinterlassen hat.

Nach Sauramos Warvenchronologie hat sich das Eis aus diesem Gebiet etwa im
Jahre 0 + 1050 (1927, S. 46) zuriickgezogen. In die gleiche Chronologie eingeordnet,
hat das festgestellte voriibergehende Vorriicken des Eises wie oben erwihnt nach
dem Jahre 0 + 1170 stattgefunden, wonach erst das Eis endgiiltig aus dem Gebiet
zuriickwich.

1) Die in demselben Gebiet von Hyyppi (1948) und Okko (1949) festgestellte starke westliche
Bewegungsrichtung diirfte eine lingere Periode vertreten und ist wohl nicht gleichen Alters wie
die gleichgerichtete Stauchung von Tervamiki.

4 8517—65
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Und wie steht es mit der Méglichkeit, den unter der Morine befindlichen warvigen
Ton als interglazial oder interstadial zu erkliren? Dann wire offensichtlich Sauramos
ganze Serie P (ibid. S. 45) roter Tone aus West-Finnland interglazial oder interstadial,
weil deren innere Konnexion, wenigstens was die verwendeten Teile betrifft, als
ausserordentlich sorgfiltig und zuverlissig durchgefithrt gelten muss. Das scheint
nicht méglich, insbesondere weil diese Serie an mehreren Stellen auch mit Binnen-
finnland konnektiert ist, und Stérungen in den Schichtenfolgen nicht beobachtet
worden sind (u.a. Sauramo 1927, S. 23). Da nun aber in Sauramos Chronologie die
im Untersuchungsgebiet festgestellte recht bedeutende Eisvorstossphase fehlt, zeigt
das, dass die besagte Chronologie noch viel durch 6rtliche Detailforschung vor-
zunehmende Nachpriifung verlangt.

Dagegen ist es wahrscheinlich, dass ein Teil des anderen Materials der Stauch-
morine von Tervamiki aus der vorangegangenen Vereisungsperiode vor der letzten
bedeutenden Interstadial- oder Interglazialzeit stammt. Die rechts in Abb. 9 (S. 22)
zu sehende Schichtenfolge hat sich als Ganzes nur in tief gefrorenem Zustand ver-
schieben kénnen. Wenn sie sich erst um das Jahr 0 + 1050 im Wasser vor dem
Eis abgelagert hitte, hitte sie kaum, von tiefem Wasser bedeckt, vor dem erneuten
Vorriicken des Inlandeises griindlich frieren kénnen. Wenn sie dagegen vor der
letzten Vereisung entstanden war, hat sie beim Vorriicken des Eises schon gefroren
sein konnen.

Die Kieselgur ist in Sauramos Chronologie um 0 + 1 050 in ihre heutige Lage
gekommen. Wenn nach E. Nilsson (1964) Sauramos 0-Jahr dem Jahr 10 378 v.h.
entspricht, wire die sekundire Ablagerung der Kieselgur etwa im Jahre 9 300 v.h.
erfolgt. Die primire Ablagerung der Kieselgur ist davor geschehen.

Es erhebt sich die Frage, wann vor diesem Zeitpunkt die Umstinde fiir die
Bildung von Kieselgur geeignet waren? Da die Kieselgur ganz rein ist, war die
Voraussetzung ihrer Ablagerung das Fehlen des Inlandeises in der betreffenden
Zeit. Aus dem Umfang des Gebiets mit heutigen sekundiren Kieselgurvorkommen
und aus der Hiufigkeit von Kieselgur zu schliessen, ist das Primdrvorkommen gross
gewesen, was wiederum eine lange Bildungszeit voraussetzt. Die Zeit war lang
genug fiir die in den Ablagerungsumstinden erfolgten Anderungen, die durch die
in einzelnen Kieselgurkornern vorhandenen verschiedenen Mikrofossilien veran-
schaulicht werden. Aus dem Obigen geht hervor, dass sich die Kieselgur an ihrer
primiren Stelle entweder in der Interstadial- oder Interglazialzeit abgelagert haben
muss.

In Finnland sind zahlreiche unter Morinen gelegene Wassersedimente bekannt,
unter Osmaterial liegender Ton oder iibereinander liegende Morinendecken, die
nach der Ansicht einiger Forscher entweder die Interstadial- oder die Interglazialzeit
ausdriicken (u.a. Brander 1937 a, b, 1938, 1941; Molder 1949; Aurola 1949; Kauranne-
Tynni 1961). Nicht alle haben jedoch deren Zuweisung als unbestritten betrachtet.
So ldsst sich nach Hyyppi (1937, 1939) nicht mit Sicherheit feststellen, dass die in
Stidostfinnland gefundenen, inmitten des Osmaterials auftretenden Tonstiicke die
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Interglazial- oder Interstadialzeit vertreten. Als unbestrittener Interglazial- oder
Interstadialfund muss jedoch der von Korpela entdeckte, unter Morine liegende
Torf betrachtet werden, fiir den sich bei der C'* Bestimmung ein Alter von iiber
35 000 Jahren ergab (Korpela 1962, a, b).

Korpelas Fund enthilt eine gleichartige Pollenflora wie die Kieselgur von Haapa-
jarvi, und es ist moglich, dass die beiden von derselben Phase stammen.

Wegen seiner Lage verdient in diesem Zusammenhang auch der von Okko
(1953) veroffentlichte Fund eines Mammutzahnes in dem Oszug von Pitkikangas
Beachtung, nur etwa 4 km siidostlich der Varis’schen Sandgrube. Der den Zahn
umgebende Sand hatte sich dort in salzigem Wasser abgelagert, wie wahrscheinlich
auch die von mir untersuchten Kieselgurkorner an ihrer sekundiren Stelle (S. 15).
Auch in der Pollenflora entspricht er den Ablagerungsorten meiner Funde. Es wire
demnach natiirlich, dass diese auch in ihrer Lage gleichartigen Funde aus der gleichen
Periode stammen.

In verschiedenen Teilen Schwedens, auch ziemlich nahe Haapajirvi, sind mehrere
offensichtlich zur gleichen eisfreien Phase gehorenden Funde gemacht worden:
(Grip 1949; J. Lundqvist 1955, 1958; Fromm 1960; G. Lundqvist 1951, 1955, 1957,
1960; Munthe 1890, 1904, 1946; Sandegren 1948; Asklund 1936; Kulling 1945;
Thorslund 1939; Halden 1915; von Post 1918). Diese hat G. Lundqvist in Zusammen-
hang mit seinem Fund von Porsi besprochen (1960).

Alle diese Funde, sowie die von Haapajirvi und Rovaniemi, vertreten in ihrer
Pollenflora eine ziemlich kalte Periode, aber in vielen anderen Hinsichten sind sie
verschieden (G. Lundqvist 1960 S. 21). Sie scheinen zu verschiedenen Phasen des
Balticums gehoren. Die Siisswasserphase mit einem niedrigen Wasserstand vertritt
der von Munthe (1890) dargestellte Fund, die Binnenseephase hohen Wassers die
Kieselgur von Haapajirvi und die Phase hohen salzigen Wassers der Fund von
Bollnis (?) (Erikson 1912, Halden 1915). Wenn nun die genannten Funde wirklich zu
verschiedenen Teilen der gleichen grosseren Periode gehdren, was anzunehmen ist,
muss diese ziemlich lang gewesen sein. Dafiir sprechen auch, wie oben erwihnt,
der offensichtlich grosse Umfang des urspriinglichen Kieselgurvorkommens und die
Verschiedenheiten in seinem Mikrofossilienbestande.

Die Zuordnung der Funde zu den der letzten Vereisung vorangegangenen aus
Europa bekannten eisfreien Perioden ist schwierig, weil von den Funden nur das
Minimal-Alter bekannt ist. Vor allem kimen bei der Zuordnung die Gottweiger-
Interstadialzeit oder die Eem-Interglazialzeit in Frage. Das genaue Alter dieser
Phasen mit ihrer Dauer ist jedoch auch in Mitteleuropa noch unsicher (G. Lundqvist
1960, S. 22), ebenso wie zumindest der Charakter des Gottweigers, was die Zuordnung
erschwert.

Inbezug auf ihre Linge wiirde die Periode anscheinend besser zum Eem passen,
aber dagegen spricht, dass das Eem nach der herrschenden Ansicht wirmer ist als die
heutige Zeit, wihrend in Fennoskandien nur aus kiithlen Phasen stammende Vor-
kommen begegnen. Allerdings konnte der als Sekundirpollen allgemein in alten
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Sedimenten erscheinende Eichenmischwald (Iversen 1936; Heinonen 1957) einen
Teil der untersuchten Phase vertreten, der wirmer als unsere Zeit war.

Die Phase lisst sich auch schwerlich als irgendeine bekannte Interstadialzeit
betrachten. Die zeitlich lange Ausdehnung der Goéttweiger Zeit so weit in den Norden
scheint fraglich. Die Zuordnungsfrage muss also als noch offen betrachtet werden.
Einige Forscher sind jedoch geneigt, diese Ablagerungen dem Eem zuzusprechen.

Ob die betrachteten Vorkommen als interglaziale oder als interstadiale Bildungen
zu betrachten sind, hingt in erster Linie von der Definition dieser Begriffe ab. Wenn
eine als interglazial anerkannte Phase mindestens so warm wie heute sein muss,
was hdufig als Kriterium gilt, lisst sich die betrachtete Phase aufgrund der bisher
gefundenen Vorkommen nicht als interglazial bezeichnen (vgl. Hyyppi 1937, 1939).

U.a. G. Lundqvist (1960, S. 22) hat jedoch den Interglazialbegriff auf alle die
Perioden ausdehnen wollen, in denen das Inlandeis nachweisbar auch aus den
zentralsten Teilen des Vereisungsgebietes verschwunden war. In Finnland tritt
Okko ebenfalls fiir eine weniger enge Definition ein (1964, S. 251), was auch meiner
Ansicht nach als konsequenter und richtiger zu betrachten ist. Man lisst die post-
glaziale Zeit spitestens mit dem Zeitpunkt beginnen, zu dem die Zweiteilung des
letzten Restes von Inlandeis in dem Fjeldgebiet Fennoskandiens erfolgte oder, wie
heute im allgemeinen, mit dem Ende der zweiten Salpausselki-Phase. Dann muss
ein ebenso grosses Abnehmen des Inlandeises und das entsprechende Klima auch
fir den Beginn der Interglazialzeit ausreichen, vorausgesetzt, dass es eine lingere
Phase vertritt.

Manuskript eingegangen am 15. September, 1965
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ABSTRACT

A number of beryl crystals from different localities were studied under the polarizing microscope.
Plates cut perpendicular to the ¢-axes of the crystals were used. The thickness of the plates ranged
from 0.3 to ca. 5 mm.

The optical properties of beryl are often anomalous resulting in a small optic axial angle up to
2V, = ca. 20°. Between crossed nicols the optically anomalous ctrystals exhibit a variety of crys-
tallization textures that are described. A summary is schematically presented in Fig. 1. The growth
hillocks found on crystal faces are illustrated. The crystallization textures are interpreted as originating
from strain in the crystal that varies during the crystal growth.

INTRODUCTION

Anomalous optical behavior resulting in a small optic axial angle is a very common
phenomenon in many tetragonal, trigonal and hexagonal minerals. In beryl the
biaxial optics is so common that such an anomaly can be regarded for the mineral
a characteristic rule rather than an occasional exception. This is true especially for
clear beryl crystals usually grown in more or less open wugs and often showing
well developed crystal forms.

The optical anomaly found in beryl is known for the mineral since more than
a hundred years. A good summary of the oldest literature is contained in "Handbuch
der Mineralogie’ by Carl Hintze (2 Band, II, pp. 1274—1275, 1897). Later, following
the views first expressed by E. Mallard in 1877 (Hintze, op. ¢iz.), the biaxial optics
and the polygonal texture microscopically found in sections perpendicular to the
c-axis has been regarded as twinning much in the same way as is known for the
structurally related low-cordierite (¢f. A. N. Winchell and H. Winchell, *Elements
of Optical Mineralogy’ and W. A. Deer, R. A. Howie and J. Zussman, ’Rock-
Forming Minerals’).
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Because no recent general descriptions of the polygonal texture of beryl are
available and because the interpretation of the optical anomalies found in the mineral
seems to need reconsideration, some beryl crystals from various localities were
studied with respect to their optical anomaly. The results of the study will be presented
in this paper. A summary on the subject was presented in the fourth session of the
International Mineralogical Association held in New Delhi in 1964 and a short
abstract will be published in the papers of that session.

BIAXTAL OPTICS FOUND IN BERYL

Optically uniaxial beryl is normally negative, e being parallel to the crystallographic
c-axis. In the notation of the anomalous biaxial optics the a-direction is parallel to the
c-axis of the crystal and the negative optic axial angle 21/ ranges fron 0° up to 18°—
20°. In the beryl crystals studied by the author no deviation of the a-direction from
that of the crystallographic ¢-axis can be detected.

The optic axial angle in beryl is most conveniently measured from the interference
figure on plates cut perpendicular to the ¢-axis. The plates must be polished on both
sides and the crystals should preferably be free from inclusions. The measurements
were made using the relationship sin 1V = d/2nk, where d is the distance between
the traces of the two optic axes in the interference figure expressed in readings of the
micrometer eye piece, # is the approximate mean refractive index of beryl, and £ is
the Mallard constant to be separately determined with the apertometer for the micro-
scope optics used.

If the beryl plate is thin, of the thickness of an ordinary thin section, the isogyres
in the interference figure are broad and the small optic axial angle can not be measured,
mostly not even qualitatively detected. If, however, the plate was left thick on
grinding, then the isogyres are sharp. Even very small optic axial angles can be
measured. As an example it may be mentioned that an optic axial angle of only 2°
can easily be measured on a plate of, say, ca. 5 mm thick. On a thin plate such a
crystal would look optically uniaxial.

The biaxial optics exhibited by the beryl plate results in the fact that the plate
perpendicular to the c-axis shows a very weak interference color between crossed
nicols. Assuming a maximum value found for the optic axial angle, »ig. 217, = 20°,
the birefringence (y—f) shown by the plate of an optically anomalous crystal is cal-
culated to amount to the order of 0.0002. This value, of coutse, represents a maxi-
mum. Mostly, the optic axial angle is considerably less than 20° and, accordingly,
the value for (y—§p) is well below the maximum mentioned, for example of the
order of 0.000 05. Such a small birefringence can be detected only on thick plates.
In practice, the beryl plates cut perpendicular to the ¢-axis and used in this study
ranged in thickness from a few tenths of a millimeter to one millimeter or even more.
The interference color produced is first order grey with varying brightness depending
on the magnitude of 217,



Polygonal Growth of Beryl 33

F1G. 1. Schematical summary of the crystallization textures

found in beryl. A. Laminated margin. B. Lamellar interme-

diate zone. C. Polygonal intermediate zone. D. Irregular
core pattern.

CRYTALLIZATION TEXTURE

The crystallization textures of beryl crystals are best studied on plates of sufficient
thickness that have been cut perpendicular to the c-axis. Seen under the microscope
between crossed nicols such a beryl plate rarely looks homogeneous. A schematical
summary of the textures is presented in Fig. 1 and the nomenclature used to charac-
terize the various zones of a crystal is given in the explanation of that figure. The
four types of texture reproduced are idealized and the true pattern to be found in a
particular beryl crystal can represent any combination of these types. Any of the
zones marked 4A—D may be lacking.

Examples of actual textures found in the beryl crystals are illustrated in Plates
I a—d and Plates IT a—d. All the photographs contained in these two plates represent
gemmy Brazilian crystals. The same kinds of textures have been found also in
beryl crystals from other localities studied, including Nigeria, Mozambique, Southern
Rhodesia etc.

Plate Ia illustrates a beryl plate consisting of regular polygons the boundaries
of which are parallel to the traces of 7070 or 7720. The texture exhibited represents
a good example of what is called the *polygonal texture’ proper in this paper.

Quite often, however, no regular polygonal texture proper is seen but the entire
crystal shows an irregularly extinguishing pattern illustrated in Plate I b and, photo-
graphed with higher power, in Plate Ic. Because this kind of texture, evidently a

5 8517—65
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FiG. 2. Traces of optic axial planes and
values for optic axial angles in a part of
the crystal of Plate Ilc.

Fic. 3. Overall view of the traces of the
optic axial planes in the composite crystal
of Plate Ilc.
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F1G. 4. Radial arrangement of the
traces of the optic axial planes in
a crystal.

strain pattern, occupies in many crystals only the core, it will be called the ’irregular
core pattern’. As is schematically indicated in Fig. 1 (bottom left), the irregular core
pattern may show hexagonal outlines and be surrounded by a ’lamellar intermediate
zone’ with six-sided hexagonal lamination (Plate I d). A detail of the lamination is
illustrated in Plate ITa and looks like plagioclase twinning. Single lamellae of the
intermediate lamellar zone are not persistent throughout one of the six sectors.
They extend only over a short distance and then they die out. Many crystals like that
of Plate II b show an outermost ’laminated margin’ in which single lamellae extend
over the whole sector and the marginal texture looks like that of a polysynthetic
twinning.

Plate IIc presents another kind of crystallization texture schematically summarized
in bottom right of Fig. 1. The core of the crystal, actually a composite of two individ-
uals in parallel growth, shows the irregular strain pattern and the margin is very
regularly laminated. The intermediate zone, between the core and the margin, exhibits
a curious star-like polygonal texture with the sharp points of the stars perpendicular
to the traces of the prism faces. A detail of such a star point is seen in Plate IId.

The extinction is more or less wavy in all parts of a beryl plate and the value to be
found for 21/, varies considerably from one spot to another even inside one single
polygon. Fig. 2 gives the traces of the optic axial planes and the values for the optic
axial angles in a corner of the crystal of Plate II c. Fig. 3 gives an overall view of the
traces of the optic axial planes in the same composite crystal. In the laminated margin
of this composite crystal the optic axial planes tend to be mostly roughly perpendicu-
lar to the prism face, but exceptions to this rule will be found on some spots. The
optic axial planes are irregular in the inside of the crystal. Fig. 4 illustrates the traces
of the optic axial planes in another crystal. In this case, the optic axial planes are
roughly radial.

The wavy extinction makes it understandable that the extinction directions on
both sides of a polygonal boundary are not symmetrical with respect to that boundary.
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No.1 No. 2

P

F16. 5. P-P polygonal boun dary.
Nos 1 and 2 circular areas to be
drilled out by diamond drill.

This statement holds true both for the boundaries in the polygonal intermediate
zone (C in Fig. 1) and for the lamellar boundaries in the marginal parts of the crystal
(A and B in Fig. 1). All boundaries will, however, disappear when turned in a position
parallel to one of the nicols. The extinction directions and, on the other hand, the
optical retardations are such that both sides of the boundary exhibit equal brightness
in the interference color in that position. The contrast in interference color between
both sides of the boundary is strongest when the boundary is in a diagonal position.

It can easily be demonstrated that the anomalous optical retardation produced
by the beryl plate is caused by strain in the crystal. Fig. 5 illustrates the procedure.
The line P—P represents a boundary in any of the zones A4, B, or C in Fig. 1. With
a diamond marker inserted in the microscope in place of the objective, a circle is
marked inside a polygon (circle No. 1 in Fig. 5) or so that it crosses the boundary
(circle No. 2 in Fig. 5). With a dental diamond drill illustrated in Fig. 6 the two
circled areas of the beryl plate are drilled out. To prevent the beryl plate from breaking
during drilling, the plate must be mounted on glass with Canada balsam and the
drilling operation, with an ordinary drill press, must be made under water. Under
the microscope the small circular area No. 1, after having been drilled out, looks
entirely black between crossed nicols and gives an interference figure of a strictly
uniaxial crystal. Evidently, the drilling out of the small circular plate means liberating
it from the strain existing in the crystal. The optical anomaly thus disappears and the
optical symmetry becomes normal for the hexagonal unstrained crystal. After drilling
the plate No. 2 is also black between crossed nicols except in a very narrow zone
on both sides of the boundary where it still remains weakly biaxial. The boundary
represents a surface of discontinuity in the strain that can not entirely disappear on
releasing the external strain. It seems that the polygonal boundary just represents
a plane along which the strain distortions of both polygons coincide, the boundary
thus being analogous to the plane of an epitaxic overgrowth.

The easy with which strain may open up the optic axial angle in beryl can be
demonstrated unter the microscope in the way described in detail by Biicking *.

* H. Biicking, Ueber den Einfluss eines messbaren Druckes auf doppeltbrechende Mineralien.
Zeitschr. f. Kryst.,, VII, p. 555, 1883.
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Fi1G. 6. Dental diamond drill. Drawn by Toini Mikkola.

When pressed in a direction perpendicular to the ¢-axis the optically uniaxial negative
beryl plate develops an optic axial angle. On increasing pressure the optic axial plane
starts rotating and tends to become perpendicular to the pressure direction. After
releasing the pressure the interference figure returns back to the original.

The polygonal boundaries that produce the textures summarized in Fig. 1 are
often quite sharp and evidently are parallel to the ¢-axis of the crystal. In many cases,
however, the boundaries are more or less diffuse indicating that they are in an inclined
position, not perpendicular to the beryl plate. In plates of considerable thickness,
like those used in this study, the inclined position is easy to verify. All the observations

Fig. 7. Polygonal boundaries on a
betyl plate parallel to the ¢-axis.
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Fic. 8. Growth hillocks on the basal plane of a platy beryl crystal from
Mozambique. Longest diameter of the crystal 8 cm. Drawn by Toini Mikkola.

described above have been made on sections perpendicular to the ¢-axis. When
looked along the ¢-axis under the microscope, the crystal exhibits only weak inter-
ference color that is produced by the anomalously biaxial optics of the plate and the
crystallization texture thus becomes visible. In principle, the texture should reveal
itself also on plates parallel to the c-axis. On such plates, of course, the very small
path differences between neighboring polygons that are caused by the optical anom-
alies will be drowned in the high retardation normally produced by the crystal. By
using a rotating mica compensator and turning the analyzer very slightly off from
its normal position the texture can be made visible. The ¢-axis of the beryl crystal nust
be almost parallel to one of the nicols. Because the texture is too faintly visible to be
photographed, it is shown only in the schematical drawing of Fig. 7. In the particular
section reproduced in the drawing there are several series of boundaries throughout
the crystal. On the basis of this drawing it may be unterstood that a plate cut per-
pendicular to the ¢c-axis will yield a polygonal pattern.

GROWTH HILLOCKS

Well formed faces of beryl crystals often show growth hillocks. Although not
described in detail in more recent literature the occurrence and shape of such hillocks
is well known to the mineralogist. Because, however, the development of the hillocks
seems to be a regular phenomenon in crystal growth of natural beryl and because it
seems to be of importance in interpreting the crystallization textures found, the
hillocks may be briefly illustrated in this paper.
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F1G. 9. Illustrating basal growth hillocks on four hori-
zontal sections of a beryl prism. Drawn by Toini
Mikkola.

The drawing of Fig. 8 indicates somewhat schematically a platy beryl crystal
from Zambezia, Mozambique, with growth hillocks sticking out from the basal
plane.

Photographs of growth hillocks on some Brazilian beryl crystals are presented
in Plates III a—c. Plate III a shows six-sided growth hillocks rising up stepwise from
the basal plane on the side and on top of each other. In some cases the hillocks are
negative representing six-sided pits that extend down into the crystal. Plate IIT b
presents a few growth hillocks on a pyramidal face. On some other pyramidal faces
of the same crystal the growth hillocks are very numerous forming a continuous
carpet that covers the entire face. The sharp ends of the hillocks point towards the
trace of the ¢c-axis of the crystal, WNW in the figure. Plate III c illustrates numerous
growth hillocks on a prism face. The c¢-axis is almost N—S in the photograph.
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Fic. 10. Illustrating the way of

packing of growth hillocks inside

a beryl crystal. Drawn by Toini
Mikkola.

POLYGONAL GROWTH

It is evident that the growth hillocks are not to be found only on the present
outer faces of the crystal but must have been formed at all stages of the crystal growth.
Only the very last ones are seen on the faces of the present crystal and the earlier
ones are now buried by material that was deposited later on the crystal face. Thus
the crystal would look like the schematical drawing of Fig. 9 that illustrates the growth
hillocks on four horizontal sections. If the rate of crystal growth is not constant
on all spots of one single crystal face, then the whole crystal may be thought to
consist of those hillocks much in the way presented in the hypothetical drawing of
Fig. 10.

The crystal habit and, especially, the combination of pyramidal faces varies much
for beryl. The variation is best illustrated by top views of crystals that are found in any
compilation of crystal forms, like in the *Atlas der Krystallformen’ by Victor Gold-
schmidt, printed in Heidelberg in 1913. Evidently, the conditions that prevail in the
environment in which a beryl crystal is grown are likely not to remain constant
throughout the period of the crystal growth. This variation is reflected in the change
of the strain conditions in the crystal. During crystallization each crystal face develops
its own growth hillocks in which the strain differs from that of the base of the hillock.
Depending on the rate of growth on different crystal faces, the crystallization textures
summarized in Fig. 1 will result.

The texture presented for beryl in Fig. 10 is no mosaic proper, because the term
mosaic would imply a slight displacement of the crystallographic axes in single
polygons with respect to their neighbor polygons. Single crystal X-ray photographs
do not indicate any such displacement in the beryl crystals studied. Precession and
Laue photographs taken show uniform crystallographic axes throughout the crystal.
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The polygonal texture in beryl represents a strain pattern, not caused by twinning
of orthorhombic or other units of lower symmetry. Textures analogous to those in
beryl were found also in minerals like tourmaline, scapolite, apatite, vesuvianite,
calcite, corundum, quartz etc.

Acknowledgments. — The author is indebted to Mr. Esko Saari, M. A., for assistance in the
laboratory, and to Mrs. Toini Mikkola for making several drawings.

Manuscript received, September 15, 1965
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Explanation to Plate I.

Crystallization textures in Brazilian beryl crystals.
Plates perpendicular to the c-axis.

a. Example of well developed polygonal texture.
Plate thickness 0.56 mm. Diameter of the plate 8 mm.

b. Irregular core pattern occupying the entire crystal.
Longest diameter of the plate 28 mm.

c. Irregular core pattern. 80 x.

d. Irregular core pattern in hexagonal outlines surrounded by lameller inter-
mediate zone. 40 x.

Explanation to Plate II.

Crystallization textures in Brazilian beryl crystals.
Plates perpendicular to the c-axis.

a. Lameller intermediate zone. 40 x.

b. Laminated margin. Plate diameter 5 mm.

c. Star-like polygonal texture in the intermediate zone.
Two crystals in parallel growth. Plate diameter 14 mm.

d. Detail of the star-like polygonal texture. 15 x.

Explanation to Plate III.

Growth hillocks on Brazilian beryl crystals.

a. Growth hillocks on basal plane. 20 x.
b. Growth hillocks on a pyramidal face. 50 x.
c. Growth hillocks on a prism face. 30 x.



PLATE I

Th. G. Sabama: Polygonal Growth of Beryl.



PLATE II

Th. G. Sahama: Polygonal Growth of Beryl.



PLATE III

Th. G. Sahama: Polygonal Growth of Beryl.
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Despite the fact that red transparent orthorhombic manganotantalite is known
from a number of pegmatite localities, its properties are incompletely recorded in
literature. To the knowledge of the authors, the manganotantalite that corresponds
closest to the ideal formula Mn'Ta,Oy is still that from Sanarka, Russia, referred to
in the seventh edition of Dana’s System of Mineralogy. In that manganotantalite the
atomic ratio Ta/Nb is 91/9 and Mn/Fe is 92/8.

In the Morrua Mine in Zambezia, Mozambique, tantalite and manganotantalite
are commercially obtained from a large granite pegmatite. Among the types of
manganotantalite occurring in that pegmatite, a red transparent variety is found the
color of which is remarkably pale. Accordingly, the variety could be expected to be
very poor in iron and to represent an exceptionally pure MnTa-oxide. The variety
was subjected to a closer study that verified this expectation. For that reason, it
seems justified to record the data for the mineral in this paper. For compatrison, two
other red transparent samples of manganotantalite from S. W. Africa and Uganda,
respectively, were analyzed chemically and studied by x-ray methods.

For crystal structural reasons Laves, Bayer and Panagos (1963) proposed for the
columbite-tantalite group a setting that differs from the conventional one. The
notation suggested by these authors is used throughout this paper.

The red variety of the Morrua manganotantalite occurs mostly as small prismatic
crystals up to about 1 cm long and may exceptionally reach a length of 4 cm. Accord-
ing to the setting used in this paper the prism axis is crystallographic b. Twinning on
(012) is common.

Chemical compositions, unit cell contents and unit cell dimensions for all three
manganotantalite specimens are compiled in Table 1. The unit cell contents given in
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TABLE 1

New chemical analyses, calculated unit cell contents, and unit cell dimensions of mangano-
tantalite. Analysts: J. R. Baldwin and Oleg v. Knorring

Morrua Mine, Monrepos, Jemubi River,
Locality Zambezia, Karibib, Ankole,
Mozambiaue. S. W. Africa Uganda
Mode of occurrence Pegmatite Pegmatite Placer
TagO;s, «ew « o Bravein s o s wiareio s o wmtoe s » wimeres v s wreio e o s 82.64 9, 81.44 9 74.05 9,
NBaOp 505 5 5 msiis 5 5 6 sreiw8 5§ HO0EE 5 § 0080608 § 5 0o 58§ & 0.70 3.81 10.60
TRIOG  » mcetnce: » 5 weoned £ 5 5 bl 2 2 m micomees 5 & Blbeill £ ¢ 2 oafoasil o 2 0.10 0.07 0.03
BeO¥ vviisssmumsass s s s wmemn s g vmmrss s s semwns s 0.40 1.45 0.53
MOO ;w5 s pumeing s HEEE s s STEF 5 BRGHES § SORETF ¥ 13.89 12.61 14.27
Infusible in KHSO, ...........iiiiiiiuia... 1.00 0.18 0.18
Total 99, 62%* 99.56 99.66
Unit cell contents
A ottt e e e e 7.76 7.42 6.45
NI 5 s 5 wisrs s 55 wwmm 5 » smessn s 5 = 550 55 5 560760 § 5 wremEs 6 o 0.11 0.58 1.53
WL w6 5 & wisvasi 5 7 @ 5eies 3 6 BSISUS & 5 GURIAGE § § ROISISEE 5 5 SEUEE S § 0.03 0,02 0.01
S 0.12 0.41 0.14
MO, oo oo s s sonsias o 5 mising s « SEwes g & 5 @T818 & § 5 @TwE & 5 4.06 3.58 3.87
O 5 4 5 5alsein § 3 RIFEER 5 5 SRETE § 3 BAMBEE  § SSTELE S RSN § 23.92 24.00 23.99
Unit cell dimensions
AR 14.457 A 14.433 A 14.446 A
bo¥HEE e s el 5 S § SR § S SR B § B 5.772 5.753 5.766
GoIHIHD oo o o mimim v & wivivin = = s o e R 8 8 A 5.098 5.091 5.096

* Total iron.
** Includes 0.72 Al,O,4 (probably from impurities), 0.14 H,O +, 0.03 H,O—.
xRk 40,01 A,
*RRE 10,004 AL

the table are based on a total of 36 atoms per cell. The unit cell dimensions have been
calculated from powder patterns recorded by Philips Norelco diffractometer using
filtered copper radiation and internal silicon standard. The powder patterns (not
reproduced here) agree with that given by Nickel, Rowland and McAdam (1963) for
columbite-tantalite except for a shift of the lines towards slightly smaller 2 @ angles.
No doubling of the peak at d = 2.95—3.00 was detected indicating that the minerals
are orthorhombic. The following lines were selected for calculating the unit cell
dimensions: 200, 310. 400, 311, 020, 002, 021, 600, 330, 621. The results listed in
Table 1 represent a least square fit of these lines.

The data compiled in Table 1 reveal the fact that the Morrua manganotantalite
corresponds best to the ideal composition of the mineral with Ta/Nb = 99/1 and
Mn/Fe = 97/3. The unit cell dimensions listed make it evident that the incorporation
of iron in the structure of manganotantalite affects the unit cell size more than the
incorporation of niobium. This fact is in agreement with the unit cell data given by
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Brandt (1943) for synthetic MnTa,0, MnNb,O, and FeNb,O, In addition to
the wet chemical analysis, qualitative tests made by using XRF technique on the Moz-
rua mineral showed no Bi nor V and only traces of Sb, Sn and Zr.

Of the three manganotantalite samples available only the Morrua mineral was
studied with single crystal X-ray methods. The unit cell dimensions measured from
oscillation photographs about all three crystallographic axes agree with those listed
in Table 1. The z-axis oscillation photograph reveals a well pronounced sub-cell
with #4/3. The extinctions found in a series of Weissenberg and precession photo-
graphs are consistent with the space group Pbcn. No indication of the existence of a
monoclinic phase was detected in the single crystal photographs.

The specific gravity of the Morrua mineral was measured by suspending it in
water. The measurement was made using seven clear crystals of a total weight of
2.8 g. The value 7.98 4 0.02 was obtained. The specific gravities calculated on the
basis of the data in Table 1 are: Morrua 7.92, Monrepos 7.83, Jemubi River 7.52.

The optical properties were determined for the Morrua mineral. The optical
orientation is /[, b[|a, ¢[[y. Pleochroism very weak with absorption a~ g > y.
The refractive indices (sodium light) were measured on two oriented prisms yielding:

a=2.14
B=2.15¢ 4 0.01
y =2.22

The mineral is optically positive with a small optic axial angle and extremely strong
dispersion. The following optic axial angles were measured from the interference
figure:

A = 460 mp 2Vy = 34°
500 30°
550 24°
589 23°
600 22°
650 19°
700 17°

The authors are indebted to Mr. J. D. Cabral, of the Morrua Mine, to Mr. H.
Henckert of Karibib, to Mr. T. K. A. Collins of Ngoma, Ankole, for the manga-
notantalite specimens and to Miss Joy R. Baldwin for chemical analyses.

Manuscript received, September 15, 1965
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ROZENITE —IRON SULPHATE TETRAHYD-

RATE — AS FISSURE COATINGS IN THE

BLACK SCHIST AT MULO, PYHASELKA,
IN EASTERN FINLAND

Mineralogical communication

BY

ATSO VORMA

Geological Survey of Finland, Otaniemi

The black schists — sulphide-graphite schists — have long aroused the interest of
Finnish geologists and recently a couple of comprehensive papers on this subject have
been published (Marmo, 1960; Peltola, 1960). The supergene minerals in connection
with the black schists and other sulphide bearing rocks have also received attention
in Finland. Marmo (1953) described the supergene alteration of pyrrhotite in the
sulphide bearing schists at Nokia and Saksela (1952) described the alteration phe-
nomena in connection with the weathering of some Finnish sulphide ores, to mention
but a few examples.

This note is concerned with a black schist — Mulo schist — exposure visited
during numerous geological excursions some of which were international. The
locality is a road cut on main road no. 6, about 15 km to the north of the junction of
the Niittylahti railway station 10 km to the south of the town of Joensuu in Eastern
Finland. 1—2 m from the top of the exposure some almost horizontal fissures coated
by fine grained white gypsum, yellow jarosite, goethite and white calcite are visible
in the cutting. In places the fissures are coated by a botryodal mass of white —
yellowish white mineral which is soluble in water, the coating being from one two
mm:s in thickness. According to X-ray diffraction data (Table 1) the mineral belongs
to the rozenite-ilesite group. The partial chemical analysis by Mr. Pentti Ojanperi,
Mag. Phil., gave FeO 23.0, Fe,O; 7.5, MnO 0.0, MgO 0.6, CaO 1.0, SO, 35.0,
insoluble 6.7, H,O 26.6 %, (the last one from difference). The high ferric iron is due
to jarosite occurring as an impurity and identified by X-ray powder photographs.
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‘TABLE 1.

X-ray powder data for the rozenites from Mulo, Pyhiselkd and from Manitoba.

Mulo, Pyhiselki, Finland 1) Manitoba 2)
bk1?)

I d I 5
3 6.87 011, 020 5 6.85
8 5.46 110 9 5.46
1 5.16 021 1y 5.17
1.5 4.76 101 1 4.73
10 4.50 111, 120 10 4,47
6 3.98 002 7 3.97
1 3.61 130 1 3.61
5 3.39 040 6 3.40
2 3.26 131 1 3.27
3 3.22 112 5 3.22
2.975%) 032 4 2,985
5 2.9742.945 140 5 2.953
2.904 210 1, 2.906
2 2.77 141 1 2.770
1 2.73 220, 211 1 2,722
s 2.667 132 1y 2.673
3 2.578 051, 221 4 2.569
1/, 2.468 150, 023 1, 2.470
2 2.424 103 3 2.430
231, 142, 113, 202, 231 2371
2 2.366 142, 151, 151 2 { 2.360
212 1, 2.333
033, 123 s 2.286
2 2.268 123, 060 3 2.266
1 2.240 052, 240, 222 1 2.236
s 2.175 061 1, 2.179
/s 2.145 241, 133 s 2.142
1, 2.101 160, 232 Yy 2.112
s 2.047 161, 161 B s 2.049
2 1.979 143, 062, 143, 213 2 1.969
s 1.954 213, 251, 242, 251 1 1.944
1 1.892 953, 223 2 1.890
162, 162 1 1.871
s 1.817 233 B 1/, 1.819
1 1.800 153, 260, 252 2 1.798
1 1.757 261, 261 1 1.755
1 1.728 063 2 1.725

1) Debye-Scherrer method; FeKa-rad., cameta dia. 5.73 c¢m. Intensities are by visual estimation.
2) J. L. Jambor and R. J. Traill, 1963.

3) These date recorded with the Norelco diffractometer using CuKa-radiation and proportional (Xe)
counter with pulse height analyset.

Calcium is due to gypsum. The high FeO and low MnO and MgO show the mi-
neral to be rozenite.

The name rozenite was given to the natural FeSO, - 4H,0 by Kubisz (1960).
Fleischer (1961) supposed the mineral to be siderotil the water content of which would
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have been erroneous in the old determinations and proposed the name rozenite to
be disregarded. Based on this the tetrahydrate from the Thames river gravel has
been described as siderotil (Midgley, 1962). Jambor and Traill (1963) showed,
however, that iron sulphate tetrahydrate and pentahydrate really occur as separate
mineral species, the former being monoclinic rozenite (P2,/n, @ = 5.97, b = 13.64,
¢ =17.98 A, B =90°26’) the latter triclinic siderotil (¢ = 6.26, b = 10.63, ¢ = 6.06
A, a =92°08", g = 110°10’, y = 77°05").

Specimens from some other exposures of black schists and sulphide bearing
gneisses have also been investigated by the author. Mention need only be made here
of the weathering products of sulphide bearing mica gneiss at Lahnalahti village in
Joroinen, where pickeringite (MgAl, (SO,), - 22H,0) accumulates in small amounts
as efflorescences in sheltered places, especially in the fissures of mica gneiss. The
mineral was identified by X-ray powder photographs and by determing the major
elements (Mg and Al) by optical spectroscopy (Mr. Arvo Lofgren, Mag. Phil.). In
addition to Mg and Al, Cu is present in small amounts. The mineral is very poor in
iron.

Manuscript received, October 4, 1965

REFERENCES

FLEIsSCHER, M. (1961) New mineral names. Am. Mineral., 46, 242.

JAMBOR, J. L. and Traill, R. J. (1963) On rozenite and siderotil. Can. Mineral., 7, 751—763.

Kusisz, J. (1960) Rozenite — FeSO,;.4H,0 — a new mineral. Bull. Acad. Polonaise, Sci. Ser. Sci.
Geol. Geogr. 8, 107—113.

MarMo, ViADI (1953) Supergene alteration of pyrrhotite in the sulphide-bearing schists at Nokia,
southern Finland. Bull. Comm. géol. Finlande 159, 109—122.

—»— (1960) On the sulphide and sulphide-graphite schists of Finland. Bull. Comm. géol. Finlande
190, 1—380.

Mipcrey, H. G. (1962) On the occurrence of siderotil in Thames rivel gravel. Am. Mineral., 47.
404—409.

PrerrTora, Esko (1960) On the black schists in the Outokumpu region in eastern Finland. Bull. Comm.
géol. Finlande 192, 1—107.

SakseLA, Martrr (1952) Uber die Verwitterung einiger Finnischer Kieserze. Bull. Comm. géol.
Finlande 157, 27—40.






Comptes Rendus de la Société géologique de Finlande
N:o XXXVIII (1966), pp. 55—66

MONZONITIC HORNBLENDE GRANITE NW OF TEBO,
CENTRAL SIERRA LEONE

BY

VLADI MARMO

Geological Survey of Finland, Otaniemi

ABSTRACT

A boss of Ba-bearing monzonitic granite, 4 by 10 km in size, is described. It is considered to be
postkinematic. The emplacement of this granite is definitely intrusive. The granite may be mag-
matic, but could equally well have been emplaced under hydrothermal conditions, at a temperature
high enough to prevent the formation of homogeneously triclinic potash feldspar.
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INTRODUCTION

In Central Sierra Leone the latekinematic granites are not very common. They
are either albite-muscovite granites or albite-epidote granodiorites.

Essentially different in composition is the granite of a boss NW Tebo (Fig. 1)
at first also believed to be latekinematic (Marmo, 1962). It occupies an area 4 by
10 kms, stretching SE by NW and discordantly penetrating the embracing syn-
kinematic country rock of granodiorite composition. The reconsideration of this
granite resulted in the conclusion that the boss is postkinematic.

Tebo is situated 15 km SE of a large schist belt, 130 km in length, composing
the Sula Mountains and the Kangari Hills (e.g. Pollett, 1951; Marmo, 1962). The
granite boss near Tebo will be discussed below.
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Fig. 1. Geological map of the area NW of Tebo. Gn = gneiss, granodiorite and granite; S =
monzonitic granite; D = diorite; a = amphibolite; dol (black) = dolerite; M = strongly developed
migmatite.

THE MONZONITIC GRANITE BOSS

The country rock around the granite boss NW of Tebo consists of synkinematic
granodiorites, granites and S-N stretching gneisses. In addition, there are narrow
strips of granite similar to that composing the boss penetrating dike-like the syn-
kinematic rocks around the boss itself (Fig. 1). Both the country rock and the granite
have been penetrated at several places by dolerite dikes and veins which all seem to
stretch SE by NW and have a vertical dip. The width of these dolerite dikes varies
from a few centimeters to several meters. The largest dolerite dike detected so far
occurs at Periwahun, where it is 30 m wide. At Selu, 2 10 m wide dolerite dike has
been met with. The dolerite consists mainly of pyroxene and ophitic plagioclase
with varying amounts of magnetite.
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On the petrographical basis (see below), this granite is named monzonitic granite.
It is pink, massive, and only very occasionally orientated or sheared. It is medium-
grained and spotted by greenish black laths of hornblende, 14 to 1 1 cm, occasionally
up to 3 cm in length.

The contacts of this granite are mostly masked by overburden, but, where they
are visible, they are always sharp.

To the South of Kanjahun, between Kowa and Laoma, and near Sunguru, this
granite forms migmatites with the country rock.

The synkinematic granodiorite and gneiss are usually coarse-grained containing
portions of ader gneiss. Along the southwestern edge of the monzonitic granite,
however, as well as between Kenyema and Baoma, the granodiorite is gray, medium-
grained and conspicuously homogeneous.

The outcrops are ample in the interior of the boss, but sparse and rotten near the
supposed contacts, and as far as can be judged by observations in the field, the mon-
zonitic granite is definitely younger than the synkinematic granodiorite and gneiss,
and it is intrusive. The mode of formation of the intrusion, however, is not indispu-
table, but will be discussed towards the end of the present paper.

During his field work in 1956, the present writer took this granite as being
latekinematic (Marmo, 1962). Later on, however, the petrology of the rock with the
potash feldspars of varying triclinicity, and many indications towards a higher
temperature of formation than that usually found for latekinematic albite-microcline
granites, led the writer to reconsider the kinematics of this boss. Thus it turned out,
that the monzonitic granite is less disturbed than the typical latekinematic granites
around the Sula Mountains (Wilson and Marmo, 1958). Furthermore, it is also
petrologically less homogeneous, resembling with its extra constituents (BaO, SrO,
Rb,O) rather the younger intrusive granites. It is also noteworthy that the large
dolerite dykes associate with this granite in the same way as they often do with the
postkinematic Alpine, and as at least in SW-Finland, with the rapakivi granites.
Therefore it is very likely that the monzonitic granite of Tebo should be considered
as a postkinematic intrusion.

PETROGRAPHY OF THE MONZONITIC GRANITE

Megascopically, the rock of the monzonitic granite body is fairly homogeneous.
Under the microscope, however, some compositional variations can be observed
especially in the relative amounts of quartz and, to a lesser extent, the femic consti-
tuents. Hornblende is the main dark constituent, but, in some cases, it has a core of
diopside. This observation led to the conclusion that at least part of the hornblende
has been formed due to an autometasomatic uralitization of pyroxene. Epidote is
sometimes present, but mostly it is absent. Biotite is an occasional and definitely
unessential constituent of the rock.

8 8517—65
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TABLE 1.

Modal composition of granite NW of Tebo

Hornblende granite Syenitic
quartz

monzonite

5104 5117 5117B 21

OVBRTEZ, v eiowews, o s o A S 28.5 14.0 18.0 8.0
Microcling: ..o s vsvoss ssvmess swas 48.0 49.0 52.0 45.0
Plagioclass .. ::amssissmssesanis 20.0 29.0 20.0 38.0
Hornblende and pyroxene ........ 2.0 6.0 6.5 6.0
BIOUEE wiiem s vsmmpias s b siomm s+ s — 0.5 0.5 =
BPIAOE s s sinmgims Saw — 0.6 1.5 2.0
ADPAELE o s ssiw ¢ive o Favwrae swiew 0.5 0.2 0.4 0.5
BPhENE e s e o simisanes e — 0.1 0.1 —
Magnetite or ilmenite ............ 1.0 0.6 1.0 0.5
Total 100.0 100.0 100.0 100.0

In Table 1, the modal compositions of some specimens of the granite are given.
In most cases, potash feldspar is more abundant than plagioclase. The specimen
poorest in quartz (5119) has a mineral composition intermediate between that of
quartz syenite and quartz monzonite. The varieties richest in potassium and quartz
are definitely hornblende granites. 5 117, according to its modal composition and the
definition of the text-book of Johannsen (1949) is an ademellite.

The rock is rich in potash feldspar, its plagioclase is mostly albite, but also, in
some specimens examined, relatively rich in anorthite (An more than 30 9%,). There
are also varieties of hornblende granite, adamellite and intermediates types with
compositions between quartz syenite and quartz monzonite. The granitic rock of
this postkinematic boss will be collectively classed with monzonitic granite, or,
rather, monzonitic hornblende granite.

In general, the distribution of different varieties of this granite seems to be hap-
hazard. There is, however, a definite trend for the marginal portions to be enriched
in quartz. The varieties closest to the syenitic quartz monzonite composition, on the
contrary, mainly occur in the central parts of the boss, between Laoma and Bauya.

DESCRIPTION OF MINERALS

Potash feldspar of syenitic granite of Tebo is mostly microcline but of
varying triclinicities. There are two genetations of this mineral. One is lithologically
equivalent to the other major constituents of the rock, and is obviously more or less
contemporaneous with plagioclase and quartz. The second, younger generation
consists of true, highly triclinic microcline and occurs filling the interstices and
fissures of other minerals.
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The earlier generation of the potash feldspar tends to form minute insets, and
it is almost always strongly perthitic. The plagioclase threads of the perthite are
albite or oligoclase, and, judging by the refractive index, less anorthitic than the
plagioclase of the main rock mass. Generally the perthitic plagioclase forms sub-
parallel, curved or undulating strings and rods, but, sometimes also hexagonal patterns.

Usually this potash feldspar is well cross-hatched, and often it contains drops of
quartz. The triclinicity of the potash feldspar varies markedly, however, and according
to several x-ray determinations is between 0.0 and 0.85 without any maxima.

The interstitial microcline is very seldom perthitic and always well cross-twinned.
This highly triclinic microcline may also occur replacing plagioclase.

The younger microcline is to be attributed tentatively to the potassium
metasomatism which took place later than the general formation of the rock including
that of the older potash feldspar.

Plagioclase is strongly saussuritized or sericitized, and often almost
completely converted into pseudomorphs filled by extremely fine scales of sericite.
Fresh plagioclase is rare, and occurs mainly, apart from the perthitic rods, as patches
within the strongly sericitized plagioclase grains. Determinations made from such
patches showed that this plagioclase contains mainly more than 30 9, anorthite. The
bulk of plagioclase seems, however, to be an albite with less than 10 9, An.

The sericitization of plagioclase is obsiously due to that same potassium meta-
somatism which also produced the interstitial microcline.

Amphibole and pyroxene are the main femic constituents of the
monzonitic granite. Their total amounts, on an average, to 6—7 %,. Aplitic varieties
with less than 4 9 dark constituents are exceptional, as are also the unusually dark
varicties with more than 10 9%, femics.

Amphibole is strongly pleochroic green hornblende with an extinction angle of
about 20°. It is regularly accompanied by small amounts of apatite, magnetite,
ilmenite, and often also by sphene. Exceptionally latter may occur in abundance.
In such cases it usually envelopes the grains of ilmenite (Fig. 2).

Especially between Laoma and Bauya, the hornblende often has a core of pyroxene,
which is diopside augite (¢Ay = 39°), uralitized along its margins.

Epidote is a common but not a frequent constituent. There is evidence that
most, if not all, epidote has been formed at the expense of pyroxene and amphibole.
It often occurs in the cracks of pyroxene or amphibole (Fig. 3). There are also
especially interesting cases in which (Fig. 4) the epidote forms a reaction rim around
grains of pyroxene, which are partially uralitized along the margins. In all the cases
observed, this rim occurs between microcline and pyroxene or amphibole. Such
a rim has never been seen around those grains which verge upon plagioclase or
quartz. On the other hand, similar rims may also occur inside an amphibole grain.
In such cases the rims are between strongly saussuritized or sericitized, entirely
enclosed plagioclase grain and the anclosing amphibole (or pyroxene). But even
then potash feldspar is also present, the whole plagioclase grain being filled with
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Fig. 2. Monzonitic granite. At Sunguru. Sphene enve-

lopes the ilmenite. 1 = microcline; 2 = sericitized pla-

gioclase; 3 = ilmenite; 4 = sphene; 5 = biotite; 6 =
quartz. N/ /.

Fig. 3. Hornblende inset in the monzonitic granite.  Fig. 4. Pyroxene-bearing monzonitic granite. W of

Between Foya and Kanjahun. 1 = olive green horn- Kowa. 1 = pyroxene; 2 = uralitic amphibole; 3 =

blende; 2 = pale hornblende; 3 = epidote; 4 = apatite;  epidote; 4 = microcline; 5 — plagioclase; 6 = quartz,
= ilmenite; 6 = quartz; 7 = sericitized plagioclase. 4
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TABLE 2.

Chemical composition of the quartz monzonite at Laoma. Analyst. A. Heikkinen (Geological
Survey of Finland)

SiOp ...l 64.23
TiOg w55 w0 mwisis 0.62
BIdOG 555 = 5imia v mvminie 16.35 Mode
Ilj::g)os ---------- iy Quattz ..oevvnnnn.. 10.02
MnO T 0. 04 K-feldspar ........ 40.03
MeO .. T 0.92 Albite .y e s wmes 32.49
o oy st v 514 Anorthite ......... 5.46
BaO T 0.47 Ba-Sr-feldspar ..... 1.58
SO Lo 0.16 BaS0y, »»wnivs s wwies 017 ( AL,0, 0.2
Rby©' v v i siviei e 0.01 ; FeO .......... 0.4
NagO .ooovonvii 3.87 Baphibiole ... . s 4709 Mgo Ll 2.3
Ezé) ............. g :g o 100 LSiOg wnvvinnn. 1.8
C2 B womin s e 2 : Sphefie:  uwws s s s 1,59

O wv s swien vane Sl Magnetite ......... 3.02
SOG cmma ¢ s e s5iws 0.06
H,O + 0.59 100.05
HgO = . zmmem ssums 0.13 ) ) ) ) ) )

Total 100.05 Microscopically: Plagioclase is albite with Ang.

Triclinicity of K-feldspar: 0.0—0.85, no max.

it. The plagioclase contains clear microcline grains and the sericitic mass is full of sub-
microscopic patches of microcline. Consequently, this rim as well may be considered
as having been formed on the boundary between microcline and amphibole. Thus,
evidently, an epidotization of hornblende due to potash feldspar has taken place:

) 2 [2Ca0O- 3 (Mg, Fe) O-2A1,0,4-6Si0, - aq.] + K,0- AL,O,- 6Si0O,
hornblende K-feldspar
4Ca0 - 3AL,0 - ,6Si0,+ aq 4+ K,0-6 (Mg, Fe) O- ALO-;6Si0,-aq + ALO, 4 6SiO,
zoisite biotite

This reaction should produce biotite as well. Mica, however, does not occur in
connection with these rims, which makes this equation less suitable for the expla-
nation of the epidote rims.

THE CHEMICAL COMPOSITION OF THE BOSS

The chemical analysis of Table 2 represents a faitly homogeneous portion of the
rock near Laoma, from the southcentral part of the boss. This composition is close
to quartz monzonite, but has some potassium in excess. Consequently it is close
to the modal analysis 5 119 of Table 1. The triclinicity of the potash feldspar of this
granite, as determined from the analysed sample and from the samples taken from
the village of Tebo, is 0.0—0.85 without maxima. The plagioclase of the analysed
sample contains Ans.
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Fig. 5. Grain of baryte in granite N / /. Magn. 200 x.

The most interesting feature of the analysed rock is the surprisingly high content
of BaO (0.47 9,), and also the amount of Sr is unusually high for a granite —that is,
in as far as these elements have been determined for the granitic rocks. On the other
hand, if BaO is present in a rock, it usually precipitates at such stage of the analysis
that it is seldom overlooked. BaO is usually incorporated in the potash feldspar.
Mzr. J. Siivola (Geol. Survey of Finland) determined the barium content of the
potash feldspar using a Geoscan microanalyser, obtaining approx. 0.19, BaO. The
rest, combined with 0.06 9%, SO; of the chemical analysis, forms baryte. This mineral
occurs in the rock forming minute grains, less than 0.1 mm in size (Fig. 5), and
identifiable in a similar way. The identification and form of baryte grains is seen in
Fig. 6. This is the first time the present writer has ever seen baryte in a granite. The
BaO-content of granites has, however, been observed earlier, and especially in some
Finnish postkinematic granites, but in those cases the BaO-contents are definitely
lower than in the granite of Tebo.

DISCUSSION

The composition of the rock is such, that it corresponds well with Eskola’s ideal
granite (Eskola, 1955), except that it has a high lime- and a low quartz-content. The
varieties poorest in albite are close to the composition of such a microcline — quartz
mixture defined by Schairer (1954) as corresponding to the composition of the potash
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Fig. 6. Baryte grains in granite. Laoma-Tebo path. A: Electron image, x100. White areas are
baryte. B: X-ray image, x100. Ba La, indicating the distribution of batium. C: X-ray image, x100.
S Ka indicating the distribution of sulphut.

feldspar — silica eutectic, and also to the residual liquids of the dry quaternary
system K,O0 — MgO — AL,O; — SiO,, which liquids are of ideal granite composition.
Schairer and Bowen (1955, p. 741) wrote: »— — — the residual liquids from crys-
tallization in these systems closely approach the binary eutectic between potash
feldspar and silica, with only small amounts of olivine, pyroxene or lime feldspar in
the several ternary eutectics.»

The monzonitic granite at Tebo is undoubtedly »dry», which property is well
portrayed in the presence of pyroxene and in the almost complete absence of micas.
One could even say — allowing for the sometimes high anorthite content of the
plagioclase — that those varieties of this granite which contain exceptionally much
microcline are of almost ideal granite composition.
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At present, the importance of the anorthite component of the plagioclase is not
well understood. In the problem of the albitic latekinematic granites the difliculties
arose with the abundance of albite, which makes the composition inconsistent with
its magmatic origin from a melt, as was also pointed out by Tuttle (1952). In this
monzonitic granite, however, the high anorthite-content could possible make the
co-crystallization of potash feldspar and plagioclase possible under magmatic condi-
titions as well, providing the present albite is of secondary origin due to saussuriti-
zation. The magmatic possibility is also supported by the fact that the abundant
and fine perthite obviously indicates the primarily crystallized potash feldspar as
having been rich in albite.

Also the geological setting of the granite of Tebo is such that it suggests an
intrusive origin of the boby.

For the albitic latekinematic granites, the present author could not adopt the
above mentioned explanation (Marmo, 1955—1956). But in the case under discussion
such an explanation is quite plausible. Similarly the author is in full agreement,
that also the true, orthoclase-bearing rapakivi-granites may be of magmatic origin.

Furthermore, the potash feldspar somewhat resembles that of rapakivi and alpine
granites, in which all intermediate types between monoclinic and triclinic potash
feldspar are present.

This feature is likewise quite common in the monzonitic granite at Tebo.

The homogeneity of the microcline of the latekinematic granites has led the
present author to conclude that their potash feldspar has grown in triclinic form
(Marmo, 1956), even if at the very initial stage of growths it might have been of
monoclinic symmetry (Marmo, 1956b). This assumption is necessaty to fullfil the
requirements set out by Laves (1956) on a crystallographic basis for the formation of
the cross-twinning typical of such microclines.

The present author also assumed (Marmo, 1956) that the requirement for the
direct formation of microcline is slow growth at a temperature well below the
triclinic-monoclinic transformation point.

In the case of the monzonitic granite at Tebo, there are signs certainly indica-
ting that the potash feldspar could have been initially monoclinic.

As has been shown e.g. by Laves, both the exsolution of perthite and the for-
mation of microcline, obviously follow each other. Thus, if in the primary crys-
tallization an anorthite-rich plagioclase and albite-rich potash feldspar have been
formed simultaneously, and then, due to prolonged heating at an appropriate tem-
perature (Tuttle, 1952), exsolution has taken place, this could easily have been accom-
panied by a re-arrangement of the Si-Al framework of the potash feldspar. Under
such conditions the triclinization of the latter could take place and preserve all the
intermediate stages of the symmetries.

This conclusion is well consistent with the ideas presented by the present author
in his earlier papers (e.g. 1956) in which he stated that the granite composition may
be attained in different ways. There is a distinct difference between syn- and latekine-
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matic granites. The potash feldspar of the former is almost exclusively of metasomatic
origin — a point of view also held by Eskola (1956). In the latekinematic granites the
mode of occurrence of potash feldspar is different and the plagioclase is mostly
albitic, the fact which led the present author to abandon the wholly magmatic origin
for these granites. In the monzonitic granite at Tebo, which also may be a latekine-
matic granite but probably is postkinematic, the feldspars are of such a composition
and mode of occurrence, that these granites may well be of truly magmatic origin,
as also the rapakivi, postulated by Eskola as being a perfect representative of the
magmatic granites.

On the other hand, the same composition of a granite could also be attained
were the emplacement to take place at a somewhat elevated temperature from solutions
rich in water under hydrothermal conditions. Under such circumstances, the perfect
triclinicity of potash feldspar would never have been attained, nor the complete
separation of albitic components from the potash feldspar. The same would also be
the result if the intrusion with consequent crystallization would have been too rapid
to allow the formation of highly triclinic microcline throughout the whole rock mass.

In this connection attention may be drawn towards the facts, that the latekine-
matic granites investigated so far are always true albite-microcline granites, being
emplaced at a comparatively low temperature (below 450°C), and they also often
form migmatites. Consequently at the latekinematic stage of the orogenic evolution,
the transport of potassic materials probably took place aided by water at a moderate
temperature typical of the conditions of a regional metamorphism in general. Therefore
the emplacement of the respective granites has lasted a long time and they have been
able to attain the mineralogical composition typical of them. The postkinematic
intrusion, on the contraty, seems to have taken place more rapidly and maybe also
at a higher temperature, thus leading to a less perfect differentiation of feldspatic
minerals. The eleveted temperature may also be responsible for the fact, that the
mineralogy of such granites seems to be more »dry» than that of latekinematic
granites.

Thus also for the monzonitic granite of Tebo, the magmatic origin is not
necessarily the only possible one. Rather the present writer is inclined to adopt the
other alternative discussed above.

Manuscript received, October 4, 1965
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MOLYBDENITE-3R FROM INARI,
FINNISH LAPLAND

Mineralogical communication

BY

ATSO VORMA, PEKKA KALLIO AND KAUKO MERILAINEN

Geological Survey of Finland, Otaniemi

The natural occurrence of the rthombohedral molybdenite has been reported so
far from the quartz-feldspar porphyry at the Cone mine, Yellowknife, Northwest
Territories, Canada (Traill, 1963), from the dolomite of the Binnatel, Ct. Valais,
Switzerland (Greaser, 1964) and from the greisenized granite at the Minas da
Panasquera, near Fundao, Beire Baixa, east-central Portugal (Clark, 1965). Takéuchi
and Nowacki, 1964, described the crystal structure of molybdenite-3R and syste-
matically deducted the other possible polytypes with simple structures. Their result
gave one rhombohedral, two hexagonal and one trigonal structures, which were
designated 3R, 277, (the ordinary hexagonal molybdenite), 277, and 27 respectively.
The rhombohedral polytype can be identified by determing the d-spacings from
x-ray powder photographs while other three polytypes can be effectively identified
by comparing intensities of certain reflections.

About 170 specimens containing molybdenite and originating from different
parts of Finland were systematically investigated to detect whether any of the new
polytypes were present. X-ray powder photographs (Debye-Scherrer camera) and
diffractometer charts (Norelco diffractometer) were made of the fine ground mineral
powder. Glass powder was mixed with the material for diffractometer runs. The
d-values were checked to detect the rhombohedral polytype. Only one specimen
(No. 52/AT/56) proved to contain rhombohedral molybdenite in addition to the
hexagonal one. Intensity comparision showed all the other specimens to contain
exclusively the 27/, polytype. Weissenberg and Buerger precession photographs of
two different crystals showed the rthombohedral molybdenite (No. 52/AT/56) to have
a, = 3.16 A and ¢, = 18.32 A and space group R3m. All the single crystal pho-
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tographs revealed two sets of reciprocal lattice points; the orientation of the lattices
deviates only 2°—3° from the exact (0001)-twinning position. The intensity of the
reciprocal lattice points of the one set were stronger than that of the corresponding
points of the other.

The molybdenite specimen no. 52/AT/56 (from the eastern edge of the valley
of the river Vaijoki, about 1 km SSW from the fork of the rivers Lemmenjoki and
Vaijoki, Inari, Lapland) was collected from the western margin of the granulite
complex of Lapland (Meriliinen, 1965), from a small quartz-plagioclase rich dike.
The rock is gneissose, fine grained (grain size from one to two millimeters) and, in
appearence, resembles mica gneiss rather than an acid dike rock. The mineralogical
composition is: quartz, plagioclase (Anjs), chlorite, biotite and muscovite. Rutile,
zircon and opaques occur as accessories. The plagioclase is strongly sericitized.

The molybdenite bearing dike is surrounded by hornblende gneiss, which consists
of hornblende, plagioclase (An,y), quartz, biotite, chlorite and cummingtonite.
Megascopically the rock is strongly foliated and striped by thin quartz-feldspar
veinlets. Biotite, chlorite and the greatest part of the opaques occur in thin movement
shears. The colour of hornblende is brownish-green, that of biotite brownish-red.

The molybdenite bearing dike rock, as well as its country rock, is surrounded by
garnet gneisses belonging to the granulite complex. However, on account of
their mineralogical composition neither of them belongs to the rocks of the granulite
facies. Both are, however, strongly foliated and e.g., the quartz grains in the
hornblende gneiss resemble in places the platy quartz in the garnet gneisses of the
granulite complex.

Acknowledgements — The authors are thankful to the geologist at the Geological Sutvey of
Finland and at the Otanmiki Co. for providing the samples investigated during this study. We
are also thankful to Mr. Kari Vuorio for assisting us in the laboratory work.
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ON THE PETROLOGICAL CLASSIFICATION
OF GRANITES

BY

VLADI MARMO

Geological Survey of Finland, Otaniemi

Until now, the generally used classification of granites has been based on their
position in orogenic (tectonic or kinematic) evolution. Thus there are syn-, late-
and post-tectonic, -kinematic or -orogenic granites around the globe. Such classifi-
cations have been very satisfactory as long as definition of a »granite» has been very
broad. The question was rather one of granite-looking acid plutonic rocks. The
situation somewhat changed when petrological aspects were more carefully considered.
It was found, that if the rocks of true granite composition are considered, there
will be comparatively few actual granites among the synkinematic (or -tectonic, or
-orogenic) rocks, but very many among the late-, and especially among the postkine-
matic rocks. The trend of modern petrology is to term only those rocks granite
which are potash-rich or at least definitely approaching the true granite composition.

Such a classification is very satisfactory for general geological purposes and it
may well justify its place, despite the fact that there are certain serious limitations in
it. We may be unanimous about the conceptions, e.g., syn-, late- and postkinematic,
but their interpretation in the field may be sometimes very difficult and uncertain,
especially in the case of the latekinematic rocks, where there often seem to be diverging
opinions.

On the other hand, several authors have observed (see e.g. Marmo, 1962), that
there are many petrological characteristics which are typical of different granite
groups. These characteristics are often decidedly different for different granites;
they are easily ascertainable, and they should not be neglected or omitted if one is
to venture to discuss the mode of origin of granites. Thus, for instance, as early as
in the Thirties Wahl (1936) had pointed out petrological differences between his
syn- and serorogenic granites.

Classification on a petrographic basis has, however, also been used — either
independently or simultaneously with tectonic classifications. Definitions like biotite
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granite, muscovite granite, two-mica granite, hornblende garnite, etc. have been
widely used. In such cases, the main reason for petrological classification is to enable
the synorogenic granites to be distinguished from each other and to establish sub-
groups for them. This is, of course, sometimes necessary and useful, but does not
resolve the actual and essential questions connected with the granite problem. On the
contrary the differences in the feldspars and their modifications are of more impoz-
tance as are also certain minor constituents which often seem to play an important
role among the post-kinematic granites. Furthermore, the feldspars reflect the
grouping of granites on a tectonic or kinematic base with certain known exceptions:

1. Synkinematic granites. The potash feldspar is mainly microcline of high tric-
linicity, and it occurs mostly as infilling of interstices of other minerals, or replacing
plagioclase. Thus it is usually younger than the other constituents of the rock. It
may also occur forming porphyroblasts, which are mostly microcline, but there are
also some known instances (Marmo, Hytonen, and Vorma, 1963) where the porphy-
roblasts are of potash feldspar with inferior and variable triclinicity (0.0—O0.8).
Plagioclase of these granites is almost always oligoclase, typically with 25 to 30 per
cent An. Among the dark constituents biotite prevails over muscovite (or is the sole
mica), hornblende being present in certain varieties.

2. Latekinematic granites. Potash feldspar is predominantly highly triclinic and
well cross-hatched microcline, orthoclase being met with only very occasionally;
in Finland, for instance, only one such case is known. In most cases sofar examined,
potash feldspar is hardly younger than the other constituents of the rock. Perthite
is, in general, uncommon, but among these rocks, varieties containing highly pert-
hitic, but still distincly triclinic microcline, are also known. Plagioclase is characreristi-
cally albite with 2 to 10 9, An, or less commonly acid oligoclase with 10 to 15 9/, An.
Muscovite is much more common than biotite in latekinematic granites. Varieties
rich in epidote also occur, this mineral being uncommon in the synkinematic granites.

3. Postkinematic granites. Potash feldspar occurs usually as at least two separate
generations. The older one is mainly orthoclase of very varying triclinicity (with
cross-hatched patches of microcline), but mostly of monoclinic symmetry. The
younger generation is represented by thin veinlets, often infillings of interstices,
composed of well cross-hatched and perfectly triclinic microcline. This younger
generation, however, is only of small importance, if compared with the older
orthoclase generation. Plagioclase is mostly oligoclase with 20 to 30 9, An, being
only occasionally albitic. Furthermore, the orthoclase potash feldspar of this group
is always strongly perthitic. Among these granites there is a special group to be
distinguished, in which the single feldspar is anorthoclase, oligoclase being almost
absent (for instance the so-called »Younger granites» of Nigeria). In addition, mine-
rals of accessory elements are common constituents in such granites.

In this connection it must still be stressed, that the kind and mode of feldspars is
not at all suitable for determining the tectonic group of a granite. In most cases,
however, they seem to be parallel features.
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The feldspars may have a very important bearing on the origin of granites. Thus
the potash feldspar of the synkinematic granites, occurring as a comparatively late
constituent infilling the interstices and replacing plagioclase, is most certainly of
metasomatic origin. The microcline of late-kinematic granites has been formed at
a somewhat lower temperature, and the temperatures of formation of such granites
have been determined, in several cases, as being between 350° and 500°C. The lowest
temperatures have been obtained for microcline-albite granites.

Orthoclase and microcline of inferior triclinicity correspond usually to somewhat
elevated temperatures. Such feldspars are mostly typical of postkinematic granites
(plagioclase has a composition of oligoclase), for which — in the case rapakivi for
instance — the temperature of crystallization has been found to approach 700°C.
The occurrence of single K-Na-feldspar (anorthoclase) seems to indicate the highest
temperatures of formation, and such granites may well represent conditions close
to the magmatic ones, or even be of magmatic origin, as is the case in Northern
Nigeria where such granites grade over, through granite porphyry, into rhyolite
within a comparatively short distance.

Thus, if the genetical questions of the granites are discussed, much more use may
be made of a petrological rather than of a tectonic or kinematic classification of granites.

Certainly such a classification on a petrological basis may be made in different
ways and in each case adjusted to the purpose of classification. Geologist who is
mainly concerned with the prospecting of ores often associated with granite — as are
the ores of molybdenum, tin, niobium etc. — needs other characteristics and more
localized classification than does a petrologist studying granites in general. Such
a geologist may also benefit from kinematic grouping. He probably would avoid
prospecting within synkinematic granites, and if tin or porphyry ores are concerned,
would be more interested in postkinematic rocks. But still the petrological classifi-
cation is of more importance to him. Experience has taught him that the granites
accompanying molybdenum ores are usually richer in potassium and silica than are
otherwise similar granites elsewhere; the prospectors for tin in Nigeria know that
cassiterite occurs there in the greisenized portions of biotite granite but hardly at
all in connection with riebeckite granites of the same area — Jos Plateau. Also
columbite associates with similar granite, but not pyrochlore which prefers the
riebeckite — bearing varieties, and so on.

Black (1965) has reached, on a petrological basis, the conclusion, that in Niger
and Northern Nigeria, the so called »Younger granites» have been differentiated
along two trends: the one which is richer in alumina having produced biotite granite
and the other which is poor in alumina having led to the formation of aegirine-
amphibole granite. In both cases the potash feldspar is similar: mostly anorthoclase.

Similar trends among such granites may be found also in other postkinematic
localities with riebeckite or aegirine granites.

A classification of granites on a petrological basis involves a negative aspect, too:
each petrologist is making it on his own way, and the result will be that, depending
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upon his exactness in the petrological study of granites, he may attain very different
and incompatible groups in different areas. On the other hand, such a classification
may also have the benefit of flexibility providing agreement can be reached as to
which basical petrological groups are to be used. These groups may then be sub-
divided into any amount of sub-groups to meet the needs of particular local
problems concerned. In the opinion of the writer, the basic groups should be such
as to facilitate the understanding of the genetic problems of granites, at the same
time being clear and easy to use. Therefore, in the following proposal the feldspars
are used as the basis of such a classification. Groups below can then be enlarged and
subdivided using additional indications of other — major or minor — constituents,
structural or tectonic features, etc.

1. One-feldspar granites, containing predominantly only one feldspar which is
highly perthitic, may be anorthoclase (e.g. the »Younger granites» of Nigeria).

2. Orthoclase granites which contain mainly orthoclase and oligoclase. Microcline
is present as patches of variable triclinicity together with orthoclase and often inside
it or as younger thin veinlets in which it is of good triclinicity. The potach feldspar
is usually strongly perthitic (e.g. rapakivi and most Alpine postkinematic granites).

3. Microcline-oligoclase granites in which the potash feldspar is microcline but
mostly extensively perthitic, and often of varying triclinicity. Such granites are not
very common, but they do occur among the latekinematic granites of Finland (e.g.
granite of Otanmiki), too; usually, however, they are postkinematic (e.g. Tebo
granite, Sierra Leone).

4. Microcline-albite granites which are mostly aplitic, potash feldspar is highly
triclinic, well cross-hatched, seldom perthitic microcline. Albite is associating pla-
gioclase. (e.g. latekinematic granites, often forming migmatites).

5. Granitized microcline-oligoclase granites which are of varying composition mostly
grading from granodiorite to granite. Microcline of these granites is younger than
other mineral constituents of the rock, plagioclase is oligoclase (e.g. most synkinematic
granites).

If there are porphyric or porphyroblastic textures, they can be indicated under
such names as »porphyroblastic microcline-oligoclase granite», »porphyritic one-
feldspar granite» etc.

Epidote is sometimes characteristic of the microcline-albite granites especially,
(e.g. unakites and helsinkites). The rock can then be indicated as, for instance
»microcline-albite-epidote granite». In the same way the presence of aegirine, rie-
beckite, pyrochlore etc. can be indicated in the rock name.

The writer has the feeling, that using petrological classifications, the descriptions
of granites from various parts of the globe be more easily comparable with each
other, and, also, as far as generalizations are concerned, such names will lead to
fewer discrepancies than do the rock names used at present. Tonalite, adamellite and
granite have been used by variaous authors for the same rock type. One can hardly
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compare by descriptions, for instance, the granites of Hanko or Stockholm without
visiting them first; or »granites» of Korhoogo, Ivory Coast, with those of Southern
Finland, which, according to descriptions are rather similar, but in the field are
different. Granite petrology is very important, but it can hardly be settled before
definitions and nomenclature are sufficiently clear and adopted by various authors in
the same way.

Manuscript received, January 3, 1966
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ZUSAMMENFASSUNG

Es wird die Entstehung des Zweiten Salpausselkd zwischen dem Kirchdorf Jaala und dem See
Saimaa behandelt. Der Verfasser kommt zu den Ergebnissen, dass die Ose, die dieselbe Richtung wie
Salpausseld haben, wihrend dieser Zeit entstanden sind, wenn das Landeis recht diinn war und an
den beiden Seiten des Salpausselkd liegte. Am Ende der Abschmelzung dieses Landeises war die
Landeisbewegung von West nach Ost. Spiter hat das Landeis von NW nach SE bewegt. Erst nach-
dem haben die spiteren Wasserstadien das Aussehen des Salpausselki deutlich gedndert und die Tief-
ungen zwischen den Osen im Salpausselka erfullt.
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EINLEITUNG

Seit mitte des vorigen Jahrhunderts haben Geologen in Finnland dem Ausseren
und Inneren Salpausselki Aufmerksamkeit zugewandt. Schon im Jahre 1876 schrieb
Wiik in der Erliuterung zum Finnischen Atlas, dass beide Salpausselki Morinen-
bildungen seien. Erst im Jahre 1889 veroffentlichte Sederholm die erste Unter-
suchung iiber die Bildungen der Eiszeit im inneren Finnland, und er dussert die
Meinung, dass beide Salpausselki eine Randmorine des Landeises seien. Er Schreibt:
»Von diesen beiden Héhenziigen ist es schon lange von Wiik nachgewiesen, dass
sie, gleichwie ihre Fortsetzungen gegen SW, der sogenannte Lojois und dessen
nordliche Parallelkimme, als Endmorinen betrachtet werden miissen. Spiter ist
durch De Geer die vahrscheinliche Zusammengehorigkeit mit den schwedischen
Endmorinen in der Gegend von Wener-See und die norwegischen Raén im Kristiania-
Fjord und lings der Ostkiiste Norwegens dargethan.»

Im folgenden Jahre erschien von Frosterus (1890) eine kleine Untersuchung,
in der er ein Querprofil durch den Ersten oder Ausseren Salpausselki aus der Stadt
Kouvola darstellt. Dieser Querschnitt ist ganz eigenartig, denn heutzutage sind an
dieser Stelle dhnliche Ablagerungen nicht mehr zu finden. Es ist moglich, dass die
Buchstaben S und N in der Abbildung verwechselt worden sind. An der Siidseite des
Salpausselki kommen dicke Uferablagerungen vor, die aber in dem von Frosterus
wiedergegebenen Querprofil fehlen.

Im Jahre 1890 unternahm W. Ramsay eine Reise nach Ostfinnland, wo er die
Fortsetzung der beiden Salpausselki untersuchte. Uber die Ergebnisse dieser Reise
veroffentlichte er im Jahre 1891 die Untersuchung: »Uber den Salpausselki im
ostlichen Finnland.» Aus dieser Untersuchung geht hervor, dass zwischen Lappeen-
randa und Joensuu Schrammen vorkommen, die von West nach Ost gerichtet sind.
Ausser diesen Richtungen gibt es auch Schrammen, die vond Nordwest nach Siidost
gerichtet sind. Er konnte zwei Landeisbewegungsrichtungen feststellen, von denen
die iltere von Westen nach Osten und jiingere siidlich gerichtet gewesen ist. Uber
den Jaamankangas schreibt er:» Die breite Sand- und Grusablagerung Jaamankangas
auf der Siidseite des Sees Hoytidinen ist auch eine Endmorine.» Nach seinen Beobach-
tungen kommt er zu den Schlussfolgerungen, dass der Salpausselki und auch die
innere Randomorine bis nach Joensuu reichen und von da knieférmig nach Osten
abbiegen.

Im Sommer 1891 machte Rosberg (1892) eine Exkursion nach Finnisch- und
Russisch-Karelien, um die Fortsetzung der beiden Salpausselki in diesem Gebiet
festzustellen. Von der Stadt Joensuu aus verfolgte er nach NE die beiden, etwas
zerstiickelten Parallelmorinen bis 63°15’ n. Br., wo der Erste oder Aussere Salpaus-
selkd nicht mehr kenntlich war. Der Innere Salpausselki liess sich bis 66° n. Br.
verfolgen. Er konnte wihrend dieser Reise auch zwei verschiedene Schrammen-
systeme unterscheiden, von denen die west-6stliche weniger deutlich war. Wie
aus seiner Karte zu ersichtlich, sind diese Bildungen, die er als Salpausselki ansieht,
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sehr zerstiickelt und erinnern nach der Beschreibung im Text mehr an Ose als an
Randbildungen oder Endmorinen. Russische Geologen haben in letzter Zeit diese
Gegenden eingehend untersucht und zu der tiberzeugung gekommen, dass diese von
Rosberg als Salpausselkd angegeben Endmorinen gewohnliche Ose sind.

In seiner Arbeit schreibt Berghell (1893), dass bei der Stadt Lappeenranta der
Salpausselki als michtiger Sandwall auftritt, wo an mehreren Stellen auf Randmorine
eine ca. 1 m michtige Grundmorine lagert. Spitere Untersuchungen haben aber
erwiesen, dass diese von Berghell angenommenen Grundmorinen eigentlich
Randbildungen sind.

Im Jahre 1899 ver6fentlichte Rosberg eine neue Untersuchung iiber Oberflichen-
bildungen in Karelien mit besonderer Beriiksichtigung der Endmorine. Auf dieser
Untersuchungsreise begab er sich bis zum Weissen Meer und fand auch einige
Endmorinen. Diese Endmorinen haben aber mit den eigentlichen Endmorinen
nichts zu tun, und spitere Untersuchungen haben bestitigt, dass alle diese Bildungen
Ose sind.

Erst 21 Jahre spiter verSffentlichte Leiviskd (1920) seine umfangteichliche und
ausfiithrliche Untersuchung iiber die beiden Salpausselkd, in der er sogar 434 Quer-
profile aus der Oberlfiche der beiden Salpausselki darstellt. In dieser Arbeit gibt er
27 Detailkarten von verschiedenen Stellen der Salpausselkd und eine Karte iiber die
Verbreitung der Randmorine in Finland. Diese Untersuchung hat der Verfasser
im Verlaufe von 10 Jahren durchgefiihrt, und da er Geograph gewesen ist, gibt die
Untersuchung viel Neues in diesem Sinne.

Es ist schade, dass er in dieser Arbeit fiir geologische Fragen so wenig Raum
vorgesehen hat, insgesamt nur sieben Seiten. Auf der Seite 240 schreibt er:» In den
mehreren hundert verschiedenartigen Aufschliissen, die ich den verschiedenen
Teilen des Salpausselkd gesehen und studiert habe, war tiberall fast ohne Ausnahme
ein deutlich geschichtetes Schuttmaterial zu beobachten, aus dem man also den
Schluss ziehen kann, dass das Baumaterial des Salpausselki in Osmaterial besteht.»
Uber die Entstehung des Salpausselki schreibt Leiviskd auf Seite 341 folgendes:
»Kurz, man gewinnt iiberall in beiden Salpausselki die bestimmte Vorstellung, dass
der Salpausselki einen selbstindigen Riicken bildet, welcher keineswegs ein » Anhing-
sel von Lingsisen», sondern viel michtiger ist als die anschliessenden Lingsise,
welche, wie erwihnt, bis auf einzelne Ausnahmen im Vergleich mit ihm oft so undeu-
tend sind, dass man iiber den oberen Teil des Proximalabhanges wandernd den
anschliessenden Lingsds kaum bemerkt.» Auf Seite 343 schreibt er: »Nach allem
Vorstehenden diirfte ich mit ausreichenden Griinden behaupten koénnen, dass die
Bodenstromtheorie von de Geer u. a. auf den Bau und die Formengestaltung des
Salpausselki keine Anwendung findet oder, mit anderen Worten, dass der Salpaus-
selkd nicht durch subglaziale Bodenstréme ausgebildet worden sein kann.»

Obgleich Leiviskid die beiden Salpausselki eingehend untersuchte, konnte er
dennoch die Entstehung der Salpausselki nicht richtig deuten und muuste zu Fehlsch-
liissen kommen. Mit grosser Miihe versuchte et zu bestitigen, wie diese Rand- oder
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Endmorinen entstanden waren, und zum Beweise seiner Ansichten gab er Bei-
spiele aus Grénland, wo noch jetzt dhnliche Randbildungen entstehen.

Im Jahre 1921 veréffentlichte Ramsay eine Untersuchung, in der er schreibt, dass
beide Salpausselki als Ablagerungen am Rande des Inlandeises wihrend der skandi-
glazialen Epoche entstanden seien. Er sagt, dass beide Salpausselki aus dusseren und
inneren Reihen von Querosen bestinden. In dieser Arbeit beweist er ebensowening
wie in der fritheren Untersuchung, warum diese beiden Querosreihen Endmorinen
darstellen und bei lingerem Stillstand in Eisrandlage entstanden wiren.

Im Jahre 1927 veroffentlicht Metzger eine Untersuchung iiber den Salpausselki
bei Lohja. Er gibt ein Querprofil durch die obersten Schichten der Bildung an und
kommt zu dem Resultat, dass der Salpausselkid den Aufbau eines Deltas erkennen
lisst. Es ist gewiss schade, dass dieser Querschnitt nicht geniigend tief in den Salpaus-
selkd einschneidet, so dass er keinen Einblick in alle tiefer liegenden Ablagerungen
gewihrt.

In demselben Jahre gab Leiviski dem Metzger eine Erwiederung und betont,
dass dieser unrichtige Schliisse gezogen habe. Zur Unterstiitzung seiner Auffassung
stellt er noch ein Querprofil durch den Lohjanharju dar und zeigt, dass man es hier
nicht mit einem Delta zu tun habe. Zum Schluss schreibt er: »Die Profile von Lohja,
wie auch die anderen Profile des Salpausselkd beweisen, dass der Salpausselki einfach
eine im Meere ablagerte Randmorine ist, die in ihren westlichen Teilen vollstindig
subaquatisch entstanden ist, wihrend in den mittleren und besonders in den 6stlichen
Teilen kleinere oder grossere Hiigel- und Riickenpartien bei der Bildung der Morine
aus dem Meere emporragten.»

Brenner und Tanner (1930) untersuchten einen Eisenbahnschnitt der Strecke
Lahti—Heinola und kamen zu dem Ergebnis, dass der Ausserste Salpausselki keine
Deltabildung sei und ein grosserer Schmelzwasserstrom an Stelle nicht gemiindet
haben konne. Nach den Verfassern ist das Material des Salpausselkd seiner
Ablagerungsstelle auf verschiedene Weise verfrachtet und wihrend des Abschmelzens
des Landeises subaquatisch abgelagert worden.

1933 ver6flentlichte Tanner durch den Inneren Salpausselkd gefiihrten Quersch-
nitt bei Vierumiki, der wegen des Eisenbahnbaus angelegt worden war. Wie aus
Fig. 5 ersichtlich ist, liegt glazifluvialer Schotter auf dem Felsgrund und lagern auf
dem Distalhang Sandschichten, die schrig nach Siiden fallen. Diese Sandablagerungen
sind alte uferbildungen, die erst dann entstanden sind, nachdem das Wasser siid-
lich bis zum Innersten Salpausselkd gereicht hatte. Der obengenannte Querschnitt
durch den Zweiten Salpausselki ist deutlich einfacher als die Querschnitte durch den
Ersten Salpausselki bei Lohja, Lahti und Kouvola.

In seiner Untersuchung stellt Leiviskd (1951) noch Viirimienselki, Jyviskylin-
harju und Jaamankangas als Randmorinen dar und vergleicht sie mit den beiden
Salpausselkd. Er kommt zu dem Schluss, dass alle obengenannten Bildungen gleicher-
weise entstanden sind und deshalb auch Randmorinen oder Endmorinen wiren.
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Zur Bestitigung seiner Auffassung bringt er Beispiele von Island, wo er dhnliche
Bildungen gefunden hat.

Im Jahre 1958 ver6ffentlichte V. Okko eine Untersuchung iiber den Inneren
Salpausselkd bei Jylisjarvi. Aus der beigelegten Karte geht deutlich hervor, dass in
dieser Gegend einzelne Osbildungen in der Richtung der Salpausselkid vorkommen.
Neben obengenannten Osen treten auch Morinenriicken auf, die man Jahresmorinen
nennt. Er kommt zu dem Schluss, dass die Umgebung von Jylisjirvi schon wihrend
der jingeren Dryaszeit vom Landeis befreit gewesen sei und dass Salpausselki an
dieser Stelle wihrend der Allerédzeit habe entstehen kénnen, m. a. W. 9 000—10 000
Jahre vor unserer Zeit.

In seiner Untersuchung zur Frage des inneren Baus des Zweiten Salpausselki in
Finnland beschreibt Sauramo (1931) einen Querschnitt von Vierumiki. Er gibt das
Material auf dem Grundfels als Morine an. Tanner (1933) stellt in seiner Unter-
suchung dasselbe Material als glazifluvialen Schotter dar. Uber diese Morine schreibt
Sauramo auf der Seite 304: »Indessen besteht der ganze mittlere und nérdliche Teil
nicht ausschliesslich aus Morine, sondern er enthilt ebenfalls Sand und Kies, und
zwar in fragmentarischen, so gut wie waagerechten Schichten, deren Dicke im allge-
meinen zwischen 0.25 und 1 m variert. Mancherorts gibt es auch mehrere, von
Morinenlagen abgetrennte Sandschichten iibereinander.»

Nach dem Tode Sauramos erschien im Jahre 1958 seine Untersuchung iiber die
Geschichte der Ostsee, worin der Verfasser der Bechreibung der beiden Salpausselki
betrichtlichen Raum zukommen lisst. Grosstenteils stellt er schon frither veroffent-
liche Untersuchungen nochmals dar. Obgleich Sauramo im Text auch Untersuchungen
zitiert, in denen abweichende Resultaten vorkommen, schreibt er kein Wort dariiber,
warum diese Autoren abweichende Ergebnisse erreicht haben. Auf Seite 91 schreibt
Sauramo: »Im Kirchspiel Jaala 16st sich die Randbildung in mehrere parallele Mor-
inenriicken auf, die keine Zeugnisse fiir unseren Zweck bieten. Erst in einer Ent-
fernung von etwa 30 km, bei der Eisenbahnstation Selinpii, setzt eine neue
Plateaureihe mit dem 10 km langen und stellenweise nahezu 3 km breiten Schotterfeld
von Anttilankangas (Heide von Anttila) ein. Es mag als Ideal einer stidfinnischen
fluvioglazialen Marginalbildungen gelten. Im N ein charakteristischer Proximalhang,
der Eiskontakt der Randmorine mit dem ehemaligen Inlandeis; an der einstigen
Meerseite wiederum ein nach S lobenférmig vorspringendes Delta der Schmelz-
wisser.»

Im Jahre 1960 veréffentlichte der Verfasser dieser Untersuchung eine kleinere
Arbeit, in dem er die Meinung aussagte, dass Innere Salpausselkd zwischen dem
Kirchdorf Jaala und des Sees Saimaa keine Rand- oder Endmorine ist. Zweite
Salpausselki enthilt in dieser Strecke schon iiber 40 Ose, die dieselbe Richtung wie
Salpausselki haben. Auch hat has Landeis wihrend dieser Zeit, als die obengenannte
Ose entstanden, von Westen nach Osten bewegt. Erst danach, als die Landeisbewe-
gung von N nach S bewegte, wurde diinne Morinenablagerungen auf die Nord-
seite der Salpausselkd aufgelagert.
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DIE OBERFLACHENFORMEN DES INNEREN SALPAUSSELKA
ZWISCHEN DEM KIRCHDORF JAALA UND DER
EISENBAHNSTATION SELANPAA

Ostlich des Kirchdorfes Jaala teilt der Zweite oder Innere Salpausselki sich in
mehrere parallele Ose, die linger oder kiirzer sind (Abb. 1). Nicht weit von dem
Kirchdotf nach Osten fangen zwei Ose an, die an der Westseite des Sees Vihd Korte-
jarvi enden. Diese beiden Bildungen sind nach den Oberflichenformen typische Ose,
deren beide Seiten schrig abfallen und Hinge von 25—30° bilden. Eine zweite Serie
von Osen fingt etwas weiter nach Osten an; die von diesen nordlicher liegende
endet am Westufer des Sees Sonnanjirvi und die beiden siidlicher liegenden schon
frither. Auch diese drei Ose sind gut ausgebildet, und auf den Hingen ist keine
Zetstorung, wie sie das Landeis wihrend seiner Bewegung hinterlisst, wahrzunehmen.

Am Notd- und auch am Siidende des Sees Sonnanjirvi finden sich wieder gut
ausgebildete Ose, die aber nicht so lang sind wie der Os siidlich des Sees Vihi Korte-
jarvi. Weiter ostwirts von den obengenannten Osen kommen wieder drei parallele
Ose vor; der erste am Siidende des Sees Suolajirvi, der zweite westlich des Sees
Saarijirvi und der dritte SE des Sees Kamponjirvi oder Kamponen. Auch diese
parallel verlaufenden Ose sind gut ausgebildet, und Zerstérungen durch Inlaneis sind
nicht zu erkennen.

Vom Siiden des Sees Saarijirvi dehnt aich ein mehrere km langer Os bis zu der
Eisenbahn im Dotfe Selinpii aus. Nordlich von dem obengenannten Os kommen
noch mehrere Osriicken vor, die alle von Westen nach Osten verlaufen (Abb. 1).
Viele kurze Ose kommen ferner auf der Landenge zwischen den Seen Niskajirvi und
Vuohijirvi vor. Auch diese Ose haben west-6stliche Richtung. Leiviskd (1920)
hat alle obengenannten Osbildungen zwischen Jaala und Seldnpii eingehend beschrie-
ben und stellt auch viele Querprofile durch die Oberfliche dar. Auf Seite 150 schreibt
er: »Ostlich von Jaala kommen wir in eine Landschaft, die reich an Parallelbil-
dungen ist und uns Gelegenheit gibt, die Beziehungen zwischen den Formen des
Untergrundes und zwischen den Asriicken zu erkennen.» Darauf folgt eine genaue
Beschreibung dieser Osbildungen, und er kommt zu dem Schluss, dass alle oben-
genenannten Bildungen Ose seien, zwischen denen hiufig Sandablagerungen vor-
kimen. Sauramo (1958) schreibt iiber diese Ose, dass sie keine Zeugnisse fiir seine
Zwecke seien, und lisst diese Bildungen ganz ausser acht.

Die Bescreibungen und Profile der Ose zwischen dem Kirchdorf Jaala und dem
Dorf Selinpii, die Leiviskd (1920) in seiner Untersuchung darstellt, sind richtig
gearbeitet und spiegeln gut die Oberflichenformen wieder. Wie aus Profil 351 zu
ersehen (Leiviskd 1920), kommen 6stlich des Kirchdorfes nebeneinander drei parallele
Osriicken vor (Abb. 1). Zwischen diesen Osen liegen Feinsandschichten, die recht
hoch auf die seitlichen Hingen der Ose hinaufreichen. Da die Sandschichten die
Zwischenrdume zwischen den Osen ausfiillen, sind diese jetzt viel niedriger, als
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Abb. 1. Der Zweite Salpausselki zwischen Jaala und Selinpii. Die schwarzen Striche sind die Ose.

sie nach der Entstehung waren. Leiviskd (0p. ciz. p. 150) schreibt iiber diese Ose
folgendes: »Wenn man sich von dem Kirchdorf Jaala auf der Landstrasse nach E
begibt, 6ffnet sich im S weite angebaute Tongebiete, wihrend im N auf den jenseits
des Weges ansteigenden Hiigelabhingen hier und da das Felsengeriist sichtbar ist.
Nachdem wir ein paar Kilometer gewandert sind, stossen wir nordlich von der
Strasse auf einen ein paar hundert Meter langen, ca. 16 m tiber seine Umgebung
hinausragenden linglichen Ashiigel. Mit diesem beginnt ein unbedeutender, langsam
nach E sich erhebender und breiter anschwellender Riicken (Karte XXV), der nach
einiger Zeit siidlicher von der Landstrasse einen anderen bescheidenen Riicken zum
Begleiter erhilt, wihrend sich zugleich auch nérdlich von ihm, durch eine sandige
ebene Fliche getrennt, ein dritter, ganz unbedeutender parallelriicken ausbildet. Wie
das Profil 351 zeigt, gehoren jedoch alle drei zusammen.»

11 8517—65
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Zusammenfassend kann gesagt werden, dass alle obengeschilderten Bildungen
zwischen dem Kirchdotf Jaala und dem Dorf Selinpdi gut ausgebildete Ose sind.
Es lassen sich keine Spuren auffinden, die bestitigten, dass das Inlandeis an dieser
Stelle linger gestanden hitte. Wihrend jener Zeit, als die genannten Ose entstanden
sind, konnte sich das Inlandeis recht wenig nur in den Osrichtungen bewegen; wire
es von Norden nach Siiden gewandert, dann hitte es die Ose zerstort. Abb. 3.

ANTTILANKANGAS

Ostlich von dem Dorfe Selinpid breitet sich das Plateau Anttilankangas aus
(Abb. 2), das nach Sauramo (op. cit., p. 91) fiir seine Zwecke wichtig war. Er schreibt
sogar, dass diese Heide Anttilankangas das Ideal einer stidfinnischen fluvioglazialen
Marginalbildung wire.

An dieser Stelle, wo die Landstrasse iiber die Eisenbahnlinie fithrt, liegt am
Siidrande des Plateaus ein Os, dessen Richtung west6stlich ist, der aber nicht auf
die Oberfliche des Anttilankangas steigt. Auf dem Siidhang des Oses finden sich
alte Uferablagerungen, die in diinnen Schichten die Oberfliche des Oses bedecken.
Die Richtung des Oses ist west-6stlich, und auf der Oberfliche lisst sich die héchste
Stelle ca. 100 m verfolgen. Wahrcheinlich ist dieser Os noch linger, aber spiter
entstandene Uferablagerungen bedecken die Oberflche des Oses.

Von der obengenannten Stelle ca. 400 m nordwirts setzt sich der Os von der
Westseite tiber die Eisenbahnlinie nach Osten fort. Am Rande des Palteaus ist dee
Os als steiniger Kamm zu sehen und verschwindet weiter ostwirts in der Oberflichr
des Plateaus. Ungefihr 400 m weiter nach Osten erscheint der Os wieder als niedriger
Riicken auf der Oberfliche des Plateaus und ist zum Teil 0.5 m hoch. Ostwirts
steigt dieser Riicken immer hoher. Er ist in der von Leiviskd dargestellten Karte
XXV am Nordrand des Plateaus zu sehen.

Beinahe in der Mitte des Plateaus kommt noch ein Os vor, der aber nicht so
deutlich auf die Oberfliche des Plateaus steigt. Wihrend Bauarbeiten konnte Ver-
fasser der vorliegenden Untersuchung diesen Os feststellen. Das Osmaterial reichte
tief in das Plateau hin ein. Bisher haben drei Ose dem Plateau Anttilankangas fest-
gestellt werden konnen, die alle parallel von Westen nach Osten verlaufen. Es ist
moglich, dass dieses Plateau noch mehrere Ose birgt, die aber nur dann festgestellt
werden koénnen, wenn Kiesgruben an den entsprechenden Stellen vorhanden wiren.

Nach Sauramo (1958, p. 91) wire die Heide Anttilankangas ein typisches Delta,
das am Inlandeisrand entstanden wire. Die griindlichen Untersuchungen Vefassers
haben ergeben, dass die Heide Anttilankangas kein Delta ist. Am Proximalrand
liegen wohl grossere oder kleinere Gruben, die wihrend Abschmelzens des Inland-
eisrandes mit Toteisblocken erfiillt waren. In den Deltabildungen sind nie Ose zu
finden, wie im Heide Anttilankangas der Fall ist, denn wihrend der Entstehung des
Deltas fliesst das Wasser vom Eisrand ab, und es ist unméglich, dass unter solchen
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Abb. 2. Innere Salpausselkd zvischen Selinpii und Saimaa.

Verhiltnissen in einem Delta Ose entstehen konnen, wie jetzt ihrer drei im Plateau
Anttilankangas vorkommen.

Am Distalrand finden sich derartige vom Toteis hinterlassene Gruben nicht,
weil stidlich des Inneren Salpausselkid grossere Wasseransammlungen waren, die
auch die Heide Anttilankangas zum grossten Teil bedeckten, und in der Uferregion
erfiillten Uferablagerungen alle Unebenheiten ausgeglichen hat. Am Distalrand des
Plateaus waren keine Spuren eines Deltas zu finden. Man muss zu dem Ergebnis
kommen, dass die Zwischenriume zwischen den parallel laufenden Osen, die von
Westen nach Osten liegen, nach deren Entstehung von dem Wasser mit Grus und
Sand erfiillt worden sind und dass die Heide Anttilankangas kein Delta ist.

DER SALPAUSSELKA ZWISCHEN HEVOSOJA UND TUOHIKOTTI

Von der Wegkreuzung nach Hevosoja am 6stlichen Ende des Plateaus Anttilan-
kangas wird der Salpausselkd wieder Osartig. Ungefihr 500 m weiter ostwirts erhebt
sich ein Os ca. 5—10 m iiber die Umgebung. Es ist ungefihr 150—180 m lang und
die Richtung westostlich. Auch dieser Teil des Salpausselkd von Hevosoja bis Tuohi-
kotti ist ein richtiger Os, auf dessen Scheitel die Landstrasse von SW nach NE verlduft
(Abb. 2). Die Hohe schwankt in diesem Teil zwischen 110 und 125 m i. d. M., und
die hochste Stelle liegt sogar 155 m . d. M.

Nicht weit von der Wegkreuzung Hevosoja ostwirts tritt Urfels im Salpaus-
selkd an die Oberfliche, in der sich eine recht weite Spalte auftut. Diese Spalte war
damals, als das Inlandeis nérdlich des Zweiten Salpausselkd lag, ein Urstromtal,
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durch dessen das Wasser von Norden nach Siiden geflossen hat. Am Siidende des
Urstromtales kann man noch deltaf6rmige Bildungen finden, die wahrscheinlich wih-
rend dieser Zeit entstanden sind, als das Wasser an der Nordseite des Salpausselki
hoch stand und iiber diese Schwelle stromen konnte.

Ostlich des Urstromtales setzt sich der Salpausselki osartig fort und nérdlich des
Dotfes Kiipili findet sich ein Parallelos, dessen Richtung ost-westlich ist. In der
Mitte dieses Oses ragt Grundfels ca. 1 m iiber die lose Bildungen und ostwirts des
Felses kommen grosse Steinblécke vor, die ostwirts kleiner werden und schliesslich
vollstindig verschwinden. Zwischen diesen Parallelosen finden sich Sandabla-
gerungen, die sortiert sind und wagerecht liegen. Erst unweit des Dotfes Tuohi-
kotti verbreitert sich der Os wieder und wird eine weite flache Ebene. An dieser
Stelle, wo der Salpausselki seine osartige Form vetliert, erstrecken sich an der Nord-
seite zwei kleine Ose, die ca. 150—200 m lang sind. Wie die Untersuchungen bestitigt
haben, liegt das Osmaterial auf der Grundmorine, und umgekehrte Fille kamen
nicht vor. Wie aus dem Obigen ersichtlich, besteht der Salpausselkd zwischen Hevos-
oja und Tuohikotti nur aus Osen, die zum Teil wihrend spiterer Zeit verflacht sind.
Nirgends war Randmorine zu finden, ausgenommen die einzelnen kleinen Bildungen,
die an zwei Stellen am Nordrand vorkamen.

KALLINKANGAS

In dem bei dem Dorfe Tuohikotti einsetzenden Plateau Kallinkangas liegen
wieder zwei Parallelose, die iiber die Oberfliche der Ebene reichen. Diese Ose haben
west-0stliche Richtung und sind an einigen Stellen von Toteisgruben unterbrochen.
Leiviskd (1920) beschreibt diese Teile des Zweiten Salpausselkd sehr oberflichlich,
und diese beiden niedrigen Ose sind in seiner Arbeit mit keinem Wort erwihnt.
Er beschreibt wohl einige andere Ose, die auch von Westen nach Osten laufen und
deutlich hoher sind als die obengenannten. Zum Schluss schreibt Leiviski (1920):
»Ungefihr 13 km von Tuohikotti wird die fortwihrend ebene dahinlaufende Heide
von einem mitten auf ihr aufragenden Felsen unterbrochen, worauf die Landschaft
eine Zeitlang sumpfig und felsig ist und Moorfetzen zwischen die niedrigen Hiigel
und die Heidebruchstiicke eindringen.» Auch in diesem Plateau kommen Ose vor,
deren Zwischenraum spiter ausgefiillt und geebnet worden ist

JARVITAIPALE

Seine Name hat Jirvitaipale dadurch erhalten, dass in dieser Gegend des Salpaus-
selkd die Seen Loytosenlampi, Pyoredjirvi, Kauriolampi, Torkkelinlampi, Matala-
Seen liegen zwischen hoheren Felsen und Osen, die von Westen nach Osten und von
Norden nach Stiden laufen. An diesen Stellen, wo jetzt die Seen auftreten, lagen
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Abb. 3. Querschnitt durch den Salpaus-
selkd in Jarvitaipale.

wihrend des Abschmelzens des Inlandeises gréssere oder kleinere Toteisblécke.
Erst nachdem dieses Toteis abgeschmolzt war, erfiillte es die hinterlassenen Ver-
tiefungen mit Wasser. Die an dieser Stelle aufragenden hohen Felsen haben das
Inlandeis so zerrissen, dass jetzt in der Umgebung von Jirvitaipale schone Lings-
und Querose vorhanden sind (Abb. 3). Westlich der Seen Kauriolampi und Pydrei-
jarvi geht ein Os in NS- Richtung quer iiber dem Salpausselki und verbreitert sich
liegt ein Os, dessen Richtung west-6stlich ist und der ca. 8—10 m iiber die Umgebung
steigt. Ostlich der Seen erhebt sich der Os ungefi ca. 14 m hohe, iiber der Salpaus-
selkd reichenden Osriicken. Nicht weit von dem obengenannten Os siidwiirts tritt,
von einer Mulde getrennt, siidlich der Landstrasse ein Os auf, ein Begleiter des ers-
teren. Weiter Ostlich kommen noch einige kurze Ose im Salpausselki vor, die alle
dieselbe west-6stliche Richtung haben wie der Salpausselkid selbst. Von dem Seegebiet
nach Osten wird die Landschaft ebener, und die steinigen Hiigel werden auch nied-
riger. Leviskd hat kein Querprofil durch den Jirvitaipale wiedergegeben, und auch
die Beschreibungen sind so mangelhaft, dass man keine richtige Vorstellung von die-
ser Stelle erhilt. Obgleich die Landschaft in dieser Umgebung sehr zerrissen ist,
sind auch die vorhandenen Ose an dieser Stelle zuerst entstanden, und erst danach
haben die Sandablagerungen die Zwischenriume zwischen den Osen ausgefiillt. Die
Quer- und Lingsose bestitigen uns, dass das Inlandeis in dieser Zeit, als die Ose
entstanden, nicht viel bewegt hat, sonst hitte das Eis die Ose vernichtet.

SIILINKANGAS

Vom Jirvitaipale und von der durch Moore zerrissenen Strecke des Salpausselki
ostwirts fingt die Heide Siilinkangas an. Dieses Plateau breitet sich als steinfreie
Calluna-Heide an beiden Seiten der Landstrasse aus, die nach Savitaipale fiihrt.
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Abb. 4. Ostseite des Grundfelses nicht weit von Jéarvitaipale.

Die nordwestliche Hilfte ist unebener als die siidlichere, und da kommen Osriicken,
Felsen und Toteisgruben iiberall vor. In einigen Gruben gibt es kleine Weiher, an
deren Ufern Ose vorkommen. Auf der Oberfliche dieser Heide liegen waagerechte,
vom Wasser sortierte Sandablagerungen. Wihrend der Entstehung dieser Heide muss
das Ufer recht nahe gewesein sein, so dass die Uferwellen die Oberfliche ausebnen
konnten. In der Mitte sowie am Siidrande des Plateaus kommen nackte Felsen vor,
deren Westseite von dem Inlandeis abgeschliffen worden und auf deren Ostseite die
Felsen schatfkantig geblieben sind (Abb. 4). Diese Felsen zeigen uns, dass das Inlan-
deis am Anfang von Westen nach Osten bewegt hat und erst nachdem die nord-
liche Richtung genommen bekam.

DER SALPAUSSELKA ZWISCHEN SIILINKANGAS UND
SAVITAIPALE

Von der Wegkreuzung Mintyharju nach Osten wird die Heide Siilinkangas
schmaler, und auch Toteisgruben kommen hiufiger vor. Nordlich des Salpausselki
liegt der buchtenreiche See Virmajirvi. Am Siidufer des Sees erstreckt sich niedrige
Ose, alle in WE-Richtung. Ungefihr 6 km von der Heide Siilinkangas nach Osten
lauft der Salpausselki osartig weiter. An dieser Stelle, wo der grubenreiche Salpaus-
selkd endet, geht ein Os quer iiber den Salpausselkd, dessen Richtung NW-SE ist.
Ostlich des Queroses breitet sich die Ackerhiigellandschaft des Dorfes Vainikka am
Siidende des Sees Virmajirvi. Der Salpausselki setzt sich durch das Dorf Vainikka
als niedrige steinige Hiidellandschaft fort, bis am anderen Ende Dotfes wieder ein
Os, mit dem Namen Heidunlachti, anfingt.

Am Anfang ist dieser Os ziemlich schmal, wird aber nach Osten breiter und auf
der Oberliche unebener. Am NE-Ende des Oses kommen Felsen vor und unter-
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brechen beinahe vollig die Osbildung. Leiviskd (1920) hat sein Profil 372 an dieser
Stelle, wo der Os breit ist und seine dussere Form nicht mehr gut hervortritt, auf-
genommen. Der Os erstreckt sich bis zu dem See Sdinjirvi, wo er dann zwei Verz-
weigungen bildet. Diese beiden Teile, die ca. 14 km voneinander entfernt liegen,
reichen bis zu dem Huuhanjirvi, wo sie sich wieder vereinigen. Allmihlich wird der
Os zu einem, das sich bis zu dem Kirchdorf Savitaipale fortsetzt und dessen Nordseite
mit Gruben und Aufschiittungen bedeckt ist. Ostlich der Wegkreuzung nach Luu-
miki finden sich am Nordrande des Plateaus vier Parallelose, die sich 4—5 m iiber
die Oberfliche der Umgebund erheben und die Richtung N 30 E haben. Am Ostende
des Plateaus erhebt sich ein Os ungefihr 10—15 m iiber die Umgebung und ist
300 m lang.

Etwa 2.5 km westwirts der Kirche Savitaipale geht das Plateau in eine Gruben-
landschaft {iber, die sich am siidostlichen Ende des Sees Kuolimojirvi zu einem
breiten Osknoten erweitert. An diesen Osknoten schliessen sich beiderseits des
Sees Kuolimojirvi nach NW gehende Ose. In der Umgebung des Kirchdorfes Savi-
taipale sowie bis 2 km ostwirts kommen in Salpausselkiplateau tiefe Toteisgruben
vor, die zum Teil mit Wasser erfiillt sind. Wie aus Obigem hervorgeht, treten auch
in diesem Teil des Salpausselkid hiufig Ose auf, die alle dieselbe Richtung haben wie
der Salpausselka.

DER SALPAUSSELKA ZWISCHEN SAVITAIPALE
UND SAIMAA

Etwa 2 km vom Kirchdorf Savitaipale nach NE endet die Grubenlandschaft,
und der Salpausselkd wird wieder schmaler und osartiger. Dieser osartige Salpaus-
selkd setzt sich bis zu dem Dotf Hyrkkild fort und endet da, wo ein Fels aufragt.
In dieser Gegend findet man iiberall Felsen, die von Sandablagerungen umgeben
sind. Weiter ostwirts wandelt sich der Salpausselkd wieder in eine Osheide, die bald
in einen ziemlich breiten Osriicken iibergeht. Auf der Oberfliche des Osriickens
sind einige Kammbildungen zu sehen, die Ost-westliche Richtung haben und die
eigentlich obere Teile von Parallelosen sind.

An der Grenze der Kirchspiele Savitaipale und Taipalsaari setzt wieder ein
Plateau ein, das eine betrichtliche Breite erreicht. Dieses Plateau, Taipalsaari genannt,
setzt sich nach NE fort und wird bis 4 km breit. Am Nordrande erhebt sich bei dem
Dorfe Solkinen ein vereinzelter Oshiigel, auf dessen Scheitel eine Grube liegt, die
dan Os in zwei Gipfel teilt. Ein anderer gesonderter Osriicken steigt NE vom Dotfe
Ponnili auf und ist durch ein Moor von dem Proximalabhang des Salpausselki
getrennt. Wie im Untersuchungsgebiet iiberall, finden sich auch hier auf der Ober-
fliche des Plateaus Unebenheiten und kesselige Gruben, wo einst Toteis vorhanden
war. Auf Oberfliche des Plateaus sieht man einige niedrige Osriicken, die
miteinander parallel und in der Richtung des Salpausselki verlaufen. Das NE-Ende
des Plateaus, Sarviniemi, ist eine ziemlich niedrige zweiteilige Landzunge oder
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Abb. 5. Siidseite des Oses im zweiten Salpausselkd am Ufer
des Sees Saimaa.

Oszunge, die sich noch unter dem Spiegel des Sees Saimaa als unterseeischer Riicken
fortsetzt (Abb. 5).

Wie aus der obigen Beschreibung zu ersehen, kommen in Zweiten Salpausselki
zwischen dem Kirchdorf Jaala und dem See Saimaa insgesamt iiber 40 lingere ober
kiirzere Ose vor, die alle die Richtung des Salpausselkid haben. Mehrere sind gut
erhalten und ragen iiber die Oberfliche des Salpausselkd auf. Andere wiedrum
liegen im Sand oder Grus und bilden dadurch breite Plateaus, wie z. B. Anttilan-
kangas, Taipalsaari u. a. Einige gut erhaltene Ose steigen sogar bis 10 oder 15 m
iiber die Umgebung auf, und beide Hinge sind unzerstort. Wire das Inlandeis
wihrend seiner letzten Bewegung iiber diese Ose hinweg gegangen, so hitte es auch
sie zerstoren miissen.

UBER DIE ENTSTEHUNG DER OSE IM SALPAUSSELKA

Besondere Aufmerksamkeit haben die Geologen in Fennoskandien den Osen
gewidmet, denn diese Bildungen sind in den peripheren Teilen des Vergletscher-
ungsgebietes gut entwickelt. Uber die entstehung der Ose sind mehrere Theorien
aufgestellt worden. Von diesen Theorien sind zu nennen: Inlandeistheorie, Ober-
flichenstromtheorie, Bodenstromtheorie, Deltatheorie und Innenmorinentheorie.
Keine von diesen Theorien kann die Entstehung der Ose in allen Gegenden, wo sie
vorkommen, befriedigend erkliren.

In Finnland hat die Deltatheorie in den letzten Jahren Anklang gefunden. So
kommt Sauramo (1958) zu dem Schluss, dass alle Ose in Finnland subaquatisch
entstanden wiren. Leiviskad (1928) dagegen erweist, dass die Ose in Finnland in den
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inneren Teilen des bewegten Inlandeises wihrend der Zeit des Abschmelzens aus
Innenmorine entstanden seien. Einige Ose hitten sich sogar unmittelbar am Inlandeis-
rande gebildet. In diesem Falle kénnte der Eisrand auf beiden Seiten des Oses
gelegen haben und nich nur auf der einen Seite. Uber die Vorstellung Leiviskis
schreibt Sauramo das Ergebnis iiber die Unabhingigkeit der Ose von dem Niveau
des Wasserspiegels nicht stichhaltig sei. Sauramo beendet seine Arbeit mit den
Worten: »Also scheint es mir, dass die in den Geologenkreisen der gesamten Welt
allgemein vertretene Ansicht aufrecht bleibt, nach welcher die Ose Wassersedimente
sind, die im Randgebiete des Landeises als hintereinander folgende Akkumulationen
entstanden, und zwar in den meisten Fillen am nichsten in der Weise, wie es die
Deltatheorie darstellt.»

Verfasser der vorliegenden Untersuchung konnte bei den Feldarbeiten feststellen,
dass diese iiber 40 Ose, die im Zweiten Salpausselkd zwischen Kirchdotf Jaala und
dem See Saimaa in der Richtung des Salpausselki verlaufen, nicht als Deltabildungen
entstanden sind. Einige Ose sind 10—15 m hoher als die Umgebund, und beide
Hinge sind steil und bilden hiufig Boschungen von 30—35°. Hitte Wasser diese
Ose als Deltabildungen ausgebildet, so miissten auch Wassersedimente nérdlich des
Inneren Salpausselki in dieser Gegend zu finden sein. Da aber jegliche Wassersedi-
mente vollig fehlen, haben diese Ose nicht als Deltabildungen im Wasser entstehen
konnen. Auch fehlen in der Umgebung jegliche alte Uferbildungen, die bestitigt
hitten, dass das Wasser jemals so hoch gewesen wire, dass diese Ose als Deltaen
hitten entstehen konnen. Gegen Deltatheorie spricht auch diese Tatsache, dass
naheliegende Ose verschieden hoch emporsteigen und die Oberfliche des Wassers
konnte nie so viel schwanken, dass diese Ose entstehen konnten.

Alle obengeschilderten Ose, die im Zweiten Salpausselki vorkommen und die
gleiche Richtung wie der Salpausselki selbst haben, sind in Spalten des Inlandeises
ausgebildet worden (Abb. 6). Auch konnten Tunnel im Inlandeis gewesen sein,
in denen das Schmelzwasser Material fiir Osbildungen verfrachtet hitte. Leiviski
(op. cit.) schreibt iiber diese Osbildungen, dass sie konnten auch in dieser Weise
entstanden, dass das Inlandeis an einer Seite lag und die andere Seite blossgelegt
war. Die ausfithrlicheren Untersuchungen haben erwiesen, dass die obengenannten
Ose nicht so entstanden sind, denn beide Hinge sind gleich steil. Alle diese osartige
Bildungen, die so entstanden sind, wie Leiviski gedacht hat, sind einseitig ausgebildet,
und der innere Aufbau ist auch nicht so strukturiert wie bei diesen Osen (Abb. 6).
Aus dieser Abbildung ist zu ersehen, dass das geschichtete Osmaterial gleichmissig
nach bei den Seiten des Oses abfillt. Ein derartiger Aufbau bei den Osen kommt nur
dann vor, wenn sie in Eisspalten oder Tunnel aufgeschiittet worden sind und erst
danach das Eis auf beiden Seiten abgeschmozen ist.

Jetzt erhebt sich die Frage, warum diese Spalten oder Tunnel im Inlandeis an
dieser Stelle entstanden sind, wo jetzt der Innere Salpausselki liegt? Es ist sehr
schwer auf diese Frage zu antworten. Die Felsen, die im Untersuchungsgebiet im
Salpausselki hiufig vorkommen, erreichen sich 1—3 m iiber die Oberfliche des
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Abb. 6. Kiesgrube im zweiten Salpausselkd bei Selanpia.

glazifluvialen Osmaterials. Diese aufragenden Felsen haben wahrscheinlich das
Inlandeis von unten zerrissen, und das Schmelzwasser konnte in diesen Rissen
fliessen und im Eis vorhandenen Sand und Grus verfrachten. Auch Leiviski schreibt,
dass Felsen vorhanden sind und hiufig an diesen Stellen vorkommen, wo Ose liegen.

Damals, als die obengenannten Osen entstanden sind, war das Inlandeis schon
recht diinn und lag siidlich sowie nordlich des Zweiten Salpausselki. Wie weit das
Eis damals nach Siiden reichte, ist schwer zu sagen, denn man findet Felsen noch bei
der Stadt Kotka, dessen Westseiten niedergeschliffen sind und auf denen auch
West-Ostliche Schrammen vorhanden sind.

DIE BEWEGUNG DES INLANDEISES

Schon am Ende vorigen Jahrhunderts haben Geologen in Karelien Kreuzschram-
men den Felsen gefunden und feststellen konnen, dass das Inlandeis zwei
Bewegungsrichtungen hatte. Im Jahre 1917 ver6ffentlichten Frosterus und Wilkman
eine Kartenblatterklirung tber die Umgebung der Stadt Joensuu, in der sie auch
zwei Bewegungen des Eises feststellen, von denen die jiingere Bewegung west-
Ostliche ist.

Im Jahre 1955 veroffentlichte Aurola seine Untersuchung iiber die Verbreitung
der Asbestblocke von Paakkila, des Serpentingesteins von Konttisalmi, der Erzblécke
in Karhusaari nach Saksela, der Erzblocke in den Kirchspielen Eno und Tuupovaara,
der Erzblocke von Hevoskumpu und molybdinglanzhaltiger Blécke in der Umge-
bung von Suovaara. Mehrere dieser Erzverbreitungsfichern haben WNW-Richtung
und bestitigen, dass das Inalndeis wihrend der letzten Bewegung eine mehr west-
ostliche Richtung eingeschlagen hat. Dasselbe zeigt auch die von Frosterus und
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Wilkman 1917 veroffentlichte Schrammenkarte von der Umgebung der Stadt Joen-
suu. Repo verdffentlichte 1957 seine Untersuchung iiber dieselben Gegende; er
konnte viele west-Ostliche Schrammen finden, die deutlich bestitigen, dass das
Inlandeis in west-6stlicher Richtung gewandert ist.

Der Verfasser dieser Untersuchung hat auch die Frage nach der Bewegung des
Inlandeises im Untersuchungsgebiet erforscht. Im Salpausselkd zwischen Jaala und
Saimaa kommen viele Felsen vor, die sich ca. 1—3 m iber die Oberfliche erheben.
Viele dieser Felsen ragen am westlichen Ende der Ose auf und mehrere derart, dass
loses glazifluviales Material auch an ihrer Westseite liegt. Bei diesen Felsen, die
zwischen Jaala und Selinpii am westlichen Ende der Ose vorkommen, sind Ost- und
auch Siidseite scharfkantig, so dass das Inlandeis dort grossere Blocke abgerissen hat.
Diese Brlocke liegen jetzt recht nahe bei ihren Abrissstellen und weisen, dass das
Inlandeis sich nicht sehr weite Strecken bewegt hat. Hitte es sich iiber lingere
Strecken verschoben, so hitte es auch die jetzt gut erhaltenen Osen vernichtet.

Im siidlichen Teil der Heite Anttilankangas, ca. 4 km von der Wegkreuzung
Kouvola—Tuohikotti—Seldnpdd, liegt siidlich der Landstrasse ein Felsen, der
ungefihr 1—3 m iiber die Umgebung oder Inneren Salpausselkd aufsteigt. Auf
diesem Felsen waren Kreuzschrammen zu finden, die von Westen nach Osten und
von Norden nach Siiden verlaufen. Ebenso waren Siid- und Ostseite des Felsens
scharfkantig und West- und Nordseite abgeschliffen. Hier haben wir mit den
typischen Distal- und Proximalseiten zu tun, die in Finnland iiberall vorkommen.
Nordwirts des Dorfes Kiipili kommt ein Parallelos vor, der west-stliche Richtung
hat und an dessen westlichen Ende ein Felsen steht. Von diesem Felsen hat das
Inlandeis grossere Blocke abgerissen und weiter nach Osten transportiert. Diese
Blocke liegen noch auf dem Osriicken und sie werden allmihlich kleiner, je weiter
man nach Osten geht und verschwinden voéllig am 6stlichen Ende des Oses.

Weiter 6stlich findet man noch viele Felsen in dem Salpausselkd, deren Ostseite
scharfkantig und Westseite abgeschliffen ist und an denen neben den N-S-Schrammen
auch W-E-gerichtete vorkommen. Aus den Kreuzschrammen konnte man feststellen,
dass west-0stliche Schrammen altir sind.

Alle vorgefithrte Felsen und Schrammen bestitigen unwiederleglich, dass das
Inlandeis sich in der Untersuchungsgebiet wihrend der Entstehung des Zweiten
Salpausselki von Westen nach Osten bewegt hat. Wihrend dieser Zeit entstanden
supra-aquatisch die Ose, die jetzt im Zweiten Salpausselkd zwischen Jaala und Sai-
maa von Westen nach Osten verlaufen. Erst spiter entstanden die Uferablagerungen
siidlich des Salpausselki und schmolz das Toteis an der Nordseite ab. Da auf der
Nordseite grossere Wasseransammlungen fehlten, konnten Uferablagerungen diese
Toteisgruben nicht ausfiillen, wie es auf der Siidseite durch Wasser geschehen ist.
Erst nachdem hat die letzte Inlandeisbewegung von Norden die kleine Morinen-
schichten auf die Nordseite des Zweiten Salpausselki gebracht.

Manuskript eingegangen am 21. Januar, 1966
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ORBICULAR ROCK IN KURU, FINLAND
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ABSTRACT

The mode of occurrence and the petrographic characteristics of a new body of orbicular rock
in Kuru have been briefly described. Two types of orbicules, esboitic and granitic in composition,
occur in a partly granitized granodioritic matrix. The origin of the orbicular rock, due to sodium
and potassium metasomatism, esboitization and granitization of the primary quartz dioritic rock,
has been discussed.
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INTRODUCTION

In the summer of 1960 a farmer, Mr. Albinus Suojirvi, found a peculiar orbicular
rock exposed under a fallen tree in the village of Pengonpohja, Kuru parish. Later,
in December 1960, Mr. Harma, an elementary school teacher, sent a short notice
to the Geological Survey on the structure of the discovered rock, including a photo-
graph. On the basis of this notice it was apparent that the rock in question was a
new occurrence of orbicular rock in Finland. In the summer of 1961, detailed field
work on the outcrop and collection of material for laboratory research were carried
out. The results of these studies will be presented briefly in this paper and the origin
of the orbicular rock in Kuru will be discussed.
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F1c. 1. Geological map of the Parkusjirvi region. 1, gabbro;
2, granodiorite; 3, granite; 4, orbicular rock.

MODE OF OCCURRENCE

The orbicular rock in Kuru is situated south of Lake Parkusjirvi in the area
belonging to the plutonic rock complex of Central Finland. The latest geological
map sheet with explanations of the surrounding rock crust of the new orbicular
rock has been made by Simonen (1952), who has also summarized the main charac-
teristics of the plutonic rock province, the so-called granite province in Central
Finland, which shows a continuous series from basic plutonic rock types to granites
(Simonen 1960).

A geological sketch map of the environment of the orbicular rock is given in
Fig. 1. It shows that the orbicular rock occurs as a fragment-like body in the plu-
tonic rock complex along the contact zone between granodiorite and granite. Small
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bodies of hornblende gabbros occur as fragments both in the granodiorite and granite.
The granodiorite is grey-coloured and slightly foliated. Its main minerals are plagio-
clase (Any,_35), quartz, potash feldspar, hornblende and biotite. The granite is red-
coloured, even-grained or porphyritic and its main minerals are potash feldspar,
quartz, plagioclase (An;s_,,) and biotite. The granite penetrates the granodiorite.

The map of the occurrence of the orbicular rock is given in Fig. 2. The maximum
observed length of the body is 26 metres and its breadth about 16 metres. The di-
rection of elongation of the orbicular rock body coincides roughly with the local
N—S strike of the surrounding rock crust.

The orbicular rock occurs as two mapable varieties. In the most southern and
southeastern part of the occurrence the orbicules consist mainly of plagioclase. The
coarse-grained nucleus of the orbicule is mainly plagioclase and is surrounded by
a fine-grained, grey-coloured plagioclase shell (Fig. 3). These types of orbicule, rich
in plagioclase, are called esboitic orbicules, after the orbicular rock in Espoo (Esbo),
which is characterized by an oligoclasic composition typical of many orbicular rocks.
In the northern and northwestern part of the occurrence the orbicules have, however,
a pink-coloured outer shell of potash feldspar around the esboitic inner parts (Fig. 4).
These orbicules, showing a granitic bulk composition, will be called granitic orbi-
cules. The contact between the above-mentioned two principal types of the orbicular
rock is gradational. Along the contact zone thin outer shells of potash feldspar
(Fig. 5) appear around the esboitic orbicules, which are replaced by more granitic
orbicules as the outer potash feldspar shells become gradually thicker.

The matrix between the orbicules is heterogeneous. The primary quartz dioritic
matrix, occurring only as relics, has been almost totally altered by granitization into
the secondary matrix of granodiorite and granite.

The map of the orbicular rock body (Fig. 2) shows that its western contact is
covered by soil, but in the northeastern part the orbicular rock is bordered by grano-
diorite and in the southeastern patt by granite. In the most southern part the con-
tact between orbicular rock and granite is marked by a peculiar, two centimetre
thick grey-coloured rim consisting of plagioclase (Fig. 6). Usually, however, this
plagioclase rim is lacking. The granodiorite and granite along the contacts do not
penetrate the orbicules. However, some narrow aplite granite veins, emplaced along
the joints, cut sharply through the orbicular rock and orbicules (¢f. Figs. 3 and 5).
Some small faults cutting the orbicules (Fig. 7) also occur.

ORBICULES

The orbicules of the Kuru rock, measuring 10—20 centimetres in diameter,
consist of two or three different parts which are as follows: coarse-grained nucleus,
grey-coloured zone of plagioclase and outer zone of potash feldspar. The outer
zone of potash feldspar is entirely absent in the so-called esboitic types of orbicules.
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ORBICULAR ROCK
IN KURU

N

F16. 2. Geological map of the orbicular rock in Kuru, 1, esboitic orbicules; 2, granitic
orbicules; 3, granodiorite; 4, granite.
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Frc. 3. Orbicular rock of Kuru with esboitic orbicules. Narrow granite dike cuts
the orbicules. Photo: E. Halme.
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F1G. 4. Orbicular rock of Kuru with strongly developed potash feldspar shells around
esboitic inner parts. Photo: E. Halme.
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F1G. 5. Orbicular rock of Kuru with thin outer shells of potash feldspar around esboitic
inner parts. Narrow granite vein cuts the orbicules. Photo: E. Halme.
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F1G. 6. Grey-coloured rim of plagioclase along the contact between the orbicular
rock and granite. Photo: E. Halme.

Nucleus of orbicule. — The coarse-grained, light-coloured nuclei of the orbicules
consist mainly of plagioclase and they are very similar to the esboitic nuclei in many
other orbicular rocks. The plagioclase is andesine, whose An-content varies between
the limits Ang;—Ange. Small quartz grains occupy the space between the plagioclase
crystals and big hornblende grains with distinguishable crystal faces occur sporadic-
ally. Hornblende is partly altered into biotite. Biotite and chlorite occur as small
flakes. Apatite and magnetite are accessory minerals.

The chemical composition of the nucleus is given in Table 1, anal. 1. It shows
typical esboitic composition with high values of Al,O4, CaO and Na,O.

Grey-coloured plagioclase gone. — ‘The coarse-grained plagioclase nucleus passes
gradually into a darker grey zone of plagioclase. The inner part of this zone contains
sometimes grey-coloured plagioclase in a radiating arrangement while the outer part
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F1c. 7. Fault cutting the orbicular rock. Photo: E. Halme.

is composed of a fine-grained plagioclase mass with typical granoblastic texture. The
inner, radiating plagioclase zone is usually lacking, in which case the light-coloured
coarse-grained plagioclase nucleus passes gradually into the fine-grained, grey-
coloured zone of plagioclase with granoblastic texture.

The grey-coloured plagioclase is andesine, whose An-content varies between
the limits An,;; ;. Small magnetite grains are common and some biotite flakes
occur. Apatite is an accessory mineral.

The chemical composition of the fine-grained, grey-coloured plagioclase zone is
given in Table 1, anal. 2. The composition is esboitic, but more basic than that of
the nucleus.

Outer gone of potash feldspar. — The pink-coloured outer zone of the so-called granitic
orbicules consists of potash feldspar and it borders sharply against the fine-grained
plagioclase zone as well as against the matrix between the orbicules. The different
development of the potash feldspar outer zone causes the most remarkable variations
in the character of the orbicules. The thickness of the outer zone is usually 2—3
centimetres. In some cases the potash feldspar zone is only weakly developed and in
the so-called esboitic orbicules it is entirely absent.
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The potash feldspar is microcline with the degree of triclinity 0.9. It sometimes
shows radial arrangement. A very few small quartz grains are observed as inclusions
in microcline. Between the crystals of microcline there are small almost entirely seri-
citized remains of plagioclase grains. Magnetite and apatite are accessory minerals.

The chemical composition of the outer potash feldspar zone is given in Table 1,
anal. 3. It is extremely rich in potassium and is entirely different from the esboitic
composition of the nucleus and the grey-coloured plagioclase zone.

MATRIX

The matrix of the orbicular rock in Kuru is heterogeneous consisting of quartz
dioritic, granodioritic and granitic parts. The grey-coloured granodiorite which is
fairly rich in potash feldspar is the main component of the matrix.

The medium-grained, grey-coloured quartz diorite occurs as small remains be-
tween the esboitic orbicules. Its main minerals are plagioclase (Anss s5), quartz,
hornblende and biotite. Secondary grains of microcline occur in the granulated
mass between bigger mineral grains.

The quartz diorite must be considered as primary matrix material which has been
changed by the metasomatic replacement processes into granodiorite and granite.
Replacement processes upon the pre-existing minerals are due to granitization,
characterized especially by the secondary increase of potassium. All gradational
forms from the quartz diorite into granodiorite and further into granite can be ob-
served and many structural relics of primary matrix have been found in partly altered
gradational varieties.

The predominant matrix between both esboitic and granitic orbicules is grano-
diorite, whose main minerals are plagioclase (Ans, 35), microcline, quartz, horn-
blende and biotite. The potash feldspar has metasomatically corroded the primary
quartz dioritic fabric so that remnants of the plagioclase grains occur as inclusions
in the porphyroblasts of potash feldspar. The hornblende is partly altered into biotite
and the amount of mafic minerals decreases with the secondary increase of potash
feldspar.

The metasomatic granitization of the primary matrix has also produced granites
in which the amount of potash feldspar is higher than that of the plagioclase. Some
highly granitized parts are red-coloured granites, poor in mafic components. Horn-
blende has been totally altered into biotite, the content of which is low. The plagio-
clase (Any 3,) of the granite is more albitic than that of the quartz dioritic or
granodioritic matrix.

Two chemical analyses of granitized secondary matrix are given in Table 2.
Anal. 1 represents a highly granitized granodiorite where the relics of the primary
matrix are seen. Anal. 2 is from a red-coloured granitic type poor in mafic com-
ponents, and in this variety the textural relics of the primary quartz dioritic matrix
are only faintly seen.
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TaBLE 1.

Chemical analyses of different parts of an orbicule in the otrbicular rock of Kuru.
Anal. P. Ojanperi.

Constituents 1 2 3

SiOp wviiiiii 61.89 54.64 64.73
TG woisrs « 3 winiEms o3 Fomie o5 Sares § BB 0.34 1.03 0.06
AT et S s b S 5 ST, A 20.19 22.31 18.70
FegOy s v s womw s s s wmmis v s mmmme e s gaminrss 1,57 4.63 0.06
BEY oiuis i sasais i 5 o ¥ § nEess 4 sameey 2.01 3.10 0.19
O e Cr L A 0.05 0.06 0.01
MBO s s s simmons s § wsimas s Staenes s o wmms ¢ s 0.48 0.12 0.04
CADY rrorars v e SO R 35 e 5T S e 5 5.26 6.19 0.42
WA wiin. s 3 srwiss v s s s ewmons o sson v 5.15 6.76 2.45
KO wsas i onmais v ommees s aws e i s smmes s 2.33 0.62 12.84
P05 ot e ey o e & st 0.13 0.06 0.03
HaQOF sssmmusss sarones vomaves s 0.53 0.28 0.17
HoO'— icv i voniit ssmmas i8558 S ¥smang 0.06 0.10 0.05

Total 99.79 99.90 99.75

Norms

G 50 e sraTe el she e s g Gt 10.48 - 0.37
RIE 7500 GRS 6 e K I & R S 13.77 3.66 75.87
BB i e s R ) S S SIS S 43.58 56.98 20.73
AL wisisie s 5 6aiye & o 5 §190E ES 0 EEE & 8 @ieie d @ e 25.09 28.70 1.89
C. winsrens & 3@ GEvES 5SIEH o & EATD © 3 SR § Y 58 - 0.13 —
COL s S AGEIaS AR AR £ Sy 4 S A e - — 0.08
Qi oomrmis o 5 msire s s B i & S ez sim v 5 8 S 0.13 1.27 —
O, 5.0 s 9006 317 SR ERAENE S oo ) RS — 0.09 —
B8] 57 A A S TR T e U et 2.05 - 0.22
R, ovmririos o i B0 SIS S 66 B 1038 y 6 b — 0.10
BY] - s e SoaIsraTs o feimbats) BB B 68 R B 1.99 6.71 0.09
B s onsnssiiosonsions o e i sme i sns s e cuond S0 0.65 1.96 0.11
AP sen e SRS S S SN S S e 0.31 0.14 0.07

1. Nucleus of orbicule.
2. Fine-grained, grey-coloured zone of plagioclase.
3. Outer zone of potash feldspar

The granitization of the matrix has not caused a marked corrosion of the orbicules,
as is the case in some other orbicular rocks. Only occasionally some few microcline
porphyroblasts have been observed in the esboitic parts of the orbicules. This in-
dicates that the granitization is later than the esboitic crystallization of the orbicules.

CONCLUDING REMARKS

The orbicular rock in Kuru is the fourth occurrence of orbicular rock in place
in the Precambrian rock crust of Finland. Eatlier the occurrences of Virvik, Espoo
(Esbo) and Kemijirvi were found and described by Finnish geologists (Frosterus
1893, Sederholm 1928, Eskola 1938, and Simonen 1938 and 1940). In addition to
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TABLE 2.

Chemical analyses of partly granitized matrix in the orbicular rock of Kuru.
Anal. P. Ojanperi.

Constituents 1 2

SIE, 5z s o 4 T S T A S T ] e ) ] AT 69.19 77.05
TIOG s cmimisns s amiehs s slme o8 $Emmeas § s Amasns ik 0.46 0.12
e T T B R R T 15.08 12.48
BesOer & or s Jowmen it SEREL e el S e ¢ S ST 0.89 0.45
BeO oo himisns s wmivns s 5 msmimie s wisis 66 s s s Summy s 46 2.07 0.53
MBI ;.55 vmmisiieins s woEa s RS8P S WD 0.03 0.01
MEO) ety S erenns & e S SoEr A e ey s 0.71 0.19
8 L L L D S AT 1.81 1.83
DA ismmsansmmnssaismonsam o3 e e S ores 2.81 2.63
KOl viin o sromiaains owasioires weiss oo enseisiers w s weres 5/97 4.05
POy s i 57808, assinin o060 5101 850 5 5590501 T80 3 R e 0.12 0.07
O « o e e e O T D e S 0.45 0.24
HoOQ'— sovsnnwmmssvavnsiss s s avg semn 58 s 63 o 0.11 0.06

Total 99.70 99,71

Norms

CF s 00 R (VSRS 10 R SR S AL SR SRR 5 i o 24,31 42.05
O sute/ioxewanonsss samsmms w5 o ST o Xa RS ToR & [ oUBHa S iy [ Ve o 8 35.28 23.93
D & e ST ST e B e e AR Siere b e 23.78 22.25
RO, 5 5k & G EIOIF A e SRS, 95 RTS8 D 0 8 B8 SR 06 8.21 8.63
B e T e T R o ST b 8 O te e, I 0.99 0.61
8 ol T B T TR R e S £ A 2.39 0.42
B &5 awes 5 A S SRR B AR R AR S B e 1.77 0.47
0L 3 0.5 T3S ST 05 SeOa o 3 T S ST od 1.29 0.65
L, 0% weiEs bR 5 S e & R § e e £ § S e 8 0.87 0.23
AP o sinirems.s s swatase s SIS SIEIRER& TR AR B SR AT 0.29 0.17

1. Secondary matrix, grey-coloured.
2. Secondary matrix, red-coloured.

the above-mentioned occurrences in situ, most of the orbicular rocks in Finland
have been found as Pleistocene glacial boulders.

The orbicular rock in Kuru has many petrographical and compositional charac-
teristics similar to the other Finnish orbicular rocks. Especially it contains varieties
related to the well-known orbicular rocks in Espoo (Esbo) and Kemijirvi. The
orbicules consisting only of plagioclase are similar to the so-called esboitic orbicules
of the Espoo rock, while the orbicules with microcline outer zones around esboitic
inner parts are related to the granitic orbicules of the Kemijirvi rock. The simul-
taneous occurrence of both esboitic and granitic orbicules in the Kuru rock is in-
teresting, because it indicates that the concretionary crystallizations of both principal
types of orbicule have taken place under similar conditions. Furthermore, it is
possible to conclude that the esboitic orbicules, forming the inner parts of the
granitic orbicules, must be considered as an embryonic stage in the evolution of the
granitic orbicules.
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F1c. 8. The composition of plagioclase in the different parts of the Kuru rock.
Dot = nucleus of orbicule; ring = grey-colored plagioclase zone of orbicule; ar-
rowhead = matrix around orbicule.

The feldspars are the predominant minerals determining the structure of the
orbicules. The compositions of the plagioclases in different parts of the orbicular
rock in Kuru are presented in Fig. 8. The determinations show that the compositions
of the plagioclases in different parts of the orbicules are very similar. Furthermore,
the composition of the plagioclase in the orbicules is occasionally similar to that of
the matrix plagioclase. However, the plagioclase of the granitized matrix is some-
times more albitic than that of the orbicules. These statements about the composition
of the plagioclase in different parts of the orbicular rock in Kuru are similar to those
about many other orbicular rocks (¢f. Eskola 1938).

The normative proportions Or: Ab : An of the different parts of the orbicular
rock in Kuru are given in Fig. 9. The variety of Kuru rock with the esboitic
orbicules, without microclinic outer shells, is not a true esboite, because its matrix
is not esboitic, but has the composition of a partly granitized rock. This variety
of Kuru rock is related to the orbicular rock in Lintusaari, described by Eskola
(1938), where the esboitic orbicules occur in the granitic matrix. The variety of
Kuru rock with granitic orbicules, divided extremely sharply into an esboitic inner
part and a microclinic outer zone, is related to the orbicular rock in Kemijirvi de-
scribed by Simonen (1940). It is characteristic of this variety that the orbicules con-
sist of both esboitic and microclinic parts and that they are in the granitic or partly
granitized matrix.

The origin of the orbicules of most of the orbicular rocks is due to a concre-
tionary crystallization characterized by the diffusion of material from the surroundings
to the nuclei. In the Kuru rock, the crystallization of the plagioclase nucleus has
started the concretionary formation of the orbicule. This crystallization, due to
diffusion, metamorphic recrystallization and metasomatic processes, has taken place
in the primary quartz dioritic rock, which is found only as relics in the heterogeneous

14 8517—65
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FiG. 9. Normative proportions Ot : Ab: An in some orbicular rocks.

Based on the data presented by Eskola (1938) and Simonen (1940).

Cross = nucleus of orbicule; ring = zone of orbicule; arrowhead =
matrix around orbicule.

matrix of the otbicular rock. The transition of the quartz diorite into an esboitic,
plagioclase-rich nucleus is characterized by inward diffusion of sodium and outward
diffusion of femic components. This peculiar type of metasomatic process has been
called by the present author (Simonen 1940) as esboitization. The relics of the big
recrystallized hornblende grains with crystal faces sometimes found in the nucleus
show that the metamorphic recrystallization has also taken place at an early stage
of the formation of the nucleus.

The concretionary crystallization of the esboitic material has also caused the
development of the grey-coloured plagioclase shell around the nucleus. The inner
part of this plagioclase shell is sometimes coarse-grained and radial while the outer
parts are fine-grained and granoblastic in texture. Usually the radial part of the
plagioclase shell is lacking in which case the light-coloured nucleus passes gradually
into the more fine-grained, grey-coloured zone of plagioclase. The chemical com-
position of the grey-coloured plagioclase shell is more basic than that of the nucleus.
This feature, contradictory to the laws of magmatic differentiation, is characteristic
of esboitic crystallization. The grey-coloured plagioclase shell is a basic front of
esboitic orbicules due to the outward diffusion of the mafic components during the
process of the esboitic crystallization.
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The esboitic orbicules of the Kuru rock represent embryonic orbicules in the
crystallization of the granitic orbicules, because they have served as crystallization
nuclei for the microclinic outer zone. The start of crystallization of the microclinic
outer zone marks a radical change in the development of the orbicules. The potas-
sium metasomatism replaced the sodium metasomatism which prevailed during the
concretionary crystallization of the esboitic inner parts of the orbicules. The diffusion
of potassium is connected to the metasomatic granitization of the primary quartz
dioritic matrix into the heterogeneous secondary matrix which consists of grano-
diorite and granite. The esboitic orbicules have been very resistant to granitization,
but some few microcline porphyroblasts in the esboitic parts of the orbicules show
distinctly, however, that the diffusion of potassium has taken place later than that
of sodium.

The evolution of the orbicular rock in Kuru briefly outlined above is related to
the origin of many other orbicular rocks, which are interpreted as being products
of concretionary crystallization caused by processes of metamorphic differentiation
and metasomatism in a solid rock (Eskola 1938 and Simonen 1940). The Kuru rock
with plagioclase-rich inner parts surrounded by microcline outer shells shows a
peculiar and sharp fractionation of the alkalies during the process of diffusion. The
diffusion of sodium, giving rise to the soda metasomatism or esboitization of the
plagioclase-rich inner parts, is older than the diffusion of potassium which caused
the crystallization of the microclinic outer shell and the granitization of the matrix.
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SOME FEATURES OF THE SALMENKYLA
GABBRO IN KANGASNIEMI COMMUNE,
FINLAND

BY

ANTTI SAVOLAHTI and RAIMO KUJANSUU

Institute of Geology and Mineralogy, University of Hlelsinki

ABSTRACT

A medium-grained pyroxene gabbro and a pegmatoid gabbro situated in an outcrop of the
Salmenkyld pyroxene gabbro body in the commune of Kangasniemi are described. A chemical
analysis and X-ray diffraction powder data are presented for the diopsidic augite and hypersthene
contained in the pegmatoid gabbro.

INTRODUCTION

The Salmenkyld gabbro area is situated in the eastern part of Central Finland,
3.5 km north of the church of Kangasniemi. It extends from the southern and east-
ern sides of Kotajirvi to the southern side of Jousjarvi (62°02" N lat. and 26°38" E
long.). Described previously by Frosterus (1902) in connection with his explanatory
notes for the petrographic map of Mikkeli and by Kranck (1923, 1923 a) in his pro
gradu thesis, the gabbro area runs N—S, is nearly four kilometers long and has a
maximum width of about two kilometers. According to both Frosterus and Kranck,
it runs along the eastern edge of a broad granitic central massif. At its northern and
southern ends, between, the granite and the gabbro, there are small stretsches of
mica gneiss.

The mineral composition of the Salmenkyli gabbro body varies somewhat in
different portions of it. In its marginal zone there occur varieties containing consid-
erable amounts of hornblende. For the most part, they seem to be products of dis-
location metamorphosis (Savolahti 1964 a, p. 94). The marginal zone of the body at
many places is fine-grained and contains a little olivine.
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The present study is concerned with a medium-grained gabbro from the outcrop
situated on the southern side of Kotajirvi as well as with a coarse-grained pegmatoid
gabbro that occurs in the same outcrop.

MEDIUM-GRAINED GABBRO

The main part of the Salmenkyli gabbro body consists of medium-grained
gabbro. The color of its weathered surface is brownish gray. The principal mineral
constituents of the rock are plagioclase, hypersthene and diopsidic augite, in addition
to which there is a certain amount of biotite. Accessory constituents are apatite and
various ore minerals. The pyroxene is weakly uralitized and the plagioclase saus-
suritized.

The plagioclase (@ <1.561,y > 1.567, Ang,_,) occurs as bright, elongated
crystals from one to three mm long and 0.3 to one mm wide. The principal mineral
of the rock is plagioclase, which occurs as nearly euhedral and weakly zoned grains.
Twinning occurs abundantly in conformity to the albite law, and there are combina-
tions likewise in accordance with it and the pericline or Karlsbad’s law. The plagio-
clase contains pyroxene and ore grains as inclusions. A slight potash feldspar content
is to be observed in the marginal parts of plagioclase grains and their interstices.

The diopsidic augite (¢ = 1.689, 9’ = 1.713 — the refractive indices
measured on a (110) cleavage flake (Parker 1961), approx. 30 mol-9, CaFe-com-
ponent) occurs as clusters of crystals, which vary in size between 0.5 and 2 mm.
Inclusions are present in abundance, among them being biotite and ore grains —
the ore occurring also as exsolutions. The augite is only slightly uralitized.

The hypersthene (y = 1.710, approx. 37 mol-9, Fe-component) is slightly
pleochroic: @ = reddish, ¢ = bluish yellow (nearly colorless). Like the augite, it
occurs as clusters of crystals, and the size of the individual crystals varies between
0.5 and 1.5 mm. At their edges the grains have only slightly altered to amphibole.
Present are inclusions of ore grains (there is also a weak occurrence of the Schiller
structure), augite and plagioclase.

The biotite is conspicuously pleochroic: y =pf = dark reddish brown,
a = brownish yellow, tending to be rather colorless. It occurs chiefly as tiny flakes
in the pyroxene, elsewhere as an occasional grain measuring 0.2—0.4 mm, mostly
in association with ore grains.

The apatite occurs as tiny xenomorphic crystals situated among grains of
other constituents.

Opaque minerals in the gabbro include pyrrhotite and magnetite as well
as chalcopyrite and sphalerite. No ilmenite has been detected, but in the hypersthene
and the diopsidic augite slight amounts of sphene occur. There are appreciable
amounts of the opaque minerals first mentioned but not much chalcopyrite or
sphalerite. The grain sizes range from 0.2 to 1 mm.
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PEGMATOID GABBRO

The medium-grained gabbro contains coarse-grained, gabbro-pegmatoidic
splotches of irregular shape. In mineral composition it corresponds closely to the
foregoing.

The plagioclase (¢ =1.557, y = 1.565, Any, ), which appears to be
slightly poorer in anorthite here than in the medium-grained gabbro, occurs as
fairly pure, only slightly saussuritized strips from two to four mm long. There are
rather few inclusions, mainly biotite, pyroxene, apatite and — along the grain edges
and in the interstices — some anhedral potash feldspar.

Diopside augite (¢ =1.684, f =1.690, y =1.713, c Ay = 42°, 2Vy =
58°, approx. 30 mol-9, CaFe component) is present as ragged grains averaging
1—2 mm in size, but there also occur large, poikilitic grains measuring between 5
and 10 mm, with inclusions of plagioclase, biotite and ore grains. Ore is present
further as exsolutions, and hornblende occurs as an alteration product. The mode
of intergrowth of the hornblende and the diopsidic augite is in many cases similar
to the description given by, for example, Savolahti and Kurki (1964, p. 179) with
regard to the peridotite of Rauhamiki. The chemical analysis of the mineral and its
X-ray diffraction powder data are presented in Table No. 1, revealing that it con-
tains more CaO and less Al,O; and FeO than does the augite of Ansio described
by Savolahti (1964, p. 105).

The hypersthene (y =1.712, 2Va = 63°, approx. 40 mol-%, Fe-compo-
nent) is weakly pleochroic, consisting of irregularly shaped grains, which vary in
size between 1.5 and 7 mm. The hypersthene contains augite lamellae, and the mode
of intergrowth of the minerals is to be observed in stereographic projection (Fig. 1),
which reveals that the b-axes of the minerals run parallel, as do the c-axes, and that
the axis planes are perpendicular to each other. The intergrowth plane is (100).
Occurring in the hypersthene as inclusions are ore grains, plagioclase and augite.
The chemical analysis of the hypersthene is presented in Table No. 2, along with
the X-ray diffraction powder data. The CaO content is apt to be excessive because
it has not been possible to remove all the tiny augite lamellae from the hypersthene.
A closely corresponding composition occurs in the hypersthene from Hakone-Toge,
Hakone volcano, Kanagawa Prefecture, Japan (Kuno 1950, p. 964). The composition
of the hypersthene is also revealed by the X-ray diffraction powder data, inasmuch
as d (1031)—d (060) = 0.011A corresponds to the results obtained for hypersthene
(Zwaan 1954).

The biotite (y = 1.647) is markedly pleochroic: y = dark reddish brown
and ¢ = brownish yellow. It occurs mainly as inclusions in the pyroxene, and else-
where it is found only as an occasional grain averaging 0.6 mm in size.

The apatite occurs as xenomorphic crystals between grains of other con-
stituents and as inclusions in the plagioclase. The grains are fairly large, measuring
0.5—2 mm, in some cases, though more generally the diameter gives a measurement
varying between 0.1 and 0.2 mm.
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TABLE 1.
Chemical composition (analyst, S. Turkka) and X-ray diffraction powder data (Copper Ka radia-
tion, Nickel filter.) for diopsidic augite from Salmenkyli. Kangasniemi, Finland. Chemical com-
position (analyst, A. Heikkinen for augite (2) from Ansio. Padasjoki, Finland.)

1 | 2 1

Weight per cent No d (A) 1/1,
Si0y wswrsvssve 51.76 49.38 R T 3.33 10
TIO5 sessmvssss 0.55 1.25 2 imaess BEiEn ey 3.21 30
ALOG oo wsivioio 1.47 2.28 e O P 3.09 10
FeaOp wnssonnims 2.35 2.24 A oovaen samsi 2.983 100
BeO) & s msm 0550 8.76 11.62 D arvemas ihaned 2.942 60
MnO .......... 0.23 0.29 () L B . 2.883 45
MO o400 mions 13.48 13.86 T o5 wmei i ass 2.560 35
(57 TR 20.30 17.97 8 wisdd s 2.512 50
Wagl) cowiss s — 0.50 9 e veewies 2.297 20
Ko®O' cxosvmymns —- 0.05 10 isnssmssanss 2:213 10
P,O; .......... — 0.19 L Y Cor e 2.207 10
H,O+4+ ........ 0.53 0.23 12 . veswovavee 2.196 10
H,O— ........ 0.16 0.02 13 wopn s mammass 2.151 15
14 ... 2.128 35
Total ey 100.00 15 e 2.106 15
16 * o ass anadad 2.038 20
Numbers of ions on the basis b 17 2.016 10
of 6 oxygens 18 .ssasesnan 1.851 10
Siiiiinn. 1.93 1.88 19 1.752 20
y 71 | (——— 1.623 20

& (R —— 0.02 0.04
) [T —— 1.563 10

Al v sz s mnneiss 0.06 0.10
22 ... - 1.550 10

FePt o iveiannn 0.07 0.07
o 28 sessgmantses 1.524 10

Fe2+ . ciiivins 0.27 0.37
2 A e 1.505 10

Mt sezsnmmnases 0.01 0.01
25 .eeeveneses 1.488 10

Mg ........... 0.75 0.79
26 asissemmsaes 1.423 35
Ca s smnsenzas 0.81 0.73 1 0

Ni o 0.04 It el e B .408 1
"""""" : 28| esnemmrees 1.332 10
29 e ssEmmeTes 1.283 10
CONCLUSIONS

The two varieties of rock from the pyroxene gabbro body of Salmenkyli described
in this paper are very much alike in mineral composition and with regard to the
nature of the constituent minerals. A comparison of the composition of the minerals
making up the medium-grained portion with that of the pegmatoidic portion reveals
that the plagioclase contained in the coarse-grained rock is slightly richer in albite
and the hypersthene somewhat richer in Fe than in the case of the medium-grained
rock. The composition of the diopsidic augite is approximately the same in both
cases. These very slight differences would suggest that the pegmatoid part of the
gabbro body crystallized at the same time and even somewhat later than the medium-
grained part (¢f. Savolahti 1966).
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TABLE 2.

Chemical composition (analyst, S. Turkka) and X-ray diffraction powder data for hypersthene
from Salmenkyli. (Copper Ka radiation, Nickel filter.) Kangasniemi, Finland.

PX”E::‘ No hkl d @A) 11,

%ioo, .......... 53.36 1 secvesessaas 021 3.32 10
HOR: % stsmrion o 0.25 420

i - 1.79 2 eienemaesaa 221} 3.17 100

FesOy sosisvisas 1.79 B e mEa T 600 3.05 10

=T T 20.77 O T 321 2.950 30

MaO .iewsssvss 0.39 5 snasnmmeseas 610 2.883 70

Mgl ..iwaiwnis 19.31 R —— 230 2.832 30

Ca0) s s damimna s 2.54 T wespseosisis 421 2.747 15

—H,O .i..o0en 0.10 L 620 2.546 30

5 9 e vsaees 202 2.509 20

ID0EE" N W eousnsvmnis 302 2.395 10

11« wilssnmain e 022 2.253 10

Numbers of ions on the basis ) 7 S 502 2,122 15

of 6 oxygens L 630 2.105 20

3 14 cisasmavemss 531 2.065 10

g e Fet i [ 721 2.030 20

Al LT 0.08 16 iccsmmssva 820 1.994 15

Fe +3 0.06 17 caraanerems 440 1.965 20

Fet2 ... 0.64 18 civemnesssas 250 1.740 10

Ma 0.00 19 Liismwsirina 1200 1.525 10

Mg oo 1.06 20" sremmdisavras 1031 1.492 20

Ca Tt 0.10 21 cciwsemaseus 060 1.481 20

"""""" : 22 & miime s RS 1131 1.395 15

23\ oemnesve s 1 400 1.311 10

24 s ens 004 1.300 10

/s ST 860 1.224 15

Accordings to Frosterus (1902) and Kranck (1923), the gabbro of Salmenkyld
belongs to the Keuruu type of gabbros and is older than the late granites of the type
found in the interior of the country. Sederholm (1893) describes the gabbros clas-
sified in this group to be found in Orivesi and places them alongside the olivine
diabase of Satakunta petrographically. Savolahti (1964 b) produces evidence that the
olivine diabase of Padasjoki, which Frosterus (1902) classified among gabbros of the
Keuruu type, is younger than the younger granites of the so-called hinterland type
(as designated by Frosterus) that constitute its country rock.

The pyroxene gabbro of Salmenkylid differs petrographically from the diabases
of Orivesi and Padasjoki. It has a scanty olivine content, found in the main only in
the marginal zones. According to Kranck (1923), it is finer of grain in its marginal
parts, however, than in the middle. Consequently, the very slight granitic veins
occurring in its marginal portions cannot necessarily be taken to prove that it is of
earlier origin than the granites comprising its country rock; rather can they be inter-
preted — as Kahma (1951, p. 27) did — as products of melting by the gabbro from
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1

F°c. 1. Stereographic projection of intergrowth of

diopsidic augite (1) and hypersthene (2). The projec-

tion shows the indicatrixes, cleavages and c-axes of

both minerals according to Reinhard (1931). Pyroxene
gabbro. Salmenkyld, Kangasniemi.

its country rock. The gabbro of Salmenkyld petrographically resembles the enstatitic
augite diabases of Central Finland described by Wilkman (1924) more than it does
the olivine diabase of Satakunta.

Manuscript received, February 16, 1966
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FRAMBOIDAL TEXTURE OF THE PYRITIC
LAYER FOUND IN A PEAT BOG IN
SE-FINLAND

BY
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ABSTRACT

A pyritic layer found in a Quaternary peat bog in SE-Finland shows framboidal and colloidal
textures. The layer also contains pyritized remains of organic plants. Pyrite has a cell edge
2, = 5.414 4- 0.005 A, The density is 4.10 and the chemical composition close to FeS,. Framboidal
pyrite texture is supposed to be caused by the reaction between absorbed iron hydroxide in the
colloidal humus coacervate drops and hydrogen sulfide in the water.

INTRODUCTION

A texture in sedimentary sulphide bearing formations which has been called
»framboidal» or »vererzte Bakterien» has been described by many authors. The term
framboidal was first used by Rust (1935). It is derived from the French word »Fram-
boise» (Raspberry), and it means that there are small spherules composed of tiny
idiomorphic crystals. The size of the spherules is under 100 x and the mineral is
generally pyrite but also chalcopyrite spherules are met with. Originally the texture
was found in sulfide bearing shales, ¢.g. copper shales of Mansfeld, Meggen, Ger-
many (Schneiderhéhn, 1923), but later on it was found also in recent shallow water
deposits (Love, 1964).

The present study describes a pyrite formation found in a peat bog in SE-Finland,
in which the microtexture shows certain similarities to the framboidal texture of
shallow water muds.
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F16. 1. Microtexture of the layer; pyrite spherules

are white, pyrite with colloidal texture gray; holes

are black. Polished section, slightly etched with
HNO,;.

OCCURRENCE

During the exploration work of Outokumpu Co in the summer of 1960 a peculiar
rough layer was found in a Quaternary peat bog in the village of Toroppala, Keri-
miki commune, SE-Finland. At first it was believed to be a bog iron ore (limonite)
but later on it was verified by X-ray examination as pyrite. The layer was found
when digging a bog drain. It lies at a depth of 0.7—1 m in moderately mouldered
Sphagnum-peat. The layer has a thickness under 10 cm, generally not more than
0.5—1 cm. It is very hard and bronze-coloured at the fresh breaking. The lower
side is often smooth or nearly so and the upper side rough, filled with outgrowths.
In the thicker parts there are large holes and cavities. The layer extends over an
area of a few ares, but as a whole it is very incoherent: here and there it is absent
and the largest pieces taken from the bottom of the drain were about 1/4 m? in size.

MICROTEXTURE

Even in polished section the porous texture of the ore is seen clearly. Holes
and small pores are numerous. Two components are seen in a newly polished sec-
tion (Fig. 1). One of them is pyrite and reflects more than the other brownish, porous
part, in which the pyrite occurs as centres of concentric zones. The texture becomes
more clearly visible when etched with diluted HNO; (1 : 1). The pyrite component
occurs as small spherules composed of tiny idiomorphic crystals (Fig. 3). The spheres
vary in diameter from 3 to 45 yu, and are on an average 30 u. The sizes of the pyrite
crystals are 1/10—1/12 of the whole sphere, and vary thus from 0.3—4.5 u. The
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Fig. 3. Pyrite crystals in a spherule. Note the Fric. 4. Rectlinear.(A) and circular (B) ordering
idiomorphic shape of crystals. of pyrite crystals in the framboidal spheres.

amounts of pyrite crystals in the spheres vary, but generally there are about one
thousand of them in one spherule. Pyrite crystal aggregates are round in every section,
but here and there a shattered sphere (Fig. 2) can be observed. Occasionally also tiny
single pyrite grains are seen in the groundmass. Crystal forms of pyrite are cube
and pyritohedron (Fig. 3). Sometimes the crystals in a sphere are in circular or rect-
linear order (Fig. 4).

The crystal size depends on the size of the spherule (small sphere, tiny crystals),
but within a spherule there is no difference in crystal size. Occasionally there are
spheres with pyrite crystals only on the outer frame, or spheres with almost compact
pyrite on the surface but only sparse crystals in the centres.

The texture of the pyrite described above is a typical framboidal texture (Bastin,
1960, p. 30).

The reflectivity of pyrite crystals does not change when etched with diluted
HNO,, whereas the porous low reflecting part around the pyrite spherules tarnishes
quickly. At the same time a texture emerges, which has been interpreted as colloidal
texture (Bastin 1960, p. 26). It is characterized by concentric curved fractures and
porous concentric zones. In addition to them radial fractures occur (fig. 5). A fram-
boidal pyrite crystal sphere is nearly always in the centre of this concentric colloidal
texture.

In addition to the foregoing textures, casts of organic plants can be observed
in places. Cross cuts of Sphagnum (Fig. 6) and leaf of Mnium (Fig. 7) have been iden-
tified. Remains of plants occur in greater abundance in the lower part of the pyritic
layer and leaves of Munium generally lie horizontally. There are some sharp-edged
quartz grains in the lower part of the layer.
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Fic. 5. Typical colloidal texture of the cryptocrystalline
»groundmassy.

X-RAY AND CHEMICAL INVESTIGATIONS

The layer has been investigated with X-ray diffraction. A Debye-Scherrer-powder
camera with 114,6 mm diameter and filtered Fe-radiation was used. Crystals in
spherules were found to be pyrite. No lines of marcasite can be observed in the
powder patterns. The measured cell edge of pyrite is a, = 5.414 4 0.005 A. The
groundmass with colloidal texture also gives a pyrite-like pattern, reflexes are not,
however, as sharp as in the pattern of well crystallized pyrite, but are broad and
diffuse. This is possibly due to the small crystal size of the cryptocrystalline ground-
mass. With full justification this part with colloidal texture can be considered as
so-called melnikovite-pyrite or gelpyrite (Ramdohr, 1960, p. 743). According to
Berner (1964, a) »melnikovites» found in natural occurrences are probably crypto-
crystalline pyrite or marcasite. The type melnikovite described by Doss was amor-
phous, black, magnetic, soluble in warm dilute HCI, sp.gr. 4.2—4.3 and had a com-
position of FeS,. According to the studies of Berner (1964, a, p. 305) this was »a
fine grained mixture of elemental sulfur and one or more of several known magnetic
iron sulfides» (= cubic iron sulfide Fe,S, and tetragonal FeS). According to Po-
lushkina and Sidorenko (1963) melnikovite has a composition close to Fe,S, and it
is cubic with spinel structure and a, = 9.82—9.92 A.

The chemical composition of the present pyrite layer proves to be almost stoichi-
ometric FeS,, Table 1. The density measured with pycnometer is 4.10.
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FiG. 6. Cross cut of pyritized Sphagnum. Note also a pyrite framboid inside
cell of Sphagnum (arrow).

Fi1G. 7. Cross cut of pyritized Mnium.
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TasrE 1.
Chemical composition of the pyrite layer. Analyst Rolf Lappalainen.

wt-% Mol.-prop. Number of ions
Bel vanamases vawess s asmsn s v 43.8 78.42 0.94
A 53.4 166.51 2
insoluble (mainly quartz) ..... 1.2 —_ —
Total 98.4
ORIGIN

Origin of the framboidal pyrite and of the sedimentary pyrite in general

Schneiderhohn (1923) was the first to describe this type of texture in the copper
shale of Mansfeld. He considered that the formation of ore deposit took place on
the sea floor and the sulfide spherules were colonies of sulfur depositing bacteria.
It was he who used the term »vererzte Bakterien» (fossil bacteria) for this type of
texture.

Rust (1935) explained that the framboidal texture in the deposit of Cornwall
Mine, Missouri is probably metacolloidal in origin and was formed by the crystalli-
zation of a globule of pyrite gel, crystallization starting simultaneously at many
points. In an alternative hypothesis of Rust, the texture might be considered to have
been formed by a bunching of tiny pyrite crystals which floated in a chalcopyrite gel.

Schouten (1946) shows with many examples that in a sedimentogenous sulphide
deposit »fossil bacteria» in the sense of Schneiderh6hn cannot be the origin of pyrite
spheres. According to him the pyrite in sulphide bearing slates was formed prior
to the entry of other ore forming solutions. Pyrite spheres are thus authigenic, but
other sulfides have been formed later.

According to Love (1964) the framboidal pyrite spherules are also frequent in
recent shallow water deposits investigated within the area of Christchurch Harbour
in south England as well as in Long Island Sound, U.S.A. Fresh water lake mud
from Queechy Pond, New York, was also investigated. In these deposits pyrite is
the dominant sulphide, while marcasite was not found. It occurs as tiny cube crystals
and framboidal small crystal spheres. Love (1964) calls this »early diagenetic pyrite»
and writes (p. 13) that »a clear statement on the mode of origin of the authigenic
sulphide in those sediments is lacking at present although as a generalisation it is
safe to say that the sulphide radical is essentially the resultant of micro-biological
processes in an anaerobic environment.» He also states that this diagenetic pyrite
probably developed before the sediment reached anaerobic conditions, because
spheres have been found inside cells and in other restricted places.

B. Ohlson of the University of Turku (personal communication) has recently
found small opaque spheres in the mud from the bottom of lake Kakskerranjirvi,



Framboidal Texture of the Pyritic Layer... 123

near Turku, SW-Finland. Heavy liquid separation and optical study of a polished sec-
tion proved the mineral to be pyrite and the texture similar to the framboidal spherules
described by Love (1964).

Kaplan ez al. (1963) have made investigations of sulfides and of the sulfur isotopic
composition of the sea floor sediments. They have observed that the sulfur occurring
in the sediments is mainly in the form of pyrite which, however, shows variations
in the Fe to S ratio compared with stoichiometric FeS,. The pyrite of the sea floor
is S-deficient. Great variations also occur in the isotopic composition of pyrite. Two
major possibilities exist for the origin of pyrite. Either it is contributed by runoff
from land or it is of authigenic origin. The sulphur content in sediments and inter-
stitial waters, and the regularity observed in the sulphur isotopic composition of
sulfates and pyrite indicate that most pyrite is formed at the sediment-water interface.
Biological reduction of the sulfates is the main process which liberates sulfur for
the sulfide precipitation.

According to Berner (1964, b, p. 830) the first formed iron sulphide resulting
from the reaction of bacterially produced hydrogen sulfide with detrital iron minerals
in many marine sediments is not pyrite but a black pigmenting, X-ray amorphous
or weakly diffracting tetragonal form of FeS. The subsequent transformation of FeS
into pyrite readily takes place, however. This transformation can be observed in
sediments from a number of localities. This tetragonal FeS has also been called
rkansite» and »mackinawitey.

Conditions under which the pyritic layer is formed

Ferrous sulfide occurring in the sediments is principally formed by the reaction
of iron and sulfide ion. The slow decaying of the peat in a bog binds oxygen and
thus bottom waters are oxygen-deficient and can contain hydrogen sulfide in high
concentrations. According to C. E. ZoBell (1963, p. 558) hydrogen sulfide finds
its way into natural gases and waters 1) from the reaction of mineral acids on metal-
lic sulfides, 2) sulfate reduction or 3) from decomposing protein. In the present
case the microbial decomposition of the remains of organic plants and animals causes
the liberation of hydrogen sulfide in bottom waters. Numerous species of bacteria
can participate in this process. Clarke (1953) has shown that most species of sulfut-
bacteria liberate hydrogen sulfide from cysteine. Less common ate bacteria which
form hydrogen sulfide from cystine, thiosulphate or sulfate.

Tron comes into ground waters through the weathering of iron bearing minerals.
When oxygen exists in an insufficient amount ferrous iron dissolves as ferrous
bicarbonate, Fe(HCO,),, and is precipitated as siderite when carbon dioxide is
removed from the solution. If, on the contrary, there is oxygen and abundant humic
matter dissolved in water, iron forms iron hydroxide. The colloidal humic acids are
of great importance in the absorbtion and transportation of iron hydroxide. It is



124 Heikki Papunen

[} | " ) . I R T A
| i L ! NS4 (@ (@)
s i : . @ ] ,g‘J( X\ JK‘:H\
: :-@ < :\«;@(:5% )
' A B SV A =
A R | @)L T\ o\
® =
& e & :‘Vg\?éﬁ-(x/{}( @)
A - @ ° | J@=PE
k @ . o SoRe) L@
AN . T e , - o | &2 OB
A C D
acraity
colloidal humus .humus coacervate @'I‘ramboidal @ pyrite
with absorbed iron drop pyrite with colloidal
hydroxide in water texture

F1G. 8. Schematic illustration of the formation of pyritic layer. Explanation in the text.

thus possible that the iron of the present pyrite layer was absorbed in humus colloids
(illustrated in Fig. 8, A).

Humus partly consists of spherical particles about 0.02 4 in diameter and all its
physical properties are caused by its colloidal character. For example the acidity of
the water in which humus occurs governs the particle size of humus materials and
their absorbed substances. Increase in acidity results in concentration of humus
solutions (Swain 1963, p. 137). The humus with absorbed iron hydroxide can with
increasing acidity form spherical coacervations in water (Fig. 8, B). If now there
were enough air, the liberated iron would precipitate as limonite, bog iron ore. But
on the contrary in the bog the bottom waters can also be oxygen-deficient and can
contain hydrogen sulfide abundantly. This reacts with liberated iron hydroxide form-
ing iron sulfide, and reaction occurs between the iron hydroxide in a humus drop
and the hydrogen sulfide in water. Crystallization products, framboidal pyrite spheru-
les, with their varying sizes resemble small emulsion drops (type »oil in water»).
Crystallization started from the surface of the sphere and occasionally one can see
spheres with crystals only on the outer frame. As reaction continues crystallization
extends inwards. Due to low concentrations of the ions, the crystallization is un-
disturbed and crystals become idiomorphic.

This is the mechanism, which forms framboidal pyrite spheres (Fig. &, C).

After the precipitation all absorbed iron hydroxide is liberated and reacts with
the sulfide ion in water forming the cryptocrystalline pyrite with colloidal texture
(Fig. 8, D). The occurrence of framboidal spheres as centres of colloidal texture
proves that the framboids formed first and then the melnikovite-pyrite.

Often the pyrite with colloidal texture is not formed because concentrations are
too low. In those cases only separate pyrite spherules occur in the sediment, in the
same manner as in shallow water muds. It is most probable that the pyrite occurs
as framboidal spheres also in numerous Finnish shallow water deposits. The discovery

of them is not, however, easy because of the small size of the opaque spherules
(under 100 w).
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ABSTRACT

A drilling through the Muhos formation (Jotnian) in Liminka, west-central Finland, was carried
out in 1959 by the Oulujoki Company and the Imatran Voima Company. A study of the core sam-
ples by the authors has revealed probable Precambrian microfossils which can be divided into algal
colonies and spore-like structures. A report of electron microprobe studies is also given.

INTRODUCTION

The so-called Jotnian formations which are unfolded and comparatively unmeta-
morphosed belong to the younger Precambrian sedimentary rocks of Finland.
Among others they comprise the Muhos formation south of Oulu (Brenner, 1941,
1944, Odman, Hirme, Mikkola and Simonen 1949, Okko 1954, Simonen and Kouvo
1955, Simonen 1960). Older than the Muhos formation are the sedimentary rocks
of the Bothnian and Karelidic zone. The age of the Muhos formation is about 1 300
m.y. (Simonen 1960, Kouvo pers. comm.) and that of the Karelidic formation group
about 1900 m.y. (Kouvo 1958).

In 1890 Sederholm had found bag-like structures of carbon, Corycium aenigmati-
cum in the Bothnian phyllite of the Tampete area and had explained them as organo-
genic, possibly algal remnants. The organogenic origin of the carbon bags was
supported by the studies of Rankama (1948). Along the Kemijoki River Sederholm
also found stromatolitic structures (Sederholm 1932). Stromatolite investigations
were continued in Tervola, on the Kemijoki River (Hirme and Perttunen 1964).

By comparing and checking Marmo (1959) concluded that the same spore types
occured in the Muhos formation that Timofejev had found in the Jotnian formations
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of Lake Onega. After the discovery of the Muhos formation (Brenner, 1941) K. Mél-
der investigated the possible microfossils. New possibilities of detecting microfossils
appeared when the Oulujoki Company and the Imatran Voima Co. under the direc-
tion of Mr. J. Kalla carried out deep drillings in Liminka. The deep drilling reached
a depth of more than 1000 metres. In the following some preliminary results of
research work on the microfossils met with in the drill cores are reported. Other
investigations on drill samples were made by J. Kalla. He will publish his results
later.

POSSIBLE MICROFOSSILS

The Muhos formation is in places reddish, greenish grey or dark grey in colour.
Besides silt, the sediment comprises clay and fine sand fractions. Particularly in the
greyish portions the varved structure is occasionally visible. Varving is partly caused
by variations in the grain size and partly by colour variations of the sediment. The
reddish portion would correspond to a sediment formed on the continent under
oxydizing conditions (¢.f. Lokka 1950, Simonen and Kouvo 1955), and the greyish
one in many cases agrees with the later reduction product of the sediment. An ex-
ception is the carbon-bearing dark grey portion of sediment which corresponds to
the initial reduction horizon (Kalla, pers. comm.).

Orientating research revealed that the Muhos sedimentary rock contained micro-
fossils sparsely, for which reason only a few thin sections were studied. Instead hydro-
fluoric acid and heavy liquid (K,Cd]J,) methods were used to dissolve and separate
the silicate material of the mechanically down-broken sediment. After the dispersion
of specific sediment samples in water the material accumulated on the surface was
studied for microfossils. Mr. Raimo Rity of the Institute of Technology in Ota-
niemi has investigated under an electron microscope such material from a sample
taken from a depth of about 234 m. Mostly the HF-method was employed. The
residue was studied by optical microscope with 250—1 300 x magnification. Pos-
sible microfossils occured mainly in the reduced parts of the sediment. A correspond-
ing observation has been earlier recorded by Lipman and Timofejev (1957). Research
on the microflora of the Muhos formation was impeded by sporadic secondary
occurrences, particularly in the coarser reddish portions. According to comparative
analyses that impediment was due to contaimination caused by bentonite, Cretaceous
sediment, which was used during the drilling.

Generally speaking even the reduced part of the sediment, as far as is known
from the few investigated samples, is poor in fossil structures. It contains dark
material which is insoluble in HF and at least partly composed of indefinite pyritized
or carbonized algae or spore remnants. This is supported by the fact that in the
places richest in dark remmants are also found the structures identifiable as fossils.
However, after treatment or possibly even before, they are so worn-out that they
cannot be more precisely determined. Also the material accumulated on the surface
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of the water contains possible microfossils. They are amorphous, round and colonial
structures (Fig. 1 and 2), which would be destroyed in hydrofluoric acid.

Although more precise fossil determinations could not be petformed, the possible
microfossils can be divided into two groups at least: algal colonies and spore types.
The former occurrences are more rare. Examples of algal colonies are in Fig. 3.
A varying number of thin-walled cells over 10 y in diameter form a spherical or
more irregular mass in an algal colony. The number of cells is generally more than
15, and the colony < 40 x in diameter, but also chain-like accumulations of cells
occur. The former resemble flagellates of present flora as regards their size, shape
and assemblage. Similar, but thickerwalled green algae were found in the Precam-
brian strata of Central Australia (the age of the strata 700—900 m.y.) by Barghoorn
and Schopf (1965). On the other hand, the algal colony type resembles the micro-
fossil Symplassospaeridium subcoalitum found in the upper Cambrium of the Baltic
region and presented by Timofejev (1959).

With the magnification used spore type is the most common among the observed
microfossils in HF-residue. It corresponds plausibly to algal spores in the systematic
classification by Timofejev (1959). They vary in size, some 20—70 u, are rounded
in form, even triangular in the most distinct cases, and in some cases reticular in
surface structure. Also elliptical, reticular structures occur which resemble the
Huronispora microfossils met with in the Gunflint formation (Barghoorn and Tyler
1965). The spores presented by Timofejev from Jotnian sediments are similar in
appearance to some met with in the Muhos formation, but because the latter were
too worn-out more accurate identification could not be made. It is quite possible
that the genus Mycreroligotriletum occurs in the Muhos formation and additionally
some unidentified algal spore species.

Fig. 7 shows one of the best preserved spores which one of us (Tynni) has
tentatively named, Mubosspora reticulata n.gen. It is triangularly spherical with
reticular microstructure and its size is 66 u.

MICROPROBE ANALYSIS

In order to get more information on these possible microfossiles an effort was made
to analyse one sample with the electron microprobe. The main purpose of this
analysis was to get knowledge on the structure of these microfossiles and the element
concentrations in them.

One polished section was prepared for this study of a siltstone sample taken from
218 metres’ depth. This mainly consists of greenish grey varved material. The polished
section was first investigated under an optical microscope. During the microscopic
studies a lot of colonies were found which closely resembled those shown in figs.
2, 3 and 4. Several of these colonies were examined by the electron microprobe.
Some results are shown in the figure 9. The poor quality of the electron image is due
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F1G. 2. Colony-like structure from the same level. Photo: Raimo Rity.
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Frc. 3. Algal colony from a depth of 234.65 Fric. 4. Probable algal cells from a depth of
metres. Photo: Erkki Halme. about 234 metres. Photo: Erkki Halme.

L

10u

Fic. 7. Mubosspora reticulata, n. gen. from a Frc. 8. Rare spore type from a depth of 218.75
depth of 233.5 metres. Photo: Erkki Halme. metres. Photo: Erkki Halme.
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F1c. 9. A, Electron image of one possible microfossile. Compare the structure e.g. with the one
shown in fig. 3. A, and A;. X — ray images, Cu Ka, and S Ka respectively. The same structure
can be seen also in these images.

to the siltstone sample which was very difficult to get well polished. It was established
that the colonies always contained either Cu and S (chalcosite), Fe and S (pyrite)
or Cu, Fe and S (chalcopyrite). In many cases pyrite and chalcopyrite occur together
in the same colony. It is worth mentioning that no other element, e.g. Mn and V, was
detected in these objects. Carbon is unfortunaly out of scope of the microanalyser
used. The concentration of sulfides in the colonies possibly explains the well preserved
structures of these microfossiles.

COMPARISON WITH SOME OTHER STUDIES DEALING WITH
PRECAMBRIAN MICROFOSSILS

Notions on the occurrence of spore type in the Precambrian sedimentary forma-
tions have been presented in the USSR during the past decades (among others,
Naumova 1949, Lipman and Timofejev 1957, Timofejev 1959). Convincing Pre-
cambrian microfossils have been studied e.g. by Barghoorn and Tyler (1965) since
1953 and by Cloud, Jr. (1965). A formation rich in microfossils is the Gunflint
iron formation. Although its age is about 2 000 m.y. structural remnants discernible
under an ordinary microscope are much more abundant than in the Muhos formation.
Their different age is exhibited by the differences of the most common types of
microfossils. The micro-organisms of the Gunflint formation are filament structures
of blue-green algae, iron bacteria or green algae, spore-like bodies are smaller in
size than the corresponding ones found in the Muhos formation. It deserves men-
tioning that largish algal structures occur in the lower part of the Gunflint formation.

In sedimentary beds, still older than the Gunflint formation, in Witwatersrand,
South Africa, Schidlowski (1965) has found two types of microfossils, 4—21 u in
size. They are possibly sulphur bacteria. Pyrite has caused these microfossils to pre-
serve well.

Algal structures have been found in strata older than the previous ones, namely
in South Rhodesia, in beds some 2 600 m.y. old. Even in a stratum about 2 800 m.y.
in age Hoering has verified organic algal structure (Abelson 1963).
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Microfossils presented by Barghoorn and Schopf (1965) from a late-Precambrian
stratum in Central Australia, comprise algal structures, part of which resemble those
found in the Muhos formation, but the greatest similarities, excluding details, exist

between the subject of the present study and the microfossils of the Jotnian formation
of Lake Onega.

Manuscript received, February 28, 1966
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INTRODUCTION

In connection with the study of the lavas of the Nyiragongo volcano in the
Congo, two of us published a description of the mineral named gotzenite which
was first discovered in a boulder on the rim of Mt. Shaheru, an extinct southern
tributary of Nyiragongo (Sahama and Hyt6énen, 1957 a). Chemically gotzenite was
found to be closely related to calcium rinkite from Yukspor, Kola. Because the
data available for calcium rinkite at that time, summarized by Fersman and Bohn-
stedt (1937), were very incomplete, a detailed comparison of the two minerals with
each other could not be made.

After the powder pattern of calcium rinkite, published by Slepnev (1957), had
became available and further chemical, optical and X-ray data had been obtained by
Sahama (1960) on the Yukspor material, the identity of gotzenite with calcium rinkite
was definitely established. Later on, a new occurrence of the mineral in the Ukraine
was published by Val’ter, Yeremenko and Stremovskiy (1963).

As was shown by Sahama and Hyténen (1957 b), the unit cell of gotzenite, though
related, is definitely different from that of the mosandrite-johnstrupite-rinkite group.
Mosandrite, johstrupite and rinkite were studied using specimens from original type
localities. They were found to be triclinic with unit cell dimensions virtually identical
to each other. Slepnev (0p. cit.) and Fleischer (1958 b) agree in considering this
mineral group one single species. Fleischer (op. ¢iz.) points out that the name mosan-
drite has priority and, accordingly, the names johnstrupite and rinkite should be
dropped. For this reason and, further, because the composition of gotzenite is closer
to an end-member (absence of Ce, Y, Nb, Sr), the name calcium rinkite should be
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abandoned (Fleischer, 1958 a; Sahama, 1960) in favor of goétzenite. This suggestion
has been approved by the New Minerals Commission of the International Mineralog-
ical Association (¢f. Bull. Soc. frangaise Miner. Crist., T. LXXXYV, p. 195, 1962).
Therefore, throughout this paper, the name gétzenite will be used for the mineral.

The discussion about gotzenite received an important contribution from Neumann
(1962). On preparing a collection of data for powder patterns of silicate minerals
(Neumann, Sverdrup and Saebo, 1957), he noticed the fact that the powder pattern
of gotzenite is strikingly similar to that of rosenbuschite, suggesting a structural
relationship between the two minerals. At the time when Neumann made his obser-
vation and published his remarks, the crystal structures of both rosenbuschite and
gotzenite were unknown. The crystal structure of gotzenite still awaits determina-
tion. That of rosenbuschite, however, has been studied later by Shibajeva and Belov
(1962) using the unit cell dimensions that were given by Peacock (1937).

The remarks made by Neumann (op. ¢it.), for which the authors would like to
express their gratitude, and the crystal structure work by Shibajeva and Belov (op.
cit.) make it evident that the mineral gotzenite and its position in the general classi-
fication of silicate minerals needs reconsideration and seem to justify the comments
to be presented in the following.

X-RAY CRYSTALLOGRAPHY

Like rosenbuschite, gotzenite is triclinic and fibrous in appearance. The unit cell
data for gétzenite, compared with those for rosenbuschite, are compiled in Table 1.
In the setting used by Peacock (1937) and later adopted by Shibajeva and Belov
(1962) the fiber axis of rosenbuschite is taken as ¢-axis. This fiber axis shows a pro-
nounced subcell with ¢,/2. Because of the analogy of the gétzenite cell with that of
the wollastonite-pectolite family, the prism axis of gétzenite was taken by Sahama
and Hytdnen (1957 a) as the crystallographic 4-axis. The crystal structure of pecto-
lite was presented by Buerger (1956) showing that the fiber axis of the mineral,
taken as /-axis, exhibits also a substructure with period 4,/2. However, to make the
data for gétzenite more readily comparable with those for rosenbuschite, the 4- and
c-axes of gotzenite as originally given by Sahama and Hyténen (op. ciz) have been
interchanged in the compilation of Table 1. In this compilation the fiber axis with
substructure is taken as ¢-axis for both minerals.

The unit cell originally obtained for gotzenite (Table 1, column 5) was very
oblique. Professor Horace Winchell (personal communication) kindly drew atten-
tion to the fact that the original cell could be transformed into a new less oblique cell
with the same volume. The dimensions of this new reduced cell (Table 1, column 4)
have been adopted in the compilation of crystal data published by the American
Crystallographic Association and edited by Donnay (1963). Table 1, column 3, to
be given below, presents the dimensions of this new cell refined by powder pattern.
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TABLE 1.

Unit cell data for rosenbuschite and gotzenite

Rosenbuschite Gotzenite *
Peacock : .
ot This paper *+* A ey o s
By e 10.14 A 9.667 A 9.65 A 10.93 A
by = 55 mwien o5 smismes v v s 11.41 5.731 5.74 5.74
B 543 B STy S 7 5 7.28 7.334 7.32 7.32
B racs w wrsvemoime 3 3 wavwis v i 912'21” 90° 90° 90°
- 99° 38.5’ 101.05° 101.1° 120°
B ik S5, Adoianss Db ihagast § 5 8t 111° 54,5 101.31° 101.3° 100°

* b- and c-axes interchanged from the original setting (Sahama and Hytonen, 1957 a) to make
%&zenite more easily comparable with rosenbuschite.
** A from kX.
*¥* Refined by powder pattern.
*¥¥* Reduced cell.
*¥¥¥x% Original data obtained from rotation and Weissenberg photographs.

In his paper, Neumann (1962; Table 5, p. 185) compares the unit cell data for
rosenbuschite as given by Peacock (1937) with those for gotzenite as given by Sahama
and Hytonen (1957 a). On the basis of the data compiled in his table Neumann
makes the following remarks:

»Angles of the unit cell are the same within a few percent, and so are the lengths of the axes
with these two modifications 1) one axis in the unit cell of rosenbuschite is twice as long as in got-
zenite, and 2) ¢, of rosenbuschite equals b, of gétzenite while 4, of rosenbuschite equals ¢, of got-
zenite. The reason for this discrepancy is hardly a different choice of axes, as the angles ff and
are nearly identical. It would seem hard to find a reasonable explanation, and it is tempting to sug-
gest that the values for b, and ¢, may have been interchanged at some stage of the process leading
from the Weissenberg camera to the ready printed paper.»

In conclusion Neumann suggests that rosenbuschite and g6tzenite are isomorphous
species which may or may not form mixed crystals.

Now, the data used by Neumann for gotzenite refer to the original oblique cell.
The less oblique cell suggested by Horace Winchell is preferable and is used trhough-
out this paper. Further, Neumann’s suggestion that the numerical values for 4, and
¢, (not for B and y) for gotzenite have been erroneously interchanged in the paper
by Sahama and Hytdnen (1957 a) was tested on the original Weissenberg photographs
preserved in the personal archive of X-ray films kept by one of use (Th. G. S.).
The test was easily made because of the fact that the b-axis in the notation of Sahama
and Hyténen (o0p. ¢it.), which coincides with the fiber axis of the mineral, is mor-
phologically unique and is the only one of the axes that shows a pronounced subcell.
It was found that there has been no mistake in the data given. A rotation photograph
about this axis yielded a period of 7.32 A and a subsequent Weissenberg photograph

18 8517—65
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TABLE 2.

Indexed powder pattern of gétzenite. Filtered copper radiation.

bkl 1 20 meas. dmea\s. deale.
BDA0L oo s ssases 5 5AGEER: « 15 22.24 3.997 3.995
102 oo 5 24.70 3.604 3.602
EI00:. ¢ simrirrss & s 5 5 SEE 58 100 28.775 3.102 3.102
(1 5 1 S 100 29.90 2.988 2.988
112 e 10 31.26 2.863 2.874
020 sravers. v« s gmemes & o ¢ £ 7 31.68 2.829 2.812
$220 i 40 33.815 2.653 2.650
¥ ;e dissas & STsTERNsR & 25 35.725 2.512 2.514
¥320 L 10 38.725 2.323 2.325
102 .cinsee i s sdmasi s 2 15 39.83 2.261 2.265
220 soim s et AL I« 7 40.71 2.214 2.219
402 e 5 41.945 2.152 2.154
P 5 43.935 2.058 2.068
420 i 7 45,575 1.988 1.998
EIND) o osirers SH R S EEBE B4 50 47.535 1.911 1.915
510 e 15 48.495 1.876 1.882
3 {17 S 15 49.685 1.833 1.835
502 1t 10 50.72 1.798 1.802
DB o065 5 wviim s 3R 25 54.24 1.690 1.693
422 7 55.815 1.646 1.649
322 wriwiay sEvace s S 10 57.81 1.594 1.593
610 2oz, o s s dtmten 10 58.635 1.574 1.578
y [ SR I SR 10 59.88 1.543 1.548
DOA, o 3 sasms AEHERTE 15 62.635 1.482 1.487

* Line used for calculating the unit cell dimensions.

with an unchanged adjustment of the crystal gave an interaxial angle of 100°. The
discrepancy pointed out by Neumann is simply a different choice of axes. Accord-
ingly, Neumann’s compilation of the unit cell data for rosenbuschite and gétzenite
should be replaced by the data of Table 1 of this paper. However, using the data
of this table the relationship between the two minerals, suggested by Neumann,
becomes even more conspicuous.

To study the relationship between the powder patterns of gétzenite and rosen-
buschite, that of gétzenite was indexed using the IBM-1620 computer of the com-
puting center at the University of Helsinki. The results of the computation are
given in Table 2. The d-values were read from the graphs published by Parrish and
Mack (1963) and, accordingly, differ slightly from the original values given by
Sahama and Hytonen (1957 a). The A&/ indices listed in the table have been tested
on the basis of the available single crystal photographs of the mineral. The reflec-
tions indicated by the indices are all strong on the single crystal photographs, by far
the strongest among the possible reflections which correspond to the measured



Relationship between Goétzenite and Rosenbuschite 139

TABLE 3.

Powder pattern of rosenbuschite with possible indices. Filtered copper radiation.

Possible I dmeas. " .

bl Neumann (1962) 'meas. calc.

0(_)1 ................... 20 7.20 6.15 6.19
1go ................... 20 5.58 7.94 7.96
220 sty palaea st s 10 4.44 10.00 10.13
WL ovmessmmammn s 20 4.30 10.33 10.39
021 ri5vasmmmss ase s e 10 4.14 10.73 10.67
1%0 11.1¢6
D3] s 40 3.96 11,23 14,55
210 11.87

T s R SN B AT 1 X
121 0 3.71 11.99 12.20
192* ................. 10 3.585 12.53 12.56
131 13.44
{319 ................... 10 3.31 13.45 { 13.47
112 ................... 20 3.27 13.62 13.67
320 o ominy 1 s nanEs s 10 3.24 13.75 13.76
390 A —— 80 3.06 14,58 14.48
122 * 15.24
{0%2* ................. 100 2.94 15.19 15.40
120 15.80
e SRS RIS B 8 AT 10 2.83 15.80 :

{311 15.83
240% L 10 2.78 16.09 16.09
0‘10 B oons s mmees s wawE ¢ 40 2.63 17.03 17.00
BADH 4 e o v mveimio o & misthins s 40 2.48 18.10 17.79
32_0* ................. 10 2.30 19.57 19.49
112 B s 8 5 oS ¢ & SreT B 8 20 2,23 20,21 20.25
4&* ................. 30 2.20 20.50 20.60
1.}3 ................... 10 2.04 22.18 22.19
520 * 22.75
210* ................. 10 1.98 22.89 2271
442 * 22.86
232 ................... 60 1.89 24.05 24.05
BIB. o ecerecw sesmsmaie s 4 B0 b 20 1.86 24.46 24.48
32g % 40 25.02
1%* ................. 1.82 25.04 25.14
262 * 20 1.70 26.94 27.10

* The indices marked with an asterisk correspond to those of a gotzenite line (the £ index twice
that of the gotzenite line).

d-value of a powder line. The eight lines marked with an asterisk in Table 2 were
used for calculating the unit cell dimensions (Table 1, column 3).

Using the IBM-1620 computer an attempt was also made to index the powder
pattern of rosenbuschite as given by Neumann (1962; Table 4, p. 184). The results,
summarized in Table 3, are based on the unit cell dimensions of rosenbuschite com-
piled in Table 1. Because no single crystal photographs were available of rosen-
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buschite, the intensities of the reflections indicated by the A&/ indices could not be
tested in the same way as for gotzenite. Therefore, the indices listed in Table 3 must
be considered only tentative.

If rosenbuschite and gotzenite were isostructural or even isomorphous with each
other as was suggested by Neumann, then the indices of the powder lines of rosen-
buschite should be largely analogous to those of gétzenite. A complete analogy
cannot be anticipated for two reasons. First, as is illustrated by the data of Table 1,
the unit cell dimensions of the two minerals differ markedly from each other. This
is true especially for 2, and y. (In addition, the /-axis of rosenbuschite is roughly
twice that of gétzenite.) Second, in the rosenbuschite structure zirconium plays the
role of the titanium of the gotzenite structure. This replacement of Ti by Zr ex-
pectedly affects the intensities of some reflections. A comparison of Tables 2 and 3
with each other reveals the fact that most of the A&/ indices listed in Table 2 for
the gotzenite lines can be assigned to the rosenbuschite lines of Table 3 (with £
index doubled). Such lines are marked with an asterisk in Table 3. Accordingly,
it seems that the apparent similarity between the powder patterns of rosenbuschite
and gotzenite is not merely accidental but points to a structural relationship between
the two minerals.

The following reservation must be made on the discussion presented above.
Of the unit cell dimensions given by Peacock only ¢, and 9 * have been obtained
through direct measurement with - 0.05 A for ¢, and -+ 10’ for y *. The rest of
his data has been calculated from measurements on Weissenberg photographs. For
that reason, the values given by Peacock may be subject to some errors. On the
other hand, the d-values for the powder lines of rosenbuschite listed by Neumann
have been given with two decimals. Accordingly, both the measured and calculated
@-angles of Table 3 may be somewhat inaccurate.

CHEMICAL COMPOSITION

Neumann (1962) discusses also the relationship between the chemical composi-
tions of rosenbuschite and gotzenite. He gives a very complete new chemical analysis
of rosenbuschite on the basis of which he arrives at a model formula X,,Y,SizO,,
(F, OH), where X is mainly Ca, Na and RE, and Y is mainly Zr and Ti. Since the
atomic ratio of Ca to Na is closely 3:2, the simplified formula can be written
Ca,NaZrSi,0O4F, neglecting the low content of RE replacing CaNa, and some Ti
replacing Zr. This formula is virtually identical with that proposed by Shibajeva and
Belov (1962) on the basis of their crystal structure analysis, »iz. (Ca, Na),ZrSi,O,
(O, F),, with four formula weights per unit cell. With respect to gétzenite Neumann
states:

»In comparison with the unit cell content of rosenbuschite, gétzenite contains more Ca and
F, which may be caused by a few per cent fluorite in the analyzed material which, if finely
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Chemical analyses of gétzenite. Omitting P,O;, Cl, SOy, H,O—. Calculated free from CaCO,.

Azov Region, Yukspor, Shaheru,
Ukraine Kola Congo
DI, 51007 55000 ¥ 5 S0ams § S aiave 32.47%, 32.349 32.509

TIOG o e v v v wssoins o a e s 11.34 . 8.74 # 9.72 .
L. s s s o5 s wEtE s ¢ BEEE 1.04 0.19 *H
NB Oz o 5 9505 5o s Feiwae 0.65 3.36 0.00
.1 PO - 4.50 0.45 4.26
BeaO* v s woarmmnos s 5 mavre 5 5 wisina 0.89 0.18 0.85
IIECD 550515 e By nS pand i omyasass *k 0.04 0.29
MO o s vommes 55 s 3 3 o 0.85 0.62 0.07
REGO; 5425 o » 5 omme « 5 oo 2.39 1.84 0.00
CAQ) owrs « sommmnos s wamoms 1 5 wraviss 31.87 38.95 41.80
Ba® cicsmmimmiss o s e miwen *x 0.00 0.09
StO 1.35 0.87 0.00
NayO' s v s varen s s 0o moms s 5 moms 6.73 6.32 4.85
IS4EY 5ris 7 5 3owmsi 5 4 5 80wt & ¢ 8 Glogau 0.44 0.09 0.14
F ottt iiici i e 6.85 9.15 8.33
BHJOL s ssmmes s smma s s s 1.51 0.57 0.26
102.88 103.71 103.16
=0 wmeies s smm e 8 sE - 8 SR 2.88 3.85 3.54
Total 100.00 99.86 99.62

* Total iron.
** Not determined.

grained, could easily escape recognition by optical as well as x-ray methods. If a content of 3.4
per cent fluorite is postulated the unit cell content of gotzenite can be recalculated to Xg37Y .66
Si4O15.19(F, OH)81. On the assumptions, firstly, that some F replaces O, and secondly, that
about 5 per cent of the large ions (mainly Ca) enter the Y sites in the lattice this formula
becomes X03Y2,00514.00016.00(F, OH)z9 remarkably close to a model cell formula X¢Y,Si4Oq¢
(F, OH), half of that given above for rosenbuschite.»

Because these remarks made by Neumann are very interesting, they will be
discussed in the following, mainly on the basis of Table 4. This table reproduces
the most reliable analyses of gotzenite from all three localities where the mineral
has been found. The analysis of the Ukraine mineral represnts the analysis No. 1
given by Val’ter, Yeremenko and Stremovskiy (1963). The analysis of the Kola
mineral is taken from Sahama (1960) and that of the Congo mineral from Sahama
and Hyténen (1957 a). Neumann suggested that the material for the Congo mineral
subjected to analysis was possibly contaminated by some amount of fluorite, say,
3.4 %,. Such a contamination would be entirely possible because the specific gravity
of fluorite, »7z. 3.18, is only slightly higher than that reported for gotzenite (Ukraine
3.17; Kola 3.106; Congo 3.138). In a heavy liquid separation traces of fluorite could
remain in the final material to be analyzed. In addition, Table 4 reveals the fact that
both the Congo mineral and the Kola mineral contain considerably more Ca and F
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TABLE 5.

Unit cell content of gotzenite. Based on a total of 30 atoms per cell.

Azov Region, Yukspor, Shaheru,
Ukraine Kola Congo
B s wnsns sswumasss smwes s o 3.97 3.94 3.87
TR s vvcwms somimn oo wmi vowrs o 1.04 0.81 0.88
ToE) oo siatim 308 WANEE 8005 S w RS 0.06 0.01 S
NB wrpissasmadis B s aan e 0.04 0.18 0.00
AL ;¢ sipas s o x e o 0.65 ¢ 1.96 0.06 ¢ 1.14 0.60 ¢ 1.62
B8 . isvessnonmns sasess v ae 0.08 0.01 0.08
ME oo - 0.01 0.05
MO owss o8 sommn cvawmas s ga e 0.09 0.06 0.01
RE: o voier e o eummmsios o smpamison .8 drindion 0.11 0.08 0.00
B o wwiorm s msnises: & prreeres o o e 4.18 5.09 5.34
Ba ;5 5ess % s@ad s s s wiEe v s suee — — 0.00
S o wreitosir o o opmsionmies o o arssmonez s o, b 0.10 6.0 0.06 6.74 0.00 6.48
N v o e s v esamme s § sarss 1.59 1.50 1.12
B8 paceiew st SRR S o G 0.07 0.01 0.02 |
O ¢ s o5 S EEEE § 5 SRR § 8 G0N 14.14 14.18 14.69
B s summans snmans s samny ¢yt 2.65] 3.53] 3.14
OB, sz v 85 it & 3 5o 2 & s 1.23 3.8 0.46 > 0.20 f 334

than the Ukraine mineral. Accordingly, it seems feasible to suggest that the Kola
and Congo materials were contaminated by some amount of fluorite and the Ukraine
material was not.

On the other hand, the specimen (numbered S. 80) in which the Congo gétzenite
occurs has been fully decribed by Sahama and Meyer (1958). The mineralogical
composition of the rock is very complicated. The list of fourteen constituents found
does not, however, contain fluorite. In thin section, fluorite has not been detected
in the rock. Nor was any fluorite discovered in the powdered material used for
analysis. A content of 3.4 9, should easily be detectable through grain counting
under the microscope. The Kola specimen was also studied in thin section. No
fluorite was found in the rock, nor in the analyzed material, nor do Fersman and
Bohnstedt (1937) mention any fluorite associated with gétzenite at the Kola locality.
The only one of the gétzenite localities which is known to contain fluorite in asso-
ciation with gotzenite is that of the Ukraine. Val’ter, Yeremenko and Stremovskiy
(1963) specifically mention fluorite associated with gotzenite, yet, the Ukraine mi-
neral shows the lowest contents of Ca and F.

From the facts mentioned it is concluded that neither of the analyses of Table 4
suffers from any significant contamination of fluorite and that the peculiarities in
chemical composition must be interpreted in some other way.

The unit cell content of gotzenite was calculated on the basis of the three analyses
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reproduced in Table 4. The calculation, made in the way described by Hey (1939;
1954), revealed the fact that the total number of atoms in the cell approaches 30 for
all three specimens. For that reason it was assumed that the true number of atomic
sites in the ideal gotzenite structure is exactly 30 per cell. Accordingly, the cell con-
tent was calculated following the principle expressed by Donnay (1964). The results
of this calculation are compiled in Table 5.

The data of Table 5 make it evident that the Ukraine mineral corresponds closely
to the simplified formula (Ca, Na)4Ti,8i1,0,,(F, OH), in which CaNa includes also
RE, Sr and K, and Ti includes also Zr, Nb, Al, Fe, (Mg) and Mn. This formula,
in the form

(Ca, Na),TiSi,O,(F, OH),  (Z = 2),

is virtually identical to that arrived at by Val’ter, Yeremenko and Stremovskiy (1963).
The figures for the Kola and Congo mineral compiled in Table 5 will also satisfy
the formula given for the Ukraine mineral if the suggestion of Neumann is accepted,
according to which part of the Ca occupies the sites of Ti in the structure. In Russian
literature dealing with the crystal structures of the complex titanium and zirconium
silicate minerals, this view is generally accepted. A small part of Al will replace Si
and some O will replace (F, OH). The ratio of Ca to Na is not constant suggesting
that these two cations occupy equivalent sites in the structure.

In the form given, the formula for g6tzenite is analogous to that of rosenbuschite,
the difference being in the number of formula weights in the unit cell. The formula
for gotzenite presupposes that, like rosenbuschite, gotzenite belongs to the sorosili-
cates with separate Si,O, groups. This assumption, though highly probable, still
needs verification.
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FINLAND

BY

KAI HYTONEN and AULIS HEIKKINEN

ABSTRACT

An amphibole occurring as fissure filling in an alkali granite in Otanmiki, Finland, has an inter-
mediate composition slightly closer to the alkali amphiboles than to the common hornblendes,
approximating to: (Na,K);3 Capgs Fegj Mgo.1 Fcﬁ' Tigy Alyq Siza Og7 (OH)14 Foi. The
optical properties are characteristically identical with those of alkali amphiboles. Unit cell dimen-
sions are very close to those of an arfvedsonite from Greenland and also to those of an amphibole
from Nigeria, with composition intermediate between the hastingsites and alkali amphiboles.

INTRODUCTION

The alkali amphibole that forms the subject of the present study was first described
by Paikkonen (1956, pp. 19—20) in a paper on the ilmenite-magnetite ore field of
Otanmiki, Vuolijoki, eastern Finland. The amphibole was observed in fissures of
a gneissose granite and the composition, based on optical properties, was assumed
to be riebeckitic. Later, when the same granite of Otanmiki was studied by Marmo
et al. (1966), an alkali amphibole was found with optical properties resembling those
described by Piikkonen. Further, a similar amphibole was observed in the alkali
granite of Honkamiki, ca. 8 kilometres WNW of Otanmiki. As there are only few
known observations of alkali amphibole in this country, a closer study of the amphi-
bole was undertaken.

In this paper Hyténen is responsible for the physical and X-ray data and the
writing, Heikkinen for the chemical analysis.

OCCURRENCE

The amphibole that was selected for the present study occurs as fissure filling in
an alkali granite at the western foot of the Otanmiki hill, near the Vanadium plant

19 8517—65
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TaBLE 1.
Chemical analysis and weight norm of the alkali granite

at the Vanadium plant, Otanmiki (Marmo ez. al., 1966).
Anal. P. Ojanperi, V. Hoffrén and A. Heikkinen.
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MDYy, s sassians o 0:32 | ab co:omasssaiennes 34.2
ALOy wo s wmmsns 1B, || OF crwaisss nsaiss: o 37.2
FeuQs - LB | SR wsms samumates 91.6
€U i iveennnn
MBO 5 smims s 0 0.07
MgO .. wivieic sommre 003 | B sugesesspaay i 4.3
Ca0 o oyepesemm 0.30 | NagSiOg .......... 0.1
Nog® swsmssans 4,66 | WO e o wreimosi s 0.4
BiO concrionsown 6:29 | R swinisasimims vaws 0.1
PyOpg comsssens 008 | BY wse smsmmai s sants 2.2
COy suviss e 0.00 || AP sosssasamssasn 0.2
H,O+ ......... 0:32 | db swzsvepsssanisas 0.6
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NbOp v ¢ s smis 0.01
ZYOy wwessswome 0.02
SEO.  viimiin s vt 0.0
RbiD e v+ 5 amips 0.02
99.81

of the Otanmiki Company. The fissures are up to 0.5 cm—1 cm wide and continue
at least for 10 cm—20 cm. As main constituents they contain strongly undulatory
quartz, microcline, brown mica, an unidentified brown mineral and quite large
grains of alkali amphibole, measuring up to 5 mm—10 mm in length.

Chemical analysis of the alkali granite, made from a specimen free from fissures,
was presented by Marmo ef al. (op. cit.). The analysis is reproduced in Table 1.
Instead of reproducing the calculated mode from Marmo ¢7 4/., the weight norm
was computed and is presented in Table 1. The rock is peralkaline, i.e. the molecular
proportion of alumina is less than that of soda plus potash. Attention should be
paid to the presence of 4.3 per cent acmite (Na,O.Fe,0,.4510,) and 0.1 per cent
sodium metasilicate (Na,O.SiO,) in the norm.

As main constituents the alkali granite contains cross-hatched and perthitic
microcline (triclinicity 0.95), albite (AngAby,), quartz with undulatory extinction
and alkali amphibole that is strongly pleochroic with colours varying from light
brown to dark greenish blue.

EXPERIMENTAL

The amphibole was collected from one of the fissure specimens by hand picking,
crushed, ground to —O0.15 millimetres and purified with Clerici’s solution in a
centrifuge and with a Frantz-type isodynamic separator. The purity of the sample
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TABLE 2.

Physical properties of the Otanmiki amphibole

Optical properties

This paper Piikkonen, 1956
a 1.696 4 0.002 a 1.692
B 1.704 4 0.003
y 1.707 4 0.003 y 1.707
y—a 0.011 y—a 0.01%5
axial plane | (010)
b=27
cAY  7°—13° cAX  0°—4°
2Va  62°—66° 2Vy 78° 80° 84°
Pleochroism: Pleochroism:
X light brown X dark blue
Y dark bluish green Y yellow green
Z dark brownish green Z deep blue
absorption:
Z ~Y>X

Specific gravity measured (pycnometer) 3.429
Specific gravity calculated ............ 3.407

Unit cell dimensions
a, 9.940 A
by 18.173 A
¢, 5.329A
f104°22’
V 932.5 A3
space group C2/m

to be analyzed was checked by microscopic examination. Foreign grains and inclu-
sions (diameter —5y) total up to ca. one per cent of the sample.

The optical properties, the measured and calculated specific gravity and the unit
cell dimensions of the amphibole are listed in Table 2, first column. In the second
column we have reproduced the optical data published by Piikkonen (op. ¢iz.) for
a separate alkali amphibole sample of Otanmiki.

The refractive indices were determined by the immersions method in sodium
light, the orientation of the indicatrix and 2V were measured with the universal
stage. In sections parallel or almost parallel to (010) the extinction is incomplete
both in white and monochromatic light. In the position closest to maximum ab-
sorption characteristic anomalous reddish interference colours appear in white light.
Incomplete extinction and strong absorption decrease the accuracy of the measure-
ment of the optical properties.

A thin section examination of the fissure specimen reveals that the amphibole
is not quite homogeneous which is shown by the variation of the colour of the mine-
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TABLE 2.

Physical properties of the Otanmiki amphibole

Optical properties

This paper Piikkénen, 1956
a 1.696 + 0.002 a 1.692
p 1.704 4 0.003
y 1.707 4 0.003 y 1.707
y—a 0.011 y—a 0.01¢
axial plane | (010)
b=12Z
cAY  7°—13F cAX 0°—4°
2Va  62°—66° 2Vy 78 80° 84°
Pleochroism: Pleochroism:
X light brown X dark blue
Y dark bluish green Y yellow green
7 dark brownish green Z deep blue
absorption:
Z ~Y>X

Specific gravity measured (pycnometer) 3.429
Specific gravity calculated ............ 3.407

Unit cell dimensions

a, 9.940 A

by 18.173 A

¢, 5.329 A

p 104722

V 932.5 A3

space group C2/m

to be analyzed was checked by microscopic examination. Foreign grains and inclu-
sions (diameter —5pu) total up to ca. one per cent of the sample.

The optical properties, the measured and calculated specific gravity and the unit
cell dimensions of the amphibole are listed in Table 2, first column. In the second
column we have reproduced the optical data published by Piikkonen (op. cit.) for
a separate alkali amphibole sample of Otanmiki.

The refractive indices were determined by the immersions method in sodium
light, the orientation of the indicatrix and 2V were measured with the universal
stage. In sections parallel or almost parallel to (010) the extinction is incomplete
both in white and monochromatic light. In the position closest to maximum ab-
sorption characteristic anomalous reddish interference colours appear in white light.
Incomplete extinction and strong absorption decrease the accuracy of the measure-
ment of the optical properties.

A thin section examination of the fissure specimen reveals that the amphibole
is not quite homogeneous which is shown by the variation of the colour of the mine-
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TABLE 3.

Indexed powder diffraction pattern of the Otanmiki amphibole. Geiger counter X-ray diffracto-
meter. Filtered iron radiation with quartz standard.

hkl I 2@mczs dmcas dcalc

110 100 13.10 8.49 8.51

200 3 23.23 4.81 4,82

040 5 24.64 4.54 4.54

131 5 32.88 3.420 3.419
240 11 34.06 3.305 3.304
310 60 35.69 3.159 3.161
330 15 39.91 2.836 2.836
151 15 41.47 2.734 2.732
0_61 4 43.50 2.612 2.612
202 3 44,55 2.554 2.554
400 2.407
350 } 4 47.43 2.407 { i
351 5 48.58 2.353 2.355
261 5 52.57 2.186 2.184
351 3 56.64 2.0405 2.0403
461 5 70.88 1.6694 1.6690
661 5 83.69 1.4510 1.4510

acter and the orientation of the indicatrix (e.g. Miyashiro, 1957). Therefore, it is
not surprising to find a difference of this type in the optical properties of the am-
phibole of two separate specimens of the Otanmiki granite.

The unit-cell dimensions and space group were determined from single crystal
a-axis zero-level and b-axis zero-, first- and second-level precession photographs.
The indexing of the powder pattern, given in Table 3, was based on the crystallo-
graphic data obtained from the single-crystal study. The intensity I was measured
from the peak area in the diffractometer pattern.

The result of the chemical analysis and the content of half of the unit-cell, cal-
culated on the basis of the specific gravity and the X-ray data, is presented in table 4,
first column. Neglecting the minor constituents, the formula of the Otanmiki am-
phibole may be written:

(Na,K), 5 Cagyq Feg_*(; Mg, Feﬁ' Tiyy Al Sizy O,y (OH), 4 Fy ).

The composition of the amphibole is characterized by the predominance of
the alkalies over Ca, by the high content of ferrous iron and by the low Mg.

The classification of the amphibole group is usually based on the character of
the predominant ion in the X position of the structure, 7.e. Na-+K and Ca (e.g
Deer, Howie and Zussman, 1963, vol. 2, p. 208; Sundius, 1946). A comparison
reveals that the Otanmiki amphibole, with regard to the ratio of alkalies to calcium,
has an intermediate position slightly closer to the alkali amphiboles than to the com-
mon calciferous hornblendes.
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To illustrate the relationship between the composition of the Otanmiki amphibole
and those of the calcic and alkali amphiboles, a three-dimensional diagram from a
paper of Smith (1959) is reproduced in a slightly modified form in Figure 2. Because
of the predominance of ferrous iron over magnesium in the Otanmiki amphibole,
the magnesian end members in the original diagram of Smith have been replaced
by the ferrous end members in Figure 2. The calcic amphiboles (actinolite, ferro-
edenite, hastingsite and ferro-tschermakite) form the quadrilateral basis, the alkali
amphiboles (ferro-richterite, arfvedsonite and riebeckite) have been erected on the
vertical ordinate. The formulas of these end-members are shown in the figure. Al
includes aluminum plus Fe**. In the diagram for all four valence states of amphiboles
planes can be erected which express the amounts of the ions.

To locate the point of the Otanmiki amphibole within this diagram, the formula
in Table 4 was re-calculated, following the general way of presenting amphibole
formulas (e.g. Smith, op. cit., and Ghose, 1965) as X, ;Y;7,0,, (OH, F, O),, where
X is Na, K, Ca, Mg, Fe**, Mn?*, Y is Mg, Fe**, Mn®*, Al, F&’*, Ti** and Z is
Si, Al. The calculation gave:

[(Na+K)j,5 Caggq (Mg+ FCZ+)0.34]2,41 [(Fe* + M), 4 Alyzs Feidy Ti0.12]5_00
[Sizas Alogrly gy O2z00 [(OH)1as (F+Clgqy Opas]
8.00 2.00

The point of the Otanmiki amphibole is shown as a large black sphere at the distant
corner of an inset rectangle that has been constructed to facilitate orientation within
the three-dimensional diagram. Examination of the diagram shows that the point
lies in a position that is slightly closer to the alkali amphiboles than to the calcic
amphiboles. Further, it is slightly closer to the riebeckite corner than to the corners
of the two other alkali amphiboles, arfvedsonite and ferro-richterite.

To obtain information on the composition of the blue portions, the amphibole
was examined with the electron probe micro-analyzer (Geoscan/Cambridge). Inten-
sity measurements show that the contents of Si, total Fe, Mg, Mn, Na and K are
practically the same in the blue portions as in the main portion, whereas the calcium
content of the blue portions is half that of the main portion.

Accordingly, assuming that the analysis of Table 4, first column, represents the
composition of the main portion of the amphibole, with 0.85 atoms of calcium in
half of the unit-cell, the content of Ca in the blue portions would be ca. 0.4. In other
words, the composition of the blue portions is clearly closer to the alkali amphiboles
than the main portion (see Figure 2). This conclusion would eventually, although
not necessarily, need an increase in the sodium content. However, the ability to
detect small variations in relatively low sodium contents with the electron probe
microanalyzer is limited due to the low atomic number of sodium. The rather low
content of calcium in the blue portions corresponds with their intense blue colour
and almost parallel extinction, both of which are properties typical of the alkali
amphibole riebeckite.
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FiGure 2. Three-dimensional diagram showing the compositional
variation in amphiboles, modified from J. V. Smith (1959). The

position of the Otanmiki amphibole is shown as a large black
sphere at the distant corner of the inset rectangle.

COMPARISON

In the following, some of the data presented in the previous chapter will be
compared with those given for amphiboles in the literature.

Due to the high iron content of the Otanmiki amphibole, the values of the
specific gravity and the refractive indices are fairly high, as in the iron-rich amphibole
end members. Pleochroism, absorption and the relatively low value of the birefringence
are of a type commonly observed in the amphiboles of the riebeckite-glaucophane
series and arfvedsonites.

The optical orientation is normal-symmetric, i.e. the optic axial plane is per-
pendicular to (010) and b = Z, with the extinction angle c AY = small (7°—13°).
Amphiboles with such an cptical orientation have been observed in the glaucophane-
riebeckite series, where they have usually been called crossite (e.g. Miyashiro, 1957).
The name crossite was originally given by Palache (1894). On the other hand, some
crossites show parallel-symmetric optical orientation. Further, some writers regard
crossite as having been defined by a composition which is intermediate between
glaucophane and magnesioriebeckite (e.g. Deer, Howie and Zussman, 1963, vol. 2,
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TABLE 4.

Chemical composition and some physical properties of the Otanmiki amphibole (column 1) and
of four other alkali amphiboles.

1 2 3 4 5
Si@s sswwessamms 45.99 50.88 38.56 47.46 46.57
TiOp ... 1.00 1.86 0.96 0.74 1.43
AlgOy wiwrevss v 5.57 8.53 10.31 2.43 1.89
FesOs suissanus 9.19 4.25 13.12 11.85 373
FeO ........... 26.00 13.41 18.72 24.44 31.38
MO .owwieszas 1.08 0.23 1.91 0.56 0.68
MO s s nann 0.49 8.50 1.24 0.46 0.30
CaO ........... 4.93 5.19 5.78 1.19 5.90
N2 O cvwsvzzme 3.26 4.63 4.71 6.89 4.54
K5O s o s s 1.10 0.03 2:73 1.59 1.18
PoOp «roniniv v amrane 0.02 — — 0.16 =
HeO+ oossssws 1.35 2.44 1.66 2.03
H,O0— ........ 0.00 0.00 0.00 0.22 .13
) - 0.20 — 0.30 — 84
Cl 5 o s s s 5 o 0.02 — 0.15 —
100.20 99.95 100.15 100.02 101.57
—O =F,, Cl, 0.08 — 0.16 — 1.62
100.12 99,95 99.99 100.02 99.95
SLssssrmmarssam 7.36 732 6.20 7.52 7.57
Allv o 0.64} 890 0.68} B0 1.30} B:09 0.45 % 8.00 0.36 ¢ 8.00
TiY . yoomscssan — — — 0.03 0.07
AlF o ssnas 0.41 0.75 0.15 — -
Tivt L. 0.12 3 1.64 0.21; 1.43 0.11; 1.85 0.06 0.10
Fe3+ .ooovnn... 1.11 0.47 1.59 1.411 4 Az 0.46} 0.56
FedF | onssssime 3.48 1.60 2.52 3.24 4.26
Mn ........... 0.15 ¢ 3.75 0.03 ¢ 3.47 0.26 ¢ 3.08 0.08 ¢ 3.43 0.09% 4,42
Mg cuswwmezssms 0.12 1.84 0.30 0.11 0.07
Ca ... 0.85 0.80 1.00 0.20 1.03
Na covmmasssms 1.01 3 2.09 1.30 ¢ 2.10 1.47 ¢ 3.03 2114 2.63 1.43 % 2.70
K 5 sammesians 0.23 e 0.56 0.32 0.24
OH ........... 1.44 2.33 1.78 2.14 =
G| gerpzers|  Tpzeeel gltaser) Tioses| 1
O ... 22.64 21.67 22.03 21.69 —
B o s e amimresnenon 9.940 A 9.94 A 9.923 A
Y 18.173 A 18.17 A 18.180 A
€7 5 § G £ 5 3 55 5.329 A 5.34 A 5.319 A
B 104°22’ 104°24 104°9”
a 1.696 a 1.645 a 1.705 a 1.693
p 1.704 p 1.713
v 1.707 y 1.654 y 1.715 y’ 1.701
b=Z b=2Z
cAY 7°—13°| cAY 11°

1. Otanmiki amphibole. The content of half of the unit-cell calculated on the basis of the specific

gravity and the unit-cell volume.

2. Crossite from crossite-amphibolite, Knockormal, South Ayrshire, Scotland (Bloxam and Allen,
1960). Formula calculated on the basis of 24 (O, OH).

3. Mbozi amphibole from syenite-gabbro complex, south-west Tanganyika (Brock, Gellatly and
von Knorring, 1964). Anal. M. H. Kerr. Formula calculated on the basis of 24 (O, OH, F, Cl).
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p. 334). A comparison of the crossite analyses (e.g. Palache, op. cit., Machatschki,
1943; Holgate, 1951; Switzer, 1951; Bloxam and Allen, 1960) with that of the Otan-
miki amphibole reveals a difference mainly in the contents of ferrous iron, magnesium
and, of course, in the total alkalies. Mainly due to the lower iron content, the values
of the refractive indices of the crossites are lower than those of the Otanmiki am-
phibole. On the other hand, there are certain similarities in the chemistry between
some crossites and that of the Otanmiki amphibole.

For comparison the chemical analysis together with some optical data of a crossite
from Knockormal, Ayrshire, Scotland (Bloxam and Allen, op. ciz.) have been repro-
duced in Table 4, column 2.

Recently Brock, Gellatly and von Knorring (1964) have described two iron rich
alkali amphiboles, one from Mbozi, S. W. Tanganyika, the other from Darkainle,
Borama district, Somali Republic, with refractive indices, birefringence, pleochroism,
anomalous interference colours and optical orientation particularly similar to those
of the Otanmiki amphibole. Also the d-values of the strongest lines in the powder
diffraction patterns of the Mbozi and Darkainle amphiboles are quite close to those
listed in Table 3 in this paper. For comparison, the chemical analysis and optical
data of the Mbozi amphibole have been teproduced in Table 4, column 3. The
composition, especially of the Mbozi amphibole, approaches very close to the theo-
retical end-member Na,CaFe3* Fe)t ALSi,O,, (OH),, for which the new name
mboziite has been proposed.

In Figure 3 a diagram has been reproduced in simplified form from Jans (1964)
showing the variation of the position of the optic axial plane of the amphiboles as
a function of the contents of Ca in X-position and (Mg-+Al) in Y-position in the
structure. The point of the Otanmiki amphibole within this diagram is shown as a
black circle. It lies in the field of amphiboles with normal-symmetric optical orientation.

Incomplete extinction has been observed on a number of alkali amphiboles and
has been studied by various methods. Eskola and Sahlstein (1930) and Sahama (1956)
have observed in some alkali amphiboles a striation on (010), parallel with the c-axis,
and have attributed the incomplete extinction as indicating an intergrowth of two
amphibole components with slightly different composition. An alternative view,
based on measurement of transmittance of light of two arfvedsonites and one rie-
beckite, was proposed by Shoda (1957 and 1958), who showed that the orientations
of the absorption axes and the axes of the indicatrix are not coincident. This author
concludes that the anomalous optical properties of the three alkali amphiboles may
be due to the elliptic vibration of light wave, resulting from the strong absorption
of the mineral. There is no report of striations in Shoda’s papers.

4. Arfvedsonite from Tunugliarfik, Greenland (Kawahara, 1963). Anal. H. Haramura. The content

of half of the unit-cell calculated on the basis of the specific gravity (3.37) and the unit-cell vol-
ume (934.2 A3),

5. Alkali amphibole from quartz-fayalite porphyry, Liruei Complex, Jos Plateau, Nigeria (Borley
and Frost, 1963). The formula has been calculated on the basis of 23 oxygen atoms as it was
not possible to determine H,O-.

20 8517—65
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20

Calcic amphiboles

Optic axicl plane L (010)

Ca in X
P

10 20 3;0 4,0
(Mg + Al) inY —=

Ficure 3. Variation of the position of the optic axial plane of the

amphiboles as a function of the contents of Ca in X-position and

(Mg+Al) in Y-position. Simplified from Jans (1964). Black circle =
Otanmiki amphibole.

As the Otanmiki amphibole shows no striation on (100) and the reflections in
the precession photographs taken show no doubling, it is concluded, that the mineral
represents a single homogeneous phase rather than an intergrowth of two amphibole
components. Accordingly, the incomplete extinction of the Otanmiki amphibole
appears to be of the type described by Shoda.

The unit-cell dimensions and the powder diffraction pattern of the Otanmiki
amphibole correspond with those of the monoclinic amphiboles in general. Of the
roughly 10 amphiboles listed in the X-ray powder data file up to 1964, an arfvedso-
nite from Nunarsuatsiak, Tunugdliarfik, Greenland (ASTM 14—633; Kawahara,
1963), shows unit cell dimensions and a powder diffraction pattern almost identical
with those of the Otanmiki amphibole. Chemically these two amphiboles correspond
closely in their high contents of Fe?+ and Fe?®+ and low Mg and differ from each
other mainly in the contents of Ca and Na. This arfvedsonite from Greenland also
shows incomplete extinction (Shoda, 1958). Chemical analysis and unit-cell dimensions
of the arfvedsonite are reproduced in Table 4, column 4.

For the other amphiboles listed in the X-ray powder data file the unit-cell dimen-
sions clearly differ from those of the Otanmiki amphibole, the lengths of the unit-cell
edges being usually shorter, and hence the unit-cell volume smaller.

An unnamed amphibole from a quartz-fayalite porphyry, Liruei complex, Jos
Plateau, Nigeria (Borley and Frost, 1963; sample number A 25), has an intermediate
composition that is slightly closer to the arfvedsonites and the riebeckitic arfvedso-
nites than to the hastingsites from the Nigerian granites. Optically this amphibole
resembles the alkali amphiboles. Its unit-cell parameters are intermediate between
the two types of amphibole suggesting, according to Frost, evidence of limited solid
solution between the hastingsites and the alkali amphiboles from the Nigerian grani-
tes.
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Chemically this Nigerian amphibole (Table 4, column 5) corresponds with the
Otanmiki amphibole in the content of high total iron, low magnesium and also in
the contents of calcium and total alkalies. Also the refractive indices, colour and the
unit-cell dimensions of these two amphiboles are close to each other.
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ON A PECULIAR BRECCIA AT HIRVIJARV]I,
VIRRAT, CENTRAL FINLAND

BY

PENTTI RASTAS and VLADI MARMO

Geological Survey of Finland, Otaniemi

ABSTRACT

The large granodiorite area to the west of Hirvijirvi contains scattered large fragments of
various volcanic rocks from doleritic to granitic in composition. In several places, these fragments,
measuring from some decimetres to several metres across, are sufficiently abundant to form a
breccia. The particular locality described in the present paper is only some 150 by 200 m in size,
and forms practically a single body with basic volcanogenic fragments brecciated by coarse granite
porphyry-like rock, the whole mass being enclosed and at places cut by the surrounding grano-
diorite.
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INTRODUCTION

Within the area of the map quandrangle sheet Virrat (2214), Central Finland
(Marmo, 1965), there is an area, to the west of Lake Hirvijirvi (Fig. 1) characterized
by the presence of large fragments of various composition enclosed by the grano-
diorite forming the main rock of the area. These fragments are predominantly of
volcanic origin except to the north-east of Hirvijirvi, where the fragments are of
diorite, genetically and closely related to the diorite area on the northern and eastern
side of the lake mentioned above. On the western shore of this lake, acid rocks of
volcanic origin occur that are probably related to the basic and intermediate volcanic
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F1c. 1. Geology around the examined area (983 on the map). 1 = basic and intermediate volcanics,
tuffs, amphibolite; 2 = volcanic gneiss; 3 = small fragments of metavolcanic rocks; 4 = acid
volcanics, tuffite, »leptites»; 5 = fragments of acid volcanics; 6 = mica gneiss; 7 = granite gneiss;
8 = gabbro and diorite; 9 = fragments of diorite; 10 = quartz diorite; 11 = granodiorite; 12 =
porphyroblastic granodiorite; 13 = granite, mostly coarse-grained; 14 = porphyroblastic granite;
15 = strike and dip; 16 = vertical dip; 17 = gneissosity; 18 = locality showed in Figs. 2 and 3.

rocks to the south of Lake Hirvijirvi. There they are also brecciated by a quartz
diorite along the western margin, as well as to the east of Maatiajirvi. All the men-

tioned rock types also occur as fragments in the quartz- and granodiorites of the
breccia mentioned above.



On a Peculiar Breccia at Hirvijarvi... 159

T
- &

P
&

. % |
i | n
. 2
* (i 12 3
e .
2
|
|
|
|
I‘ }
h,
] &
Qu K L)
| A e
\ 3
i £}
ul.;:"' NN
1] 5 0 15 20 25m r.' » ?7
D

|
|
I

F1G. 2. Geology of the outcrops of the area 983 of Fig. 1. 1 = quartz- and granodiorite;
2 = granite porphyry; 3 = gneissose granite porphyry; 4 = acid gneiss; 5 = metadole-
rite and plagioclase porphyrite: 6 = amphibolite; 7 = diorite and gabbro; 8 = inclusions
of quartz- and granodiorite; 9 = fragmentary streaks and clusters of acid gneiss; 10 =
plagioclase insets; 11 = granite and aplite veinlets; 12 = sampling point.

Within this area, an especially interesting spot is at point 983 of the map (Fig. 1).
A coherent body of complex breccia, some 150 by 200 m in size, seems to be en-
closed by granodiorite. This particular body will be described below (Figs. 2 and 3).
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F1G. 3. Supposed rock boundaries of the area shown in Fig. 2. The legend is the same
as in Fig. 2.

VOLCANIC BRECCIA

The breccia, illustrated in Fig. 2 in which only the originally or artificially out-
cropped places are shown, is made up mainly of the acid granite porphyry rock,
which brecciates and encloses the basic rock types of various composition and texture.

Furthermore, there is also younger grano- and quartzdiorite penetrating the whole
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Fic. 4. A granodiorite inclusion in the metadoleritic fragment. The scale on
the label is 5 cm.

breccia, but also occurring as inclusions in the basic fragments. The very youngest
components are the narrow veinlets of granite and aplite.

In Fig. 3 the supposed contacts within the same area as shown in Fig. 2 are in-
dicated. This figure readily gives the following impression: The oldest rock types
present are the small inclusions of granodiorite composition enclosed by the basic
rocks — metadolerite and plagioclase porphyrite (Fig. 4). This granodiotite is prob-
ably much older than the surrounding quartz- and granodiorite enclosing the whole
brecciated mass shown in Fig. 3. The basic rocks form large, mainly lenticular frag-
ments, probably belonging to the same ancient basic flows met with to the south
of Hirvijirvi. These rocks have been brecciated by granite porphyry, originally acid
extrusions. The enclosing granodiorite penetrates the whole breccia as dykes and
veins.

PETROLOGY OF THE BRECCIA

Granite porphyry. This name is used for the porphyric granite-looking rock similar
to that occurring as coherent beds on the western shore of Lake Hirvijirvi, and
also forming the breccia considered in this paper. The size of the potash feldspar
insets is 1 to 10 mm across, and the average grain size of the ground mass is 0.2
to 0.5 mm. The average composition of granite porphyry is revealed by the chemical
analysis of Table 1 and its mineralogy by the following determinations by point
counting (Table 2).

21 8517—65
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TaABLE 1.

Chemical composition of the brecciating granite porphyry. Analyst: A. Heikkinen

SIO it AT T AR SRR 5 70.42 | Calculated mode :
THO s wrecys wswraress siena drerarsin v diasaiaie ol 0.37 QBELE +.c.0 50 s/ e 29.40
ZEOy v s nnieins sd0BwR s samn e 0.04 .
Al 02 14,48 Albite .............. 24.63 } —
= 303 .......................... g RGBS, oo s 8.62 25

a0 wioins s vumian e s b s aainiew s 2. . K-feldspat .......... 26.69
FeO) ssmses sulamssscanumsin aonms 0.07 BioBite . oo 8.00
11&“8 ........................... gl Magnetite . .......... 1.39

B soviesiss aliiee v vemesssasmnas e oy Blootite ..o 014
ga(()) ............................ 0.03 Sphene «...oveuesnes 0.35

LD 1uigsnde o srsimsiamarsiomimonneisisin ls i APREte . vovvrinrens 0 34
Ba®' cusoasavasivessrsis sviememey o RSt oo 0.79
IO ol o b s sl aTamna s o wonsts WG Rsgass 2.90 I s
KaO' ovaicsnmmoinesopamee sviminson 5.30 Total 100.35
RB3O sumswssmmivnsgwaemors s s s es 0.02
PO .55 0000505 00005 0000 05 ST 0.08
GO wssiaiion wissin e sarsivsress s Srwgalive s 0.00
HiOF sssassvosnsssmaaismmnes asas 0.49
HAD = ..., X0 oot e S8 ARSI AR 0.03
B comnuosos s® @y Qs soame s e 0.09

100.39
less £ot-O = Fy i o os vsivaas senaiass 0.04
100.35
TABLE 2.

Modal composition of granite porphyry

gneissose varieties
Sampling point 9 12 47 47 a

15 17
QURELT < 5.300 3 5m6809 8 31.09, 31.09 36.0 % 25.0 % 38.0 9, 31.09%
Plagioclase: ... .snuvsas 30.0 30.0 27.0 30.0 26.0 33.0
(An % in Plag.) ...... (20—25) (30—33) (30) (25) (25—30) (27—30)
K feldspar ... coveeeas 30.0 31.0 25.0 33.0 29.0 27.0
Biotite s cvenevsmmesses 7.5 7.0 11.0 11.0 6.0 7.5
ACCessories i :vamsvs 1.5 1.0 1.0 1.0 1.0 b5

The microtexture of the rock is seen in Fig. 5. In a fine- to medium-grained matrix
there are insets mainly of potash feldspar, sometimes also of oligoclase. The tri-
clinicity of the potash feldspar insets varies from 0 to 1. In two cases examined
(samples 9 and 18) a faint maxima at 0.4 and 0.2 could be observed. The insets are
often enveloped by a fine-grained mixture of quartz, plagioclase and potash feldspar
(Fig. 5). The common accessories are magnetite, epidote, apatite, sphene, orthite,
zircon and sometimes also fluorite. According to the chemical analysis (Table 1) the
composition is truly granitic. Furthermore, the contents of F, Rb,O, SrO, ZrO, and
especially of BaO are unusual in syn- or latekinematic granites, but are more com-
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F1c. 5. Granite porphyry. Point 9 on Fig. 2. The insets are mainly microcline,
to the left also consisting of plagioclase. N+, Magn. 8 x. Photo: E. Halme.

mon in younger intrusive granites formed at somewhat elevated temperatures; they
are not uncommon in granite porphyries. This, together with the microtexture of
the rock, entitles also this rock to be classified with granite porphyries — considering
them here as somewhat recrystallized acidic extrusives.

The gneissose varieties of this rock occur (see Fig. 2), with the preserved por-
phyritic texture (Fig. 6). Sometimes, and especially outside the area shown in Figs. 2
and 3, a grading into a more coarse-grained granodiorite-like rock takes place. Such
a gradational zone is common especially around the granite porphyry inclusions
within the quartz- and granodiorite embracing the breccia mass.

Basic fragments of the breccia (Table 3) are mostly ophitic in texture, but of rather
varying grain-size. Among them those of plagioclase porphyrite and amphibolite
with plagioclase insets (Ang 5) are most common. They often form fairly large
fragments (see Fig. 3) which are brecciated by granite porphyry (Fig. 7). But the
texture of these basic rock types often grades into one which resembles more closely
a porphyritic dolerite with pronounced ophitic plagioclase (Fig. 8). On the other
hand, there are also gradations into fine-grained gabbroic rocks which may also
occur as single but comparatively small acicular fragments (Figs. 9 and 10). All
such fragments seem to be closely related to the plagioclase and uralite porphyrities
occurring to the south of Lake Hirvijirvi and in the breccia here concerned they
form inclusions of considerable size (Fig. 3) — up to several tens of meters across.

The breccia also contains fragments of diorite which are sometimes large, their
size varying from some decimeters to several meters across. The diorite is similar
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TABLE 3.

Modal composition of some fragments of basic rocks

z Fine-
Rock type Metadolerite g?ﬁg;?:: ix:gxt::g Diorite
Sampling point 14 29 37 42 19 43 3 26 I 50

Quartz ..... 20 9, 0.5 9, 2.0 9, Q.59 5.0 9, 1.0%| 1.3'% 5.0 %| 4.09%
Plagioclase ..| 47.0 49.0 41.0 50.0 38.5 30.0 [42.0 38.0 [53.0
(An 9% in

Plag.) ....| (45—50)| (40—45)| (30—35)| (40—50)| (25—30)| (30—40)| (35) | (30—35)| (~40)
K-felspar ... — — — — — — — 4.0 —
Biotite ..... 7.0 4.0 11.0 7.0 13.0 13.5 |14.0 13.0 [11.0
Hornblende .| 42.0 39.0 44.5 36.5 41.5 52.5 |41.5 39.0 |31.0
Pyroxene ... 1.0 5.0 — — — — —_ — e
Accessories . 1.0 2.5 155 6.0 2.0 3.0 1.2 1.0 1.0

to that occupying a large coherent area NE of Lake Hirvijirvi and is supposedly

in close relation to that. It should also be mentioned that it sometimes contains up
to 3.5 9, magnetite. A few grains of calcite have been encountered in thin sections.
Acid fragment are not very abundant, but a gneiss-like rock probably also of

volcanic origin occurs as xenoliths of various size both in the granite porphyry and

in the basic fragments as inclusions. The xenoliths of an older granodiorite enclosed
by metadoleritic fragments have already been mentioned (p. 161).

F1G. 6. Gneissose portion of granite porphyry. 15 in Fig. 2. Insets consist of
plagioclase and K- feldspar. N+. Magn. 10 X. Photo: E. Halme.
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Fic. 7. Metadoleritic large fragment brecciated by granite porphyry. 8 in
Fig. 2. Scale on the label is 5 cm.

Fic. 8. Ophitic dolerite. 29 in Fig. 2. Contains scattered plagioclase insets.
N+. Magn. 12x. Photo: E. Halme.
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F1G. 9. Even-grained variety of dolerite resembling a fine-grained gabbro. 3 in
Fig. 2. N+, Magn. 12x. Photo: E. Halme.

Aplitic and granitic veins are the very youngest constituents of the breccia. They
occur cross-cutting everything including the embracing grano- and quartzdiorites.
Also aplite has a tendency to contain microcline insets (Fig. 11), and in this sense
it much resembles the aplite-like granite porphyry of map sheet 2214 (Marmo,
1965), but which is outside the area mainly considered in the present paper.

DISCUSSION

The description of the geology and petrography of the complex breccia embraced
and cut by grano- and quartzdiorites occupying large areas, indicates that prior to
the formation of the embracing acid rocks a complex geological evolution had
taken place. The granodioritic inclusions in the basic fragments (p. 161) indicate the
presence of such rocks before the volcanic extrusions. The volcanic activity began
with basic flows, and the present doleritic and possibly also the dioritic fragments
of the breccia may be derived from hypabyssal rocks to be considered as comag-
matic with the basic flows themselves. The next stage in this evolution was that
characterized by granite porphyries. Whether they were true flows, hypabyssal
intrusions or both can only be guessed at. The intensive brecciation seen at the
examined spot is rather in favour of the hypabyssal intrusions, thus also explaining
the strikingly large size of the basic fragments. To the east of this place, however,
there is also clear evidence for the acid flows (Marmo, 1965).
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Fic. 10. Basic, partly gabbroic, partly ophitic doleritic clusters in granodiorite
resembling coarse granite porphyry.

- 1' ' ) X 1 i ‘IZ

Fic. 11. Aplitic granite. 16 in Fig. 2. N+, Magn. 10 x. Photo: E. Halme.
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The surrounding grano- and quartzdiorites have been obviously formed from
acid volcanic and sedimentogeneous materials, as could be shown at a more extensive
examination of these rocks (Marmo, 1965). However, in places their homogeneity
indicates an intrusive character, which may be interpreted as being palingenetic
products with omnipresent remnants of the pre-existing rocks, to which also belongs
the breccia described above.

Manuscript received, March 5, 1966
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ABSTRACT

For the present paper, 13 granites containing BaO have been subjected to microprobe analyses
and thereby it was established that practically all the BaO is in potash feldspar, containing 0.19
to 0.65 % BaO. The results have been tentatively discussed.

INTRODUCTION

According to Rankama and Sahama (1950), rocks rich in barium or strontium
are usually rich in both. In the granitic rocks, however, the enrichment is not striking.
Furthermore, the mentioned elements only exceptionally form independent minerals
in igneous rocks but rather are concealed in the main rock-forming minerals and
barium preferably in the potash feldspar. The cited authors also pointed out that
the potash feldspar formed during the early steps of the crystallization interval con-
tain, as a rule, more strontium and barium than do the potash feldspars which are
the last to cristallize. Barium may also replace potassium in the mica structure, up
to 9 per cent of it may be present in barian muscovite, or as much as 6.16 per cent
in barian biotite; this content is, however, low in the micas from late crystallates,
the eatly-crystallized biotites being sometimes rich in barium (Engelhardt, 1936).

In general, the barium-contents of granites are seldom determined or indicated
in chemical analyses. On the other hand, if this element is present in larger quantities,
it comes out during the analytical procedure and can hardly be overlooked. Most
granites seem to be very short or devoid of barium, but there are definite types of
granites which regularly contain barium. According to Sahama (1945), for instance,
the rapakivi granites of eastern Fennoscandia contain up to 0.09 9, Ba (0.01 9, Sr).
Some younger granites may contain up to 0.06—0.07 %, Ba (0.009—0.925 9, Sr) etc.

22 8517—65
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TasLE 1.
Intensities
Number| K,0 9%, K- BaO 9%, BaO % SO; % BaO %
of in felspar | in rock |in rock | (if de- | 1 B, B 1—B | in K- Remarks
sample | rock |%in rock| (calc.) | (anal.) | term.) BaLa, Back- Ba | felspar
ground
1 | 6.80| 40 — ] 0.47| 0.06 1382 129 (1253| 0.90| Tebo, Sierra Leone. Used as
2 | 5.74| 34 0.22] 0.09 —11014| 114| 900| 0.65| standard
3 | 5.79| 34 0.15] 0.09 —| 714| 118| 596| 0.43
-+ — [ (35)%)| 0.14 — — | 673| 113| 560| 0.40| *) K-feldspar amount estimated
5 | 4.82| 29 0.05| 0.08 — | 341| 107 | 234| 0.17
6 | 6.49| 38 0.11] 0.13 —| 525| 111| 414| 0.30
7 —1(30) *)| 0.05 — — | 373| 121| 252| 0.18| *) K-feldspar amount estimated
8 | 4.73| 28 0.09 — — | 544 | 112| 432| 0.31
9 | 6.09| 36 0.03| 0.05 — | 242| 124| 118 0.09
10 | 6.09| 36 0.08| 0.05 — | 420| 114| 306| 0.22
11 | 5.21( 31 0.09] 0.13 — | 498| 101| 397| 0.28
12 | 5.80| 34 0.10| 0.03 — | 531| 112| 419( 0.30
13 —[(35)*%)| 0.05 — — | 268| 105| 163| 0.12| *) K-feldspar amount estimated
14 | 5.30| 27 0.13] 0.10 —| 789| 102| 687| 0.49 Rock contains 8 %, biotite
2. Granite, Obnis (Lokka, 1934)
3, » Virnis, Obnis (Lokka, 1934)
4. » Bodom
5. » Ava, Ahvenanmaa (Lokka, 1934)
6. » Onas, Porvoo (Lokka, 1934)
7. Tirilite, Petdjivesi
8. » Tullisenlampi, Lemi (Simonen, 1961)
9. Rapakivi, even-grained, Taivassalo (Lokka, 1934)

10. » Taivassalo (Lokka, 1934)

11. » Laitila (Lokka, 1934)

12, » Vinkkild, Vehmaa (Lokka, 1934)

13, » Lappi, TL

14. Granite porphyry, Virrat (Rastas-Marmo, 1966)

Because the barium-content of granites was confined to some of them only, all of
which seemed to be similar to a certain, the question arose as to whether the behavior
of barium of granites could have some bearing on general granite problems, too.

Furthermore it was found out that the barium may not always be concealed in
feldspar or mica, but may also occur there as independent mineral—baryte, as was
the case for the granite of Tebo, Sierra Leone, which contained 0.47 9, BaO, part
of which was in potash feldspar (0.9 9%,), none or less than 0.09 9, in mica, but 0.11 9,
as baryte (Marmo, 1966).

Therefore, it was decided to examine this problem tentatively in some granites,
known from previous work to be barium-bearing.

It should also be mentioned that the modern development of granite petrology
pays increasing attention to the accessory element distribution among granites in
general. As a matter of fact, as early as 1939, Sahama and Rankama (1939) emphasized
the possibility of using the accessory elements as Index Elements for the further
classification of granites. This possibility remained uninvestigated in detail by the
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cited authors, but certainly their work indicated some very important points of
view. As mentioned above, future petrology will pay more attention to the accessory
constituents of granites, and there is already a trend visible along these lines.

MATERIAL INVESTIGATED

Based on the literature, 13 granites containing 0.03 to 0.13 %, BaO were chosen.
Specimens of the granites were used for microprobe analytical examinations. The
polished sections were first checked for baryte because this mineral was present in the
granite of Tebo, Sierra Leone (Marmo, 1966), but it was not detected. Then, for each
polished section, ten arbitrarily chosen points within potash feldspar were taken to
determine the intensity of the BaZla,-line. The granite of Tebo (see above) was thereby
used as the standard. To ensure that the chosen point was within a potash feldspar
grain the K Ke-intensity was simultaneously determined. The time of measurement
was 100 seconds. The background was determined using quartz.

For all the samples the BaO-content of micas was likewise examined and thereby
it was found out, that, on an average,it is less than one tenth of the BaO-content
of the respective potash feldspar.

Table 1 includes all these determinations. From the known total analyses of the
rocks, the modal potash feldspar content was calculated (see Table 1).

In a similar way the BaO-content of the total rock could be also calculated and
then compared with the value given by the total chemical analysis of the resp. rock.

In Table 1 all the intensity values are the means of ten measurements.

CONCLUSIONS

If considering the values presented in Table 1, the following observation can
be made: there is no correlation between potassium and barium, the latter obviously
being entirely independently distributed but mainly incorporated into K-feldspar.
Furthermote, the highest BaO-contents in K-feldspar are in those granites (2, 3, 4
of Table 1), which are probably postkinematic, and which are of more or less obscure
character. N:o 14 is a granite porphyry forming the brecciating rock, probably of
volcanic origin, of a peculiar breccia within a granodiorite area (Rastas and Marmo,
1966). All these rocks bear a potash feldspar of varying triclinicity and containing
more than 0.40 %, BaO. The next group — rapakivi granites and tirilite, also usually
associating rapakivi or other orthoclase-bearing granites — contains, on an average,
more than 0.20 9, BaO in K-feldspar. Also these granites are postkinematic. Late-
kinematic and other granites with microcline of highly developed triclinicity have
not been included in the present study, because the BaO-content of them is generally
conspicuously low. Thus there seems to be a tendency for BaO to occur in parti-
cular group of granites only.
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The present paper is to be taken merely as a preliminary account, and the con-
clusion reached as a tentative one. It is hoped, however, that this paper will initiate
further study into this and other related questions.

Manuscript received, March 11, 1966
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ABSTRACT

The main rocks composing the gabbro-anorthosite intrusions of the region of Ahvenisto,
Finland, are as follows, listed in order from the oldest to the youngest: pegmatoid gabbros and
pegmatoid anorthosites, anorthosites, gabbro-anorthosites, and anorthosite-gabbros. The marginal
varieties of the intrusions are described as a separate category. In addition, descriptions are given
of late-stage differentiates, autometamorphic and autometasomatic processes as well as, finally, meta-
morphic and metasomatic phenomena.

Anorthosite lenses formed at a stage of crystallization when the rate of genesis of plagioclase
nuclei in the magma was greatest — and this stage did not coincide with the inception of crystalliza-
tion.
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INTRODUCTION

The Ahvenisto massif is situated in southern Finland between 26° and 27° E
longitude and 61° and 61°30" N latitude. It has been previously described by, among
others, Frosterus (1902), Wahl (1925) and Savolahti (1956).

The Ahvenisto massif consists of many magma bodies differing in composition
and age (Savolahti 1956, p. 79). The oldest intrusive group in it forms a gabbro-
anorthosite complex, which half surrounds an occurrence of biotite rapakivi in the
shape of an incomplete arch (Fig. 1).

The rapakivi is younger than the gabbro-anorthosite, and there exists no evidence
to succest that these rocks had evolved through crystallization differentiation from
the same magma. The close association of these rocks does not suffice as proof (¢f.,
Eskola 1961, p. 122). With reference to this matter, Turner and Verhoogen (1951,
p. 256; 1960, p. 324) have written: »But it is perhaps well to remember at this stage
that common mutual association of rocks is no infallible criterion of origin from a
common source. No one, for example, would consider graywacke and peridotite to
be derivatives of common magma merely because these two kinds of rock so fre-
quently are found side by side in folded geosynclines.» Savolahti (1959, p. 94), for
his part, observes that, taken statistically, there is an equal probability of all the
different varieties of rock occurring in association. And he adds that if certain rocks
occur more commonly in association with each other than with others, evidence
must be found to explain why the frequent close association of such rocks occurs.
No hypothesis can be accepted as proof one way or another. For example, in the case
at hand, since many of the rapakivis are known to be situated in places where block
movements have occurred, and which at the same time represent zones of weakness
in the earth’s crust, the unusual frequency of the simultaneous occurence of rapakivis
and basic rocks may be due simply to these factors. Magmas may have naturally
intruded into such places at different times and from different levels more readily
than into other places. Of course, intrusions can take place successively also from
the same magma chamber — as apparently was the case in the formation of the
gabbro-anorthosite complex. But before one can make legitimate assumptions con-
cerning common parent magmas, there must exist other clear evidences of their
occurrence than the mere common association of the rocks (¢/., Hjelmquist 1961).

On the other hand, evidence can be produced to support the contention that the
rapakivis of the Ahvenisto region and the basic rocks occurring in association with
them have no other connection than their having intruded into the same place (Savo-
lahti 1956, pp. 34—45, 79—82; 1962, pp. 80—381). In his early day, Frosterus (1900)
marked on his General Geological Map of Mikkeli (Sheet C2) the occurrence in the
northern part of the Ahvenisto region granites older than the rapakivis but inter-
secting the basic rocks, although he was not bold enough to describe them in the
explanatory text accompanying the map (Frosterus 1902) or to mark them on the
detailed map of the Ahvenisto region under discussion in the present paper. Seder-
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F1c. 1. Map of the gabbro-anorthosite intrusions of Ahvenisto and the younger intrusions inter-

secting them. 1) Gabbro-anorthosite intrusions. 2) Boundary of the gabbro-anorthosite intrusions

against older rocks. 3) Boundary between the gabbro-anorthosite intrusions and the younger in-
trusions intersecting them.

dl

holm (1928, p. 84) doubted the view that the rapakivis and the basic rocks found
in association with them had originated from the same magma. Eskola (1957, p. 296)
wrote in his textbook of geology and mineralogy that in the border zones of all the
rapakivi areas there occur diabases, some of which are older than the rapakivis and
even older than certain granites of the bedrock type, as along the margins of the
Ahvenisto rapakivi in the commune of Mintyharju, apart from the Viipuri region;
and he added that other diabases, again, are younger than the rapakivi, as the olivine
diabases of Ala-Satakunta, which penetrate both the rapakivi and sandstone as dikes
and sills (see also Eskola 1961 and 1963). In any case, it may be said that the separa-
tion of the rapakivis and gabbro-anorthosites in the Ahvenisto region — if they
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Fic. 2. Schematic picture of the structure of the gabbro-anorthosite
intrusions. 1) Marginal varieties. 2) Latest crystallizations. 3) Anorthosite
lenses. 4) Pegmatoid gabbros and anotthosites.

had derived from a common parent magma — did not take place after the intrusion
in situ.

Evidence of the genetic lack of kinship between rocks apparently belonging
together in close association has previously been presented by, among others, Bud-
dington (1939) in his extensive study on the Adirondack region. This region had
earlier provided Balk (1931) with material to support his hypothesis regarding the
origin of anorthosites, which gained acceptance even in the pages of academic text-
books. This hypothesis probably represented the most far-reaching application of
the in itself tenable theory of crystallization differentiation.

The investigation of the crystallization temperatures and crystallization courses
of the principal minerals of basalt magmas (tholeiites, alkali basalts and high-alumina
basalts) has also given results (Yoder and Tilley 1957, p. 159) that suggest that these
magmas cannot occur as parent magmas through the crystallization differentiation
of which large quantities of rocks of granitic composition evolve. Winkler (1962,
p- 225) likewise reports a result indicating the same thing — the solidus of basalt
is far higher than the liquidus of granite and even higher than the crystallization
temperature of rapakivis.

The gabbro-anorthosite complex of Ahvenisto (Fig. 1) is divided into separate,
independent intrusions, in each of which differentiation took place during the crystal-
lization of the magma and even afterward (Fig. 2). They exhibit all the various
stages of this differentiation — also nearly all the possible stages that have been
project (see, e.g., Buddington 1939, pp. 19—68, Kranck 1961, pp. 302—303, and
Hess 1960). To be sure, the layered structures frequently described nowadays (Wager
1953, Ferguson and Pulvertaft 1963, Loomis 1963, Pulvertaft 1965, Speed 1963,
Cameron 1963, and Wager, Brown, and Waldsworth 1960) are only slightly in evi-
dence. Every gabbro-anorthosite intrusion constitutes an entirety in itself, which is
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presupposed by the process of intruding, cooling and, in particular, the differentia-
tion embodied in the theory of differentiation by crystallization.

Previously (Savolahti 1956, 1962), descriptions have been published on the way
the rapakivis of the Ahvenisto region form intrusives in line with the theory referred
to. What has happened there is a peculiar, inverse differentiation, clear evidence of
which can likewise be cited (Savolahti 1956, pp. 83—93; 1962, pp. 79—92). A magma
of rapakivi composition that differentiates in this way cannot (at least, not on a
large scale) evolve out of K- and Si-poor and Ca-rich magma. This truth was sus-
pected even by Bowen, the distinguished developer of the theory of differentiation
by crystallization, having written as he did (Schairer and Bowen 1947, p. 87): »If all
plagioclases were like anorthite in this respect (meaning crystallizing relations with
potash feldspar), such a relation between the feldspars as that shown in rapakivi
could presumably never have developed» — insofar as investigations into the crys-
tallization of potash feldspars under vapour pressure (Bowen and Tuttle 1950) yield
the same result and later experimental studies, summarized by, among others, Tuttle
and Bowen (1958), lend further support to the matter.

The differentiation of the gabbro-anorthosite intrusions of the Ahvenisto region
has not yet been depicted anywhere, although their varying rock types have been
described fairly extensively (Frosterus 1902 and Savolahti 1956). The purpose of
the present study is to delve into this matter. The grounds given in this introduction
suffice, in the author’s view, as justification.

STRUCTURE OF THE GABBRO-ANORTHOSITE INTRUSIONS,
PRINCIPAL ROCKS AND THEIR INTER-RELATIONS

The gabbro-anorthosite intrusions (Fig. 2) vary in size and shape, most com-
monly being elongated bodies. All of them have a fine-grained chilled contact with
country rock of eatlier origin. This phenomenon has also on occasion been observed
in their contacts with other gabbro-anorthosite intrusions (Savolahti 1956, p. 31).
The rock composing the marginal zones of the intrusions grades by degrees toward
the center into coarse-grained gabbro-anorthosite (Fig. 3). In places, narrow, winding
veins bordering indistinctly on their country rock penetrate the marginal zone from
the body of gabbro-anorthosite. In many cases, they are darker of color than their
country rock, and they have often been observed to contain amphiboles. Calcite and
apatite are enriched into these veins and into the portion of the marginal zones on
the side of the gabbro-anorthosite where the increase in the grain size of the in-
trusive rocks is most marked.

Gabbro-anorthosites constitute the principal rock of the intrusions. Here and
there, they contain coarse-grained, pegmatoid patches of rock varying from gabbro
to anorthosite in composition. This occurs more frequently in the middle portions of
the intrusions, the patches being indistinctly situated against the gabbro-anorthosite.
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F1c. 3. Transition of a marginal variety of gabbro-anorthosite intrusion
into a gabbro-anorthosite. South side of Lake Ridveli, Paistjiarvi, com-
mune of Heinola, region of Ahvenisto.

Figure 4 illustrates such a pegmatoid gabbro, in which plagioclase and hypersthene
occur in nearly equal abundance.

Anorthosite lenses of varying size also occur in the gabbro-anorthosite intrusions
(Fig. 5). The size of these lenses ranges from a few centimeters to dozens of meters;
some of them may, perhaps, measure over a hundred meters in length. They border
sharply on their country rock. Whether the anorthosites had become enriched into
any particular part of the intrusions is difficult so say, for they have been found, at
least to some extent, in all portions of the intrusions.

Present in the gabbro-anorthosite intrusions are a few small albite-diabase dikes,
which are the most recent crystallizations.

The intrusions further bear witness to autometamorphic and autometasomatic as
well as metamorphic and metasomatic processes. The latter include rocks meta-
morphosed through cataclasis and mylonitization as well as later intrusive action.

DESCRIPTION OF THE PRINCIPAL ROCKS CONTAINED IN THE
GABBRO-ANORTHOSITE INTRUSIONS

Introduction

Although it might at first strike the reader as odd, it is pertinent, considered in
the light of the genesis of the intrusions, to describe the rocks in the following
order: pegmatoid gabbros and pegmatoid anorthosites, anorthosites, gabbro-anortho-
sites, varieties of rock contained in the border zones, and late crystallizations.
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F1G. 4. Pegmatoid gabbro, with large grains of poikilitic hypersthene
and plagioclase. North side of Siikajirvi, Mintyharju, region of Ahve-
nisto (SavoraHTtr 1956, p. 29).

F1c. 5. Anorthosite lens (pale) in a gabbro-anorthosite
intrusion. Hietaniemi, Mintyharju, region of Ahvenisto.
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side of Siikajirvi, Hietaniemi, Mintyharju, region of Ahvenisto (Photo
by Erkki Viluksela).

Pegmatoid Gabbros and Pegmatoid Anorthosites

The pegmatoid gabbros and pegmatoid anorthosites are very coarse-grained
(average grain size: 1—20 cm). In outward appearance, they look like pegmatites.
The varieties of these rocks cannot in general be differentiated regionally, and their
interrelations vary greatly. Genetically, they represent one and the same rock. In
some cases, the passage of different types is gradual, sometimes abrupt. In the latter
case, now it is the pegmatoid gabbro, now the pegmatoid anorthosite, that cuts
across the other. With respect to grain size, the variation is similar: one is suddenly
likely to run across a place where the grain size is strikingly larger or smaller than
immediately adjacent to it, and the intersecting relationship of the rocks of differing
grain size is similar to what has been described in the foregoing as prevailing between
pegmatoid gabbros of different types.

Plagioclase and hypersthene are the principal minerals of these rocks, and they
vary considerably in proportional content. In one spot the rock is apt to be neatly
pure plagioclase, while immediately next to it the mineral content might be more
than half hypersthene. The composition of the plagioclase is Ang, g, and according
to the variation in the hypersthene content, for example, the composition of the
plagioclase has not been observed to vary. In addition to hypersthene, these rocks
contain small amounts of olivine, biotite, quartz, potash feldspar, ore and oxides as
well as pyrites, including, e.g., chalcopyrite and apatite and, at least as secondary
constituents, amphibole and chlorite.



The Differentiation of Gabbro-Anorthosite Intrusions... 181

Fi1c. 7. Portion of the same hypersthene grain shown in Fig. 6. The
hypersthene of the middle portion of the grain is lamellic, whereas that
of the marginal portion is not. The joint between the two portions
contains a zone of varying thickness rich in inclusions. 1 Nicol. North
side of Siikajirvi, Hietaniemi, Mintyhatju, region of Ahvenisto.

On the northwestern side of Siikajdrvi, at Hietaniemi, there is a pegmatoid
gabbro (Savolahti 1956, p. 28), a portion of the hypersthene grains of which are
beautifully zoned. In this pegmatoid gabbro the composition of the plagioclase is
Ang, (¢ = 1.556, y = 1.563). Figure 6 shows a large hypersthene grain, the center
of which is dark brown, being surrounded by a brown zone about 0.5 cm wide. The
difference in color, which is visible on the surface of the weathered rock, between
the different parts is apparently due to the fact that, being richer in Fe than the
center, the marginal portion of the hypersthene grain is rusty, for on the fresh surface
of the rock no appreciable color difference between the parts can be noticed. The
line of demarcation between the central and marginal parts of the hypersthene grain
is fairly sharp (Fig. 6). These hypersthenes of different compositions have become
intergrown in such a way that their corresponding optic axes (e, 3, ) and thus their
corresponding crystallographic axes (b, a, c) join together. Fig. 7 gives a micro-
scopic picture of the hypersthene grain under consideration, the view being nearly
at right angles to the b-axis of the hypersthene. At the boundary between the central
and marginal portions of the hypersthene grain there runs a zone of varying thick-
ness rich in inclusions.

The hypersthene of the central portion (Fig. 7) contains very thin exsolution
lamellae. They are so thin that they cannot be properly examined under the microscope.
They have an oblique extinction between crossed nicols and their refractive indices
deviate from those of the parent crystal. The hypersthene of the central portion
has been exsolved following crystallization. The exsolution probably took place upon
the crystallization of the marginal zone and, to a certain extent, also prior to that.
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TABLE 1.

Chemical composition (analyst, A. Heikkinen) and physical properties of the hypersthene of the
middle portion. Zoned hypersthene. Hietaniemi, Mintyhatju, region of Ahvenisto.

Weight per cent
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Physical properties

a =1.692

y =1.705

2Va = 77°

D =3.46

Figure 7 further reveals how the hypersthene grades over in part before the joint
to take on the character of the marginal zone.

When Mg—TFe silicate crystallizes from magmas, it almost invariably assumes the
orthorhombic, stable at temperatures below 1 140° at the magnesian end and below
955° at the other extreme (Bowen and Schairer 1935). Hess (1960, p. 39) writes
about pyroxenes’ serving as a geologic thermometer: »On cooling, the pigeonite
thus formed inverts to orthopyroxene of the Stillwater type, whereas the ortho-
pyroxene which crystallized as such from the magma becomes orthopyroxene of the
Bushveld type. In both the Stillwater and Bushveld complexes, the inversions curve
was crossed when the crystals had an Mg : Fe ratio of 70 : 30. This would indicate
a temperature near 1 100° C. Inasmuch as all the crystallization up to this point was
below the inversion curve, the initial crytallization from the Stillwater and Bushveld
magmas must have taken place below approximately 1 140° C., the inversion tem-
perature for enstatite to clinoenstatite. In the Stillwater the pigeonite began to crys-
tallize at a horizon represented by the highest outcrop stratigraphically or, as will
be seen from later discussion, after about 60 per cent of the magma had crystallized.
The temperature change during the first 60 per cent of crystallization is very small.»

According to the studies of Yoder and Tilley (1962, p. 390), orthorhombic
pyroxene can crystallize from quartz-dolerite at temperatures above the Bowen and
Schairer (1935) inversion curve, where the pyroxene would be expected to crystal-
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TABLE 2.

Chemical composition (analyst, A. Heikkinen) and physical properties of the hypersthene of the
marginal portion. Zoned hyperstehene. Hietaniemi, Mintyharju, region of Ahvenisto.

Weight per cent
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Physical properties

a = 1.696
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lize in monoclinic form. Moreover, »because of the uncertainty of the nature of the
inversion, of the inversion temperature, and the observed pressure effects, the writers
(Yoder and Tilley 1962, p. 391) do not believe that magma temperatures can be
estimated from observation of the orthopyroxene-clinopyroxene inversion at this time».

The hypersthene of the marginal zone, at least when seen under the microscope,
is wholly homogeneous (Fig. 7).

The chemical composition and physical properties of the middle portion of the
zoned hypersthene grain are given in Table 1 and those of the marginal portion cor-
respondingly in Table 2. The hypersthene of the middle portion contains more Mg,
Ca and, especially, Al, and less of Fe2+ and Fe®+ than does the hypersthene of the
marginal portion. The greater amount of Mg in the hypersthene of the middle poz-
tion, as compared to its content in the marginal portion, is natural. The abundance
of Ca and Al in the middle portion evidently is due to the fact that the diadochy is
large when the crystallization temperature is high. Stranger, at first, is the marked
increase in the ratio Fe: Al as the crystallization temperature decreases, or as a
shift is made to the hypersthene of the marginal portion. This is due evidently only
because the Al replaces Si, but not iron, and because the degree of oxidation of iron
is higher at late stages of crystallization than at the beginning.

The properties of the hypersthene in the marginal zone correspond well to the
diagrams of Hess (1960, p. 27), which date back to the year 1952. The properties
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of the hypersthene situated in the middle portion likewise fit, except that the axis
angle (2Ve) is greater than in Hess’s (1960) diagram.

Green (1963) has demonstrated a high Al,O,-content in enstatite augen in high-
temperature peridotite and a low Al,Oj-content in recrystallized enstatite. He has
further reported that the Al,O,-values are low along the edges of the augens. Banno
(1964) contends, in the light of his observations, that increasing pressure reduces
the Al,O;-content of orthopyroxene associated with garnet and clinopyroxene, and
he adds that his arguments do »not stand against» the view in a P—T field where
garnet is unstable, increasing pressure favors the formation of Al,O,-rich ortho-
pyroxene.

According to Hess (1960, p. 31), the calcium content of orthopyroxene is of
interest petrologically, for it may throw some light on the conditions of crystalliza-
tion. The middle portion of the hypersthenes of Hietaniemi contains 1.86 per cent
of CaO and the marginal portion of the grains 1.64 per cent. These hypersthenes
have scarcely any other impurities than slight amounts of some other hypersthene.
Probably 1.65 per cent CaO is near the maximum Ca?+ that the orthopyroxene
structure can hold at the temperature of ordinary magmatic crystallization (Hess
1960, p. 31). Hess (1960, p. 33) further writes that the amount of CaO in ortho-
pyroxene is also probably a function of the temperature of crystallization.

In the boundary zone between the marginal and middle portions of the zoned
hypersthene, and for some distance toward the margin, there is an abundance of
olivine and also plagioclase (though less than the former) as inclusions. Hypersthene
of the marginal portion is also to be found in the part of the boundary zone rich
in inclusions. No inclusions appear to occur in the hypersthene of the middle por-
tion — but when the hypersthenes were separated, inclusions were discovered there, too.

The composition of the plagioclase contained in the hypersthene of the middle
portion as inclusions was Ang ¢ (¢ = 1.562, y = 1.569). The composition of the
plagioclase contained as inclusions in the hypersthene of the marginal portion was
Ang (@ = 1.558, y = 1.566), or approximately the same — perhaps slightly greater
— An-content as in the pegmatoid gabbros and anorthosites in general. It will be
noted that the An-content of plagioclase present in the hypersthene of the middle
portion as inclusions considerably exceeds that of the plagioclase contained in the
hypersthene of the marginal portion, in the pegmatoid gabbros and in the pegmatoid
anorthosites and of the plagioclase in general met with in the different varieties of
rock represented in the gabbro-anorthosite intrusions. Conclusion: The hypersthene
of the middle portion crystallized at a very early stage, but even prior to that the
gabbro-anorthosite intrusions harbored the crystallization of uncommonly anorthite-
rich plagioclase, which has remained as inclusions within the hypersthene of the
middle portion and been preserved there alone as what might be described as
armored relicts.

The composition of the olivine in the inclusion-rich boundary zone and the
marginal portion is 60 per cent of Fo-component (2Va = 80°, & = 1.716, y = 1.756,



The Differentiation of Gabbro-Anorthosite Intrusions... 185

TABLE 3.

Chemical composition of hypersthenes. Eerolampi, Paistjirvi, commune of Heinola, region of
of Ahvenisto. (Lokka 1941, pp.21 and 29).

1 2 1 | 2
Weight per cent
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dy30 = 2.792). The d,;,-value fits into the curves drawn by Yoder and Sahama (1957).
Very few inclusions of olivine are present in the hypersthene of the middle portion;
the composition of olivine in them would seem, according to the refractive indices,
which are only a couple of thousandth parts smaller than in the marginal portion,
to be only slightly richer in Mg than in the other portion. The scantiness or, perhaps,
even absence, to some extent, of olivine inclusions from the main part of the hyper-
sthene content of the middle portion indicates that the olivine started to crystallize
only during the crystallization of the hypersthene of the middle portion — and,
perhaps, not until the very final stages of its crystallization. On the other hand,
olivine no longer occurs in the outermost parts of the hypersthene of the marginal
portion or, in general, in the rocks of the gabbro-anorthosite intrusions. In excep-
tional instances, olivine may be found in the marginal zones of the intrusions in
forms other as »armored» relicts. Conclusion: the interval during which the olivine
crystallized was evidently rather short, occurring in the main during the initial stage
of crystallization of the hypersthene of the marginal portion.

Table 3 presents two chemical analyses (performed by Lokka in 1943) of rocks
from the vicinity of Eerolampi, in the region of Ahvenisto, that resemble the ones
described in this chapter. Both analyses, which were probably made from samples
taken from the same place, correspond closely to the analysis made of the middle
portion of the hypersthene of Siikajirvi. In these analyses, Mg and Al, for example,
vary somewhat, and there are fewer of the cations mentioned than in the hypersthene
of the zoned grains of the middle portion at Siikajirvi and more of them than in the

24 8517—65
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TABLE 4.

Chemical composition of anorthosite. Island in Lake Yli-Raiveli, east of Kuhaniemi, Pertunmaa,
region of Ahvenisto. Average mineral composition of the anorthosites contained in the Ahvenisto

massif.
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hypersthene of the marginal portion of the same grains. The Eerolampi hypersthene
has not been described as zoned, but such a feature would naturally explain the
variations in composition revealed by the analyses (Table 3). The hypersthene grains
of the Eerolampi rock are to some extent quite large, measuring, as they do, as much
as 50 centimeters in length.

Anorthosites

The anorthosites vary considerably in color: brownish, light gray and blue-gray.
The grain size varies between 2 and 5 millimeters, being consistently smaller than
the grains of the gabbro-anorthosites, which range from 5 to 20 mm, and very much
smaller than those of the pegmatoid gabbros and pegmatoid anorthosites. The an-
orthosites are frequently observed to contain a sparse scattering of 1—10-cm long
plagioclase phenocrysts. Mafic minerals (orthopyroxene, amphibole and biotite) are
present in them under 10 per cent by volume. The composition of the plagioclase
in them is Ang, 5. The phenocryst plagioclase has not been seen to be any richer
in anorthite.

The chemical analysis of the anorthosites and the Niggli values computed from
it are presented in Table 4, which also includes the modal mineral composition of
the anorthosites as computes from Savolahti’s Table 3 (1956, p. 24). The mineral
composition corresponds in general to the values given for anorthosites of this type.
A noteworthy feature of the chemical and mineral compositions of the anorthosites
here discussed — as well as in general — is the scantiness of phosphorus and the
scantiness or even complete absence of apatite (Rosenbusch 1923, pp. 30, 201, 240;
Johannsen 1937, pp. 199—201; Buddington 1939, p. 30; and Turner and Verhoogen
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F1G. 8. Microscopic view of anorthosite. The lamellae of the plagio-
clase are twisted and the grains somewhat parallel in structure. Crossed
nicols. Kuortti, Pertunmaa, region of Ahvenisto.

1951, p. 255). According to Wager (1963, p. 6), the cumulus minerals (plagioclase,
olivine, pyroxene and iron ores) are essentially free from phosphorus.

Figures 8 and 9 show the microscopic texture of two anorthosites of differing
structural type. In the one, the habit is oriented, in the other, it is unoriented. More-
over, in the one, the lamellae of the plagioclase grains are twisted, in the other,
they are not.

Gabbro-anorthosites and anorthosite-gabbros

Gabbro-anorthosites are the most common rock contained in the gabbro-anortho-
site intrusions. In color, they are most generally a bluish dark gray. The color of
these rocks, too, varies. The grain size of the plagioclase contained in the gabbro-
anorthosites ranges from 5 to 20 mm, and they have a sparse scattering of different-
sized plagioclase phenocrysts, which usually measure between 1 and 10 cm (Fig. 10).
Table 5 presents the chemical analysis and Niggli values for a certain typical gabbro-
anorthosite, together with the average, modal mineral composition of the gabbro-
anorthosites. The mean of the modal mineral composition has been computed from
Table 4 (Savolahti 1956, p. 25). Since the plagioclase phenocrysts have not been
included in the individual computations of the mineral compositions, the count for
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Fic. 9. Microscopic view of anorthosite. The plagioclase contains a
slight amount of alternation products. The lamellae in the grains are
untwisted. Crossed nicols. Nurmaa, Mintyharju, region of Ahvenisto.

the pale minerals turns out to be somewhat too small in the averaging. Accordingly,
the true figure for the pale minerals is greater than that shown in Table 5. The con-
trarywise results is influenced by the fact that among the gabbro-anorthosites are
rocks which it would be better — and even necessary — to term anorthosite-gabbros,
in view of their abundance of mafic minerals. However, they undoubtedly represent
a small minority, although no calculations have been made as to the distribution
of these different types. This conception must have been shared by Frosterus (1902),
since he gave all the basic rocks of the Ahvenisto region the common designation
of »labrador rocks». Sederholm (1916; 1932, p. 25; 1934, p. 55) also took the same
view. The composition of the plagioclase in these rocks varies within the range
Angg s5. According to the refractive indices and axis angles (Savolahti 1956, pp.
25—27), the rhombic pyroxene is slightly richer in iron than is the hypersthene of
the marginal portion of the zoned grains of the pegmatoid gabbro of Siikajirvi.
The gabbro-anorthosites have an ophitic or megaophitic habit, but in places in
the steep rock walls plagioclase laths may be seen situated in a nearly horizontal
position. The effect is one of a parallel structure. Kahma (1951, p. 14) has previously
observed this kind of orientation in the olivine diabase of Satakunta. Such pheno-
mena seem to suggest an incipient igneous layering structure. The types of gabbro
anorthosites rich in mafic minerals are likely to have formed partly in that manner,
although such beatiful banding structures as have been described by, for example,
Pulvertaft (1965) from Greenland have not come to light in the Ahvenisto region.
Anorthosite-gabbros are probably produced in other ways, too. The scarcity of



The Differentiation of Gabbro-Anorthosite

Intrusions. . .

189

F1c. 10. Gabbro-anorthosite. Kuhaniemi, Kuortti, Pertunmaa, region
of Ahvenisto (SavorLauTti 1956, p. 40).

TABLE 5.

Chemical composition of gabbro-anorthosite. Hietaniemi, Mintyharju, region of Ahvenisto. Average
mineral composition of the gabbro-anorthosites and anorthosite-gabbros contained in the Ahvenisto

massif.

Weight per cent

Niggli values

Volume per cent
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igneous layering structures in the gabbro-anorthosite intrusions of Ahvenisto may,
to some extent, be due to their chemical composition, which presuppose a greater
viscosity than in the case of basalts in general, as well as, in part, to the way in which
the intrusive processes occurred.
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Marginal varieties of gabbro-anorthosise intrusions

The marginal varieties of the gabbro-anorthosite intrusions are fine- or medium-
grained rocks containing plagioclase phenocrysts in greater or smaller amounts and,
in some cases, also hypersthene phenocrysts. In structure they are ophitic with a
subparallel arrangement of plagioclase laths. In the northwest corner of the gabbro-
anorthosite complex as well as along its southwest margin and on the southern side
of Niitjirvi, some slight evidences of rhythmic banding may be seen.

The marginal varieties contain the same minerals as do the gabbro-anorthosites,
and the composition of the plagioclase is likewise approximately the same as in the
gabbro-anorthosites. In addition, they contain monoclinic pyroxene. Mafic minerals,
however, are present in substantially greater amounts than in gabbro-anorthosites
on the average. According to Haker (1909, p. 133), this is very common, as has
been observed in, e.g., the Adirondacks (Buddington 1939, pp. 1, 47) — and the
same thing prevails in, among other rocks, the diabases of Petolahti (Ervamaa 1962,
p- 12). Among other differences, in comparison with gabbro-anorthosites, are the
fact that they reveal the presence in spots of olivine and that a lamellar intergrowth
of rhombic and monoclinic pyroxene can be observed in them.

It should further be emphasized that the magnitude and amount of phenocrysts
vary in different varieties, the measurements ranging from one centimeter to over
half a meter, and that variation also occurs in their mineral composition (Savolahti
1956, pp. 30—33). Thus do the rocks composing the marginal zones of the different
intrusions differ from each other also megascopically. This, too, is in many instances
evidence of the occurrence of numerous different intrusions.

The refractive indices of one large hypersthene grain 20 cm long found in a
marginal variety of rock are: ¢ = 1.693, f = 1.703, y = 1.706; while the composition
of a nearby plagioclase grain 50 cm is Angg (@ = 1.557, y = 1.566).

At one place, where the marginal zone grades over by degrees into normal gabbro-
anorthosite, there are several occurrences of amphibole-rich gabbro, which penetrates
the marginal zone as indistinct veins. This gabbro contains aggregates of carbonate
and apatite in greater than ordinary abundance. Present in it are, among other things,
large apatite crystals, which, despite their good idiomorphism, appear to have crys-
tallized at a relatively late stage (Savolahti 1956, p. 21). Everything points to the
fact that the volatile materials of the magma had become concentrated at this point
in the intrusions, for from this point outward the grains diminish greatly in size.

Wegman (1938, pp. 83—92) reports having found carbonate — even veins of
carbonate — contained in diabase dikes a short distance toward the center from
their contacts in southwestern Greenland, and that the occurrences bear witness to
movements having taken place after the intrusions. Keto (1959) has carried out
quantitative determinations of the mineral contents and grain sizes in an olivine
diabase dike 40 meters broad at Ika-Pynt, Greenland. The determinations revealed
that a short distance from the contact, inside the dike, where grain size begins to
diminish markedly, apatite, carbonate and hydrous silicates have become enriched.
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Late crystallizations of the gabbro-anorthosite intrusions and
the autometamorphic and autometasomatic processes

Reference has been made, in connection with the foregoing description of the
marginal zones of the gabbro-anorthosite intrusions, to the enrichment of volatile
materials into them and to the penetration of indistinct gabbro veins from gabbro
anorthosites into their marginal varieties. These veins border vaguely on their
country rock, and they still reveal the presence of minerals from the country rock
as relicts (Savolahti 1956, p. 22). In their formation, a significant part was evidently
played by solutions and volatiles penetrating from the magma into rock that had
already largely crystallized, meaning that these veins represent, at last in part, replace-
ment veins, as it were, and are the end products of autometasomatic processes.

Autometamorphic and autometasomatic processes generated by residual solutions
and volatiles have also occurred in other portions of the intrusions. NNE of Enon-
vesi (Savolahti 1956, p. 29) there is a certain example, in which the hypersthene
grains of a pegmatoid gabbro have undergone partial alteration. At the edges and
in the fissures of the hypersthene grains there are bands of cummingtonite and in
certain cases the entire hypersthene grain has changed to cummingtonite. Adjacent
to plagioclase, these cuammingtonite bands have a very thin biotite edge (y = f =
1.601). A certain amount of biotite is also contained in the middle of the cumming-
tonite bands and aggregates, being wedged in between the cummingtonite grains.
The rock thereby altered is cut across by narrow (1—5 mm), pale gray veins,
which consist mostly of feldspar and quartz. The veins do not appear to come
from any granite occurrence or other external intrusion, and in some instances
they are cut off at both ends. In all probality, they represent late crystallizations of
gabbro-anorthosite intrusions. The cummingtonite bands and aggregates are either
contemporaneous with the afore-described veins or are younger, for the veins
running through this pegmatoid gabbro cut across plagioclase and hypersthene
grains but do not cut through the cummingtonite aggregates and bands even when
they intersect a hypersthene grain around and inside which are cummingtonite bands.

Table 6 presents a chemical analysis and the physical properties for cumming-
tonite.

How common and intense these autometamorphic and autometasomatic pro-
cesses have been in these intrusions, it is difficult to determine, for even after they
ceased there occurred in the area contact metamorphoses and contact metasomatoses,
caused by younger magma intrusions, as well as dislocation metamorphoses, induced
by later movements. The magma intrusions and movements might, conceivably, have
been to some extent synchronous. Undoubtedly, a part of even those gabbro-anortho-
sites in which the mafic minerals have wholly altered into amphiboles, chlorite and
biotite were produced by the late solutions of the gabbro-anorthosite intrusions
themselves.

Representing the latest crystallizations in the gabbro-anorthosite intrusions are
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TABLE 6.

Chemical composition (analyst, A. Heikkinen) and physical properties of cummingtonite. Enonvesi
NNE, Hietaniemi, Miantyharju, region of Ahvenisto.

Weight per cent
SiOy covivr s 58 miow s o v wssnee s ¢ wesne s s 53,02 | Sil & s wemi oo s wmns s 7.86
TiOy oo 0.26 | Tioonvininiiiiin, 0.03 } Z =8.00
AlyOg v 100 | Al covvvvnnnnn... 0.18 -
FegOn v ovononoo 0.55 | Fed® ............. 0.05 ¥ =0.12
FEQ oo vssiimmsissnmedss somesisemm 22,49 | Be** (..smssinmmas 2.75
MnO ... 0.77 | Mn .............. 0.10 ¢ X = 6.43
MO ' 16.21 | Mg ..o, 3.58
CAG) ioiis v 6 2 Bt 5 § Nbie 3 8 SAAIE 5 3 3 500 394 | Ca.iieivavissumes 0.62
TAGO o5 5 5 rosor o o covaiienes » o wsviaze s o i 0 win 0.8 | DE: oo ve s o sooms 0.05 > W = 0.71
o I 0.20 [ K oovivvnnnnnn.. 0.04
PaOg vvecvnmmnnnesane s omonse o 0503 || B s e e mimmm = o 5 Bipame
HyO oo 156 | OH ... 1.55 [ (OH, BsQy) = 1.5
HoO— sisinimssnsnmiiis smes ss s 0.06
Total 99.75

Physical properties

a = 1.643

B =1.652

y = 1.666

2Vy = 73°

eAY = 13°

b =8

D =3.26

a few albite-diabase dikes. They are coarse-grained and ophitic in structure. Their
principal minerals are albite and chlorite, in addition to which one finds pistacite
quartz, ore, apatite and potash feldspar (Savolahti 1956, p. 29). The composition
of the final crystallization appears to be rich in Na, just as has frequently been ob-
served to be the case with rocks of this description elsewhere as well.

METAMORPHISM IN GABBRO-ANORTHOSITE INTRUSIONS

In the village of Enolahti, situated on a headland of Siikajirvi, a beautiful ex-
ample may be seen of a contact metamorphosis into gabbro-anorthosite caused by
later intrusions. Situated on top of a gabbro-anorthosite intrusion, there is a rapa-
kivi sill gently sloping westward. Directly under the rapakivi, the mafic minerals of
the gabbro-anorthosite are totally chloritized and the plagioclase conspicuously
epidotized, giving the entire rock a greenish yellow color. As much as ten meters
deeper down, the contact metamorphism induced by the rapakivi is clearly and
conspicuously evident. The mode of occurrence of the chlorite here is bizarre. When
a sample is knocked off a rock, its fresh surface is seen to contain dark, poikilitic
grains a couple of centimeters in diameter with plagioclase inclusions and with a
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metallic glitter. It requires closer examination to identify them as chlorite. In all
likelihood, they had originally been orthopyroxene grains, which eventually under-
went chloritization. It is at a distance of more than 20 meters that the gabbro-an-
orthosites take on their typical outward appearance and mineral composition.

Later intrusions have also induced the formation of metasomatic porphyroblasts
in the rocks of the gabbro-anorthosite intrusions (Savolahti 1956, pp. 59—60).

The gabbro-anorthosite intrusions display many shearing and crushing zones
which bear witness to dislocation metamorphism (Savolahti 1956, pp. 57—59). The
anorthite content of the plagioclase contained in the original rock of these zones
has decreased, being approximately An,;, and at the same time calcite and epidote
have been introduced into the rock. Its mafic minerals have altered into chlorite and
amphibole. The same kind of mineral composition has been reported to occur in a
certain mylonitized anorthosite in western Greenland (Serensen 1955, p. 37). The
rock itself in gabbro-anorthosite intrusions has in many cases turned a lighter hue
than that of the original rock. This seems to be due to the fact that the altered plagio-
clase is lighter of color than the original plagioclase. In addition, those properties
of the light and dark minerals that resist physical and chemical weathering may have
changed. As a result, the weathering relations between the various minerals may
also have changed. The mafic minerals may, for example, have corroded into hollows.
Rocks thus altered resemble anorthosites more than they do the original rocks.
During such a process, the chemical composition of the rocks need not always have
changed so as to approximate that of anorthosite to any higher degree than originally.
By this the author does not wish to deny that anorthosites could and might, indeed,
have evolved through such a process or that chemical changes might also have taken
place in these rocks. The authot’s intention is only to demonstrate that the outward
appearance of a rock can give rise to an erroneous conception with regard to the
chemical composition of the rock.

CONCLUSIONS

The magma from which the gabbro-anorthosite intrusions of Ahvenisto have
crystallized was very probably nearly identical in chemical composition to the gabbro-
anorthosite presented in Table 5. Accordingly, this magma would have contained
appreciably more SiO,, Fe,O,, Al,O; and Na,O and less FeO, CaO and, especially,
MgO than did the high-alumina basalts corresponding most nearly to it in com-
position that were experimentally investigated by Yoder and Tilley (1962, p. 362).

Yoder and Tilley (1962, p. 382) have submitted the following significant con-
clusions deriving from their studies of basalts: »1. Each of the major silicate phases
may appear as the primary silicate phase. 2. The temperature at which the primary
silicate appears lies within a narrow range irrespective of the kind of primary silicate
phase (1.160° to 1.240° C). 3. All major silicate phases appear within a small tem-

25 8517—65



194 Antti Savolahti

perature interval (< 80° C). 4. All major silicate phases begin crystallizing together
at about the same temperature (1.155° to 1.170° C). 5. Total range of crystallization
is small (135° to 195° C).

The chemical composition of the gabbro-anorthosites of the Ahvenisto region
probably presupposes a slightly lower crystallization temperature than that of the
aforementioned basalts. Moreover, the former have perhaps crystallized under slightly
higher pressure than the latter.

It was the plagioclase, with a composition of Ang, that first began to crystallize
from the gabbro-anorthosite magma, immediately followed by the Al-rich pyroxene,
now occurring as lamellic hypersthene (Table 1). At the final stage of the crystalliza-
tion of this pyroxene, the olivine (Fo,,) crystallized. According to MacDonald (1949),
most common phenocrysts in basalt are olivine and many of them contain plagio-
clase, but the conditions of crystallization and the composition of the magma there
were somewhat different. After that, there crystallized the hypersthene (Table 2) in
which no lamellae occur, partly around the first-mentioned, lamellic hypersthene,
partly as independent grains. The plagioclase (Ansg_s;) crystallized concurrently
with it.

The composition of the plagioclase phenocrysts present in various places in the
gabbro-anorthosite intrusions is Ansg s3. The plagioclase (Ang;) occurring in the
lamellic hypersthene as inclusions has not been met with as phenocrysts. On the
other hand, hypersthene phenocrysts have been met with here and there in the
marginal zones of the gabbro-anorthosite intrusions, the refractive indices of which
correspond more closely to those of lamellic hypersthene than of hypersthene in
which no lamellae occur. Olivine has been met with — except as inclusions in the
hypersthenes of pegmatoid gabbros — only in the marginal zones of intrusions, but
not as phenocrysts even there. The pegmatoid gabbros thus include the minerals
that crystallized first in these intrusions, though their crystallization lasted a long time.

Anorthosite lenses occur in all parts of the intrusions. The grain size of their
minerals is distinctly smaller than that of the gabbro-anorthosites. The composition
of the plagioclase in them is Ang;_ 5. Locally, there evidently occurred a sudden
appearance of nuclei in great abundance and a partial removal of intercumulus
liquid. The sudden formation of nuclei seems to have taken place at a time when
the rate of generation of plagioclase nuclei in the magma was very high — and it
was not highest during the crystallization of plagioclase (Ang;). Since anorthosite
lenses occur also in the fine-grained marginal zones of the intrusions, they had
appeared, perhaps, even prior to the intrusive action as well as possibly afterward,
too. This would also explain the twisted shape of the lamellae of the plagioclase
grains to be observed in spots in these anorthosites. The present author does not
presume to contend that all the anorthosites of the intrusions had originated in this
fashion, but in the case of some he is unable to offer any other explanation. The
pegmatoid anorthosites occurring in association with the pegmatoid gabbros have
not been counted among the aforementioned anorthosites.
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The gabbro-anorthosites, including the several varieties of the rock, constitute
the principal rock component of the gabbro-anorthosite intrusions. The composition
of the plagioclase contained in them is Ang 4, and the refractive indices of their
hypersthene content are partly greater than those of the marginal portion of the
zoned hypersthene present in the pegmatoid gabbros.

Since the pegmatoid gabbros and anorthosites are among the oldest minerals
present in the gabbro-anorthosite intrusions of the Ahvenisto region, we may regard
them as the portions of the magma that differentiated first. True, crystallization
continued in them long after the first minerals crystallized; but this, according to
Wager, Brown and Wadsworth (1960), is something to be expected in cumulates.
There followed the crystallization of the fine- and medium-grained anorthosites at
a time when the rate of formation of the plagioclase nuclei was highest in the magma.
The rocks of the marginal zones underwent rapid crystallization after the intrusion
of the magma, which, perhaps, occurred during the crystallization of the fine-grained
anorthosites. In the light of the compositions of the minerals, we may conclude that
the crystallization of the gabbro-anorthosites and their varieties lasted longer than
did that of the other principal rocks.

The main crystallization of the intrusions took place as a whole within very
narrow limits of temperature, as in the case, according to Yoder and Tilley (1962),
of basalts.

The emergence of the principal varieties of rock was followed by late-stage
crystallizations, the autometamorphic and autometasomatic rocks, and the rocks
metamorphosed by later intrusions and dislocations.
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ABSTRACT

The metamorphic schists of Hautajirvi include the following varieties of rock: black schists,
diopside amphibolites, garnet-bearing mica gneisses, cummingtonite-biotite gneisses, hornblende
gneisses, amphibolites, mica gneisses, plagioclase gneisses, anthophyllite-biotite gneisses and diop-
side gneisses. Associated with them are diabases, porphyritic granites and pegmatites. This paper
presents a petrographic description of the rocks mentioned, their mode of occurrence, in many
cases the modal mineral composition and the optic properties of the minerals. In the case of one
amphibolite’s amphibole, a chemical analysis, the optic properties and the X-ray data are given.
The paper further includes a brief description of the eruptive rocks found in the region: diabases,
porphyritic granites and pegmatites.
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INTRODUCTION

Hautajirvi is situated in the commune of Kiuruvesi, some 40 kilometres west of
the town of Iisalmi, in the northern part of the ancient province of Savo, in eastern
Finland. Previously, the area under consideration has been geologically described
by Mikinen (1916) and Wilkman (1931).

According to Wilkman, the Hautajirvi area is crossed by a belt of fine-grained,
dark gray hornblende gneiss, which is foliated and distinctly banded, with alternating
layers of mica gneiss. Next to the mica gneiss, according to the same source, sie
rusty layers rich in pyrrhotite.

The maps of the Hautajirvi area drawn on the basis of airborne magnetic and
electric surveys show very strong anomalies. This circumstance led to a remapping
by the Exploration Department of the Outokumpu Company in the summer of 1959.
The job was later completed, resulting in the revision of some parts of the maps.

The purpose of the present study is to describe the rocks of the Hautajirvi schist
belt and their modes of occurrence.

The strike of the schistosity of the rocks at Hautajirvi is generally N 30°—60° W
and the dip 40°—85° SW. In the eastern part of the area the dip is less steep than in
the western part. The strike of the schistosity of the strongly metamorphosed rocks
seems to be more toward the west than that of the slightly metamorphosed rocks.
The lineation is very steep and trends toward the southwest. The fold axis is nearly
horizontal. The basal direction of the schists has been discovered anywhere.

The schists are described in geographical sequence from the western margin of
the schist belt toward the east. Finally, there is a description of the anthophyllite-
biotite gneisses and diopside gneisses situated in the southern and southwestern
part of Hautajirvi, near the porphyritic granite.

Associated with the schists of Hautajirvi are eruptive rocks, which are briefly
described before the schists; the latter are situated adjacent to porphyritic granites
along their southern and southwestern margins (Fig. 1). In two places the schists
are intersected by a diabase dike, which at one point evidently also penetrates the
porphyritic granite. In addition, the schists contain pegmatites to a certain extent.

ERUPTIVE ROCKS OF HAUTAJARVI

Diabases

Some 800 metrs to the north from the middle of Hautajirvi there runs a diabase
dike. The diabase in the dike is gray of color, coarse-grained and ophitic, and its
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Plagioclase (Ang_g,) occurs as long, narrow, idiomorphic, twinned grains.
The pyroxenes occur mainly as large poikilitic grains, which in most instances are
surrounded by a ring of hornblende — to some extent appearing to be a reaction
rim; in many cases, they have partly altered to hornblende from inside the grain.

Hyperstehene(a =1.719,y = 1.735, Fsy,) is present is far smaller amounts
than is diopsidic augite. Diopsidic augite (¢ =1.680, y = 1.711, cAy =
37°) contains very thin lamellae, which have an extinction different from of the main
portion of the crystal. The latter in some cases reveals the presence of a little tre-
molite as an alteration product.

The hornblende (¢ = 1.660 = pale green, B = yellowish green, y = 1.680
= brownish green, c Ay = 15°, 2Ve = 68°) in places contains biotite flakes. Ordina-
rily, the biotite (y = 1.639) occurs as rings around allortiomorphic opaque mineral
grains, these rings being in turn surrounded by hornblende, in which they in some
spots have the character of inclusions.

The diabase in the dike situated on the southern side of Hautajirvi is appreciably
coarser of grain than the aforederscribed diabase. It is ophitic in texture and further
differs from the former in that no diopsidic augite has been met with in it but only
hypersthene. The mineral composition of the diabase is as follows: plagioclase,
hypersthene, gedrite, biotite, apatite and opaque minerals.

Plagioclase (¢ =1.562, y = 1.570, Ang;) occurs as grains 0.5 cm broad,
1.5 cm long, the largest measuring as much as 1.5 cm in breadth and 25 cm in length.
The hypersthene (2Va = 64°, & = 1.691, y = 1.704, Fs,,) is unevenly distri-
buted. In places it occurs as anhedral, poikilitic grains measuring as much as 2X 5 cm
in size and protruding several millimeters above the surface of the rock. Similarly
elevated are roundish titanomagnetite crystals measuring 0.5—1.5 cm.

In spots the plagioclase contains inclusions of tiny, wormshaped hypersthene
grains (Fig. 2), which have a simultaneous extinction between crossed nicols under
the microscope not only among themselves but also, in many instances, with adjacent
larger hypersthene grains. Frequently, the impression is given that the inclusions are
relicts of hypersthene that has been replaced by the plagioclase. In some spots there
are inclusions of gedrite (2Vy = 78°). On occasion the hypersthene has been observed
to have altered into an aggregate composed of tiny gedrite grains. The plagioclase
containing hypersthene inclusions is slightly richer in albite than is the rock else-
where.

Adjacent to the hypersthene in the plagioclase are biotite flakes (y = 1.653),
which have become attached to the hypersthene. In many instances, they run parallel
to the prismatic direction of the pyroxene. Occurrences of such biotite have also
been described in their papers by Christophe-Michel-Lévy and Goi (1964).

Frequently associated with the gedrite are large allotriomorphic apatite grains.

Wilkman (1924) has described enstatite-augite diabase dikes and hornblende
diabase dikes occurring in, among other places, Sonkajirvi. Petrographically, the
pyroxene diabase dikes of Hautajirvi resemble those first mentioned.
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Fi1c. 2. Worm-like hypersthene and gedrite inclusions in plagioclase. Micro-
photo, 1 nic. Diabase. South side of Hautajirvi, Kiuruvesi.

Porphyritic granites

The schist area borders along its southern and southwestern margins on porphyri-
tic granites. Wilkman (1938) has distinguished four different types of rock in the
porphyritic granite area situated south of Hautajirvi: pyroxene-quartz diorite,
pyroxene granite, ordinary porphyritic granite and pyroxene granodiorite.

Pegmatites

The schists contain to some extent pegmatite veins. In the northern part of the
area there is a pegmatite vein roughly 40 meters broad and running N 30° W. To
a large extent, it is pure quartz, but in spots in has pure microline and, in addition,
small amounts of albite. The pegmatite is sheared.

THE METAMORPHIC SCHISTS OF HAUTAJARVI

Black schists

The black schists are poorly visible in outcrops. In most cases, it is necessary
to dig to expose them. This was done, for example, at several places near the west-
ern margin of the diopside amphibolite bed.

The black schists occur in the area as two different types, with respect to their
chief mineral constituents: a biotite-quartz type and a diopside-amphibole type. The
principal constituents of both types include not only graphite but also pyrrhotite



204 Antti Savolahti and Reino Marjonen

and hydro-pyrrhotite (germ. »Wasserkies»; Saksela, 1947, p. 208), pyrite and, evi-
dently, ilmenite.

The mineral composition of the biotite-quartz type, which is more prevalent in
the western part of the bed, is as follows, in terms of percentages by volume: plagio-
clase 17.5, microcline 10.1, quartz 5.0, biotite 6.0, leucoxene and apatite 2.7, and
opaque minerals 58.7. The plagioclase is classified as albite. The quartz occurs as
tiny grains and also as lenticular grain clusters. The biotite’s y is very pale brown.
The leucoxene is pleochroic and is present mainly in association with opaque mi-
nerals.

In the diopside-amphibole type, the amphibole is weakly pleochroic (y = grayish
green) and ¢ Ay = 30°. The diopside is euhedral and its ¢ Ay = 42°. The plagio-
clase is andesine. In addition, the rock contains clinozoisite, quartz, anhedral and
euhedral sphene in abundance, large allotriomorphic apatite grains and sericite.

The diopside-amphibole type reveals the presence of microscopically thin laminae
containing various minerals: sphene, quartz and layers with an abundance of epidote,
other layers with abundant epidote, diopside and hornblende as well as laminae con-
taining large amounts of hornblende and plagioclase.

Both black schist types occur as intercalations within each other. Black schists
occurr to some extent as narrow intercalations also in the diopside amphibolite
situated on their eastern side, and they are to be found elsewhere as well in the schist
area of Hautajirvi (Fig. 1).

Saksela (1933) reports the following mineral assemblages as occurring in black
schists: chlorite, microcline, quartz and albite; biotite, microcline, intermediary
plagioclase and quartz; actinolite, microcline, sphene and albite; actinolite, inter-
mediary plagioclase, microcline and quartz. Saksela (1933 a) has described a black
schists formation a black schists from Karhunsaari. The carbon and sulfide material
is regarded by Saksela (1933 a, p. 37) as original, as indicated by the structure of
black schists, and in composition they represent dolomite-bearing clay sediments.

Marmo (1960) distinguishes the presence in sulphite and graphite schists of,
e.g., sulphide schists of pelite composition and sulphide-graphide schists of calcareous
composition.

Marmo and Metzger (1953) have described from the Hiirola area black schists
consisting principally of biotite, quartz and graphite.

Peltola (1960) divides the black schists into three categories: argillaceous, cal-
careous and arenaceous varieties. Of these, the argillaceous schists correspond to
the biotite-quartz type of the Hautajirvi area, and the calcareous ones to the diop-
side-bearing schists.

Diopside amphibolites

The thickest diopside amphibolite bed occurs immediately to the east of the
black schists.
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TABLE 1.

Mineral compositions of diopside amphibolite in percentages by volume: hornblende-rich band
(1 and 2), diopside-rich band (3), and plagioclase-rich band (4). North side of Hautajirvi, Kiuruvesi.

1 2 - 4

QUALEZ. wioiv s v 5 6 mame s 5 WSS § 0SS 1.4 — - =
Plagloclase  axcswsssopinas sammes o 28.5 21.1 10.2 56.0
Hornblende ....................... 62.5 721 5.0 5.2
Diopaide: .. swamms s cwsms s omsieuesas 0.7 — 59.0 32.0
BEPIAOES: @m0 min e Sisiam e wia s w58 - — 11.4 —
Opaque minerals ....counveomvnnsss 5.8 4.5 3.7 2.1
Sphene uissvispavissssams i savnasa - 0.9 6.2 1.2
Apatite . ... - 0.9 0.7 0.6
Carbonate: o osemes s s os e oe o — - 3.0 —
Othes MIneLals ....omvnssovaiommmis 1. 0.5 0.8 2.3

Total 100.0 100.0 100.0 100.0

The diopside amphibolites are banded, and the bands are foliated and broken up.
The thickest bed consists of three different types of rock: 1) greenish gray stretches
of rock containing diopside in abundance, 2) blackish gray stretches containing
abundant hornblende, and 3) rock of a coarser than normal grain containing garnet,
diopside and considerable amounts of plagioclase (Table 1). In addition, it contains
in the cleavages pyrrhotite situated at right angles to the schistosity. The portions
of the rock containing abundant diopside occur as narrow bands of varying thickness,
as lenses and as folds shaped like an »S». The lenses contain larger hornblende,
diopside, quartz and calcite crystals. Garnet occurs more in the eastern part of the
bed, while it is commonly lacking in the western marginal portions.

The bands containing abundant hornblende represent fine-grained amphibolites
more nearly than anything else. They show a clearer schistosity than do the other
types. The composition of the plagioclase inthemis Ang, (¢’ on 001 cleavage
plates is 1.554 and 9’ on 001 cleavage plates is 1.561). The following optic properties
have been measured from the hornblende: a =1.665 f =1.681, y = 1.689,
y-a = 0.025, c Ay = 21° and 2Ve = 68°.

The diopside occurs as euhedral, greenish grains, of which a number are con-
spicuously uralitized. The diopside (¢ =1.701, y = 1.732, 2Vy = 59°, cAy =
41°) appears also as large, allotriomorphic grains, notably in coarse-grained, diopside-
rich bands. The epidote (@ =1.704, y = 1.714) generally occurs as allotrio-
morphic grains of anomalous blue in interference color. In places it occurs as rings
around many mineral grains, such as plagioclase, diopside, hornblende and sphene
(Fig. 3). In some cases, the epidote grains contain abundant inclusions shaped like
worms, which may be quartz. The hornblende (y = dark green, @ = golden
brown) occurs in allotriomorphic and frequently poikilitic form in diopside- and
epidote-rich bands. There is also a little tremolite. The composition of the pla gio-
clase in the pale veins is An (55_,,)- (@’ on 001 cleavage plates is 1.551 and 9’ on
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Fic. 3. Epidote surrounds hornblende, diopside, plagioclase and sphene.
Diopside amphibolite. Microphoto, crossed nicols. North side of Hautajirvi,
Kiuruvesi.

001 cleavage plates is 1.571). The rock further contains carbonate, of whicha
part of it represents an intergrowth with plagioclase, occurring as winding bands,
as well as sphene, opaque minerals, quartz and biotite. Surrounding the opaque
minerals in many cases is a ring of sphene. The biotite content is slight, whereas
there is an abundance of sphene, occurring as large grains, the degree of idiomorphism
of which varies.

Eskola (1914) has described diopside amphibolites from the Orijirvi region,
which are distinctly layered, frequently appearing as alternating layers with leptite.
According to Eskola, these diopside amphibolites are of sedimentary origin: they
formed from metamorphic calcareous slates with a probable mixture of volcanic
matter.

Garnet-bearing mica gneisses

Garnet-bearing mica gneiss is situated on the immediate eastern side of the thick
diopside amphibolite bed. It is stratified, with feldspar-quartz-rich layers alternating
with mica-rich ones. In many instances, the mica gneiss is veined. To some extent,
augen gneiss is also to be found — for example, on the southern side of Hautajirvi.
Table 2 gives the mineral composition of two types of mica gneiss in percentages
by volume, exclusive of garnet. In addition, they have yielded a few narrow layers
of granite gneiss.

Here and there, the garnet-bearing mica gneiss contains layers of amphibolite
and diopside amphibolite as well as black schist. The aforementioned rocks occur
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TABLE 2.

Mineral composition of two garnet-bearing mica gneisses, in percentages by volume, without garnet.
North side of Hautajirvi, Kiuruvesi.

1 2

QUATZ ottt ittt e 22.1 31.9
Plagioclase’ a5 ss mams s vsmsm oo o8 senm o5 505100 8 5 6 95608 4 5 5 465mE 6 6 52.1 45.7
Potash TeldEPAT s o i s 5 0mis SOTH S5 S B a0 S REmD e o Ak e <0.1 <0:1
BIOtite ..ot e 23.0 21.6
MUSCOVIEE: & siommvnn momaam o am sias 56 5 /00 5590560 6.8 5w e SR & s 1.0 —_
SAPTATIEE, 5050 B045,5 TN 08 TR 35 S Sk A S Lol S e e S e A 0.8 <0.1
A o o P 0.1 <0.1
Opaque MINELAIS - 5cmss s soismes messae 8550 w808 5 5 8aas 58 555558 0.3 0.1
ChlOLite . oot i e 0.2 0.1
CREBONAYE: sruiaimiss mrnms s & 2 BEmErs s el S8 as SoH & 88 SR RS o 0.4 —
OEHET TIANEEALS 5.0 005065 B 26505 85T 5-6. oL SIS 5 NSO L6 B et o — 0.3

Total 100.0 100.0

in the mica gneiss in places also as small lenses. Moreover, carbonate-bearing lenses
have come to light, probably being present more along the western margin of the bed.

The amount of garnet (n = 1.788) present in the garnet-bearing mica gneiss
varies — in spots it is abundant, but in other places there is very little of it. It is
found in both mica-poor and mica-rich varieties. The garnet grains are reddish
brown, in some cases as large as a thumb’s end, in other cases smaller than the head
of a pin. Large garnet porphyroblasts have been met with in abundance, particularly
in the mica gneiss resembling augen gneiss situated on the southern side of Hauta-
jarvi. The principal mafic mineral is biotite (y = f = 1.666). Muscovite occurs
in varying amounts, especially in places marked by the presence of rock taking the
form of augen gneiss. To a certain extent, it would appear to have originated through
the alteration of biotite. Also chlorite is present in spots to a minor extent as an
alteration product of biotite. The composition of the plagioclase is Ang
(¢ = 1.545). There is very little potash feldspar. On occasion, apatite is to be found
in considerable abundance.

Cummingtonite-biotite gneisses and hornblende-biotite gneisses with their
lenses and intercalations

East of the garnet-bearing mica gneiss is situated a rather broad, non-homo-
geneous bed. The main rock constituents are garnet-bearing cummingtonite-biotite
gneiss and hornblende-biotite gneiss, in addition to biotite gneiss, granite gneiss and
biotite amphibolite. Situated in the western margin of the bed is a layer of fine-
grained amphibolite containing cummingtonite porphyroblasts, and in the eastern
margin fine-grained diopside amphibolite. Here and there, it contains different kinds
of lenses.
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TABLE 3.
Mineral compositions of different varieties of rock contained in cummingtonite-biotite gneisses
and hornblende-biotite gneiss layers: 1) Cummingtonite-biotite gneiss. 2) Hornblende-biotite gneiss.
3) Biotite gneiss. 4) Biotite gneiss. North side of Hautajirvi, Kiuruvesi.

1 2 3 4

ORHED] cresrors s Giamom 5d Saxes & D6 Freas s 4.6 16.1 19.8 6.3
PIRgioclase . . o oo v swmma s s s as 34.0 29.0 42.8 62.2
BIOHE i o 550000 4 asmmm s s sammes 35 15:7 27.9 33.0 26.0
Homblende ..............ccoiunn. 16.0 20.6 0.4 =
Cummingtonite .« ...ceueessssinmsses 24.2 — — —
DIOPRIAE: ..o s v mer i s smans 3 dasw o5 59 — 2.7 — —
SPRENC v o6 e is v oo oo vissios o — 2.0 1.3 —_
Apatite s oo ssiaive o s omvns i wision s s 3 — 1.4 1.3 1.1
Opddue MINEAS ....cccoenmemeesos 1.8 0.2 — 0.8
GAIRet wuiic s wiso oo snees TRR—— 2.4 — — —
CBIOLite :::sivamisvismasssammessss — — -— 1.1
MUBEOVHLE, 1« ¢ <iouans s sssiiomenns o d wsilelss o4 a0 — — — 1.4
Carbonate: ;. s issemnssseewsness — — — 0.9
Other minerals .. qswwosssmsvsssss 0.6 0.1 1.4 9.2

Total 100.0 100.0 100.0 100.0

The garnet-bearing cummingtonite-biotite gneiss is rather small-grained, pale
brownish gray and veined. Embedded in it are narrow, garnet-bearing bands, in
which the garnet generally occurs as grains measuring 2 mm, and narrow amphibole
layers, in which the amphibole occurs as grains 1—2 cm in length, and 3-mm thick,
or as radiating clusters of grains 5 cm long 2 cm broad. The biotite (y =1 651 =
dark brown) is poikiloblastic and it contains inclusions of plagioclase, in particular.
The cummingtonite (cAy =18% a = 1.650, y = 1.679) occurs as colorless,
polysynthetically twinned prisms and grain clusters. The garnets are rather large,
allotriomorphic porphyroblasts with inclusions of quartz, cummingtonite and
opaque minerals. The hornblende is pleochroic from green to pale brownish
green and its y = 1.680 and c Ay = 20°. In addition, the rock contains plagio-
clase (An,,) as well as quartz, opaque minerals and sphene (Table 3, No. 1).
The gneiss further reveals the presence of pegmatites, which contain suplhide dis-
seminations to the extent of causing the rock to weather.

Table 3 also shows the mineral composition of the hornblende-biotite gneiss
(No 2) and the biotite gneiss (Nos. 3 and 4) in percentages by volume. The last-
mentioned is diopside-bearing. The gray, white and brown, variegated biotite am-
phibolite, which has an abundance of biotite, contains hornblende and plagioclase,
occurring in some cases as porphyroblasts with ragged edges and many large in-
clusions. This rock further contains a little cummingtonite.

The garnet-bearing cummingtonite-biotite gneiss contains carbonate-bearing,
greenish gray lenses with a dark gray amphibolite edge a couple of centimeters wide.
The composition of the plagioclase along the margin of the amphibolite is
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TABLE 4.

Chemical composition of hornblende in amphibolite (analyst: A. Heikkinen). North side of Hauta-
jarvi, Kiuruvesi.

Weight per cent
SiO0y. sos s swms oo wwidst o6 wiwioie 5.5 Sismeosio 452 | B o morer o oo A e S e s 6.567 |
7T, A 1025 | Al oo 1.974 f 800
TiOg, wowsamoss s awms o3 B s s T8 | T 5 swemans sasmerom s imms i s 0.080
BEiOs. 5a miaanina e sinmiinns ik fasmie 2.95 | B | igiiituunsnemmsssum o 0.322
OO » i torpen e S TS S T S 1548 | BeBE . ocuoin s smmmmes s wiiomse 1.928 3 5.03
MO s pamans s agumase s 0w s aamis 08 VD 39 ¢ o mamd o ot frp sas 0.027
MBO & s wmioasans srasminbn o:susmer e @ sbms 9.58) | MB sveosssanisding s pomsey sasims 2.134
CRO o wrrvmnrisosigmnsrs wivmmrers wiome a0 o540 11578 | C& g o e s ammmm s emsrss 5§ s 1.892
NSO s s wmumons s asmuron dutem s & 6sam e LAY || NG w00 sromms scoigteann) S et datmdetiize 0.450 ¢ 2.43
R oo smeronsssino s e S R T 3 5 1 0BT | K cpmecsmsos o mss so s s s 0.088
PaOp: & isonsmsswnaivatss semas s ams s 003 || B ssvememnss sasses basamsassas 0.018 £.9%
MO saissnimsins i o8 assmssmsona s 175 | OHs= scsers b s skt 5w 1.738
100.25

Physical properties Specific gravity = 3.30

a=1.662 cAy = 15°

B =1.677 2Va = 70°

y = 1.686

Ang, (@ = 1.554, y = 1.564). And the hornblende contained in it has yielded
the following measurements with respect to the optic properties: ¢ = 1.662, f =
1.677, y = 1.684, c Ay = 23° and 2Va = 73°. The composition of the plagio-
clase in the carbonate-bearing lens is Ang, (@ = 1.573, g = 1.579, y = 1.585
and 2Vy = 78°). In addition, it contains the following minerals: diopside (@ =
1.702, y = 1.732, 2Vy = 59° and cAy = 44°), actinolite (¢ =1.646, f =
1.657, y = 1.667), calcite (w = 1.663), garnet, sphene and sericite.

Interbedded in the western part of the rock is fine-grained, bluish gray amphi-
bolite, which contains a fair abundance of light gray, 1—3-mm, round or square —
in some instances, oval — cummingtonite porphyroblasts (¢ = 1.658,
p =1.676, y = 1.691 and c Ay = 17°). The composition of the plagioclase
in the amphibolite is Ang; (¢ = 1.548, y = 1.554) while the refractive indices of the
hornblende are: @ = 1.664, f = 1.680 and y = 1.688).

The bluish, dark gray amphibolite situated north of the foregoing contains large,
radiating clusters of amphibole grains, which megascopically resemble gedrite but
in thin section can be readily distinguished as hornblende. Consequently, this amphi-
bole has been separated and analyzed and its X-ray data been determined (Tables
4 and 5).

Hornblendes of nearly identical composition chemically have been described by
Buddington (1952) and Miyashiro (1958).

The composition of the pla gioclase in this amphibolite is An,, (¢ = 1.551,
y = 1.559). In addition, it contains slight amounts of biotite (y =p = 1.621)
and chlorite (y = 1.631).

27 8517—65
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TABLE 5.

X-ray diffraction powder data of hornblende in amphibolite. (Iron Ka radiation, Mangan filter).
Hautajarvi, Kiuruvesi.

No 20 d /1, No 20 d 1/1,
i 12.44 8.93 10 14 ivsavis 48.92 2.338 25
2 e 13.33 8.34 100 i [ 49.25 2.323 10
po QTR p—. 22.08 5.05 10 16 ......... 53.28 2.159 20
e 24.87 4.49 10 AT cwwpsenes 56.50 2.045 10
L S 33.34 3.37 25 ) [ e —— 57.45 2.014 15
T 34.51 3.26 20 19 ... ... 57.96 1.998 10
0 SespEds: 36.22 3.114 100 20 isaeesas 61.62 1.890 10
[ O 38.54 2.933 20 21 Sy T 71.88 1.649 15
9 sssssunEs 40.47 2.799 15 22 i wsnisae 75.24 1.586 10
1 [ 41.48 2.133 15 .5 YR S A—— 77.44 1.548 10
11 cpssvems 41.97 2.703 35 24 ... ... 80.30 1.501 10
12 hspdmss 43.88 2.591 20 25" i waresisren® 83.26 1.457 10
i 44.71 2.545 20 26, L seenlmied 84.49 1.440 15

TABLE 6.

Mineral compositions of diopside amphibolite in percentages by volume, and the optic properties
of the minerals. (1) Diopside-rich band, and 2) hornblende-rich band). North side of Hautajirvi,

Kiuruvesi.

1 2
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Situated along the eastern margin of the bed is fine-grained, streaked diopside
amphibolite. Its mineral composition in percentages by volume and its optic pro-
perties are given in Table 6. NNW of this diopside amphibolite can be found similar
diopside amphibolite, with the difference that it contains garnet. The rock is in
places conspicuously brecciated (Fig. 4), the brecciating material being mainly
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Fig. 4. Brecciated diopside amphibolite. North side of Hautajirvi, Kiuruvesi.

TABLE 7.

Mineral compositions of mica gneisses in petcentages by volume. North side of Hautajirvi, Kiuru-

vesi.
1 2
Plagioclase ....... ... ... .. 49.0 49.5
QUALEZ 5 wovss 5 5 possa v 5 FEem e 5 5 SR05G § 5 3 0000 § 3 BATRE 5 § 5908 £ 5 3 005 13.3 12.5
Biotite .. ... 35.5 37.4
Othet: MINEralS: & sas o 5 ssum 3 5 5 suzamn ¥ 3 SENEE & ¢ PSR 5 § TEE LE § LIS 4 2.2 0.6
Total 100.0 100.0

plagioclase and quartz as well as epidote and chlorite. Farther to the north there
are interbedded occurrences of gray amphibolite with a considerable content of
carbonate as well as black schists.

Mica gneisses, with their lenses and intercalations

The mica gneiss bed situated next in an easterly direction resembles the garnet-
bearing mica gneiss, though it contains substantially less garnet and more numerous
intercalations of plagioclase gneiss. The mica gneisses are likewise partly laminated,
partly having the appearance of veined gneiss and partly that of augen gneiss. Pre-
sent in them are intercalations of various amphibolites and diopside amphibolites;
these layers are narrow and not very numerous. Black schists also occur as narrow
intercalations. Table 7 presents the mineral composition of two mica gneisses dif-
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Fig. 5. Foliated amphibolite lenses in mica gneiss. North side of Hautajirvi,
Kiuruvesi.

F1G. 6. Banded amphibolite. North side of Hautajirvi, Kiuruvesi.
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TABLE 8.

Mineral composition, in percentages by volume, of plagioclase gneiss from 1) mica-poor band,
and 2) mica-bearing band, as well as 3) mica gneiss occurring in it as an intercalation. North side
Hautajirvi, Kiuruvesi.

1 2 3

QQUATEZ. s urenios v smmmn s o mmim s 5 5 s § 6 0 RS 6 5 5 AHEAT S 4.2 11.5 18.2
Plagioclase ................oiiiiiiiiiiii, 89.5 70.4 50.4
Potash feldspar ................... ... ... ..., 5.7 5.9 —
BIOHEE s s o 5 5 wie0s0 64 ¢ st £ 8 S0009 5 £ 35 0805 0 5 & doveumum o o — 7.9 31.0
Epidote ...... ... . — 0.4 —
SPREHE « scorv v o ¢ svnns 5 3 Bwars &5 o5 3 53 5 B006 5 § 5 HREE § 3 - 0.2 —
APAEE 50005055 99008 5 5 5MF95 5 5REG 775 Sremmn w2 s meesnin o 8 —_ 0.3 =
Muscovite ......... .. — 2.9 —
Opaque minerals w. s s oumess swmessssmmaiesmmenss — 0.4 —
Other minerals ................................ 0.6 0.1 0.4

Total 100.0 100.0 100.0

fering macroscopically in appearance. The principal minerals constituting the rock
are plagioclase, quartz and biotite, in addition to which there are present slight
amounts of muscovite, chlorite, carbonate and opaque minerals as well as, in spots,
garnet.

The mica gneiss resembling augen gneiss in places contains narrow, partially
foliated amphibolite lenses (Fig. 5) and also rectangular amphibolite fragments,
both cases possibly representing breakages off narrow layers. Also found in it as
an intercalation has been streaky diopside amphibolite (Fig. 6). The mineral com-
position of its dark gray portion, expressed in terms of percentages by volume, is:
plagioclase 23.2, quartz 3.0, hornblende 66.0, sphene 2.6, epidote 3.3, opaque minerals
1.4 and other minerals 0.5. The composition of the plagioclase in itis An,,
(o = 1.547, y = 1.556), the refractive indices of the hornblende being: ¢ = 1. 661
y = 1.683. Some of the pale gray bands are elevated, others depressed. The elevated
bands are rich in quartz, while the depressed ones contain abundant epidote
(@ = 1.712, y = 1.724). The composition of the plagioclase in the depressed
bands is Angy 4 (@ = 1.561, y = 1.576).

Plagioclase gneisses, with their intercalations

Plagioclase gneiss occurs east of the mica gneiss. It is not easy to draw the line
between them because they are present in each other as intercalations. The plagio-
clase gneisses are partly banded, even to the extent of taking on the appearance of
veined gneiss, and partly in the guise of augen gneiss. Also brecciated types have
been run across. The types resembling augen gneiss and veined gneiss contain
more pegmatites than the other types do. The plagioclase gneisses are fine-grained,
pale gray or gray rocks. Their principal minerals are plagioclase An,;, quartz, biotite
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(y = 1.646) and potash feldspar, the accessory constituents being epidote, sphene,
apatite, muscovite, chlorite and opaque minerals. The potash feldspar ordinarily
occurs only as antipertite. In Table 8, Nos. 1 and 2 represent the mineral composi-
tion of two banded plagioclase gneisses in percentages by volume.

The plagioclase gneiss contains various intercalations and lenses, such as different
amphibolites and mica gneisses. In Table 8, No. 3 is a mineral composition analysis
of a mica gneiss intercalation.

One intercalation consists of streaky diopside amphibolite, in which dark gray
amphibolite layers alternate with layers of diopside (¢ =1.689, f = 1.698 and
y =1.720) and epidote (¢ =1.716, f = 1.722 and y = 1.727). The latter are
invariably coarser of grain than the former, and they always have a black h o r n-
blende border (¢ = 1.653, f = 1.667 and y = 1.674). The composition of the
plagioclase in the diopside amphibolite is An,; (¢ = 1.551 and y = 1.560) and in
the amphibolite Ang;_ o (@ = 1.546 and y = 1.556). The refractive indices of the
hornblende in the latter are: ¢ = 1.657, f = 1.672 and y = 1.678. The banded
diopside amphibolite further contains quartz, sphene, apatite and opaque minerals.

Present in this diopside amphibolite are also bands and lenses containing pure
quartz, running parallel to the schistosity and measuring 0.1—0.5 cm in width.
They are extraordinary in that the quartz contained in them is conspicuously oriented
and the grains are intergrown. In places each band appears to consist of a single
quartz crystal. Metamorphism seems to have played a prominent part in the pro-
duction of their present habit. Since the bands containing diopside and epidote are
coarser of grain than the amphibolite, and since the former has a black hornblende
border, there is a likelihood that metamorphism contributed also to the origin of
the bands composed of diopside and epidote.

The mica gneiss situated next to the power station at Ryonijoki (Table 8, No. 3)
contains a layer 10 cm thick with occurrences of amphibole, diopside and carbonate.
This layer is subdivided into separate boudins. The surface of the outcrop running
parallel to the plane of schistosity and the bedding contains numerous lenses situated
close together. It may be observed from a vantage point perpendicular to the layer
that, on the other hand, the lenses belong to the same layer.

The lenses are zoned. Outermost next to the mica gneiss lies a very narrow rim,
which is composed principally of cummingtonite (¢ = 1.652and y = 1.686),
plagioclase (An;;) and quartz There follows a fine-grained, black-gray
rim approximately 1 cm wide, which consists of plagioclase (¢ = 1.569,
y = 1.580, Ang;) and hornblende. The center of the lenses is coarse-grained
and greenish gray and contains an abundance of poikiloblastic diopside grains
(¢ =1.680, y = 1.720), plagioclase (Ang;), quartz and calcite (w = 1.663).
The remaining minerals of the lenses and the mineral composition in percentages
by volume are presented in Table 9. The rims containing hornblende and cummin-
tonite have been combined in the computations.
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TABLE 9.
Mineral composition of zoned lens contained in mica gneiss, in percentages by volume. (1) Amphi-
bole-rich marginal zone containing cummingtonite, and 2) diopside-rich middle portion of the lens).
North side of Hautajirvi, Kiuruvesi.

1 2

QUATLZ .ot e 12.2 19.1
Plagioclase ... .cwwue s vwmm s o s o s o w6 o5 s s 5 s i s v 8 weres 28.8 24.2
Horobleade .« sowsoss smesss swem v v s 6 59455 5 59500 § 555008 § 5 6590 48.4 5.2
Diopside ..ottt — 39.1
Cummingtonite ... :cswmwssemme seasmmess sy s s smmws s v s pdoes 3.8 —
CatbONAE 555 5 v & 5 6506 55 6 REEEE 555005 5 5 3 Biaein § 5 biowsid 8§ » 5 0 loseui ¥ — 2.0
APAIte ..ot — 0.4
SPRENE wrams o s s siom o s s swn o8 s BErem s 56 $5106 5 3§ BRGRS 5 3 BHIH £ 58 § 8RS —_ 4.4
OPAqUE .t 6.8 5.2
Other MINCLALS v s s o smmmrs i 6w 5 o s ovmes s s 5 Faws s s s s 5 8 orwjuvs 8 — 0.4

Total 100.0 100.0

Here and there in the plagioclase gneiss there also occur portions of rock of
nearly amphibolite composition that have undergone a high degree of metamorphism.

Anthophyllite-biotite gneiss and diopside gneisses

On the southern and southwestern sides of Hautajirvi near the porphyritic
granites, there occur alternating layers of various diopside gneisses and anthophyl-
lite-biotite gneisses. The schistosity of the rocks is rather weak: in some cases, their
orientation can be observed under the microscope only by using a test plate. We
shall concern ourselves here briefly with a few of the principal types.

The mineral constituents of one type, the anthophyllite-biotite gneiss, are: pla-
gioclase Ang;, biotite, gedrite, cordierite, garnet and hypersthene. Brown biotite
(y =B =1.640) and cordierite (¢ =1.543, y = 1.552) occur together, and
in their stead there appear garnet (n=1.798) and gedrite (¢ = 1.654,
y = 1.675). Hypersthene occurs in some spots as a relict in gedrite. The margins
of the gedrite reveal the presence of slight amounts of hornblende and green biotite.
In addition, the rock contains a little quartz, opaque minerals and apatite. Pinite is
present in the cordierite as an alteration product. The rock contains as lenses 5-cm
long spheres composed of quartz, plagioclase and epidote.

The second type, diopside-plagioclase gneiss, consists chiefly of allotriomorphic
plagioclase and pyroxene, which occurs as broken, irregularly shaped grains, fre-
quently taking the form of porphyroblasts (Table 10). The plagioclase (An,,) con-
tains potash feldspar as antiperthite. The edges and craks between segments of the
diopside contain hornblende and, furthermore, biotite. Cummingtonite occurs
slightly, chiefly in association with hypersthene, being colorless and polysynthetically
twinned. The biotite flakes are in many cases chloritized at their edges, with horn-
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TasLE 10.

Mineral composition, in petcentages by volume, of diopside-plagioclase gneiss (1) and diopside
gneiss (2). South side of Hautajirvi, Kiuruvesi.

1 2

Plagioclose: i awmevs oo avsmes wesimdin wesioress oiamemmiers Siateiniaee i oo 66.6 13.4
DIOPRIAE 550 asimams o o s onam e o ¥iots o8 80 LEE dose eians e mis o 15.6 } 43.9
HIYDETTERCHE, 111010 ox oxorcaroicossio-onel shassets- 53] i o o oo oL RS P R ags 7.3 .
Horablende . s sursasams pows s sas gee s s aie s e s 3.8 19.4
BIOLILE: 5.5.5. 50005155 b S0 3 06 L850, BRI 18105 S e S SR AR P B s o 3.3 18.3
QUBLEE o5 0w smme soomoss swwniae il arariensieiers wie)vie s/ e #1818 W e 00s 0.9 —
CarDODBEE . x.5.5m05 o s sares o MEoE 553 /e 0% K@ 76 Seame s d Same s os - 0.3
Opaque MINErals .....cuvemeveensonesoseimsmsiisspesassosises 1.5 3.1
Othet miNerals: o oo v Fag s & & Sl ey soeireeie s o 1.0 1.6

Total 100.0 100.0

blende enveloping them. Further, the rock has tiny apatite grains, opaque minerals,
around which occur hornblende, quartz, epidote and carbonate.

The third type, consisting of dark gray, coarse-grained diopside gneiss, is charac-
terized by the presence of, in addition to the diopside grains, finer-grained plagio-
clase (An,,), hornblende (2Va = 73°, cAy = 20°, y =a = 0.028), biotite, hyper-
sthene (2Va = 50°) and diopside 2Vy = 61°, c Ay = 44°), as the main constituent
minerals. The pyroxene shows evidence of alteration into amphibole.

DISCUSSION

The magnetic and electric anomalies of the Hautajdrvi schist area are probably
due in the main to the sulfide-bearing black schists, judging by the circumstance
that these schists have frequently been observed to occur at points where the anoma-
lies register maxima. The schist belt is relatively narrow, but it contains a highly
varied series of schists, which differ in composition. To a large extent, at least, the
schists are sedimentogeneous. The presence of, for example, black schists, diopside
amphibolites, mica gneisses and plagioclase gneisses indicates that considerable
changes have taken place in the sedimentation milieu. The schists of Hautajirvi
metamorphosed under conditions of amphibolite facies, and the schist area as a
whole provides an admirable example of the amphibolite facies commonly met with
in Finland.
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ABSTRACT
A tentative model for the boulder frequency distribution function

1 y?

F (x, =Ngrekx—  —  _ .e— G T am
x,y) 0 € e + A0 Vo €T (S + A%

is derived. Based on this model a computer program has been written for an IBM 1440 computer.
The program has been used to analyse some boulder trains. The results are reported and discussed
and some applications suggested. The program, written in Fortran, is given in full in the Appendix.

INTRODUCTION

In areas recently glaciated, as in Fennoscandia, the tracing of ore-boulders has
for long been a widely and succesfully used prospecting method. This method, as
well as boulder trains have been described by various authors (Sauramo, 1924;
Hyyppi, 1945; Okko and Peltola, 1958).

At present the use of computers for resolving problems in mining and exploration
is gaining in popularity. In particular, much work has been done in developing
programs which make possible the calculation of ore reserves (Hewlett, 1963), the
evaluation of the location of shafts, the controlling of mining operations and the
testing of geological models in problems which involve areally distributed data
(Miller, 1956; Whitten, 1962 a, 1962 b, 1963).

The reasonable useage of computers requires that a reliable mathematical model
is available, otherwise it may well happen that the computer will soon be running the
operator, instead of the operator the computer. In this paper a tentative model
for the distribution function of the boulders in a boulder train is given. Based on the
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model a computer program has been made which calculates the required parameters
characterising the frequency distribution. As an application of the program a few
typical cases are reported and discussed.

FREQUENCY DISTRIBUTION FUNCTION

Consider glacial ice moving over an outcrop. The effect of this movement is
twofold. Boulders are loosened from the outcrop and later deposited into moraine
together with other glacial drift. For a better approach to the problem let the
orthogonal coordinate axes be placed in such a way that the origo is situated at the
outcrop, with the x-axis parallel to the movement of the glacier. For convenience’s
sake, let the x-values increase in the direction of the movement. If it is further
supposed that the number of boulders does not increase due to breaking during
transportation, it is obvious that the number of the boulders (dn) caught by moraine
at a small distance (dx) is proportional to the number of the boulders (n) present

dn
= et
1) - N

where k is a constant, whose value depends on the ability of moraine to stop or
»absorb» boulders. If the above differential equation is integrated, it becomes

2 n=n;e™™

where n is the number of boulders passing a particular plane perpendicular to the
x-axes at a distance of x from the origo, n, is the total number of boulders loosened
by the glacier ice from the outcrop, and k = an »absorption» coefficient.

It may be assumed that the movement of the glacier is rectilinear. However, the
boulders do not strictly follow the direction of the ice but, due to thrusting and
colliding with each other and with other moraine material, they deviate at random
from the course of the glacier. The deviations are neither systematic nor constant
but are equally likely to be positive or negative. Small deviations are more frequent
than large ones and under these conditions it is obvious that the distribution of the
boulders in y-direction obeys — at least approximately — the normal distribution
law, viz.,

y!

®) P@) = e e e

where s is standard deviation.

The number of boulders deviating to left and to right at a small transportation
distance is proportional to the amount of boulders present. As a consequence the
frequence remains practically unaltered near the centre line of the train, provided the
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absorption effect of morain is omitted, due to the fact that the gradient of the frequence
in y-direction is gentle. On the flanks where the frequence gradient is steep more
boulders are transported towards the edge than towards the centre with the conse-
quence that the boulder train tends to widen with increasing distance from the outcrop.
Hence S is not constant, but a function of the distance x. It can be supposed that this
dependence of the width of the boulder train on the distance from the outcrop is a
simple, linear one. Making now the transformation S = S, + Ax, where S, = the
standard deviation on the outcrop (x = 0), x = the distance from the outcrop and
A = a constant, the value of which depends on the angle at which the boulder train
opens, the equation (3) converts into

1 y
Fxy = m c €726, + Ant )}

From the equations (2) and (4) one now obtains

1 y

F(Ey)=1n;-¢€ c e T2, + Axt 5)

—kx =
(So + AX) '\/271

as the expression for the distribution function of the boulders passing a particular
point in the boulder train.

The number of boulders stopped by moraine at a point in the boulder train is
directly proportional to the total sum of the boulders passing that point and, conse-
quently, the expression for the distribution function of the boulders in the boulder
train is similar to the function (5), except that n, is now replaced by N, vz3.,

1 y
p— . —kx B — T 2 (S. + Ax)
F (X’ Y) _ NO € (Su + AX) \/27! € 2 (S, + Ax) (6)
where N, is the number of boulders on the plane perpendicular to the movement of
the glacier at the lee edge of the outcrop (i.e. x = 0).

APPLICATIONS

The above derived equation (6) has some straight-forward applications which,
in addition to being of academic interest could also be of aid to prospectors.

Thus in practice it may happen that a boulder train cannot be followed up to the
outcrop due to various difficulties. The location of the boulder source can, however,
be estimated by using the frequency information obtained from the accessible part
of the boulder train. Under these conditions it is advisable to place the Y-axis at the
place up to which the boulder train has been traced. The values for the parametres
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are now calculated based on the available data. At the outcrop the value for S cannot
be negative and, consequently

OZLS< S,

Inserting these limit values into the equation
So + AX =S

and solving it for X, the location of the outcrop can reasonably well be confined
within a relatively small area.

The equation (6) can also be used for the evaluation of the total number (n,) of
the boulders. It is easy to see that if the equation (6) is integrated with respect to x
over (0,00) and with respect to y over (—00,00)

No
ng, = _l:_

Again, if the average volume (V) of the boulders and the thickness (L) of the
layer eroded by the glacier from the outcrop are known, the area (A) of the outcrop is
ny- V

1

A=

Should the area of the outcrop have been established by direct measurements
then the above equation permits the evaluation of the thickness of the layer eroded
by ice.

Equation (5) gives still another useful parameter »:3., the average transportation
distance (d). It is obtained by totalling all the distances and dividing the sum by the
number of the boulders. Consequently

- 3
d=—
k

where k is »absorption» coefficient.

PROGRAM DESCRIPTION

Based on the equation (6) a computer program has been developed for IBM
1 440 computer. The intelligent use of the program requires that the coordinate axes
be placed in such a way that the X-axis is at least approximately parallel to the boulder
train axis. A square grid system is laid over the boulder train parallel to the coordinate
axes and the frequencies determined by counting the numbers of boulders within
each square. The centres of the squares are situated at the grid points, the sides of the
squares being of the same length as the grid interval. The grid interval should be
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selected so that the random local variations in frequencies are not shown too clearly.
In most cases an interval of 100 or 200 metres is entirely satisfactory.

Because of storage limitations, the program operates in three phases. In the first
phase the program requires as input the coordinates of the grid points, the observed
frequencies and the grid interval. The values for N, S and that for the centre of the
boulder train, Y, are evaluated for every profile. The second phase computes the
parameters of the equation (6) 7.e. Ny, k, S; and A by the least squares method and
also evaluates the standard deviations and the correlation coefficients. By the same
method the parameters of the equation Y = Y, + Bx for the boulder train axis are
solved and printed out together with those of the equation (6). In the third phase the
theoretical frequencies are calculated at the observed grid points using the output of
the phase II. The differencies between the observed and calculated frequencies are
also computed. Finally, if desired, the program performs the Chi-square test to
provide a measure for the goodness of fit between the observed and calculated fre-
quencies. For various reasons this test is not always worth doing unless the terrain
is relatively even and the number of boulders high enough to keep the random local
variation in the observed frequencies within reasonable limits. For further details the
interested reader is advised to see the appendix.

SOME EXAMPLES

To test the validity of the above derived distribution function and to find out
applications for the program some trains of uranium-bearing quartzite boulders
were analysed. These boulder trains were chosen as testing material because uranium-
bearing boulders are easily detectible with scintillometers, with the consequence
that practically all the boulders on or near by the surface can be discovered.

The Pk-1 boulder train

This boulder train is composed of about 850 known quartzite boulders which
are spread over a rather hilly terrain. The source of the boulders is under a lake which
has not permitted the following of the boulders up to the outcrop. The quartzite hills
have caused some distortion and irregularities to the frequency distribution by
pushing the boulders towards the valleys between the hills.

For the frequency distribution analyses the Y-axis was placed near by the shore of
the lake and frequencies counted only from that line on. Two grid intervals were
used. At first the interval was chosen to be 200 metres. This is so small that the local
fluctuations of the frequencies caused by an uneven terrain and perhaps also by the
breaking of some boulders are distinctive, as is seen in Fig. 1 in which the observed
frequencies are expressed as contours drawn with an interval of 100 boulders per km?.

The computation of the train parameters was performed using all the measured
frequencies. The results are compiled in Table 1.
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F1G. 1. The Pk-1 boulder train. Observed frequencies. Grid interval 200 m. The frequencies
are given as boulders per km?.

An examination of Table 1 reveals the relatively high value of the correlation
coefficient R connected with the absorption coefficient k. This indicates that the
decreasing of the boulder frequency as a function of the distance from the source
obeys well the exponential law.

The boulder train widens only a little with distance. If 4S is taken as the width
of the boulder train the widening is no more than 25 metres per kilometre as is
shown by the low value of A = 0.0072112. Moreover, R = 0.17265 indicates a
poor correlation between the distance from the source and the width of the boulder
train. This is, no doubt, due to the terrain effect and to the very small widening
angle of the train. The calculated distribution of the boulder frequencies based on the
above parameters is presented in Fig. 2.

TABLE 1.

The Pk-1 boulder train. The calculated parameters. The grid interval 200 metres.

N, = 0.3620716 Sp = 198.39055 Y, = 695.206
K = 0.000335122 A = 0.0072112 B = 0.0086683
SD = 0.40655 SD = 47.64598 SD = 75.22206
R = —0.69050 R = 0.17265 R = 0.13228
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Fic. 2. The Pk-1 boulder train. Computed frequencies. Grid interval 200 m.

The influence of the change of the grid interval upon the frequencies was studied
by reanalysing the boulder train using 400 metres as a distance between the grid
points. The effect was that of a distinct smoothing, which was to be anticipated, and
the observed and the calculated frequency patterns now resemble each other more
than in the previous case. (See Figs. 3 and 4). The computed parameters are presented
in Table 2.

If these values are compared with those of Table 1 it is realised that the difference
between the two sets of parameters is surprisingly small. In the case of the 400 m
grid interval the boulder train is slightly wider and the value for k somewhat greater
than in the former case. As a consequence the calculated mean transportation distances
also vary only little, being 2.98 km and 2.87 km, respectively.

TABLE 2.

The Pk-1 boulder train. The calculated parameters. The grid interval 400 metres.

Ny, = 0.3798773 Sy = 213.23794 Y, = 707.514

K = 0.0003491435 A = 0.0072676 B = 0.0071505
SD = 0.31800 SD = 36.52046 SD = 67.00297
R = —0.81575 R = 0.24766 R = —0.13581
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TABLE 3.
The Pk-1 boulder train. The observed and calculated frequencies. The grid interval 400 metres.

X Y Frequency observed Frequency calculated
200. 200. 0.000169 0.000041
200. 600. 0.000662 0.000583
200. 1 000. 0.000300 0.000258
600. 200. 0.000113 0.000039
600. 600. 0.000557 0.000505
600. 1 000. 0.000232 0.000223
1 000. 200. 0.000000 0.000037
1 000. 600. 0.000250 0.000437
1 000. 1 000. 0.000169 0.000193
1 400. 200. 0.000000 0.000035
1 400. 600. 0.000325 0.000378
1 400. 1 000. 0.000169 0.000166
1 400. 1 400. 0.000012 0.000003
1 800. 200. 0.000000 0.000033
1 800. 600. 0.000425 0.000327
1 800. 1 000. 0.000056 0.000144
1 800. 1 400. 0.000006 0.000003
2 200. 200. 0.000019 0.000031
2 200. 600. 0.000294 0.000283
2 200. 1 000. 0.000175 0.000124
2 200. 1 400. 0.000019 0.000003
2 600. 200. 0.000031 0.000029
2 600. 600. 0.000225 0.000245
2 600. 1 000. 0.000100 0.000107
3 000. 200 0.000000 0.000027
3 000. 600. 0.000212 0.000212
3 000. 1 000. 0.000094 0.000093
3 000. 1 400. 0.000019 0.000002
3 400. 200. 0.000031 0.000025
3 400. 600. 0.000325 0.000183
3 400. 1 000. 0.000156 0.000080
3 800. 200. 0.000050 0.000023
3 800. 600. 0.000087 0.000158
3 800. 1 000. 0.000038 0.000069

In Table 3 the measured and calculated frequencies of the Pk-1 boulder train are
compiled. The grid interval was 400 metres.

The Pk-2 boulder train

This train of about 500 uranium-bearing quartzite boulders is situated in the same
area as the Pk-1 train. On the whole it is not as reqular as that of the previous example.
The boulder train crosses a small lake and, in addition, the morain is covered by
overburden in some places with the consequence that reliable frequencies can only
be measured along some selected profiles.

Two hundred metres proved to be the most suitable grid interval and the boulder
frequencies were observed along the profiles of X = 400, X = 1000, X = 1 600,
X =2800 and X = 3 200. Based on this information the parametres listed in Table 4
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TABLE 4.

The Pk-2 boulder train. The computed parameters. The grid interval 200 metres.

N, = 0.2216692 Sy = 72.10224 Y, = 589.356

K = 0.0002276653 A = 0.0387678 B = 0.0063341
SD = 0.07049 SD = 15.91933 SD = 69.85809
R = —0.97527 R = 0.95768 R = —0.12294

were solved. The contours of the observed and calculated frequencies are presented
in Fig. 5 and Fig. 6.

If these values are compared with those of Table 1 and Table 2 it is noticed that
the k for the Pk-2 is clearly smaller than the ks for the Pk-1. This means a greater
average transportation distance (about 4.4 km), which could be attributed to the more
even terrain in this case. Also it is noteworthy that the Rs for k and A are very close
to —1 and 1, respectively, indicating that the decreasing of the boulder frequency
obeys exellently the exponential law and that the boulder train widens very regularly
in spite of the slight bending observed at the proximal end of the train. As a matter
of fact there is good reason to believe that this bending is only ostensible and caused
by the fact that the terrain there is not favourable to boulder finding.

A multi-source boulder train

A complicated case arises when several boulder trains overlap forming a multi-
source frequency distribution. If the outcrops are situated in a row parallel to the
transportation direction the observed boulder frequencies may show only a slight
variation with distance, and the localization of the sources becomes difficult.

The different components can, however, be sorted out by applying the above
described computer program successively to the selected parts of the boulder train.
Should the outcrops not be too close to each other the procedure could be as follows
for instance. Beginning from the proximal end of the boulder train the observed
frequencies, which are estimated to be caused by the first outcrop only, are fed into
the computer. Based on this information the first and second phase of the program
evaluates the parameters of the frequency distribution function for the boulders
originating from the first outcrop. Phase III reads all the data cards from the beginning
of the boulder train to, say, about X = 3 000 and computes the theoretical frequencies
caused by the first outcrop at every grid point. The differencies between the observed
and calculated frequencies are now computed and printed out. By plotting the differ-
encies on a map and drawing the frequency contours it is easy to see the location
of the second outcrop without the disturbing effect of the first boulder source.

If the boulder train involves more than two successive outrops the above pro-
cedure must be repeated several times. The idea is to eliminate the boulder frequencies
of the previous sources by calculating the theoretical frequencies and subtracting
them from the observed ones. The outcrops appear now as positive differencies.



229

A Computer Program for Boulder Train Analysis
1200
800 |- T
+ T \\
: - J— l \\
woo | S 2
S=siE s
0 1 1 1 1 1 1 1 |
0 400 800 1200 1600 2000 2400 2800 3200 m
2 2
[T 400-200 B/KM B L400-500 B/ KM

B3 200-300 B/KM®
FEER 300 - Loo B/KM®

FHE® 500-600 B/KM®

F1G. 5. The Pk-2 boulder train. Observed frequencies. Grid interval 200 m.

1200 |
800
) W - 1‘ - | —
i [T
‘ - e L
|
O L — — - S " S— 1 L 1 e 1
0 Loo 800 1200 1600 2000 2400 2800 3200 m

[T 100-200 B/KM®
B 200-300 B/ KM
EEEH 300 - Loo B/ KM®

B 400-500 B/ KM®
BEE 500 - 600 B/ KM®
BEE  700-800B/KM®

Fic. 6. The Pk-2 boulder train. Computed frequencies. Grid interval 200 m.



230 T. A. Hikli and P. Kerola

=
£
s
Jraric —=\\\

0
x

6000
200
400

6600
800
000

3
S &

7600
7800
8000
8200
8400
8600
8800
3000
9200
3400
%00

2

A MULTI-SOURCE BOULDER TRAN [0 100-200 B/ KM

GRID INTERVAL 100M E 200-300 B/ KM
O0BSERVED FREQUENCIES AND POSITIVE [ 300- 400 B/KMz
FREQUENCY DIFFERENCES EEE L00-500 B/ KM

Fic. 7. A part of a multi-source boulder train. At the bottom the observed frequencies and at
the top the positive differencies between the observed and computed frequencies are presented
as contours. The verified mineralisations in the bed rock are marked by crosses.

Fig. 7 serves to illustrate the application of this method. In this figure the fre-
quency contours for a selected part of a long multi-source boulder train are shown.
One of the outcrops is situated at the very left end at about X = 5 900. To compute
the parameters for this outcrop the data cards from X = 5900 to X = 8 000 were
fed into the computer. The calculated frequencies were subtracted from the observed
ones and printed out. The positive differencies presented as contours in the upper
part of Fig. 7 can be attributed to two different reasons. The smaller narrow anomalies
running diagonally to the boulder train axes are obviously due to the shallow valleys
which have caught more boulders than the terrain between them, giving rise to an
abnormally high boulder frequency at these places. The higher anomalies e.g. further
down the boulder train show features which can best be interpreted as having been
caused by new boulder sources.

The outcrop at the left is also shown in Fig. 7 as a positive frequency difference.
This is due to the fact that the boulders chosen for the parameter evalutions do not
all originate from that source. In fact some of them come from several small outcrops
situated between X = 6 300 and X = 8 000. Because of these outcrops the values
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for k and N, become too small and the corresponding standard deviations abnormally
high, with the consequence that the differencies of the boulder frequencies will not
be completely eliminated at that outcrop.

CONCLUSIONS

The comparison of the observed and calculated frequencies in some investigated
boulder trains indicates that the model tentatively introduced in this paper can
describe satisfactorily the distribution of boulder frequency within boulder trains.
It appears that, in most cases, the observed discrepancies are attributable either to the
terrain effect or to the too small total number of boulders present, which gives rise
to relatively high random local variations in boulder frequencies. Also the breaking
of boulders during transportation may be another source of error since no allowance
has been made for this effect while deriving the distribution function.

The program is especially suitable for the estimation of the values for k, which
can further be used for the calculation of the average transportation distance. Again,
it gives the direction of the transportation very accurately. Finally, the program can
be succesfully applied to multi-source boulder train analysis. Under favourable
conditions it is possible to estimate the locations of the outcrops and also to get some
idea about their sizes and forms.

Appendix: The Fortran program for evaluating the parameters of the
boulder frequency distribution function as applied to an IBM
1440 computer.

The present program, which is based on an over lay system, is designed to operate
in three phases due to storage limitatious and all data should be recorded on the
80-column IBM cards.

The first phase reads the title card on which the desired information is recorded
in columns 21 through 40. This data is immediately printed out.

The program now reads the following card which contains the maximum X-
coordinate (A) of the deck and the grid interval (CY) punched in format (F8.2,
F5.0).

Following some initialization, the third card is read on which the X-coordinate
of the first profile (K) and the number of observations along the same profile (NN)
are given in format (2 I5).

The program now accepts data cards of the first profile. Each card contains the
X- and Y-coordinate and the observed frequency expressed as boulders per m? of
one location only. The format requires:

columns 1 through 8 X-coordinate
9 through 16 Y-coordinate
17 through 24 Frequency
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SEQ STMNT MACODER STATEMENT
c QUTOKUMPU CO
(53 BOULDER FREQUENCY DISTRIBUTION FUNCTION FOR BOULDER TRAINS
c PART ONE IBM 1440 12K
1 DIMENSION X%503,FLN%50,30, YZ20m, FZ20m
2 READ 90
3 90 FORMAT 220X20H HEAD-LINE, TEMPOR. ©
4 PRINT 90
5 LA O
6 READ 98,yA,CY
7 98 FORMAT %F8.2yF5.01
8 99 FORMATZ2150
9 2 SUM AO0.
10 SSUMAO «
11 SIGAOD .
12 LAL+1
13 READ 99sNsK
14 XZLOAK
15 JA1
16 DO 1IA1sN
17 READ 100, Y®Im, FXZIo
18 SUMASUM+CY*FZInO
19 1 SSUMA SSUM+FZIO*CYy*YZ1n
20 FLN%Ly JUASSUM/SUM
21 DO 2 IA1,N
22 2 SIGASIG+CY*FZ Tk ZFLNZL, JE-YZ1OO%2,.
23 JA2
24 FLNZL, JUASORTFZSIG/SUMO
25 JA 3
26 FLN%ZLy JOALOGFZSUMD
27 100 FORMAT %8X FB8.2y FB.6 ©
28 IF ZXZLO-A0 3,444
29 & X%50n A L
END

F1c. 8. Phase 1.

The program evaluates for the profile: the centre of the boulder train, S and In N,
which are stored for the next phase.

Each profile is treated in a similar way. The data cards are preceded by a card
containing K and NN for the profile. That is repeated until X = maximum is reached
which indicates the end of phase I.

The maximum number of profiles the program accepts is 49 and it is also required
that the X-values should be multibles of 100. The number of observations per
profile should not exceed 20.

The second phase calculates the values for N, k, S,;, A, Y, and B with the least
squares method based on the information obtained from phase I. Also the standard
deviations and the correlation coefficients connected with the above parameters are
evaluated and all results printed out.

Phase III is a very useful adjunct to the previous program. Based on the par-
ameters solved in Phase II it calculates the theoretical frequencies at every data point
and prints them out together with the X- and Y-coordinates and the observed
frequencies. In addition, it performs the Chi-square test, if desired.
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SEQ STMNT MACODER STATEMENT
C OUTOKUMPU OY
C PART TWO
1 120 FORMAT %//10X44HBOULDER FREQ.DISTR.FUNCT. FOR BOULBER TRAINS///m
2 DIMENSION X%50m,FLN%50, 30, A0%Z3n,A1%30
3 JA1
4 PRINT 120
5 NNA XZ 500
6 KPLAC
4 15 SXA0 .«
8 SYAO.
9 SXXAO.
10 SXYAO «
1B | SYYAOQ.
12 DO 5IA14NN
13 SXASX+X%1n
14 SYASY+FLNZI,Ja
15 SXXASXX+XZIo=XZIno
16 SYYASYY+FLN%ZI, JO*FLNZ I, J0
17 5 SXYASXY+XZIa*FLNZI,J0
18 NAI-1
19 FNAN
20 S11ASXX=SX*%2/FN
21 SO1ASXY=SX*kSY/FN
22 SO0ASYY=SY*#%k2/FN
23 KPLAKPL+1
24 A1%ZJoxsS01/S11
25 AOZJOASY/FN-A12JC*SX/FMN
26 RASO1/SQRTFZS00*S11
27 SDASQRTFZ2S00-A12J0*S018 /5 FN-2 .00
28 IFBKPL-2012913,14
29 12 PRINT 106
30 106 FORMATZ15X29HCOEFF. FOR BOULDER TRAIN AXIS/o
31 PRINT 107, AO%ZJym, Al%Jym
32 107 FORMATZ15X3HYO yF9.3/15X7HB 1F9.71
33 JA2
34 PRINT 104, SDyR
35 GO TO 15
36 13 PRINT 105, A0O%ZJm,Al%JO
3T PRINT 104,SD,R
38 105 FORMAT Z215X6HCOEFF«y/15X5HS0 1F9.5/15XTHA 1F9.7/1
39 JA 3
40 GO TO 15
41 14 ANZEXPF%A0%Jon
42 PRINT 103, AN,Al1%Jo
43 AOZJoX AN .
44 103 FORMATZ15X6HCOEFF«y /15XTHNO 9 F9.7/15XTHK 1yF12.10/8
45 PRINT 104, SDyR
46 104 FORMAT #215X5HSD 9 F9.5/15X5HR 1F9.5///n
47 PAUSE
END

F1G. 9. Phase II.

To ease the data handling, the program has been written in such a way that phase
IIT reads the same data deck as phase I and searches for the value 99999. to indicate
that all data cards have been read.

It is important to note that to make use of the Fortran program presented in
Figures 8, 9 and 10 the following instructions should be followed.

All three phases must be translated. From phases II and III the Cl-and the
C2-cards should be removed. The final halts of phases I and II must be replaced by a
branch to calling routine (N00O is replaced by BA26), for which the disc routine area
can be used.
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SEQ STMNT MACODER STATEMENT
C BOULDER FREQUENCY DISTRIBUTION FUNCTION FOR BOULDER TRAINS
C CHI-SQUARE ANALYSIS
Cc PART THREE
C SAME CARDS AS IN 1:ST PART
(62 LAST CARD WITH X-VALUE 100000. Y- 1.
1 DIMENSION P%500, FLNE50, 30, AOZ30,A1%30
2 Al%3o0 A -1.*%A1%30
3 PRINT 112
& 112 FORMAT Z1H1,23X1HXy16X1HYy14X1HFy16X5HFREQ.4X6H/DIFF.//0
5 SUMAQ.
6 READ 120 ,CY
7 120 FORMAT %/8X,F5.00
8 BCYACY*CY
9 18 READ 113 4X,Y,sF
10 113 FORMAT ZF8.0,F8. 2y FB8.6 m
11 IF 2yo 18,18,19
12 19 IF 2X-99999.016,17,17
13 16 YNA Y-AOZ1Oo-AlZ1O%X
14 ACOA AO%20+A1%20%X
15 FREQA AOZ3o*EXPF ZA1%3o%Xo / FACO*2.50670 * EXPFIZYN*YN/Z-2.%
1 ACC*ACOno
16 PRINT 114 ,X,Y »F,FREQ
17 114 FORMAT Z15XyF12.095XyF12.095XyF12.645X,F12.9/0
18 ADIF A F-FREQ
19 PRINT 116y ADIF
20 116 FORMAT 276XF9.6/m
21 13 DIFF AFREQ - F
22 SUMASUM+DIFF *%*2./FREQ
23 GO TO 18
24 17 SUMA SUM*BCY
25 PRINT 115, SUM,CY
26 115 FORMATZ///15X11HCHI-SQUARE +F12.8,18X4HCY ,F5.00
27 PAUSE

END
F1G. 10. Phase III.

The punched calling routine clears storage for reading and branches to loading.
On the A26 the following information is punched: /080’, 001'LA53081’ M 9%, G1001R’
B001’G, where ’ and G stand for a wordmark and a group mark, respectively.

The Fortran routine load cards can be removed from phases II and III if the
object deck is wanted to be smaller.

Statement 2 should be removed from the source deck of phase III if the Al (3) has
a negative internal notation after phase II.

Acknowledgements — The present authors wish to express their gratitude to the Outokumpu Co.
for permission to publish this paper.

Cordial thanks are also due to professor O. Lokki who has critically read the manuscript giving
valuable suggestions.

Manuscript received, March 16, 1966



A Computer Program for Boulder Train Analysis 235

REFERENCES

HewrerT, RicuArD F. (1963) A basic computer program for computing grade and tonnage of ore
using statistical and polygonal methods. Bureau of Mines, Report of investigations 6292.

HyyerA, Esa (1945) Tracing the source of the pyrite stones from Vihanti on the basis of glacial
geology. Bull. Comm. Geol. Finlande No 142, pp. 97—122.

MiLLER, R. L. (1956) Trend surfaces: their application to analysis and description of environments
of sedimentation. The relation of sediment-size parameters to current-wave system and
physiography. Jour. Geology, V 64. pp. 425—446.

Oxko, VEikko and Perrora, Esko (1958) On Outokumpu boulder train. Bull. Comm. Geol. Fin-
lande No 180. pp. 113—134.

Sauramo, MaTrr (1924) Tracing of glacial boulders and its application in prospecting. Bull. Comm.
Geol. Finlande No 67. pp. 1—37.

WarrTeN, E. H. T. (1962 a) Areal variability of alkalis in the Malsburg granite, Germany. N. Jb.
Miner. Mh. pp. 193—2