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INTRODUCTION

In spite of the fact that natural minerals used for radioactive age de-
terminations may be parts of open chemical systems, that huge periods of
time are involved, and that especially in the pre-Cambrian formations one
is possibly faced with the problem of several periods of recrystallizations of
material, studies over the last twenty years have shown that by careful
selection of samples for age work a significant value for t,,,0q, Which is
based on several independent radioactive decay schemes, can be obtained.
This tc.eureq has been supposed to be the time elapsed since the last
crystallization of the material concerned. If these ages are found to agree
with one another within ten percent, the ages are said to be concordant.
If they do not agree, they are said to be discordant.

If N, is the number of atoms of a radioactive parent, and Ny, is the
number of atoms of a daughter element, then N% —NL—=N,. Since the
rate of radioactive decay has been found to follow an exponential law, it
follows that

t=In (Np/Np+ 1)/4

The quantity 4, the decay constant characteristic of the isotope responsible
for the activity is independent of time. The values of lambda used for
different decay schemes in this study are given in Table VIII (p. 41).
The wide range of the reported values for the half-life of Rb87 is the
result of the unusual distribution of the energy of its electrons. In a recent
paper Aldrich, Wetherill, Tilton, and Davis (1956) have presented a new
measurement of the half-life for Rb87 based on Sr87/Rb87 ratios in ru-
bidium bearing minerals from rock units, for which concordant U—Pb ages
have also been obtained. The proposed value lies in the range of values
found by the more recent direct counting experiments. The value is gener-
ally accepted now and has been used in calculating the age of the present
materials. The value of the half-life, like that determined for K4° by Weth-
erill, Wasserburg, Aldrich, Tilton, and Hayden (1956) is based on the value
of the half-life of U238 given by Kovarik and Adams (1955) and that of U235
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given by Fleming, Ghiorso, and Cunningham (1952). The minerals used for
comparison have been assumed to be cogenetic.

Isotope abundance measurements can now be made on samples weigh-
ing only a few micrograms as a result of advances in stable isotope dilution
and thermionic emission techniques. These techniques reviewed by Inghram
(1954) are now well established for use in analytical problems and are em-
ployed for the determinations of isotopic composition in the present in-
vestigation.

If the quantity 1 is known and the ratio N;,/Ny is right within the stated
limits of error, t,.agurea ©quals ty., if 1. chemical exchange with surround-
ing material has not occurred, 2. primary N, equals zero or can be accu-
rately estimated. This assumption includes the possibility of several ge-
nerations of the mineral concerned.

Progress in the understanding of geochronometry during the past few
years has shown that combined uncertainties in analytical techniques and
nuclear decay constants are always very much smaller than discrepancies
in results based on several decay schemes from one mineral or several co-
genetic minerals. With the exception of a few cases, the majority of dis-
cordant ages published are under rather than overestimates. In other words,
in the ratio N,/N, the amount of daughter element is too low or that of
parent element is relatively too high. The first mentioned alternative, loss
of daughter element, is generally supposed to be the reason for low age, but
gain in the amount of parent element cannot be excluded.

The atoms or ions produced in radioactive minerals by the decay of
radionuclides are often misfits in the mineral structure. Together the pre-
sence of strange ions and the continuous bombardment by nuclear particles
tend to impair the structure of the host mineral.

The process of daughter-isotope diffusion as a possible cause of the dis-
crepant age measurements is examined in a quantitative manner by Nico-
laysen (1957). Interpretations of lead ages by acid washing experiments are
given by Tilton in several papers (e. g., Tilton, 1956, Tilton and Nicolaysen,
1957). The recent »catastrophic» loss of lead is discussed by Aldrich et al.
(1955). Several authors have demonstrated the loss of intermediate mem-
bers of the radioactive decay scheme. This includes the theory of radon
leakage presented first by Wickman (1942).

The purpose of this paper is to produce more comparative age material,
calling special attention to the possible selection of material for isotope work.
Within the limits of the mineral ages obtained some Fennoscandian geo-
logical problems are discussed.




MINERAL AND ROCK SAMPLES STUDIED
SOURCES

The primary use for the present material was to serve the project of
research into the application of radiation damage in zircon to problems of
age measurements. The major portion of the material was collected with
Dr. H. D. Holland in the western part of the United States, particularly in
the Boulder Batholith, Big Horn Mountain, and the Black Hills. The re-
mainder of the samples came from Finland. The isotopically controlled ages
for the Finnish material are given in this study.

The minerals studied consist of 21 zircons, one monazite, seven biotites,
three muscovites, three potash feldspars, and 17 galenas. In selecting ma-
terial, special attention was paid to geologically well-known rock units sup-
posed to be rich enough in zircon and covering some of the most important
intrusive groups of the Fennoscandian root zones of the Karelidic and of
the Svecofennidic fold-chains. Figure 3 (p. 50) shows the geographic dis-
tribution of samples.

Aulanko granodiorite, Torikatu, Hdmeenlinna, Finland.

Urjala granodiorite, Soukko, Urjalankyld, Urjala, Finland.

The Aulanko granodiorite and the Urjala granodiorite occur on the map
sheet Himeenlinna (Geological Map of Finland, 1:100 000, Sheet 2131,
Himeenlinna) described by Simonen (1949). According to him, the infra-
crustal rocks on the map sheet occur conformably with the Svecofennidic
schists. They have split the schists during movement, and continued orogeny
has caused the gneissose texture especially in the northern part of the map
sheet which includes the Urjala granodiorite.

The exact geographic and geologic situation of Hémeenlinna city, where
the Aulanko sample was taken, is given by Simonen (1948). A detailed
petrographic description of the granodiorite is also given in the same in-
vestigation. According to him (Simonen, 1949, p. 27), the outlines of the
rock area are not quite similar to the general, elongated shapes of grano-
diorites and gneissose granites in southwestern Finland, and gneissose tex-
ture has been observed only occasionally near the boundaries. As further
stated by Simonen (1948), the hypidiomorphic texture is especially well pre-
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served. Hornblende and biotite are found as mafic minerals, and the biotite
groups occur as pseudomorphs after hornblende. Hornblende is met in the
kernels of the crystals. The zoned plagioclase (Ang, 3,) is also presented
in drawings by Simonen (1948, 1949). The sample for this work was kindly
selected by Dr. Ahti Simonen. The accessory zircon from this rock was
used for the Pb207—Pb206 and the biotite fraction for the Rb87—Sr87 and
for the K40—A40 age determinations.

Parts of the large Urjala granodiorite area occur on the Hémeenlinna
map sheet and on the Forssa map sheet (Geological Map of Finland,
1:100 000, Sheet 2113, Forssa) described by Neuvonen (1956). These maps
do not include the locality, where the sample studied in this investigation
was found. As stated above, the rock is more gneissose, granulated, and
the biotite occurs as pseudomorphs after hornblende. Modes of some mem-
bers of this intrusive series are given by Neuvonen (1956). Neuvonen has
suggested that the primary anorthite component was higher than the meas-
ured one. Olivine and pyroxene relics have been found. Besides zircon and
apatite, pyrite was the most abundant accessory mineral. The pyrite frac-
tion was used for the study of the sulphur isotopic ratio mentioned in a
later section. The sample for the age work from the Urjala granodiorite
area was chosen by Dr. K. J. Neuvonen. Zircon from this sample was used
for the Pb207—PDb20¢ age determination.

83-GSF, XKalajoki tonalite, Heikkili, Kalajoki, Finland. (Museum
sample, Geological Survey of Finland.)

The commercial name of this biotite-hornblende-quartz diorite is Kala-
joki granite or »Russian blue». It is dark gray in color and greyish black
if polished. The quartz-diorites occur transitionally between diorite and
gabbro, and they show very different degrees of metamorphism. In some
areas the primary hypidiomorphic structure is perfectly preserved, whereas
in other regions the rock has become crystalloblastic, showing, at the same
time, a more or less distinct parallel texture (Makinen, 1916, p. 145). The
formation of infracrustal rocks of this area, the coastal region of western
Finland, took place during the orogenic movements of the Bothnian supra-
crustal complex, which consists of mica gneisses, mica schists, quartzites,
quartz-feldspar schists, limestones, basic intrusives, and effusive rocks.
According to Saksela (1953, p. 37), »Die Intrusivzone von Kalajoki—Perho,

.., ist ihrem Charakter nach wohl in gewissem Masse diapiritisch, aber
sie stellt keineswegs einen Antiklinalbatholith dar, wie aus Verfassers Un-
tersuchungen deutlich hervorgehen diirfte (Saksela, 1932a, b, 1933b, 1934,
1935, 1936). Sie ist zunéchst ein »Achsialkulminationsbatholithy und stellt
demnach eine ganz andere tektonische Intrusionsform als ein Antiklinal-
batholit dar. Der Kalajoki—Perho-Batholith liegt, im Kartenbilde das all-
gemeine Achsialstreichen iiberquerend, in der Gegend einer deutlich her-
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vortretenden Achsialkulmination und hat offenbar die Bildung der letzt-
genannten verstirkt ....» Mikinen (1916) has pointed out the analogy
between these rocks and the rocks of the Skelleftea region in Sweden, on
the opposite side of the Bothnian Gulf.

Chemical analyses, modes, and detailed petrographic description of this
rock are given by Mékinen (1916). A microphotograph of this rock is given
by Saksela (1933b). The geographic location can be seen on the General
Geological Map of Finland, Sheet B 4, Kokkola, described by Saksela (1933b)
and on the map published by Mikinen (1916).

The accessory zircon from this sample was used for the Pb207—Ph206
age determination.

95-GSF, trondhjemite, Heininen, Uusikaupunki, Finland. (Museum
sample, Geological Survey of Finland.)

As suggested by Goldschmidt (1916), the early removal of potash within
the crystallization of biotite at an early stage of a differentiation could
produce trondhjemites. According to Goldschmidt, the magma masses have
possibly intruded through sediments which have supplied the water needed
for the crystallization of biotite. The main point of interest in this sample
is the primary nature of the biotite flakes in comparison with granodiorites
like Aulanko or Urjala, where they are, in part at least, pseudomorphs after
hornblende.

The locality of this sample (Heindnen, Uusikaupunki) and a detailed
petrographic description is given by Hietanen (1943). The genesis of these
rocks is also thoroughly discussed by her. The Svionian formations in south-
western Finland are intruded by the infracrustal rocks of this series. Accord-
ing to Hietanen (1943):

»Die Uusikaupunkigranite (Nystadsgranite) wurden bisher allgemein als Vertreter
der jiingeren Urgebirgsgranite oder der Granite der 2. Gruppe Sederholms aufgefasst,
in erster Linie wohl mit Riicksicht auf das »granitische» Aussehen und die scheinbar
richtungslose Struktur der als Bausteine verwandten Varietéiten. Nach den vorlie-
genden Untersuchungen aber zeigen diese Gesteine, unsere Trondhjemite, vorwiegend
solche Characterziige, die den Graniten der 2. Gruppe durchaus fremd sind. TIhre
Zusammensetzung ist weitgehend trondhjemitisch; sie gehéren zu einer vollstdndigen
Differentiationsserie an, die dioritischen bis gabbroiden Glieder dieser Serie weisen
alle Merkmale der entsprechenden, den »Urgranite» verbundenen gneisartigen Dioriten
oder Hornblendegabbros auf. Ferner sind alle diese Intrusivkérper, einschliesslich die
Massen von hellfarbigen, quartzreichen Trondhjemiten, typisch synkinematische, das
Gefiige der Gesteine ist granoblastisch, die Regelung hat sich iiberall an den Rahmen
angepasst. Folglich waren die Gesteine der Trondhjemitserie eher zur I Gruppe Se-
derholms zuzuzihlen. Nur die pegmatitischen Granite, die die Trondhjemitserie sowie
die supracrustale Formation héufig schonungslos durchsetzen, sind echte Vertreter
der 2. Gruppe.»

In Simonen’s orogenic classification these rocks are classified as belonging
to the synkinematic intrusions of the I cycle (Svecofennidic) (Simonen, 1953).
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Biotite from this rock was used for the Rb%’—Sr®? age determination.

658a-MH/Kaavi-54, oligoclase granite, Vihtajirvi, Kaavi, Finland.

209-AH/Kaavi-54, oligoclase granite, Méntyjirvi, Kaavi, Finland.

Kaavi granite is supposed to be a part of the large late-kinematic Maarian-
vaara massif intruding the Karelidic schist zone (III group in Sederholm’s
classification). The rock is homogeneous, even-grained, slightly deformed
oligoclase granite, rich in monazite and zircon. The shape of the zircon
crystals differs from those of Maarianvaara granite being unusually long.
Mikinen has analyzed one type of Kaavi granite from Meltusvirta, Kaavi.
According to this analysis (Frosterus and Wilkman, 1920, p. 139), the per-
centages of Ca0, Na,O, and K,O are 2.16, 2.98, and 3.95 respectively. The
mode of the same rock shows slightly trondhjemitic nature: plagioclase (An, ;)
29.2 9,, microcline 2.0 %, biotite 23.9 9,, chlorite 3.0 %, quartz 40.2 %,.
The same feature can be seen from the analyses of the present samples kindly
placed at the author’s disposal by Mr. Aarto Huhma, M. A.: 209-AH:
Ca0 2.73 %, Na,O 3.59 9%, K,0 1l.28 9%, and SiO, 68.15 9%, 658a-MH:
Ca0O 1.78 9%, Na,0 3.64 %, K,O 1.49 9%, and SiO, 73.60 9%,. The sample
658a-MH contains only biotite, and the 209-AH is slightly hornblende
bearing.

The locality of the samples is shown on The General Geological Map of
Finland, 1:400 000, Sheett D 3, Joensuu described by Frosterus and Wilk-
man (1920). The samples were supplied to the author by Maija Huhma,
M. A., and by Aarto Huhma, M. A., whose recent maps have been the sour-
ces to which the author has had access. According to them (personal com-
munication) the rocks are only slightly deformed; they penetrate the schists
and contain inclusions from the surrounding rocks. Some short and darker
zircon grains were found among the very long zircons separated for age
determinations. They are more like the zircons of the Maarianvaara granite
but are most probably derived from the surrounding schists. Besides the
shape of zircon, the abundance of monazite distinguishes the Kaavi granite
from the proper Maarianvaara granite. The Kaavi granite was the richest
in monazite of the approximately ninety samples, separated within the
scope of this program for their accessory minerals (about 250 g/ton).

According to Sahama and Rankama (1938), the actual Maarianvaara re-
gion was found to be very poor in rare earths. A quantitative analysis of
granite pegmatite from Luikonlahti and of monazite from the same rock
to ascertain the amount of rare earths is given by Sahama and Vihitalo
(1941).

The zircon and the monazite from these samples were used for the
Pb207—Pb206 age determinations and the biotite for the Rb87—Sr87 age.

Maarianvaara granite, 25/27 km, E-side of the Outokumpu—Kaavi high-
way, Kaavi, Finland.
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The locality of this sample can be seen on the map published by Vihi-
talo (1953, Appendix I). A short description of the Maarianvaara granite
is also given by him (ibid., p. 15—16), and by Frosterus and Wilkman (1920).
The Karelidic orogenic belt is intruded by this granite complex, and it is
comparable to the Kaavi oligoclase granite mentioned above. The palingenic
nature of this granite has been stressed by Eskola (1956a).

The treated sample was selected for age work by Mr. Erkki Viluksela,
M. A. Zirzon from this rock was used for an approximate Pb207—Ph20s age
determination.

Granite pegmatite vein, Outokumpu mine, Kuusjirvi, Finland.

Some granite pegmatite dikes are found in the Outokumpu mine. Ac-
cording to Véhitalo (1953), the thickness of the dikes ranges from about
2 m to a few centimeters. They penetrate the ore and schist formation,
and the contacts are sharp against the wall rock. They are supposed to be
connected with the Maarianvaara granite mentioned above. These veins are
thoroughly discussed by Vihitalo (1953). Only a few zircon grains were
met in the heavy fraction separated from the sample. The heavies consisted
almost entirely of garnet, rich in iron and manganese. Some biotite flakes
were found among the muscovites separated from the rock.

Muscovite from this rock was used for the Rb%7—Sr87 age determina-
tion.

Kitee pegmatite granite, Kitee, Finland.

The age of two samples from this massif was measured at the suggestion of
Professor Pentti Eskola. The samples were kindly supplied to the author
by Aarto Huhma, M. A., from a location four kilometers southwest of Kitee
church. The locality of these samples can be found on the General Geolog-
ical Map of Finland, 1:400 000, Sheet D 2, Savonlinna (Hackman, 1933), in
the narrow neck on the southern shore of Lake Kiteenjirvi. Both samples,
labelled I-Kitee and II-Kitee, were taken from the area between the shore
of the lake and the highway running to the southeast. The locality of these
samples is of special interest because of the Russian age determinations for
rocks originating from the region north of Lake Ladoga.

The Kitee pegmatite granite pentrates the Karelidic orogenic belt. Ac-
cording to Hackman (1933), who has given a description of the rock, it be-
longs to the youngest pegmatites on the Savonlinna map sheet except the
rapakivi group. This map sheet includes a typical Karelidic schist belt
around Lake Jénisjirvi and on the eastern side of Lake Orivesi and the
more gneissose belts striking from Lake Saimaa to the northeast. Hence
its age has to be regarded as representing the lower age limit of all of these
formations.

The Kitee heavies consisted almost completely of garnet as did the heavy
fraction from the Outokumpu pegmatite. The x-ray fluorescence spectrum
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showed that the ratio Mn/Fe is not as high as in the Outokumpu garnet.
Only a few zircon grains were found.

Muscovite from the I-Kitee and II-Kitee samples was used for the
Rb#7—Sr87 age determination. A K4°—A%0age measurement was made also
for the II-Kitee muscovite.

Gneissose granite, Sotkuma, Polvijarvi, Finland.

As can be seen from The General Geological Map of Finland, 1:400 000,
Sheet D 3, Joensuu (Frosterus and Wilkman, 1920), several openings in the
Karelidic schist belt are shown to be composed of the basement complex.
They represent the mantled gneiss domes described by Eskola (1949) in the
Pitkiranta region north of Lake Ladoga and they are described in detail
by Frosterus and Wilkman (1920). In all cases, pebbles of the underlying
dome gneiss can be found in the surrounding sedimentary beds. The size
of the pebbles varies from microscopically discernible pieces to 30 cm. The
intrusive character of some southern gneissic domes is explained by Eskola
(1949) as being the result of the reactivation of the old material by meta-
somatic granitization during a later folding. The same phenomenon has
been described in several regions, for instance, in the Appalachian and Ca-
ledonian belts and in the Alps. No intrusive veins have been found around
the Sotkuma dome.

The locality of this sample can be found on the map sheet Joensuu at
the southern end of Reuhajirvi on the eastern side of the highway going
to Joensuu. Biotite from this sample was used for the Rb%7—Sr®7 age and
a zircon fraction for the Pb207—Pb206 age.

Onas granite, south of Porvoo city, about 1.3 km south of the junction
Vasso.

The granite region of Onas is situated about 30 km east of Helsinki. The
geology of the area is described by Sederholm (1923), and by Wegmann and
Kranck (1931). The granite has been described by Borgstrém (1931), as well
as a granite porphyry vein probably running from the Onas granite (Borg-
strom, 1907).

The Onas granite forms a homogeneous body of about 270 km?2 and is
a rather coarse-grained potash granite. According to an analysis published
by Borgstrom, the SiO,, Ca0O, Na,0, and K,0 percentages are 73.78 9,
0.92 %, 2.50 9%, and 6.49 9, respectively. It is the youngest formation in
this area and, as stated by Barth (1938), may be contemporaneous with the
rapakivi formation. According to Sederholm (1926), the small coarse-grained
porphyritic granite massives like Onas, Bodom, and Obbnis (west of the
big Viipuri rapakivi massif), Lemland and Mosshaga S and E of the Aland
rapakivi massif, Ava SW of the Vehmaa rapakivi, and Kokemiki E of the
large Laitila rapakivi area are between the Hanko granite and the rapakivi
granite in age. Yet he was inclined to think that their age is nearer to that
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of the rapakivi granite than that of the Hanko granite. The rock is rich
in fluorite and zircon. Biotite and hornblende occur as colored constituents.
Microcline is the typical feldspar.

Piggot (1938) has presented the radium content for several intrusive
rocks of the four granite groups of Sederholm. An average of 1.53 x 10-12
grams Ra per gram of rock is given for the fourth group, including the rapa-
kivi granite and some of the small potash granites mentioned above. The
value for Onas granite is 1.03 x 1012 grams Ra per gram of rock.

This sample was kindly selected for the age work by Dr. Ahti Simonen.
Zircon was used for the isotopically controlled U—Pb and Pb207—Ph206
ages.

29-GSF, Kokemiki granite, Kokemiki, Finland.

This sample, also labelled as 616-GSF, was submitted to the author by
the museum of the Geological Survey of Finland.

The Kokemiki granite is a coarse-grained potash granite and is rich in
fluorite and zircon. Biotite is the main colored mineral. The location can
be seen on the General Geological Map of Finland, 1:400 000, Sheet B 2,
Tampere (Sederholm, 1913). According to the description given by Seder-
holm (1913), the rock is very similar to rapakivi rocks, but it is slightly
deformed, and oligoclase shells are not found around the potash feldspar
grains. Yet it is less deformed than the other porphyritic granites on the
map sheet and it resembles mostly the Onas and Mosshaga granites men-
tioned above. He has pointed out that they could be correlated with the
post-Kalevian granites in North Finland and are possibly partly younger
than those.

Zircon from this rock was used for the Pb2°7—Pb20¢ isotope age.

Bodom granite, Espoo, Finland.

A petrographic description of the Bodom granite is given by Sederholm
(1926).

Bodom granite occurs as a rounded, sharply-defined massif 16 X 5 km
in size. The rock is mostly equigranular and only partly porphyritic. As
stated by Sederholm, the biotite occasionally possesses good crystal form
towards the microcline but is also in many cases — as shown by some photo-
graphs — decidedly xenomorphic. It has been seen also to encroach upon
the plagioclase. In some varieties hornblende is the prevalent mafic mineral.
Fluorite, zircon, orthite, and apatite are the predominant accessories. Ac-
cording to Sederholm, the quartz and biotite often show signs of having
been crushed without having undergone any subsequent recrystallization.

According to a very detailed description of the contact phenomena of
the Bodom and Obbnis granites given by Sederholm, these granites are
decidedly younger than the surrounding rocks. The observations in the
Aland Islands made by Sederholm between the rapakivi formation and some
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potash granites analogous with the Bodom suggest that the Bodom granite
is also intermediate in age between the Hanko type of granite and the rapa-
kivi granites.

The main difference between the accessory minerals in the Bodom and
in the rapakivi granite is the abundance of orthite in the Bodom granite.
Sahama and Vihitalo (1941) have given the rare earth content of the orthite
of Bodom and that of the Bodom, Onas, and Obbnés granites.

Halonen (1954) has more recently studied the Bodom granite. He also
selected two samples for the present work. The first one labelled I-Bodom
represents the even-grained hornblende bearing type and the second one,
labelled II-Bodom, is the porphyritic type, in which biotite is the predomi-
nant mafic mineral. As stated later, a slight difference in age has been found
for the biotites separated from these two types of rock.

Zircon from the I-Bodom sample was used for determining the U—Pb,
Th—Pb, and the Pb207—Pb20¢ jsotope ages. Biotite from the I-Bodom and
II-Bodom samples was used for determining the Rb®?—Sr87 age. A K40—A40
age measurement was done for the 1-Bodom biotite.

Rapakivi formations.

Nine samples were treated from the Finnish rapakivi areas. Eight of
them were from different parts of the large Viipuri rapakivi area (35b-AS/
Lemi-54, 805-ML/Iitti-54, 672-ML/Valkeala-54, 29-KM/Virojoki-55, 785-
ML/Valkeala-54, 714-ML/Valkeala-54, 297-FP/Mentula-55, and 299-FP/
Kiesilid-55). On the northern side of the main Viipuri rapakivi area there
is a small separate Suomeniemi rapakivi massif. One sample, 292-FP/Suo-
menniemi-54 is from there. One sample is from the Aland Islands. All
these samples have been obtained from the Geological Survey of Finland
through the kindness of Dr. Ahti Simonen. A detailed description of the
geology of the samples will be given by him.

Five zircon samples were separated by Dr. K. J. Neuvonen:

672-ML Pihlajasaari, Valkeala, Finland

805-ML About 2 km to the west of Hiidensaari island, Lyottilia, Titti,
Finland

292-FP Suomenniemi, Finland

785-ML Valkeala, Finland

714-ML Valkeala, Finland

Only zircon fractions from these samples were available.

The sample 29-KM from Falin, Muurikkala, Virojoki, Finland is typical
viborgite, in other words, a porphyritic rapakivi variety characterized by
oligoclase shells around the potash feldspar grains. Biotite and hornblende
are the main dark components. The rock is rich in fluorite, zircon, and
apatite. Zircon was separated for determining the U—Pb and Pb207—Ph206
ages and the biotite fraction was used for determining the Rb87—Sr87 age.
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1 35b-AS, dark, pyroxene bearing rapakivi variety, Virrs, Lemi, Fin-
and.

This dark green rapakivi variety is characterized by quartz, microcline,
oligoclase, hornblende, fayalite, biotite, and augite. The main accessories
are fluorite, zircon, apatite, and magnetite. Several authors have described
this type of rapakivi (Wahl, 1925; Laitakari, 1928; Hackman, 1934; Kranck,
1929; Savolahti, 1956).

Zircon from this rock was used for the U—Pb, Th—Pb, and Pb207—Ph206
isotope ages.

297-FP, quartz-porphyry vein, Mentula, Suomenniemi, Finland.

299-FP, quartz-porphyry vein, Kiesild, Suomenniemi, Finland.

The Mentula vein is about 100 m thick and can be followed from the
Suomenniemi rapakivi massif. The Kiesili quartz-porphyry vein cuts
through the Suomenniemi rapakivi massif. The locality of the Suomenniemi
rapakivi massif can be seen on the General Geological Map of Finland,
1:400 000, C 2, Mikkeli, described by Frosterus (1902).

Zircon from the Mentula vein was used for the lead:alpha age and zir-
cons from both samples for measurements of radiation damage.

Zircon from the Aland quartz-porphyry was used for a radiation damage
measurement. This sample originated from the museum of the Geological
Survey of Finland.

Zircon from the 805-ML rapakivi mentioned above was used for the
isotopically controlled U—Pb and Pb207—Pb206 ages. The 292-FP, 785-ML,
and 714-ML zircons served for the radiation damage measurements. The
lead:alpha age measurement was made also for the 292-FP, 785-ML, and
672-ML zircons.

The isotopic composition of lead from some galenas and from a native
lead sample was studied in an attempt to relate the age of mineralization
to the broad metamorphic period of the host rock. The areas were excep-
tionally well-suited for this type of study, since the major rock units into
which the lead minerals were emplaced had been dated by the Rb%7—Sr87,
K*0—A%0 and by the isotopically controlled U—Pb and Th—Pb methods.

The number of the samples is that used at the Lamont Geological Ob-
servatory, Columbia University. The analyses are reported in the data
accumulated on Contract AT(30—1)—1114.

Pb-175, galena, Pakila, Finland.

The sample was obtained from the Geological Survey of Finland. It is
from a small galena mineralization found at Pakila near Helsinki. Accord-
ing to Kulonpalo (1946), the country rock, biotite gneiss, is intruded by
pegmatite veins, and includes some galena-quartz and galena-sphalerite
veins. Some galena-sphalerite as well as pyrite-chalcopyrite-pyrrhotite im-
pregnations are found also in the biotite gneiss.

3 3196—58(1, 74
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Pb-238, galena, Korsniis, Finland.

The galena mineralization of Korsnis in western Finland was found
recently and is not fully described. The occurrence is typical epigenetic
mineralization taking place in a breccia and shear zone in the Sveco-
fennidic zone. Lithologically the Korsnés area is like the leptite areas of
southern Finland, where there are carbonatite horizons bearing pyroxene
gneisses. The ore is situated in a carbonatite horizon. The mineralization
has taken place in a skarn rock formation.

Pb-228 and A-48, galena from the Outokumpu mine, Kuusjirvi, Finland.

The occurrence of galena in the Outokumpu ore is discussed by Vihé-
talo (1953). Galena is rare in this ore, and the author is indebted to Mr.
Paavo Kupias for a sample found in the ore. The crystal was situated
in a chalcopyrite-rich vein cutting through the ore.

A-58, galena, Outokumpu, Kuusjérvi, Finland.

The sample consists of a small galena crystal, associated with a pyrrhotite
grain found by Mr. Yrjo Vuorelainen in a small fissure of a crushing zone
about 20 m below the Outokumpu ore.

Pb-239, carbonate vein intruding the Karelidic schists, Panjavaara,
Juuka, Finland.

Some galena was submitted to the author by Mr. Erkki Viluksela, M. A.,
from a carbonate-barite vein cutting through the Karelidic schists. Lead
extracted from these samples was analyzed for its isotopes.

Pb-240, native lead, Keihésjoki, Juuka, Finland.

Some grains of native lead were found by Mr. Erkki Viluksela, M. A.,
in soil in Keihisjoki. Some of the grains were associated with carbonate
minerals. The isotopic composition of this lead was studied.

Pb-247, galena, Nunnanlahti, Juuka, Finland.

Some galena was found in the amphibole skarns between the serpentine
rocks and amphibolites in Nunnanlahti, Juuka. The sample was kindly
submitted to the author by Mr. E. Penttili.

Vaasjoki (1956) has compared by ore-microscopic and spectrographic
methods some galenas from the occurrences in Svecofennian rock zones and
from those within the rapakivi areas in Finland. The lead from these sam-
ples has been stucied for their isotopes within the scope of this program.
Those samples from Orijirvi, Aijala, Attu, Koskenkyld, Lemi, Sottunga,
Luumiki, and Sikkijirvi are described by him (Vaasjoki, 1956) and not
repeated in this paper.

SEPARATION OF MINERALS

The concentration of heavy accessories from rock samples was done by
means of standard techniques. The rock samples were crushed and ground
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in Denver laboratory jaw crushers and crushing rolls. A McCool laboratory
pulverizer was used for grinding a part of the last biotite fraction. After
every crushing, the material was sized by means of the Denver-Dillon vi-
brating screen, which was supplied with 30 and 60 mesh screens. Crushing
was continued until most of the material was of -30 mesh size. Only the
-60 mesh material was used for further work. The remaining + 30 mesh
fraction consisted mostly of mica. This was cleaned and used for the Rb87—
Sr87 and K40—A40 age measurements.

A Denver-Wilfley laboratory concentration table was adapted for treat-
ing the fine fractions. The heavies were then cleaned by bromoform separa-
tion in a large separatory funnel. Biotite and other dark minerals, as well
as monazite, were then removed in a Frantz electrodynamic separator set
up for vertical feed. The zircon was left with the light-colored minerals for
separation by centrifugation in Clerici solution. The Frantz electromagnetic
separator set up for inclined feed was used to separate the zircon from the
other constituents of higher magnetic susceptibility. Pyrite was removed
either by an acid treatment or in a small flotation cell. Plenty of molybden-
ite was found in almost all zircon fractions. It was removed by a sheet of
paper if it was coarse grained or by careful hand-picking. The zircon con-
centrate was then cleaned by means of the Frantz separator and by means
of hand picking.

An x-ray fluorescence spectrum was run for all zircon samples with a
view to checking the possible contamination of lead found in the Clerici
solution. The Tl and TlLﬂ peaks were used for checking the presence of
thallium.

To separate the biotite from the hornblende, an air table (Sutton, Steel
and Steel) was supplied. In most cases sieving was found to be the most
convenient way of obtaining a biotite fraction. A sheet of paper was usually
used for the final cleaning of biotite. Remaining impurities were picked by
hand from the sample.

DESCRIPTION OF SAMPLES

The morphological character of zircons indicates some applications of
zircon studies to petrogenetic problems. The fundamental idea is that the
form of the free-growing crystal depends on the physico-chemical conditions
of the melt, if the grains are self-nucleated. Zircon is used, e.g., to distin-
guish connected or disconnected intrusives (Larsen and Poldervaart, 1956)
and to establish mixing of magmas (Larsen et al., 1938). On the other hand
several workers have been able to show that the overgrowth of zircons is
characteristic of migmatic origin.
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Material for elongation curves has not been collected from the present
samples. However, even a cursory inspection of the zircon fractions shows
certain well-defined features.

Zircons from the rapakivi granite and from the granites of the third
group are surprisingly similar. ' Zircons are simple, uniformly elongated
tetragonal prisms terminated by a dipyramid. They are strongly zoned and
rich in inclusions. The zircons from three rapakivi quartz-porphyries are
also similar but strongly pigmented. The first description of the rapakivi
zircons was given by v. Ungern-Sternberg (1882).

The Maarianvaara granite complex consists of several small massives.
The Kaavi granite is north of the actual Maarianvaara granite and is gen-
erally thought to be of the same age as Maarianvaara granite and to have
a similar tectonic history. Zircons from two samples of the Kaavi oligoclase
granite and from one sample of the Maarianvaara microcline granite show
a distinet morphological difference. The Kaavi zircons are extremely long
and simple tetragonal prisms in shape. The Maarianvaara zircons are short,
dark, and richer in crystal faces.

Simonen (1949) has pointed out the different occurence of the Urjala
and Aulanko granodiorites. The Urjala zircons are extremely poor in in-
clusions. The Aulanko zircons have numerous small inclusions.

Zircons from basic and from some intermediate rock types have been
found to be rich in small cavities, which are explained as being the result
of corrosion. Zircons from one fraction studied showed the same phenom-
enon. These zircons were from a hornblende gabbro.

The values of alpha activity for the Finnish samples are given in Table
VII. The inhomogeneous distribution of uranium and thorium in the studied
zircons is discussed elsewhere (p. 37). The total alpha activity of most of
the samples studied lies between 150 and 385 a¢/mg/hr. The average activ-
ity of about 50 accessory zircons from different types of rocks were as fol-
lows (upper and lower limit in parenthesis): from hornblende gabbros 252
(169—324), from granodiorites 206 (187—260), from quartz monzonites 280
(135—655), from oligoclase granites 216 (131—300), from rapakivi granites
240 (120—544), from a dark pyroxene bearing rapakivi granite 109, from
rapakivi quartz-porphyries 234 (206—266), from microcline granites 291
(144—405), from syenites 110 (86—160), and from dacites 343 (307—389)
alphas/mg/hr.

Unit cell dimensions for zircons are given in Table VII. The broad
(200)-peak was found to indicate an inhomogenity in the metamict state
of zircon. In an extreme case a double peak was obtained, when very coarse-
grained accessory zircon was treated.

In general the fine-grained zircon fraction was found to be more suitable for
age determinations, because the foreign inclusions were fewer in the smaller
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crystals and because the smaller grains tended to be more homogeneous
than the larger ones. Overgrowths which envelop the cores of the numerous
large rapakivi zircons are completely absent in the fine-grained fraction.

One of the uncertainties in the use of radiation damage measurements
in zircons as dosage indicators is the effect of the chemical composition of
the zircons on their response to nuclear radiation. The concentration of
uranium, thorium, hafnium, and yttrium in zircon samples was determined
by means of an x-ray fluorescence technique. Preliminary data suggested
that the effect of differences in composition is negligible in most zircons.

X-ray powder patterns were made for the identification of the three
muscovites worked on for the Rb%7—Sr87 and K40—A40 ages. It was con-
cluded from these data that they have 2M structure (Yoder and Eugster,
1954 and 1955). The large flakes of muscovite in the I-Kitee sample are
subhedral and show undulatory extinction like the plagioclase grains in the
same rock. Plenty of sillimanite needles can be found. The muscovite in
the IT-Kitee sample contains only a few sillimanite needles and the rock is
not deformed like the I-Kitee sample. The muscovite from the I-Outo-
kumpu sample does not show alteration to sillimanite like the other ones.
The flakes are subhedral, but not as well developed as the Kitee muscovites.
All three samples of rock are rich in garnet.

The biotites from the even-grained, hornblende bearing I-Bodom granite
and from the porphyritic II-Bodom biotite granite are xenomorphic and
have narrow streaks of microcline and quartz along the cleavage planes.
Microscopic study as well as the x-ray spectrograms indicate an alteration
to chlorite. At least a part of the biotite in the I-Bodom sample is a pro-
duct of secondary alteration of hornblende.

As stated above, the hornblende in the Aulanko sample shows relics of
pyroxene and alteration to biotite. The biotite has become chloritized and
is xenomorphic in shape. The hornblende and the biotite are very intimately
associated.

The biotite from the Kaavi oligoclase granite and from the Uusikaupunki
trondhjemite is supposed to have crystallized at an early stage. In both
of these samples (658a-MH and 95-GSF respectively) the biotite flakes
show a subhedral shape. Some alteration to chlorite can be found in the
Kaavi biotite. The Uusikaupunki biotite does not show alteration but
among the large biotite flakes some small chlorite grains can be found.

In the 29-KM rapakivi sample alteration of hornblende to biotite and
of biotite to chlorite can be seen. Most of the biotite is still supposed to
be a product of primary crystallization.

The Sotkuma gneiss granite is badly altered. The biotite also shows
the process of replacement by chlorite. Numerous small separate chlorite
grains can be found in the sample.



EXPERIMENTAL PROCEDURES
ANALYTICAL TECHNIQUES

The techniques developed at the Geophysical Laboratory and the De-
partment of Terrestial Magnetism of the Garnegie Institution of Washington
and at the Lamont Geological Observatory were used for the materials at
hand. Most of the analytical work was carried out at the Geochemistry
Section of the Lamont Geological Observatory, Columbia University.

The stable isotope dilution technique (Inghram, 1954) for the quanti-
tative determination of each of the elements involved in the five decay
schemes was used for all the analytical results reported in this paper, except
for determinations on lead isolated from some feldspars and galenas. The
methods have been discussed in some detail in many connections (Aldrich,
Doak, and Davis, 1953; Aldrich, 1956; Aldrich, Davis, Tilton, and Wetherill,
1956; Bate, Miller, and Kulp, 1957; Gast, Kulp, and Long, 1957; Tilton,
Aldrich, and Inghram, 1954; Tilton et al., 1955; Tilton and Nicolaysen, 1957;
Tilton, Davis, Wetherill, and Aldrich, 1957) and only the broad outlines of
most of the procedures used are given here.

Lead. Zircon samples were cleaned by using conc. HNO, (if sulfides were vis-
ible; otherwise 6N HC1 was used), washed in double-distilled water and dried. A
200—700 mg sample was fused in about four grams of borax to clear glass (about
10 minutes) in a 40 ml platinum crucible. This was digested in 3N HC1 (usually over-
night), the supernatant liquid was transferred to a 150—250 ml beaker, double-distill-
ed water and a little 3N HC1 were added to the crucible, warmed for an hour and
the treatment repeated until all the solids had gone into solution. The silica was
destroyed by hydrofluoric and perchloric acid digestion. The possible sediment was
treated once more with one gram of borax. A 250 ml volumetric flask was used for
the original and the resulting solution, and the content was diluted to the mark with
double-distilled water.

A 100—150 ml aliquot was taken for the determination of lead isotopic composi-
tion. A 75 ml aliquot was »spiked» with Pb2® or Pb 20¢ standard solution and used
for the lead concentration analysis. The rest of the solution was used for uranium
and thorium analyses.

Lead was isolated from the aliquots by extracting it into dithizone at a pH of
8.5—9; the first extraction was carried out in the presence of 30 9% ammonium cit-
rate. 15 ml of 2 9, potassium cyanide was used in the second dithizone extraction
to prevent the extraction of interfering elements., The dithizone was then shaken
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with 2—3 ml of 2 % HNO,; the lead bearing solution was poured into a 10 ml
beaker and dried by evaporation. The lead was then transferred into a 3 ml centrifuge
tube by using one ml of 2 9% HNO,.

The pH was adjusted to 4.5 with dil. ammonium hydroxide and the solution heat-
ed. Hydrogen sulfide was bubbled in, and the resulting lead sulfide precipitate was

centrifuged out. The solution was then discarded, leaving about 1/10 ml for mass
spectrometer filament.

Part of the lead sulfide was transferred to an outgassed tantalum ribbon filament
using an acid-washed capillary tube. The importance of the presence of ammonium
nitrate in the loading of lead sulfide is pointed out by Aldrich, Davis, Tilton, and
Wetherill (1956), and by Tilton and Nicolaysen (1957).

The mass spectrometers used for the lead runs were the Department of
Terrestial Magnetism 60°, 6 inch radius of curvature, Nier-type instrument,
equipped with an electron multiplier, described by Aldrich, Davis, Tilton,
and Wetherill (1956) and the same type of instrument at the Lamont Geo-
logical Observatory, described by Bate, Miller, and Kulp (1957).

The average of mean deviations calculated for the isotope abundance
measurements is 1.55 percent. This number includes some anomalous poor
runs.

The average of runs taken at several different intensities was usually
used for the final result. The even peak height was supposed to be the most
reliable. A small correction was made for the resistance of the voltage
multiplier bridge following the vibrating reed electrometer.

Seventeen galenas were analyzed for their lead isotopes using leadtetra-
methyl introduction and Pb(CH,)}-spectrum. All samples were prepared
for the mass spectrometer by Miss Elisabeth Hodges using the following
technique:

Dissolve the galena in 3N HNO,; filter and precipitate the PbCl, from the filtrate
using HCI. Filter the crystals and dry overnight at 110°C. Pipette under nitrogen,
anhydrous ethyl ether and commercial methyl magnesium bromide into the glass
reaction flask, and after thorough stirring, slowly add to 200 mg of PbCl,. Allow the
ether to reflux for three hours, and stop the reaction by adding water dropwise until
all the excess Grignard Reagent is destroyed. Decant the ether layer, and, using an-
hydrous calcium chloride, dry the solution overnight. Distill the ether from the sample
using a small Vigreaux column equipped with a pouring spout. When the distillation
is complete, pour the light yellow viscous tetramethyl lead into sample containers
fitted with high vacuum stopcocks and ground glass joints. The sample is further
purified on a low vacuum system using the difference in vapor pressure to separate
the remaining ether from the tetramethyl.

The mass spectrometer IT, described by Bate, Miller, and Kulp (1957), was
employed in the course of the isotope analysis of prepared tetramethyllead.
Correction was made for the carbon-13-carbon-12 effect and for the
hydrogen loss and hydride formation discussed by Bate and Kulp (1955)
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and Bate, Miller, and Kulp (1957). All samples were run in duplicate or in
triplicate. In routine work the average reproducibility was found to be
better than 1 9, for Pb2°4 and better than 0.5 %, for Pb2¢, Pb2%%, and Ph308,

Uraniumand thorium. The 25-ml aliquot taken for uranium and thorium
analyses was »spiked» with 1.00 ml of known uranium standard solution and with
1.00 ml of known thorium standard solution, diluted to 100 ml and warmed with a
small amount of carrier solution containing about one mg of iron. The hydroxides
were precipitated with ammonia gas and centrifuged in a 50-ml tube. A few drops
of concentrated nitric acid were used for dissolving the precipitation, 25 ml of nitric
acid saturated Al(NO;),9H,0 (washed with hexone) was added, and uranium and
thorium were isolated into hexone by shaking the solutions for about two minutes in
a 60 or a 125 ml separatory funnel. Hexone was poured into a dry beaker, and then
shaken with ten ml of water in a 60 ml separatory funnel and evaporated to dryness.
Fifteen ml of saturated ammonium nitrate (washed with acid washed hexone) was
added, the solution warmed, and uranium and thorium extracted from the cool solution
with hexone. Hexone was removed into a dry beaker, the funnel rinsed and hexone
shaken with 10 ml of water, and this extract was dried by evaporation.

Uranium and thorium were transferred to the mass spectrometer fila-
ment using a capillary tube and 1—2 drops of 10M HNO; or water. Ac-
cording to Tilton, Davis, Wetherill, and Aldrich (1957), the recovery of ura-
nium is about 90 %, while that for thorium is only about 30 9%,. Thorium
was determined only for two zircons.

All treated zircon fractions (200—700 mg) were rich enough for lead
analysis. The alpha activity of samples varied from 109 to 379 alphas/mg/hr,
and the lowest content of lead was about 50 ppm. All zircons were pre-
Cambrian in age, most being about 1600—1800 m.y. old. The average
lead content of the last precipitation was about 40—50 micrograms.

Potassium, rubidium, and strontium.

The determinations of potassium, rubidium, and strontium are described
by several authors mentioned above. The analytical methods used in dif-
ferent laboratories vary somewhat, but are the same in principle. The
method followed and partly developed at the Lamont Geological Observa-
tory (Gast, 1957, and personal communications) was used in the course of
this work.

A sample of 1.0 to 2.5 grams was weighed into a 100 ml or 150 ml platinum dish.
The sample was »spiked» for strontium by adding the known Sr#¢.standard solution
from a calibrated pipette. A known amount of Sr#°-tracer was added and used to

check the yield in precipitations and ion exchange separations. The sample was dried
by evaporation to drive off the HCI

The dry sample was then treated with a mixture of 5—10 ml of 60 9%, hydrofluoric
acid and 2—5 ml of HCIO,, the minerals decomposed, silicon tetrafluoride driven off,
and the resulting solution taken to a moist »mush» of perchlorates. Water was then
added, the sample warmed and dissolved. If not completely decomposed or dissolved,
the sample was treated once more.
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Both solutions were diluted to 100 ml in a volumetric flask, mixed well, and a
known aliquot of 2—2.5 9, removed with a calibrated pipette. In some cases the
aliquot was checked gravimetrically.

The aliquot was »spiked» with known amounts of K41 and Rb®7-standard solu-
tions, evaporated to one ml and transferred to a small round bottom beaker. Some
drops of HClO, were added; the sample was cooled, the solution removed, and the
perchlorates dissolved in a small amount of water. From the clear solution sulfates
were precipitated and a sulfate solution used for mass spectrometer filament.

The remaining sample was used for strontium analysis. The solution was evapo-
rated to about 30 ml, cooled, and alkali perchlorates centrifuged off. In some cases
the perchlorates were counted to check the possible strontium.

The strontium bearing solution was transferred into a 50-ml centrifuge tube. The
hydroxides were precipitated with ammonia gas and centrifuged out. For some samples
MgF, was used to carry down the strontium. Hydroxides were dissolved in some
drops of 6N HCI and fluorides in about 10 ml of 20 % HNO,. If HNO, was used,
the solution was evaporated with 1 ml of perchloric acid to remove nitric acid. The
perchlorates were dissolved in 10 ml of 1.oN HCI.

An ion exchange column (Analytical Grade Dowex 50, 8 9, cross linked, 200—400
mesh resin) was used to separate strontium from calsium, magnesium, lead, and barium.

The use of strontium-89 tracer made possible the rapid identification of strontium
and the estimation of yields. If hydroxides were used, the magnesium hydroxide was
found to carry down the strontium more quantitatively. The average runs gave yields
from about 70—80 9. In many cases a yield as high as 90—95 9, was obtained.

The strontium-bearing solution was evaporated down in a 50-ml silica glass beaker.
The remainder — about 1 ml — was transferred into a 2-ml round bottom beaker,
and dried by evaporation with 50 A of conc. HC10,. The remaining Sr8? was counted
to determine the total yield.

The strontium was transferred to the mass spectrometer filament in 25 4 of 0.2N
HCIO,.

The Nier-type, first order direction focusing Lamont mass spectrometer
with a 60° sector field and 6 inch radius of curvature was used for this work
and is described by Gast (1957).

The uncertainty in the mass ratios was calculated from the equation
e=V[A-Al/Jn—1, where A is the deviation of each number from the
mean, and n is the number of scans. The average of uncertainties in different
mass ratios was found to be as follows (the average number of scans in
parenthesis): K41/K2® = 0.6 9, (17), Rb85/Rb87 = 0.7 9, (36), Sr87/Sr8¢ =
0.8 % (33), and Sr88/Sr8¢ = 0.7 9, (21). The number of runs was 8, 15, 12,
and 12 respectively.

As stated by Gast (1957), the problem of contamination in the analysis
of potassium and rubidium can be avoided by using a filament previously
used for strontium, because much higher temperatures are used for several
hours to form thermionic strontium ions, and alkalis are evaporated in this
way from the filament,

4
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Contamination, apparatus, and reagents.

Work with quantities of material in the microgram range requires special
care especially where lead is concerned. Contamination is introduced from
reagents, apparatus, and the laboratory air. The methods of reagent purifica-
tion, sample protection, and glass cleaning are similar to those described
by Tilton et al. (1955). Pyrex glassware was used throughout.

All glassware was cleaned by boiling for several hours first in 10 9% sodium hy-
droxide and then in 50 9%, nitric acid. The platinum dishes and crucibles were in addi-
tion kept several hours in 6.2N hydrochloric acid. Finally all containers were rinsed
several times with double-distilled water and sealed with a semi-adhesive plastic film.
The seal was broken only when material had to be transferred. A teflon dust shield
or large watch glass was used, when long periods of evaporation or digestion took
place. Pipettes were cleaned by pumping hot 50 %, HNO, through them several times.

Distilled water from a Barnstead still was redistilled through a condenser using
quartz glass system or running first successively through a cation (Dowex 50, 8 %,
200—400 mesh) and an anion (Dowex 1, 8 9,, 100—200 mesh) exchange resin and
then carrying out the final distillation through a quartz glass column. For Rb—=Sr-
and K-work only water run through the exchange resin was used. The water was
stored in polyethylene bottles. :

Table I. Standard solutions

]%:‘ggl;gd S(;lfpg’;il? SO:;iclfe of Concentration of solutions Amug;gl b
Pb2%8 .. e ORNL GL 19 pg/ml 1.00 ml
Eh208 e 0.303 »

Pbaoe .. . ... ORNL LGO 4.69 pg/ml 9.88 ml
[ DE o O ORNL LGO 3.80 ug/ml 10.00 ml
| R ORNL GL 5.843 pg/ml 1.00 ml
Us, .. ORNL GL 0.004615 pg/ml

Tha0 . ... ORNL GL 7.2028 pg/ml 1.00 ml
Thaas . ... 0.7618 g»

KRBT, Lot ORNL LGO 0.8412 gm/ml 10.00 ml
11521 [ ISR ORNL LGO 0.8456 pm/ml 10.00 ml
Rb¥ . ... 00 Harwell LGO 0.2634 pm/ml 10.00 ml
Rb¥IT ... ... ORNL LGO 0.2287 pm/ml 10.00 ml
2) ool [RIET. ORNL LGO 0.07446 gm/ml 10.00 ml
SrIL ... ORNL LGO 0.05420 xm/ml 10.00 ml

ORNL—Oak Ridge National Laboratories

Harwell—British Atomic Energy Research Establishment, Harwell
LGO—Lamont Geological Observatory, Columbia University
GL—Geophysical Laboratory, Carnegie Institution of Washington
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Vacuum distilled nitric and perchloric acid, and hydrofluoric acid made by bubbl-
ing the gas into purified water were used. Ammonium hydroxide was prepared by
passing the gas through a filter into the purified water.

Solid reagents (ammonium citrate, potassium cyanide, borax, ammonium nitrate,
aluminium nitrate ennehydrate) were extracted with dithizone in chloroform to remove
lead or with washed hexone to remove uranium and thorium. The hexone was
shaken with 2 %, nitric acid and washed twice with double distilled water.

A complete blank run on all reagents used in normal zircon treatment
showed a total lead contamination of 0.18 micrograms. A blank three times
higher was used for three of the samples, because of the contamination
found in borax used for the fusion of these zircons. The isotopic composi-
tion of the blank, communicated by Patterson (1951) in his early meteorite
work, was used. The contamination of uranium was found to be negligible
in all reagents used during a single uranium and thorium run.

Spikesolutions. One of the most serious sources of error is the
spike concentration. Standard solutions (Table I) prepared in the Geo-
physical Laboratory and in the Lamont Geological Observatory were used
in the course of this work.

The equations used. The derivation of the mathematical re-
lationships used for the calculation of lead, uranium, and thorium is as
follows:

Let: A = isotope A

B = isotope B
a = micrograms of isotope A per milliliter of spike solution

(E) — Bspike = Bsample (1)
A spiked run Aspike -+ Asample

for Rgpike and (]—3) for Rgample:

B
Substituting ( —)
A spike \ sample

[Repike X (Aspike)] + [Rgample X (Asample)]
Aspike + Asample

Rspiked Fin. =

If 1 ml of spike solution was used, one can write

a (Rspike) + X (Rsample)
Rapiked run — a+ X

Solving for X = micrograms of isotope A in sample aliquot:

p a (R'spike — Regpiked run) (2)

Rspiked run Rsample
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If w — the weight in grams in aliquot of the sample being analyzed, and

Rsample = Runaplked run

. le a ( Rsplke s R‘spiked run )
my In sample = —
pe Rspiked run ~ Runsplked run

(3)

w

The concentration of other lead isotopes can be calculated in the follow- .
ing way:

PPMyes = PPMyge X (208/206) X (wt. ratio)

if the concentration of isotope 206 and the ratios (208/206), (207/206), and
(204/206) are known respectively.

In the case of rubidium, potassium, and strontium the first equation
was used as follows:

= - (4)

ca Mgpike + €A Msample

(B) CB Msplke + cg Msample
spiked run

where B/A is Rb®3/Rb87, K41/K3? or Sr8%/Sr86; M is micromoles of spike or sample
(nonradiogenic); ¢’ is the atom percent of the isotopes of a spike material, and c is
the natural isotope abundance. Solving the equation (4) for Mgymyle the micromoles
of rubidium, potassium, and normal strontium can be obtained.

If the atomic ratio Sr87/Sr®® in the spiked sample is known, the micromoles of
the radiogenic strontium can be found by solving the same equation and supposing
that the total Sr®7? consists of three members: added spike-Sr#?, primary Sr87, and
the radiogenic Sr87:

g 87 87 87
Srs? _ S Srspike + Cgq Srprimnry + Srradiogenic

o d 86 86
Sree Cgg STspike + Cgg STgample

The present day ratios used are given in Table VIII (p. 41). The in-
fluence of contamination on the lead concentrations was eliminated by a
blank correction.

Argon. The argon concentrations in the three mica samples men-
tioned in this paper were determined by Mr. Leon Long (Lamont Geological
Observatory, Columbia University) by using the standard isotope dilution
technique described, e.g., by Inghram (1954) and by Damon (1957).

ALPHA COUNTING

In making age determinations on zircon samples by the lead-alpha ac-
tivity method described by Larsen and others (1952) and by the radiation
damage method (Holland and Kulp, 1950; Hurley and Fairbairn, 1953;
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Holland and Gottfried, 1955), the alpha-particle emission of each sample
was determined in thick-source alpha scintillation counters, using an R. C. A.
5819 photomultiplier tube and housing, described by Kulp, Holland, and
Volchok (1952). The counter was supplied with a register which recorded
the accumulated counts every fifteen minutes.

The alpha activity of most samples was determined in two ways: (1)
using natural grain size and (2) in pulverized form. If available, one hundred
milligrams of sample were always introduced into a sample well of known
size. The surface of the sample was checked in all cases under a binocular
microscope. The fine-grained sample powder was settled in methyl alcohol.
This method produced an even distribution of sample grains, but had the
disadvantage that the sample dish was hard to clean. Several measurements
were made on the same sample by using a more or less rough sample sur-
face. Differences were not found outside the statistical counting error.
Small spots of alcohol suspension of sample outside the sample well, as well
as the small uncovered points in the well, were found to introduce a small
error.

Twelve to eighteen hours counting time was used for all samples. The
average of the probable statistical counting error of 150 measurements was
0.9 9%, the average activity being 260 alphas/mg/hr. For some low level
samples (about 8 alphas/mg/hr) the error was 7 %,, and for some high ac-
tivity materials (800—7000 alphas/mg/hr), such as monazites and uranium-
thorium rich zircons, it was found to be 0.5 9.

The background count rate was usually measured once a week. Counters
were checked every day by running a small samarskite sample, counted
relatively to standard zirconms.

Because of the relative nature of results obtained, the zircons were count-
ed relative to two standard zircons: R-1932 from Iredell county, N.C.,
U.S. A. and Zr2—11 from Ceylon. The uranium and thorium content of
the first of these zircons was determined by the fluorimetric method (War-
ing, U. S. G. S.) and of the second by the isotope dilution technique (Tilton,
Geophysical Laboratory).

The traffic counter type automatic register was found to be invaluable
for evaluating counting statistics and for detecting instrument failure.

MEASUREMENT OF THE UNIT-CELL DIMENSIONS

In order to study the relationship between radiation dosage (alpha-
disintegrations per mg of sample) and disorder in zircon, it is desirable to
measure the changes in ¢, (unit cell vertical axis) to approximately 1.5 parts
per 10 000.
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For preparing mounts, the sedimentation cell technique, based on the
principle of simultaneous sedimentation of sample and silicon standard
(Holland et al., 1955) was used. The quantity of silicon and sample was
approximately 4 mg and 10 mg respectively. The zircon peaks commonly
measured were those from the (200) and (112) planes, the reference peak
in all measurements being Si-(111). Unfiltered copper radiation and a No-
relco high-angle x-ray spectrometer were used.

The average deviation of calculated c, in 74 samples, each containing
two slides and each slide 5—10 scans, was +.0005 A, the value of ¢, rang-
ing from 5.9802 A to 6.0390 A.




RESULTS
ANALYTICAL RESULTS

Isotopic composition of lead. As mentioned above, the
distinctly anomalous character of the isotopic composition of lead extracted
from the galenas in the veins within the rapakivi formation raised the prob-
lem of primary lead correction for the zircon leads from all the postkine-
matic potash granites of southern Finland. For this purpose three potash
feldspars were treated, and the isotopic abundance data for these samples
are shown in Table II. For each analysis the isotopic composition is reported
in two ways: with the normal percentage composition in the first line and
with Pb204 = 1.000 in the second line.

Table I1. Isotopic abundance of common lead from three potash feldspars
from rapakivi granite, Finland

No. Locality Source 204 206 207 208

A—31 | Tulisenlampi | Pegmatite vein 1.445 23.68 22.43 52.62 s
Lemi 1.000 16.39 15.52 36.42

A—42 Matalaluoto » 1.446 24.04 22.25 52.43 s
Lemi 1.000 16.63 15.39 36.26

A—45 | Pyhtaa Rapakivi ovoid 1.404 24.00 22.23 52.60 s
1.000 17.09 15.83 37.46

The results represent a potash feldspar from typical viborgite and potash
feldspars from two rapakivi pegmatite veins. The three treated samples
suggest an age approximately consistent with the age determined by the
Rb87—Sr87, K40—A40 and by the isotopically controlled Th—Pb and U—Pb
methods. This is in sharp contrast to the galena ore-lead veins in the rapakivi
formation, which were found to have a modern lead isotope composition. Again
thereis evidence either of laboratory contamination (A-45) or of areal difference
in the local environment of feldspar formation. It is worthy of note that the
leads from pegmatite feldspar are similar but that the third lead from ovoid
feldspar from ordinary rapakivi granite has a slightly different composition.

All the isotopic abundances of common lead extracted from seventeen
Finnish galenas are listed in Table III.
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Table I11. Isotopic lead data for some Finnish galenas

No. Locality Mineral 204 206 207 208

1. Svecofennidic range, Finland

Pb—1756* | Pakila Galena 1.484 23.35 22.79 52.38
1.000 15.73 15.36 35.30
Pb—232 Lemi Galena 1.449 23.37 22.60 52.77
1.000 16.13 15.60 36.42
Pb—233 Attu Galena 1.468 23.22 22.11 52.69
1.000 15.82 15.47 35.89
Pb—234 Aijala Galena 1.453 23.18 22.72 52.65
1.000 15.95 15.64 36.24
Pb—235 Pernaja Galena 1.463 23.19 22.69 52.66
1.000 15.85 15.51 36.00
Pb—238 Korsnis Galena 1.454 23.19 22.64 52.72
1.000 15.95 15.57 36.26
A—67 Orijirvi Galena 1.471 23.24 22.74 52.78
1.000 15.80 15.46 35.88

Pb—237 Orijarvi Galena 1.453 23.38 22.61 52.55
1.000 16.09 15.56 36.17

II. Karelidic range, Finland

Pb—228 Outokumpu | Galena 1.507 22.46 22.95 53.06
1.000 14.90 15.23 35.21
A—48 Outokumpu | Galena 1.510 22.41 22.97 53.29
1.000 14.84 15.21 35.29
A—bH8 Outokumpu | Galena 0.542 65.28 15.35 18.23
1.000 120.44 28.32 33.64
Pb—239 Panjavaara Galena 1.467 23.09 22.66 52.78
1.000 15.74 15.45 35.98
Pb—-240 Keihisjoki Metallic lead 1.456 23.18 22.86 52.50
1.000 15.92 15.70 36.06
Pb—247 Nunnanlahti | Galena 1.573 21.46 23.29 53.70
1.000 13.64 14.81 34.14
III. Galena-bearing veins within the rapakivi formation
Pb—174* | Sikkijirvi Galena 1.332 25.51 21.04 52.12
1.000 19.15 15.80 39.13
Pb—230 Sakkijarvi Galena 1.308 25.50 21.04 52.15
1.000 19.50 16.09 39.87
Pb—229 Luumiki Galena 1.317 25.46 21.48 52.17
1.000 19.33 16.31 39.61
Pbh—231 Sottunga Galena 1.246 27.78 20.46 50.51
1.000 22.30 16.42 40.54

*Determined 1955 by George Bate
g gas run
s solid run
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Ten of these samples were suggested by Vaasjoki, based on his com-
parison of the minor base metal contents of the same samples (Vaasjoki,
1956). Most of the samples were analyzed by the tetramethyl technique (g),
although in some the surface emission method (s) was used.

The galenas from the Svecofennidic range are surprisingly coherent: in
fact, they would appear to vary only slightly, if we discount the experimen-
tal error. The maximum variation is essentially represented in the same
locality (i. e. Orijarvi). In sharp contrast to the simultaneity in the Sveco-
fennidic province, the rapakivi granite veins are essentially modern lead
with considerable radiogenic contamination. The situation with the galenas
in the Karelidic province is much less simple.

Thirteen zircons and one monazite from Finnish rocks have been analyzed
for their lead isotopic composition. In five cases the thorium and/or ura-
nium determinations were completed using the isotope dilution technique.
The isotopic composition of lead from these accessory minerals is given in
Table IV.

The zircon analyses, completed for their uranium and thorium determina-
tions, are given in the following chapter together with the calculated age
data.

Table IV. Isotopic composition of lead from some radioactive minerals
from Finland

No. Source Mineral 204 206 207 208

A—34 | Oligoclase granite | Zircon 0.220 67.82 10.52 21.19
658a-MH/Kaavi-54 1.000 308.27 47.82 95.91

A—38 | Oligoclase granite | Zircon 0.333 67.96 11.68 19.68
209-AH/Kaavi-b4 1.000 204.08 35.08 59.10

A—95 | Maarianvaara Zircon 0.413 65.25 12.56 21.63
granite 1.000 158.00 30.41 52.37

A—50 | Oligoclase granite | Monazite 0.001 17.64 2.13 80.66
658a-MH/Kaavi-bd 1.000 17640 2130 80660

A—61 | Aulanko Zircon 0.194 74.90 11.00 13.46
granodiorite 1.000 386.08 56.70 69.38

A—T71 | Urjala Zircon 0.0535 79.87 9.65 10.18
granodiorite 1.000 1492.90 180.37 190.28

A—84 | Kalajoki Zircon 0.125 80.42 10.36 9.13
granodiorite 1.000 643.36 82.88 73.04

A—97 | Sotkuma granite | Zircon 0.063 79.44 13.76 6.23
II-Sma 1.000 1261.0 218.4 98.89

A—46 | Kokemiki granite | Zircon 0.119 74.28 8.98 16.20
1.000 624.20 75.46 136.13

5 3196—58
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Rubidium,strontium, and potassium. The data obtained
in stable isotope dilution analyses of Finnish samples for rubidium, stron-
tium, and potassium are shown in Table V.

Table V. Analytical data for micas from some intrusive rocks in southern

Finland
S 1 Parts per million by weight - -
Sample \:eimg%te S(rmf)ﬁ';) K(percent)
(gram)
Rb ‘ SrN l SIR

I—Bodom 0.7095 953 +21 8.6 5.904+.10 | 0.0219 -+.0006 6.074.12
biotite 1.2997 966 16 75 5.90+.10 | 0.0216 +.0005 —

0.050 957420 — — - —
1I-Bodom 0.7012 1247426 6.9 7.94+.13 | 0.0225 4-.0006 6.664.14
biotite
29—KM 1.2199 1260421 4.9 7.724+.14 | 0.0217 +4.0005 7.39+.25
biotite 0.0546 1205425 - — — —
I—Kitee 1.2997 — 1% 5.294-.08 | 0.0250 +.0006 —
muscovite 0.05005 747+13 - - - 8.72+.26
II—Kitee 1.4000 —_— 1.6 5.784-.07 | 0.0254 -.0008 —
muscovite 0.0500 806419 —— — — 8.254-.25
658a—MH 2.4999 350+ 6 10.0 2.444.05 | 0.0247 -.0007 —
biotite 1.2618 3414+ 7 — — — =
95—GSF 2.5000 632+13 9.0 4.454+.08 | 0.0249 --.0007 —_
biotite 2.5334 642415 - — = —
Aulanko 1.1011 696 +14 5.54 5.034+.08 | 0.02554-.0008 7.174+.25
biotite

Some of these samples were analyzed in duplicate and triplicate and
these separate determinations are shown in the table. For several samples
50 mg of sample were analyzed separately for potassium and rubidium.

Argonanalyses. Three mica samples from Finland were run for
argon by Mr. Leon Long, who kindly made them available for this paper.
The A%/K4% ratios for the Aulanko biotite, I-Bodom biotite, and II-Kitee
muscovite are 0.1649, 0.1405, and 0.173 respectively.

Alpha activity data and lead determinations by using the spectrographic
method for zircon samples are given in the following chapter together with
the ages calculated for them.

COMPARISON OF AGE DATA

As pointed out by Larsen et al. (1952), the almost equal ionic radii of
potassium and lead (1.33 A and 1.32 A) permit lead to concentrate in the
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potassium minerals. The close packing of zircon and the great difference
in ionic radii of zirconium (0.s2 A) and lead (1.32 A) do not encourage the
lead to intrude the zircon.

The possibility of determining the age of a mineral by the so called
lead:alpha method has been studied by Larsen and his coworkers. This
method yields an age based on measurements of the total lead content of
a mineral and its alpha activity, assuming that all of the lead in the mi-
neral is of radiogenic origin, that no lead has been lost, and the amount
of radioactive elements has not been changed by processes other than radio-
active decay. Hence if the mineral has been a subject of gain or loss of lead
or radioactive elements, an anomalous lead:alpha age should indicate a
discordant lead:uranium isotopic age.

The lead:alpha ages shown in Table VI were used as a basis for com-
parison of the ages determined on the basis of the radiation dosage-alpha
activity ratio measurements.

Table VI. Lead:alpha ages for zircons

smmple aimg/he (bpm) (7. Remarks
29—KM, viborgite .......co0iensnns 15042 72, 70, 69 1045 -+ 200 mesh
29—KM, viborgite ................. 1944-2 72, 71, 68 830 — 200 mesh
292—FP, rapakivi granite .......... 108 +2 22, 19 444
805—ML, rapakivi granite ......... 15042 100, 108 1463
35b—AS, dark rapakivi ............ 10942 b4, 53, b4 1100
785—ML, rapakivi granite.......... 124 4-2 60, 60 1080
672—ML, rapakivi granite.......... 62043 220, 215 805
Aulanko granodiorite ............... 1952 . 75, 72, 711 857
Urjala granodiorite . ................ 2560+-2 |110, 112, 114 1007
658a—MH, oligoclase granite ....... 30042 | 110, 112, 114 855
297—FP, quartz-porphyry ......... 22342 |106, 104, 102 1045

The alpha activity was measured in the Department of Geology, Prince-
ton University, by the equipment described above. The spectrographic lead
determinations were kindly submitted to the author by C. L. Waring from
the U. S. Geological Survey. Ages were computed according to the equa-
tion t; = ¢ Pb/e and corrected for radioactive parent decay according to
the formula, t =t, — 1 (t] x k), where « = alpha disintegrations per
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milligram-hour, Pb is the lead concentration in parts per million, and t,
and t are ages in millions of years. The constant c¢ is taken as 2500, ac-
cording to two uranium-thorium analyses made on the samples concerned.
The correction made for parent decay is similar to that described by Keevil
(1939). The constant k was chosen as 1.8 X 10™%, according to uranium-
thorium analyses mentioned above.

These ages were used when samples were selected for lead:uranium iso-
topic age work on the assumption that samples having high lead:alpha age
would most probably yield a concordant isotopically controlled lead:uranium
age. Inspection of the data shows that two of the eight zircon samples
separated from the postkinematic potash granite group in southern Finland
having a probable age of 1620 m.y. have given a lead:alpha age of 1460
m.y.: 805-ML, rapakivi granite (Table VI) and Bodom granite (Jaffe,
Gottfried, and Waring, 1955). The probable true ages are based on inter-
comparisons of the isotopically controlled lead:uranium, potassium:argon,
and rubidium:strontium ages listed in Table IX and X. Although too few
samples are available, it is worth noting that zircon from Bodom granite
having a high lead:alpha age yielded a concordant isotopic age.

Two lead:alpha ages made on the synkinematic intrusive group of Sveco-
fennidic orogeny showed an average age of 900 m. y. Because of these prob-
able low ages, only Pb20%—PDb20¢ isotopic age measurements were made.
On the basis of these ages, as well as the ages based on Rb®—Sr87 and
K40__A40 regults, the most probable true age for this intrusive group is
1800 m. y.

Holland and Kulp (1950) suggested that the degree of damage in minerals
caused by alpha-particle bombardment could be used as an independent age
method, if the alpha activity were measured. Hurley and Fairbairn (1953)
made a preliminary study, using x-ray diffraction and alpha activity meas-
urements to establish the relation between radiation dosage and damage
measured by changes in the (112) lattice spacing. Holland and Gottfried
(1955) were able to determine the changes in ¢, (unit cell vertical axis) to
changes in dosage (alphas/mg of sample) as a function of time by using
gem quality zircons from Ceylon, which proved to have a concordant iso-
topic age as well as a wide range of alpha activity. Recently Fairbairn and
Hurley (1957) have studied radiation damage in zircon from 42 rocks. The
ratio dosage/activity has been found to correspond to other ages in some
cases, but some have been obviously too low. These »ages» have been sug-
gested as representing the date of a later metamorphism.

Age measurements based on this technique have been made on about
70 samples with an age of 70—2700 m. y. The data on the Finnish samples
will be presented in this connection, together with the other ages based on
isotopically controlled results.
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The clean zircon samples were washed in an acid mixture of HC1 +
HNO; + H,0 (1:1:1). The material was kept in a beaker on a hot plate
at a moderate temperature for about one hour to eliminate surface con-
centrations of radioactive material. Where available, 100 mg of sample was
used. The alpha activity was measured first in the sample of natural grain
size as far as accessory zircon was concerned, and afterwards in the pul-
verized sample. One interesting feature was found: in almost all cases the
activity of zircon from the granitic or intermediate intrusive rocks was
lower when the sample was crushed. For a hornblende gabbro from the
Boulder batholith and for a dark, pyroxene-bearing variety of rapakivi rock
the alpha activity of the pulverized zircon sample was found to be higher
(2 9% and 9 9, respectively). Only in three cases was it found to be higher,
where granitic rock was concerned: zircon from two rapakivi granites and
Bodom granite. In all these cases the difference was within the limits of
error: 1 9%, and 1%, 9%, for rapakivi zircons and 1 9%, and 2 9, for Bodom
granite (-230 mesh and - 100 mesh respectively). In 33 cases the activity
was found to be lower, the average being about 10 9,. For one quartz mon-
zonite from Boulder batholith no difference was found. Several grain sizes
were used for some big zircon crystals without any difference in activity.
As far as this difference is real (and it is not supposed to be due to the
escape of any radioactive material), this is supposed to indicate the geo-
chemical differentiation of uranium, thorium, and zirconium during the
crystallization process.

If possible, as sharply defined a fraction of zircon as possible was used.
Most measured samples were between 200—325 mesh or minus 325 mesh
fractions (mostly natural grain size). The activity measurements indicate
in all cases more extensive difference between uncrushed and pulverized
samples, when coarse-grained fractions were treated. Such inhomogeneity
of the sample will usually be apparent in a broadening and often a skewing
of the x-ray reflection peaks. A more homogeneous fraction will always give
a sharper peak shape.

The results are listed in Table VII. The uncertainty arises from the
error directly introduced with the statistical counting error and from that
contributed by the radiation dosage measurement. A small correction to
the radiation dosage/alpha activity ratio (D, «) is due to the U/Th ratio
(Holland, 1955), and the final ratio indicating the age of the mineral is given
in column D,/exy. All calculations are based on the assumption that a
given dosage has produced the same damage in specimens 1600—1800 mil-
lion years in age, as shown by Ceylon zircons of 550 million years in age.

Inspection of the data shows three groups of ratios: 1. most of the zir-
cons separated from the postkinematic potash granites suggest an age of
about 800 m. y.; 2. the syntectonic intrusives are between 600 and 800 m. y.



38 Bulletin de la Commission géologique de Finlande N:o 182.

Table VII. Radiation damage in zircons from some Finnish intrusive rocks.
Dosage-damage relation the same as that shown by Ceylon zircon (550 m. y.)

Sample

a, (4)

o (A)

Activity
a/mg/hr

Radiation
damage ratio

D.ja | D./ax y

Comments

29—KM, viborgite .......
29—KM, viborgite .......
292—FP, rapakivi granite
806—ML, rapakivi granite
805—ML, rapakivi granite
36b—AS, dark rapakivi
785—ML, rapakivi granite
Onas granite ............
I—Bodom, Bodom granite
II—Bodom, Bodom granite
714—ML, rapakivi granite
Quartz-porphyry, Aland ..
297—FP, quartz-porphyry .
299—FP, quartz-porphyry .
Aulanko granodiorite
Urjala granodiorite ......

6568a—MH, oligoclase gran-
ite ...,

.|6.61674.0004

.16.6306+.0003

6.63024.0010
6.6300+.0012
6.6195-4.0003
6.6235-4.0005

6.62734.0005

6.62944.0005
6.61964+.0003
6.6400 1-.0014
6.62224.0002
6.62304-.0005
6.61964-.0008
6.61964.0016

6.62284-.0016

6.6405-.0025

6.63284+.0005,

6.02314-.0012
6.0225+4.0014
6.00774.0008
6.01324.0005
6.0187 +4.0007
6.00394-.0006
6.0204 4.0008
5.00994-.0003
6.03824-.0020
6.01514.0004
6.02894-.0012
6.01044.0010
6.00654.0018
6.0028 4+-.0009
6.02424.0005

6.03904-.0017

6.0297 4-.0010

15042
19442
11742
15041
24442
10942
19542
120+2
261+2
281 +2
384+2
266 +2
23242
206 +2
19542
250 +2

300 £2

1 113'910126

849790+ 32
921(851+37
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old; 3. four samples belonging to the first-mentioned group indicate an age
of about 450 m. y. The probable age of these two intrusive groups is 1620
m.y. and 1800 m.y. as mentioned above.

It can be seen that the radiation damage ratio — generally supposed to
be the minimum age — equals about 800 m. y. for most of the samples from
the rapakivi group. For all quartz-porphyry samples the measured activity
is relatively higher and the damage ratio lower. For sample No. 714 activity
as high as 384 alphas/mg/hr was obtained. In this case the measured age
is also lower. Generally speaking, the impure fractions were found to be
more radioactive, the impurities being unidentified inclusions, dark pigment,
or inhomogenities such as more metamict grains etc. For sample No. 805
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the »primary» fraction was treated and the age 584 m.y. obtained, while
pure, carefully handpicked material indicated an age of 799 m. y.

Two zircon fractions from the Svecofennidic granodiorites were selected
for radiation damage work: the Aulanko and Urjala granodiorites. Both
intrusions occur on the same map sheet, Himeenlinna, described by Simo-
nen (1949). Both zircons gave an lead isotope age (Pb207—Pb2°6) of about
1850 m.y. The Rb87—Sr87 age for Aulanko granodiorite is 1820 m. y. and
the A40—K40 age for the same rock 1725 m. y. The radiation damage age
for Aulanko zircon is 817 m. y., whereas that for Urjala zircon is 844 m. y.
The lead:alpha ages are 857 and 1007 m.y. respectively.

The discrepancies between the ages measured by the radiation damage
method and the probable true age can be explained in several ways: in-
homogeneity in the distribution of the radioelements, thermal annealing of the
radiation damage, a later gain of radioactive elements, and the fact that two
or more generations of zircon were measured. Holland (1956) has found that
dry heating most zircons at a temperature of over 500°C produces appreci-
able annealing of radiation damage within one day. According to Ingerson
(1955), Frondel has studied zircons hydrothermally. He has found that
zircon recrystallizes at a temperature at least as low as 500°C under hydro-
thermal conditions without excess pressure, beyond that developed by heat-
ing. As pointed out by Holland (1956), the radiation damage measurements
for determining the age of the last period of metamorphism of a region must
be applied with caution. Only if all of the previously produced damage is
removed, may the radiation damage age be considered to be a measure of
the time which has elapsed since the last thermal metamorphism.

In Fig. 1 ¢, has been plotted as a function of the present alpha activity
and of the radiation dosage calculated for 1 600 million years. It can be
seen that the points fall on two straight lines. The line A goes through the
point ¢, = 5.9797 (the length of the c-axis of the undamaged Ceylon zircon),
and it is the locus of points of most of the common rapakivi zircons. The
line B does not go through the point ¢, = 5.9797 and it consists of three
zircons from the rapakivi quartz-porphyries and of two other zircons. Two
points fall outside the lines. They belong to the samples 29-KM and
11/805-ML. The sample 29-KM represents a coarse-grained (60—100 mesh)
accessory zircon from rapakivi granite. The material is inhomogenous, as
described above. The sample I1/805-ML represents a rather impure fraction,
which consists yet almost completely of zircon.

The recurrence of the age of 800 million years in several samples from
different places (line A) suggests a comprehensive action. The uranium-thorium
isotopic analyses exclude the possibility of relatively too high activity due
to some secondary processes. If the assumption that a given dosage has
produced the same damage in specimens of 1600 m. y. in age as shown by
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Fig. 1. co for zircons from the postkinematic granites as a function of the present ]
a-activity and of the total a-dosage calculated for 1 600 million years.

Ceylon zircons of 550 million years in age is valid, the thermal annealing
of radiation damage could be suspected as the cause of the low age.

Worthy of note is the high activity of the samples falling on the line B
and the impure nature of the samples (especially the pigment described above).

Thirteen zircons and one monazite from Finnish rocks have been ana-
lyzed for their lead isotope composition. In five cases the uranium and
thorium determinations have also been completed, using the isotope dilu-
tion technique.

The isotopic compositions of lead used for the primary lead correction
are as follows:

1. Potash granite group of the age of about 1 600 m.y.

The average isotopic composition of lead extracted from feldspars from
one viborgite ovoid and from pegmatite veins in rapakivi granite given in
Table II:

204 206 207 208
1.o00 16.70 15.75 36.68

2. Intrusive group in Svecofennidic range of the age of about 1 800 m. y.

The average isotopic composition of galena lead from six samples from
southern Finland mentioned in Table IIT (Attu, Aijala, Orijirvi (A-67),
Pernaja, Pakila, Korsnis):




Olavi Kowvo. Radioactive Age of some Finnish Pre-Cambrian Minerals. 41

204
1000

206
15.88

207
15.51

208
35.96

3. Intrusives in Karelidic range of the age of about 1800 m.y.

The isotopic composition of Panjavaara galena mentioned in Table ITT.

The isotopic abundances and decay constants used in the age calcula-
tions are given in Table VIII.

Table VIII. Decay constants and isotopic abundances of radioactive isotopes
used in this study

Isotope Decay constants Isotopic abundance

Uess Ao = 1.54 x 10-10yr-1 0.9929 g/g U

=86 Aq = 9.72 X 1071011 0.0071 g/g U

Th232 A = 4.99 x 107 11yr-t 1 g/g Th

Rb#7 g = 1.39 x 10711yr! 0.283 g/g Rb

Kao *ig = 4.8 x 1071071 l.22 x 10 g/g K
**1e = 0.581 x 10710yr1

* Based on 28 f/g/sec. (Gast et al., 1957)
¥ 3.394.15 yp/g/sec. (Wetherill, 1957)

P
The results of the isotopically controlled zircon analyses are given in
Table IX. Uncertainties in isotopic composition are mean deviations of
15—25 sets of ratios.

Table I1X. Age data for zircons from postkinematic potash granites from
southern Finland
Bodom zircon
I—Bodom
U (p.p.m.): 557.16 4 5.57, Th (p.p.m.): 174.0 4 1.74, Pb (p. p. m.): 163.4

Lead data 204 206 207 208
Isotopic composition (moles)..... 0.0574-0.003 100 10.90+0.10 11.294+0.11
Concentration (p.p.m.) ......... 0.0756 133.5 14.62 15.22
Primary lead (measured) ........ 1.00 16.70 15.57 36.68
Radiogenic lead (p.p.m.) ....... 0 132.2 13.43 12.34
U238__pp206 U235__pp207 PH207__Ppp206 Th232__pp208
Age in million years ...... 1590430 1620420 | 1675430 1530+35

6
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Onas zircon
U (p. p- m.): 291.7 4 6.1, Pb (p. p. m.): 88.64

Lead data 204 206 207 208
Isotopic composition (moles)..... 0.260+0.003 100 13.664+-0.12 19.824-0.44
Concentration (p.p.m.) ......... 0.170 66.15 9.08 13.24
Primary lead (measured) ........ 1.00 16.70 15.57 36.68
Radiogenic lead (p.p.m.) ....... 0 63.28 6.39 6.88
i U238__pp206 |‘ U285_pp207 ‘ PH207_pp206
|
Age in million years ...... ’ 1460460 ‘ 1545435 | 167042
Rapakivi zircon
805—ML/Titti—54
U (p. p. m.): 492.04 + 36.9, Pb (p. p. m.): 143.5
Lead data 204 206 \ 207 208
Isotopic composition (moles)..... 0.1609-+0.0064 100 12.314+0.10 17.82+0.15
Concentration (p.p.m.) ......... 0.175 109.91 13.60 19.78
Primary lead (measured) ........ 1.00 16.70 15.57 36.68
Radiogenic lead (p.p.m.) ....... 0 106.95 10.83 13.23
l’ U298__pp206 U285_pp207 Pp207__pp206
Age in million years ...... ‘ 14704140 | 1550495 1670430
Rapakivi zircon
29—KM/Virojoki—55
U (p. p. m.): 383.36 + 4.98, Pb (p. p. m.): 114.05
Lead data 204 206 207 208
Isotopic composition (moles)..... 0.17694-0.0076 100 12.364-0.32 17.7740.45
Concentration (p.p.m.) ......... 0.1532 87.37 10.85 15.68
Primary lead (measured) ........ 1.00 16.70 15.57 36.68
Radiogenic lead (p.p.m.) ....... 0 84.79 8.43 9.95
U238_Pb206 U235~—Pb207 Pb207__Pb206
Age in million years ...... 1490490 1550455 1637468




Olavi Kouvo. Radioactive Age of some Finnish Pre-Cambrian Minerals. 43

Rapakivi zircon
35b—AS/Lemi—54
U (p. p- m.): 228.4 4 2.3, Pb (p. p. m.): 50.95

Lead data 204 206 207 ! 208
Isotopic composition (moles)..... 0.06044-0.003 100 10.82-+0.11 17.93+0.18
Concentration (p.p.m.) ......... 0.02348 39.31 4.274 7.12
Primary lead (measured) ........ 1.00 16.70 15.57 36.68
Radiogenic lead (p.p.m.) ....... 0 38.91 3.903 6.24
U238 _pp206 U235_pp207 PbH207_pp206 Th232__pp208
Age in million years ...... | 1165430 1350420 1650430 1 050+100

It may be seen from Table IX that the results of these determinations

b 208 206 207 207 A5 e
fit into the general pattern 2_32<ﬁ<2_35<20_6’ which is developed from
measurements on various geological units. In Fig. 2 the mole ratios Pb2§/
U238 (D,/P,) and Pb207/U235 (D,/P,) are plotted on a »concordia» diagram
(Wetherill, 1956a, 1956b). The ratios lie on a straight line going through

the points 120 and 1 670 on the curve marked »concordiay, i. e. the locus

N206/N238 &

o
~

(WA]

| | | |
0 1 2 N207/N235 3 4

Fig. 2. A diagram illustrating the daughter-parent isotope relationships of zircons
from the postkinematic granites in southern Finland.
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of all points, such that ty 55 = ty.a3s. Wetherill has demonstrated this
kind of regularity and the possible use of discordant uranium:lead ages to
determine some aspects of the history of known geological units. He has
been able to give a mathematical proof of the graphical procedure for cal-
culation of discordant uranium:lead ages, resulting from multiple episodes
of uranium-lead fractionation or from the presence of primary radiogenic
lead or a constant percentage loss of intermediate daughter products. This
graphical procedure is found useful in giving information on the possible
histories of a given geological area. It is not possible, however, to infer
the history uniquely, if only the discordant ages are given. According to
him, this kind of linearity could be explained by a chemical removal of
lead or uranium. An alternate explanation has been given by Ahrens (1955a
and b) and by Russell and Ahrens (1957). Instead of chemical removal of
lead, these authors suggest that physical control of lead escape rather than
chemical may be one of the possible mechanisms for discordance. Accord-
ing to them, the ejection of members of the decay series into microfissures
by the recoil energy from alpha-particle emission, followed by the removal
of these members or their descendants by diffusion, leaching or any other
processes, provides a possible mechanism for the loss of lead and could
explain the fractionation of lead isotopes in the direction mentioned above.
As pointed out by former authors, more detailed studies of single deposits
are needed to explain the most proper mechanism. Worth noting is that
Tilton (1956) has been able to show that radiogenic Pb2°8 in zircon and
sphene is more susceptible to removal than are radiogenic Pb20¢ and Pb207,
In a later paper Tilton, Davis, Wetherill, and Aldrich (1957) have thoroughly
discussed the present state of explanations for the age discordances in zircons.

Aldrich, Dayvis, Tilton, and Wetherill (1956) have pointed out that an
agreement of rubidium-strontium and potassium-argon ages is potentially
a better measure of absolute age than are the two U—Pb ages. This belief
depends on the fact that potassium and rubidium decay to daughters which
are different elements, while U235 and U238 decay to two isotopes of the
same element which might be expected to behave in a more similar manner
during processes affecting their host mineral. On the other hand, the half-
lives of U235 and U238 differ so greatly from each other that any measur-
able change of lead or uranium will destroy the agreement. Actually the
best laboratories nowadays are equipped for Pb—U and Pb—Th as well
as for A—K and Rb—=Sr work. This makes possible an internal checking
of the ages of a sample, if the necessary minerals are available.

Some facts can be given for the postkinematic potash granite group in
southern Finland: 1. the average of six Pb207—Pb206¢ ages indicates an age
of 1655 4 15 m. y.; 2. the solid straight line along the experimental points
on the D/P diagram cuts the curve »concordia» at the T,-point 1 670 m. Y-
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3. the only slightly discordant I-Bodom age pattern gives a most probable
age of 1 605 m. y. (average of U235—_Ph207 and U238__Ph206 ages); 4. Rb87—
Sr87 ages for rapakivi biotite 29-KM/Virojoki-55, II-Bodom, and I-Bodom
biotites (Table X) are 1610 4 40 m.y., 1605+40 m.y., and 15554 20
m. y. respectively; 5. a K4°—A40 age for I-Bodom biotite is 1550 - 60
m.y. (Table X).

The studied zircons have given discordant ages so frequently that a
question arises as to which, if any, of these ages are correct. However, the
agreement of Rb87—Sr8” and U—Pb ages excludes the possibility of an
accidental agreement of the zircon isotope ages of the Bodom sample. The
Rb%7—Sr87 age of 29-KM rapakivi as well as the excellent agreement of six
Pb207—Pb206 ages unite the other samples in a coherent intrusive group of the
same age, within the indicated limits of experimental error. From the slight
discordance of I-Bodom zircon ages, as well as the about 3 9, higher Pb207—
Pb20¢ ages and the location of the point T, on the D/P diagram, the ques-
tion arises of whether the agreement of Rb87—Sr87 and both Pb—U ages
is not rather accidental. Since the I-Bodom zircon isotope ages have to
be regarded as slightly discordant, 1 605 m. y. is to be regarded as the prob-
able minimum age, the probable maximum age being the Ph207—Pb206
age = 1 655 m. y. Instrumental considerations alone limit the accuracies of
the ages to about three percent. The U235—Pb207 age of Bodom granite,
1620 m.y., is probably the most nearly correct age.

One fact still stands out regarding these age comparisons. Zircon from
the I-Bodom sample gave the most concordant isotope age. Biotite sepa-
rated from the same rock gave a definitely low age of 1555 + 20 m.y.
This age was checked twice afterwards, and the low result is not due to
analytical error. As noted before, three samples treated were selected be-
cause of the primary nature of biotite: II-Bodom, Uusikaupunki trond-
hjemite, and Kaavi oligoclase granite. In this case the biotite separated
from the biotite granite (II-Bodom) gave the more correct age (1 605 m. y.).

Daughter product diffusion as a possible cause of the discrepant age
measurements has been examined in detail and developed in graphical form
by Nicolaysen (1957). As can be seen, the age obtained from the graphs is
always higher than the Pb207—Ph206 age, usually found to be slightly higher
than the most probable true age. The five intersections obtained for the
age patterns given in Table IX suggest numbers such as (parameters D/a?
in parenthesis) 1686 m.y. (0.5 X 1012 year-1), 1710 m. y. (3.3 x 10712 year -1),
1715 m.y. (3.3 X 10712 year-1), 1668 m.y. (1.7 X 1012 year-!), and 1790
m.y. (19.8 X 1012 year -1) respectively. The average of these numbers is
6 9%, higher than the most probable true age for that granite group.

The fore-going discussion has not considered the other Finnish intrusive
rocks studied. Table X shows the comparative Pb207—Pb206, Rb87—Sr87,



Table X. Comparative age results for zircons and associated micas

Age in millions of years
Sample Location Rock Mineral Remarks
Pbli"_Pblol Rb!'l._sl-l7 | KAO_AAD
Postkinematic granites
3bb—AS Lemi Dark rapakivi Zircon 1650+30 = = U—Pb and Th—Pb
806—ML Titti Rapakivi granite Zircon 1670+30 — — ages are given in
29—KM Virojoki Viborgite Zircon/ 1637468 1610440 — Table 1X
biotite
Onas Porvoo Potash granite Zircon 1670442 — o= »
I—Bodom Espoo Potash granite Zircon/ 1675430 1555 420 1 5504-60 »
(even grained) biotite
IT—Bodom Espoo Potash granite Biotite — 160540 =
(porphyritic)
29—GSF Kokemiki Potash granite Zircon 1630437 — —
Svecofennidic range
Aulanko Hameenlinna Granodiorite Zircon/ 1845430 1820+45 17256470
biotite
Urjala Urjala Granodiorite Zircon 1860+34 — —
83—GSF Kalajoki Qtz. diorite Zircon 1790440 — —
95—GSF Uusikaupunki Trondhjemite Biotite - 1760 +45 s
Karelidic range
658a—MH Kaavi Oligoclase granite Zircon/ 1845445 1780447 —
biotite
Monazite <2000
209—AH Kaavi Oligoclase granite Zircon 173580 — ==
Maarian- Kaavi Microcline granite Zircon 1750475 — e
vaara
I—Kitee Kitee Pegmatite granite Muscovite — 1780442 —
IT—Kitee Kitee Pegmatite granite Muscovite — 1810453 1775450
Outokumpu Kuusjarvi Pegmatite vein Muscovite — 1845445 =
II—Sotkuma Polvijirvi Gneissose granite Zircon/ 2530438 1804+40 —
biotite

9%
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and K40—A40 ages of intrusive rocks from southern Finland. As can be
seen for the Svecofennidic intrusives, the two Rb%7—Sr87 ages imply an
age of 1790 4 45 million years. The average of the three Pb207—Ph206
ages is 1832 + 35 million years or about 2.4 9, higher.

The excellent agreement of the Rb®—Sr87 and K40—A40 ages of the
Karelidic intrusive group indicates a most probable true age of 1 800 - 45
million years. The average of the Pb207—Pb206 ages is about 1800 -+ 60
million years This number does not include the high monazite age and
anomalous low zircon age of 1735 m.y.

As can be seen from Table IV, the 658a-monazite sample is extremely
poor in primary lead. Unfortunately the mass spectrometry run was not
good enough to separate the small 207-peak from the big 208- and 206-peaks
because of the poor resolution due to the preparation of the sample. Only
an estimation of less than 2 000 m. y. can be given. The age of the sample
209—AH is presumed to be too low because of analytical reasons due to
the extremely small sample size.

Because of the low Larsen-ages, only Pb207—Pb20¢ ages were made for
most of the zircons. Results have shown that Pb207—Pb206 ages are slightly
high but good enough to give reasonable information for most geological
problems, especially as it is possible to get a statistical result easily in
most cases.

The accuracies stated do not include errors arising from incorrect
decay-constants or from the geological history. As stated by Wetherill
et al. (1956), the half-life for U*° (7.13 x 10°® years) with a probable
error 4 0.16 x 10® years introduces additional errors of + 35 m.y. in the
U* —Pb*" age and 4+ 90 m.y. in the Pb*" —Pb*® age of a 1600 m.y.
mineral.



GEOLOGIC INTERPRETATION OF RESULTS
SOME GENERAL ASPECTS OF THE GEOLOGICAL PROBLEMS INVOLVED

One task of geological endeavour is to go downward in the stratigraphi-
cal sequence. Together with petrogenesis, the chronological subvision of
rocks of lithological complexes has always been one of the final purposes
of geological survey in all continents.

Many of the recent efforts to obtain more information regarding condi-
tions in pre-Cambrian time have been concerned with the cycles of sedi-
mentation defined by their relation to tectonic movements. The classifica-
tion is mainly based on the relations of the supracrustal rocks to epochs of
diastrophism and to the intrusive rocks which have been intruded. The rule
of »tracing from place to place», if continuous schist belts or certain granite
types are available, is the commonest way used for working out the strati-
graphic succession.

Contact phenomena play the most important role in the correlation of
rocks lying near together. However, many difficulties arise especially in
pre-Cambrian geology, because often uncertainties are multiplied and in
any case only relative ages can be obtained. For instance, in the Fenno-
scandian shield a plastic Cambrian clay lies on the undeformed rapakivi
granite, and Paleozoic fossiles are found in sandstone veins cutting it. These
observations show that rapakivi granite is pre-Cambrian. Thus the relative
age is known, but still the space of time between these two geological forma-
tions is not cleared up. Numbers like 200 million years as well as 1 000
million years have been presented.

All field geologists are agreed on an interesting and confusing pheno-
menon: a crystallizing intrusive massif can cut its own already solidified
“outer part by sending pegmatitic or aplitic veins from the inner part through
its outer part. As far as relative age is concerned, the vein is younger than
the host rock, but the absolute age difference is practically zero. In such
a case the value of the measured absolute age of the penetrating vein may
be higher than that of the intrusive host rock, the result being quite correct
within the specified limits of experimental error notified.

One major difficulty arises from the correlation of large scale orogenic
belts which do not come into contact.
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In one of his last publications Sederholm (1934) says (p. 96): »The classi-
fication of pre-Cambric rocks will also need to be greatly changed. On the
basis of the evidence which has hitherto been obtained in the field, we are
already able to assert that the pre-Cambric far from being an inconsiderable
appendix to the succession of fossiliferous rocks, must contain the greatest
part of the geological record. It contains more cycles of sedimentation,
separated by cycles of diastrophism than all later stratal successions, and,
therefore also is thicker and more varying in sedimentation than those,
although we do not yet know more than a part of them.» In the same paper
he announces (p. 95): »The cooperation of geo-physical research is also very
necessary for the age determinations among the oldest rocks. ... But there
ought to be collaboration. HEspecially it is necessary that the material in-
vestigated by a geo-chemist, or geo-physicist is collected by geologists pos-
sessing a thorough knowledge of the region in question.»

The fact that the Earth is the scene of processes that continually change
its isotope composition has given us a geological clock. New methods de-
veloped in the last fifteen years have extended the possibilities to the more
common rock-forming minerals. The result of this evolution is that neither
analytical requirements nor the limited amounts of useful minerals are
restricting factors any more. A confining factor is the material itself.

If the age of synkinematic intrusive groups belonging to two orogenic
cycles is known, the space of time between the climaxes of these two oro-
genies should be measurable within the limits of error indicated. However,
there is still the problem of the true nature of intrusives selected for in-
vestigation. As shown, for example, by the well studied Appalachian moun-
tain chain, the orogenic belt may be a composite one, including two or more
sub-cycles, each with its own plutonic activity. The rejuvenation of ma-
terial by a new orogenic activity is perhaps the most confusing factor within
the old pre-Cambrian formations. To what extent the old schist belts are
intruded by later orogenic intrusives is of the greatest importance to the
interpretation of all age results. The close connection of orogenic and epeiro-
genetic movements will obscure the boundaries of two orogenic belts, and
more difficulties will arise as far as age results are concerned.

The minerals mostly used for age determinations are from acidic or inter-
mediate rocks. A single crystallization of material is provided. However,
the current hypotheses as to the genesis of these groups of rock are the most
confusing ones. One school of thought postulates that most granite is for-
med from magma. Another school of thought argues that most granite is
of metasomatic origin. Even though these problems have to be regarded
as unsolved, and the interpretation of age determinations made on minerals
separated from granitic rocks may be considered to be uncertain, the com-
parative studies of some geochronological data so far obtained have shown

7 3196—58
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that it is possible, to some extent, to assess the degree of confidence that
may be placed in the respective methods employed. The question is still
open as to what is the amount of primary daughter element included in the
material granitized during later events.

The area where samples for this research were collected is presented in
Figure 3. The necessary background of general geological knowledge was
provided by the studies of several Finnish geologists. Some excellent sum-
maries are given by Sederholm (1927, 1932, 1934), Eskola (1927, 1941),
Wahl (1936), Saksela (1953), Simonen (1953), and Vayrynen (1954). Ad-
ditional information on the detailed geological settings of each sample was
provided by the various geologists who actively mapped each area.

The pre-Cambrian formations in Finland are separated into two systems
as stated above — an upper Karelidic system, which includes undoubtedly
original sediments lying on an old base, and a lower Svecofennidic system,
which consists of original sediments, represented by graded bedded gray-
wacke slates, arkose sandstones, conglomerates, tuffs, and lavas, and of
granitic, gneissic, and schistose rocks, among which are seldom found beds
of quartzite and ophiolite like intrusives. The stratigraphy and sedimenta-
tion of the Svecofennidic supracrustal rocks in southwestern Finland have
recently been described by Simonen (1953). The tectonic characteristics of
the Svecofennian mountain chain have been demonstrated, e. g., by Saksela
(1953). The sedimentary characteristics and the stratigraphy of the Ka-
relidic formations in Finland have been summarized in several papers by
Viyrynen (1933, 1954).

Both cycles of sedimentation exhibit close similarities on one hand and
some remarkable differences on the other. Each schist belt has its own
graywacke slates. In certain places the graded bedding and other pri-
mary sedimentary features are well preserved. Simonen (1953) has de-
scribed an eugeosynclinal accumulation in the Tampere schist belt at least
8 km thick. Many graphite-bearing schists similar to recent muds occur in
various sections of both schist belts. Volcanic activity has produced nu-
merous lava and tuff beds in both areas. The limestones and calcareous
sediments in the Karelidic mountain chain are, however, dolomites, whereas
in the Svecofennidic area they are calcites. The rarity of true quartzites
in the Svecofennidic belt is remarkable. The huge quartzite beds in the
Karelidic chain are the most characteristic formations indicating a tectonic-
ally stable platform.

In the Karelidic area the underlying old basement can be easily found,
but it has not yet been traced definitely in the Svecofennidic area. Some
geologists (Saksela and Heiskanen, 1952; Huhma, Salli, and Matisto, 1952)
have given, however, evidences of possible pre-Bothnian rocks in southern
Finland.
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1. Kalajoki quartz-diorite (83-GSF) 14. Onas granite 24. Pb-234, Aijala
2. Uusikaupunki trondhjemite (95-GSF) 15. Rapakivi granite (805-ML) 25. Pb-237, Orijirvi
3. Urjala granodiorite 16. » » (785-ML) A-67, Orijarvi
4. Aulanko granodiorite » » (714-ML) 26. Pb-175, Pakila
5. Kaavi granite (209-AH) 17: » » (672-ML) 27. Pb-229, Luumiki
6. Kaavi granite (658a-MH) 18. » » (29-KM) 28. Pb-239, Panjavaara
7. Maarianvaara granite 19. » » (35b-AR) 29. Pb-247, Nunnanlahti
8. Outokumpu Pb-232, Lemi 30. Pb-238, Korsnis
9. Sotkuma granite 20. Rapakivi granite (292-FP) 31. Pb-174, Sakkijirvi
10. Kitee granite Quartz-porphyry (299-FP) Pb-230, Sékkijirvi
11. Quartz-porphyry, Aland 21. » »  (297-FP) 32. Pb-235, Pernaja
12. Kokemaki granite (29-GSF) 22. Pb-233, Attu

13. Bodom granite 23. Pb-231, Sottunga
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As already pointed out by Hess about twenty years ago, the relationship
of serpentines to island arcs adds weight to the hypothesis that island arcs
represent an early stage in alpine-type mountain building. According to
him (Hess, 1955), the serpentinized peridotites probably are intruded during
the first great deformation of a mountain belt and do not recur in subsequent
deformations of the same belt. Hence they enable one to date orogenies by
dating serpentines and to follow the axis of an ancient orogenic belt in some
cases for thousands of miles. In world wide research it has been found (Hess,
1955) that in the oldest rocks serpentinized peridotites do not occur in belts
but are ubiquitous throughout the whole terrain. These ultramafic ophiolites
are rare in the Svecofennidic schist belt but can be traced throughout the
Karelidic orogenic belt from Lake Ladoga to Lapland.

The present correlations between distant pre-Cambrian successions and
the local stratigraphic problems have been recently discussed, e.g., by
Saksela (1953) and Simonen (1953). The orogenic position of the intrusive
rocks where present samples are from has been discussed in the chapter
»Sources». The consequences of the assignment of the ages given in the
previous chapters to the orogenic classification will be valid if the following
assumptions are fulfilled:

a) Proper corrections have been made for the initial concentration of
daughter elements in each radioactive decay scheme used for age calcula-
tions. This premise includes the possibility of a rejuvenation of old rock
massives as well as the granitization of older material.

b) There have been no gains or losses of parent or daughter or inter-
mediate members in the radioactive decay scheme during the time since
the formation of the system. As far as practical age determinations for the
pre-Cambrian minerals are concerned, the limits of error of 30—50 million
years allow alterations which will not change the final age by more than
that amount.

¢) Only one generation of each mineral is used and the age of the mi-
neral is the age of the rock. The suitability of biotite from trondhjemitic
rocks has been pointed out before, provided that the biotite is rich enough
in the parent radio element.

d) The intrusives of each orogenic belt belong to that orogenic cycle.
The age of the post-tectonic intrusives very closely defines the end of the
cycle or sub-cycle of activity to which they belong, but they may be very
much younger than the deep-seated surroundings where they are found.

If these assumptions are fulfilled, some conclusions can be drawn from
the results obtained.

1. The differences in the ages of the minerals from the rocks intruding the
Svecofennidic orogenic belt and from the rocks intruding the Karelidic oro-
genic belt are within the limits of the indicated error of the age measurements.
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2. As far as the geologic interpretation of the nature of these intrusive
masses is correct, the ages of the synkinematic intrusives suggest a climax
of the orogenic movements about 1 800 million years ago.

3. The close agreement in the age of the members of the rapakivi gra-
nite and that of the Bodom, Onas, and Kokemiki granite confirms the
assumption that all these potash granites (III and IV granite group in
Sederholm’s classification) might represent a coherent intrusive group. Ac-
cording to the age results gathered within this material, they intruded
1620 4+ 20 million years ago.

4. The galenas from the Svecofennidic range are surprisingly coherent;
in fact they would appear to vary only slightly outside experimental error.
The maximum variation is chiefly represented in the same locality i. e.
Orijirvi. The Lemi sample is slightly more radiogenic and comes near the
contact with the rapakivi granite. The isotopic composition of these sam-
ples would suggest an average model age of 1 740 million years, assuming
the lead was derived from average source rock in the crust. This is essen-
tially only slightly lower than the age of the Svecofennidic rocks determined
by Rb87—Sr87, K40—A40 and U—Pb methods.

This relationship presents another case such as that observed in the
Keewatin rocks of the Canadian shield and the pre-Cambrian ones of the
Black Hills.

5. In sharp contrast with the simultaneity in the Svecofennidic province
and with the isotopic composition of lead in the rapakivi feldspars, the
veins in the rapakivi granite contain essentially modern lead with con-
siderable radiogenic contamination. The sample from Sottunga has the
highest radiogenic component but does not exceed in radio-lead many
samples of lead in the Missisippi Valley deposit. Of the greatest interest
are the determinations on the sulfur S32/S34 ratios from these same samples
made by Ault (1957). Except Sottunga the S32/S34 ratio is 21.59.

6. The situation with the galenas in the Karelidic province is much less
simple. The samples from Panjavaara (1 800 million years) and from Kei-
hésjoki (1 900 million years) appear to have the isotopic composition of
lead corresponding to that found in the Svecofennian rocks. The Outo-
kumpu and Nunnanlahti galenas (2 260 and. 2 750 million years respectively)
show distinctly different and less radiogenic leads. In addition, A-58, which
was found in a shear zone outside the Outokumpu ore deposit, appears to
represent a remobilized older radiogenic material. Both the 207/206 ratio
and the Pb2%8 content suggest a source in the range of 2 100 million years
in age. The other older samples (e.g., A-247) may also represent mo-
bilization of older lead which was subsequently in a low U/Pb environment.
The only old age obtained for zircon was that found for a sample from the
Sotkuma gneiss cupole. This suggests an age of 2 530 4 38 million years
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for the old basement underlying the material sedimented and folded during
the mountain forming processes about 1 800 million years ago. The Rb87—
Sré7 age for mica from the same sample (Gast, personal communication)
and K40—A4%0 age for potash feldspar from the same outcrop (Kahma, 1956)
suggest ages of 1804 and 1 860 million years respectively.

Sotkuma sample represents a case where the age for zircon is higher
than that for mica. This phenomenon has been found also in some other
localities.

The history in the Karelidic province appears considerably more com-
plicated and is more analogous to the situation in Southern Rhodesia and
South Africa as far as galenas are concerned.

COMPARISON OF DATA WITH PUBLISHED DETERMINATIONS

The Archean formations of southern Finland belong to Fennoscandia,
that is, to the territory which comprises great parts of Scandinavia, all of
Finland, Russian Karelia, and the Kola Peninsula. The region where pre-
Cambrian rocks prevail is usually called the Fennoscandian or Baltic shield.
This area is a part of the Fennosarmatia.

As pointed out by v. Bubnoff (1952), the pre-Cambrian formations of the
Fennoscandian shield have their continuation further to the south, 187 m
deep near Leningrad, about 700 m deep near Daugavpils, and 1 570 m deep
near Moscow, where cordierite-sillimanite-garnet gneisses are met. Accord-
ing to magnetometric measurements east of Lake Peipus, the Svecofennidic
belt turns towards the south or south-east. As delineated by Archangelski
(Bubnoff, 1952), the regional N-S strikes of the magnetic anomalies of the
West Sarmatian provinces indicate that the Karelidic mountain range extends
further to the south and has its continuation in the N-S striking Ukrainian
block and in the block of Woronesh as well.

With the object of correlating the ages of these formations with each
other and the age determinations presented in this research with other ages
made for formations in southern Finland and for corresponding formations
in Scandinavia and Russian Karelia, a comparison with the other published
data is here set out.

Lokka (1928, 1950) has worked on the chemistry of radioactive minerals
found in Finland. He has presented several chemical ages from 1081 up
to 1207 million years for the minerals from southern Finland and 1 192
million years for a monazite from sand from Ivalojoki River in North Lap-
land, Finland. Worth noting are the distinctly higher ages of 1505 to
1 600 million years for the wiikites from Salla, Karelidic mountain range.

Holmes, Shillibeer, and Wilson (1955) have presented a K%*°—A%0 age
of 1 810 4 120 million years for a potash feldspar from the Varala pegma-
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tite, about 30 km southeast of Tampere in southwestern Finland. This age
agrees with the age of the intrusives presented in this paper from the same
Bothnian schist belt belonging to the Svecofennidic orogenic belt.

The most remarkable work on the ages for Finnish rocks has been done
by Kahma in collaboration with the age work group of the Department of
Physics, University of Toronto. According to a short abstract (Kahma, 1956),
the results of 28 K40—A%0 age determinations made for ten Finnish granites
and gneisses indicate an existence of two intrusive groups of the ages of
1 400—1 450 + 100 million years and of 1 770—1 860 - 120 million years.
In the second Nordic Geological Winter Meeting in Oslo, January 5—7,
1956, Kahma discussed the relation of the intrusive groups to the Karelidic
and Svecofennidic orogenic belts. The younger age group includes Bodom
granite, a potash granite of Pernaja, Aavasaksa granite, and a quartz-por-
phyry from Aitolahti. An interesting result is the average of 1 830 million
years from seven measurements for Maarianvaara granite. The correspond-
ing average age of Kaavi and Maarianvaara granites presented in this paper
is 1 790 million years. The age of the Sotkuma gneiss granite discussed above
is 1 860 + 120 million years. Worth noting is that potash feldspar was used
for all these measurements and, in order to compensate for some loss in
argon, a smaller value for the branching ratio was used (Wilson, personal
communication). These data also indicate an age of slightly more than
1 800 million years for the Karelidic orogeny. The age of 1 400—1 450 mil-
lion years for Bodom granite has to be considered low, as well as the age
of 1500 4 120 million years presented for Bodom granite by Stevens and
Shillibeer (1956). The concordant isotope age for Bodom zircon presented
in this paper indicates an age of 1620 million years.

Some interesting chemical ages for Svecofennian pegmatites in the neigh-
borhood of Stockholm are given by Parwell and Wickman (1954): uraninite
from Digelskiar (Pb/U—Th) = 1 770 million years, fergusonite from Ytterby
(Pb/U—Th) = 1 790 million years, and hjelmite from Nya Karvet (Pb/U—
Th) =1 810 million years. These ages agree with the ages presented in
this paper for the Svecofennian intrusives.

One remarkable age study done on the Fennoscandian minerals was the
careful dating of lepidolite from Varutrisk, Sweden by Aldrich, Wetherill,
and Davis (1956) using the Rb87—Sr87 method. According to this work, the
age of this mineral and hence the age of a Svecofennian pegmatite is 1 790 -
40 million years. In 1939 Wahl made a lead isotope analysis on a uraninite
from the Varutrisk pegmatite. The age calculated from these results is
about 1700 m.y. (Quensel, 1957).

Most of the work on the dating of formations of the Fennoscandian
shield area has been done in Russia. These measurements cover the eastern
part of the shield. Seventeen old chemical ages for fresh uraninites from
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N. E. Karelia give a most probable age of 1 765 -+ 10 million years for the
Marealbian pegmatites (Holmes, 1948). These samples are as follows: Sinaja
Pala: 1760 million years (Nenadkevich, 1926): and five ages for uraninites
from Khito Island: 1760, 1795, 1790, 1795, and 1780 million years (Khlopin
and Vladimirova, 1938, analysts: V. M. Permjakov, I. E. Starik, and
L. V. Komlev). Eight ages were made by the same authors for the uraninites
from the Chornaya Salma: 1710, 1700, 1715, 1750, 1800, 1805, 1730,
and 1790 million years, and for the Samoilovich Vein: 1 805, 1 800, and
1 775 million years.

Further, two monazite ages are known from the Chornaya Salma and
from the Samoilovich Vein pegmatites (Labuntsov, 1935). Two different
techniques were used, and the ages are 1800 and 1860 million years, and
2 090 and 2 015 million years. One monazite age for the Chornaya Salma
pegmatite gives 1720 million years (Labuntsov, 1935). All these data in-
dicate an age only 30—40 million years lower than the average age of
1 800 + 40 million years presented in this paper for the Karelidic pegmatite
minerals.

Much valuable work on Fennoscandian minerals has been done by Ger-
ling and his co-workers. Several papers have appeared, dealing with the
application of the decay of K4° to A%0. Polkanov (1954) has presented some
interesting correlations between the K%0—A%0 ages obtained and the geo-
logical formations in Russian Karelia. Table 8 summarizes some compar-
isons as follows (only ages for micas notified):

Jotnium-hoglandium Granites of IV group Upper 1 500 million
proterozoicum  years
Granites in Karelia ~ Granites of III group Lower 1 560 million

proterozoicum  years

Bothnian granites Granites of IT group  Upper Archean 1 800 million
years

Svionian granites Granites of I group  Lower Archean 1 850 million
years

Of special interest are the single age determinations for rapakivi granites:
rapakivi from Valamo = 1 560 million years, rapakivi from Pitkdranta =
1 485 million years, and rapakivi from Viipuri = 1 570 million years. All
these determinations were made on potash feldspar, and 20 9, was added
to the ages to correct for argon leakage. For the Viipuri rapakivi one biotite
age is given: 1500 million years. These ages presented for the rapakivi
formation are about 100 million years lower than the 1 620 million years
given in this paper. This difference is probably partly due to error in the
value of the decay constant used by Gerling and others.
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In a later paper Gerling, Sastsenko, and Jermolin (1957) have given
several K40—A%0 ages for the pre-Cambrian minerals from Russian Karelia.
Values Ax = 6.02 - 107! year "! and 4; = 4.9 - 10710 year "' are used and
for the calculation of the concentration of K40 1.2 -107% is given. About
100 ages are given in that publication. The pre-Cambrian ages are summa-
rized in a table (Table 4, p. 26). As pointed out by the authors, all the
ages for feldspar are too low. The average ages made on micas are as follows:

I magmatic series Oligoclase granites, biotite gneisses, 1 860 million years
and micas from the White Sea
region
IT magmatic series Micas from the pegmatite veins, 1 800 million years
White Sea region
IIT magmatic series Micas from the Ladoga formation 1 680 million years
Micas from the pegmatites around

Lake Ladoga. 1 700 million years

Micas from the schists, Central

Karelia 1 730 million years

Micas from the schists, South Karelia 1 560 million years
IV magmatic series Micas from pegmatites 1 510 million years

The authors have stated that, according to these results, the age difference
between the oldest formations (White Sea region) and the youngest gra-
nites of IV group is 350 million years.

Some interesting correlations can be made between these results and
those given in this paper. The age of the first and second group given by
Gerling and others is 1 800—1 860 million years. The number 1860 is an
average age derived from ages which vary from 1 660 to 2 030 million years.
Hence the ages of these series agree with the ages given in this paper for
the Svecofennidic and Karelidic intrusives using several methods. The age
limits of 1560—1 700 million years for the third series include ages for
micas from the Ladoga formation and from the pegmatites around Lake
Ladoga. According to Hackman (1933), the pegmatite granite massif of
Kitee is the youngest intrusive found in the area north of Ladoga except
the rapakivi formation. The two Rb%7—Sr87 ages and one K40—A40 age for
this intrusive presented in this paper indicate ages of 1780 442, 1810 -+ 53,
and 1775 + 50 million years respectively. The age 1510 million years
given for rapakivi formation is about 100 million years lower than that
given in this paper.

Wahl (1936) has suggested four periods of mountain building in Fenno-
scandia: 1) the Svecofennian in Sweden and Finland; 2) the Gothic in
SW Sweden and SE Norway; 3) the Karelian in E and N Finland and in
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Russian Karelia; 4) the Caledonian in Norway and N Sweden. Backlund
has united the Gothic and the Karelian foldings to a single one, the Goto-
karelide, and has added a Norwegosamidic folding which comprises the
Archean of the Kola peninsula, the North Finnish granulite formation, and
the South Varanger formation. Gerling et al. (1957) have stated that, ac-
cording to K4%—A40 data presented by them, a time space of at least 700—
800 million years has to be considered between the Gothic and the Karelidic
orogenic cycles. If the ages presented in this paper are correlated with the
age results (about 1000 million years) given by Wickman (personal com-
munication) for the pegmatites near Gothenburg and Karlstad (Kil) which
intrude the Gothic gneiss belt, the existence of two separate orogenic belts
seems more probable.

The age of 1 860 - 130 million years for the oldest rocks in the White
Sea region is considered to represent the time elapsed since the metamor-
phism of these formations (Gerling et al., 1957). The present material in-
cludes one sample from the old basement underlying the Karelidic sediments.
As stated before (p. 53), three ages are available for this sample from the
Sotkuma dome: 2 530 m. y. (zircon), 1 804 m.y. (biotite), and 1 860 m. y.
(potash feldspar). The discordance between the high Pb20"—Pb20¢ age for
zircon and the low Rb87—Sr87 age for mica and K*0—A4%0 age for feldspar
could be explained by the regeneration hypothesis presented by Eskola
(1949). Some support for the high zircon age is furnished by the common
lead determinations on some galenas from the Karelidic occurences.

According to the age model presented by Bate, Gast, Kulp, and Miller
(1957), the galenas from the Svecofennidic region analyzed within the limits
of this study give an average model age of 1 740 million years with a spread
from 1 650 to 1 820 million years. Two galenas from the Karelidic range
give ages of 1800 and 1900 million years. The Outokumpu galenas are
2 260 million years old and the age of one galena from a skarn rock suggests
that the material is as old as 2 750 million years. Some other common lead
ages are presented from the Fennoscandian shield. Bate, Gast, Kulp, and
Miller (1957) have presented two similar ages suggesting rather close agree-
ment with the data presented in this paper: Falun, Sweden = 1 850 million
years and Langban, Sweden = 1 820 million years. Vinogradov (1955) has
reviewed a large amount of isotope data from various parts of the globe.
These data include some common lead ages from Fennoscandia. As pointed
out by Bate et al. (1957), in a number of cases there appears to be some
evidence that Russian data are not strictly comparable in that the 204
abundance is high, relative to that obtained by Lamont and Toronto. How-
ever, some correlations can be made. Two galena analyses given for ma-
terial from Orijirvi, Finland, suggest ages of about 1800 and 1 510 million
years. Data given in this paper for Orijarvi galenas are 1770 and 1650

8
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million years. Two galenas from Viena (Kemi, Karelia and the White Sea
region, Karelia) suggest ages of 1 500 and 2 040 million years respectively.
Two ages are given for galenas from Kinon-Koznala, Finland: 2 180 and
2030 million years. Finally one age as high as 2 280 million years is given for
a galena from Karelo-Finnish S.8.R. The geologic setting of those samples is
not available, and the interpretation is difficult. One analysis for lead from
galena from Sala, Sweden, is given, suggesting an age of approximately 1615
million years. Nier’s earlier work included an isotopic analysis of native
lead from Langban, Sweden. This analysis suggests an age of about 1 740
million years.

Some interesting correlations can be made between the K40—A%0 ages
given for the Ukrainian shield. Gerling (1955) has published 33 ages for
these formations. Ten of them suggest an age of 1 985—1 915 million years.
These ‘were made on muscovite, and on micas from granodiorite, from biotite
gneiss, and from graywackes. Sixteen ages of 1890—1 800 million years are
given. Most of these ages are for muscovites, but the data include measure-
ments on mica from red granite, and green mica, and biotite from granite.
One age of 1890 million years is given for a chrome mica. The rest of
the ages are between 1470—1 760 million years. Only two of the numbers
are less than 1500 million years.

POSSIBLE IMPLICATIONS OF THE AGE MEASUREMENTS

Besides areal stratigraphic correlations, several other problems are closely
connected with age determinations. Dating has thrown new light on puzzles
like the mutual relationship of orogenic belts in different continents, the
origin of various ore-deposits, the basement subdivision of old shield areas,
the age of very ancient signs of the beginning of life, and the age of the
Earth.

Von Bubnoff (1956, p. 73) has reviewed the present knowledge of signs
of ancient life. In a recent paper Goldich, Nier, and Baadgaad (1957) have
discussed the widespread graphitic beds in northern Wisconsin and in
Michigan. They have stated that these beds indicate that plant life devel-
oped prior to the 1 700 million years orogeny, and that correlations with
the Biwabik and Gunflint formations, on geologic grounds, date the algal
and other fossil remains of these formations as older than 1.7 billion years.

One interesting correlation can be drawn also with the indications of
past life that have been detected in the pre-Cambrian rocks of Africa. As
summarized by Holmes (1951), those remains can hardly have an age of
less than 1 500 million years.

The analogy of the Karelidic schists to those of the Huronian series has
been pointed out in many connections (e. g., Sederholm, 1927, and Holmes,
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1951). The age determinations for the intrusives penetrating these two for-
mations suggest a similar age of 1 700—1 800 million years. Probable signs of
ancient life have been seen also in the Karelidic and in the Svecofennidic schist
belts. These have been discussed in several papers (Sederholm, 1899, 1913,
1934; Eskola, 1931, 1932, 1954, 1956b; Rankama, 1948a, 1948b, 1950, 1954a,
1954b; Metzger, 1924; Marmo, 1956).

Metamorphism has done much to obliterate the oldest fossils. Evidence
of two forms has been presented in the Finnish Archean: Corycium enig-
maticum and Carelozoon jatulicum. The nature of both of these is most
uncertain, and their identification as fossils is still open to criticism. The
most remarkable carbon-bearing formation in Fennoscandian Archean is the
so-called shungite. Metzger (1924, p. 65) has explained it as follows: »Die
Schungitbildung ist also durchaus durch organische Entstehungsweise er-
klart. Sie bildet einen faziellen Faktor in der gesamten Pelitformation, die
einen Sedimentabsatz in einem flachen, offenen Meere darstellt. Diese Ge-
steinsserie bildet den Abschluss der jatulischen Sedimentbildungen nach
oben.» Some boulders indicate shungite beds up to 80 ¢cm thick. The shung-
ite was first described by Inostranzeff in Shunga near Onega lake. The
most common carbon-bearing schist in the Karelidic and in the Svecofennidic
schist formation is the so-called black-schist. These well known sediments
are also rich in sulfides.

Wickman (1952) first suggested the possibility of investigating the early
history of life by means of the C'2/C!3 ratios. The work done on Fenno-
scandian material is summarized by Rankama (1954b).

The mineral ages presented in this paper show a minimum age of 1 800
million years for the shungites as well as for the other possible signs of
ancient life in the Karelidic and in the Svecofennidic orogenic belts.

Thode and his co-workers first studied sulfur isotopes and found that
no fractionation occurred between sulfates and sulfides until 800 million
years ago, the isotopic content S32/S34 being the same value as that for
meteoritic and igneous rock sulfur. They have suggested that life involv-
ing the sulfur isotopes became abundant about 800 million years ago, when
isotopic exchange between sulfate and sulfide began and became more and
more rapid. Kulp, Ault, and Feely (1956) found that larger differences
existed in the S32/S34 ratios of sulfate and sulfide of sedimentary rocks at
least 1 000 million years ago than had been previously concluded.

Within the compass of this research, pyrite samples were separated from
some well known black schists, from the Outokumpu ore, and from some
intrusive rocks from the U. S. A. and from Finland. All black schists were
from the Karelidic schist belt, and they represent sapropelic beds rich in
sulfur and carbon in a sedimentary column. The samples were analyzed
for sulfur isotopes partly at Hamilton College, McMaster University by
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Thode and his co-workers, and partly at the Lamont Geological Observatory,
Columbia University by Ault. The results obtained for five pyrites from
the Karelidic black schists and for one pyrite from a pyrite ore, Karhun-
saari, Liperi (Saksela, 1933a) were as follows (Thode, 1956, personal com-
munication, and Ault, 1957):

Sample Geographic location S32/534 Analyst
Black schist Kulkevainen, Polvijérvi, Finland 22.454 Thode
» Kultakallio, » » 22.389 Thode
» Marjakuiva, » » 22.398 Thode
Black schist within Outokumpu, Kuusjirvi, » 22.32 Ault
the ore
Black schist 100 m Outokumpu, » » 22.38  Ault
from the ore
Pyrite ore Karhunsaari, Liperi, » 22.65  Ault

As can be seen from the results, an average fractionation of one percent
can be found from the meteoritic value of 22.21 given by Ault (1957). The
mineral age of 1800 million years for the intrusives which penetrate these
schists has to be considered as the lower limit for the fractionation of sulfur
isotopes, assuming that no fractionation had taken place during the later
metamorphic processes.

As stated before, the galenas from the Svecofennidic range form a sur-
prisingly coherent age group of about 1 740 million years (Attu 1 880 m. y.,
Pakila 1730 m.y., Lemi 1650 m.y., Aijala 1820 m.y., Korsnids 1772
m. y., Orijarvi 1770 and 1 650 m.y., Pernaja 1 790 m. y.), assuming that
the lead was derived from average source rock in the crust. The average
S32/S34 ratio (Ault, 1957) for six of those galenas was 22.21 (Attu 22.22,
Pakila 22.18, Lemi 21.94, Aijala 22.27, Korsnis 22.26, Orijirvi 22.21, Per-
naja 22.14). The average does not include the anomalous low value for the
Lemi sample from a place 500 m from the contact of the rapakivi granite.
The lead data presented in this paper and the sulfur data (S32/S34 for the
rapakivi galenas: 21.59) presented by Ault (1957) combine to suggest that
the galena mineralization in the rapakivi granite represents a case like S. E.
Missouri district, Ellenville, N. Y., and Bellevue, Idaho, where lead is ano-
malous but the sulfur is very heavy.

The two common lead ages made on Outokumpu galena suggest an age
of 2260 million years, consequently about 450 million years higher than
that for the intrusive rocks around the ore body. The S32/S34 ratio of the
ore minerals of this ore body shows only little fractionation from the me-
teoritic value:
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Sample description 532/ 53¢ Analyst
Pyrite, coarse grained ................ ... ... ..., 22.237 Thode
Same, more magnetic fraction ........................ 22.235 Thode
Pyrite, large cobalt bearing crystals .................. 22.181 Thode
Pyrite, fine grained, chalcopyrite bearing ............. 22.212 Thode
Pyrite, associated with anhydrite, 2 m above footwall .. 22.17 Ault
Chalcopyrite from the same sample ................... 22.09  Ault
Pyrite, cubanite ore ............... ... ., 22.21  Ault
Pyrite, disseminatiod 616 ...ccicvssnivonviemnsssnnnosne 22.14 Ault
Galena, chalcopyrite vein ............................ 22.23 Ault

The small amount of data available suggests 1. that the Outokumpu ore
is older than 1 845 million years, i. e. older than the granite-pegmatite in-
trusion; 2. that it is characterized by a S32/S34 ratio close to that of me-
teoritic and magmatic sulfur; 3. that the isotopic composition of lead isolated
from the galena differs from that of the galenas in the Svecofennidic range,
suggesting that the ore material was separated from its source about 2 200
million years ago. More evidence could be collected as regards the history
of the ore by dating the cogenetic mica using the K40—A40 method, by
dating the magnetite by the He-method, and by investigating the isotopic
composition of lead from the sulfides like pyrite within the ore body.

Most of the ages presented in this paper fall near 1 600—1 800 million
years. Similar ages have been found in various other parts of the Earth,
e. g. from the Satpura cycle (1 625 4- 75 million years) in India (Aswathana-
rayana, 1956), Athabasca province (1 800—1 900 million years) in Canada
(Wilson et al., 1956), granitic intrusions in central Minnesota (late Huronian-
early Keweenawan, 1 700 million years) in the U. S. A. (Goldich et al., 1957),
the Ukrainian shield (1 800—1 900 million years; Gerling, 1955), and various
ages from widely separated localities in Africa (Holmes and Cahen, 1955).

The material studied here includes one sample from the basement under-
lying the Karelidic schists and some galenas indicating a long interval be-
tween 2 300—2 700 million years. These ages might be derived from an
older material existing before the orogenic cycle which includes the intru-
sives of 1 800 million years ago. This time interval includes two orogenic
cycles seen in other continents, e. g., Yellowknife province (2 200—2 400
million years) and Keewatin (2 600 million years) in Canada (Wilson et al.,
1956), the eastern Ghats cycle (2 300 million years) and Dharwar cycle in
India (Aswathanarayana, 1956), 2 000—2 300 million years and 2 650 mil-
lion years presented from various parts of Africa (Holmes and Cahen, 1955),
Beartooth Range, Montana (2 750 million years), Bighorn Mountains, Wyom-
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ing (2 460—2 800 million years), N. W. Angle region of Minnesota (2 510
million years) in the U. S. A. (Gast et al., 1957), Winnipeg River-Johnston
Lake area of Manitoba (2 650 million years) in Canada (e. g., Gast et al.,
1957), the Ukrainian shield (2 600—2 700 million years; Vinogradov, 1956),
and four localities in western Australia (2 700 million years; Jeffery, 1956).
Ages of 1 000 million years, such as southern Scandinavia in Fennoscandia,
the Delhi cycle in India (955 million years), parts of Cape province and parts
of South-West Africa (1 025 million years) have not been found in the pre-
sent work.



SUMMARY

1. A set of samples of zircon, monazite, muscovite, biotite, feldspar,
and galena from various intrusive groups of the orogenic belts in Finland
has been subjected to isotopic and chemical as well as to radiation damage
measurements in order to obtain apparent ages from the isotopic ratios
Ph206/U238, Ph207/J235, Ph208/Th232, Pbh207/Ph206, Rb87/Sré7, and K40/A40,

2. Comparisons of Rb87—Sr87, K40—A40 and Pb207/Pb20¢ ages with
concordant, isotopically controlled U—Pb and Th—Pb ages made on zircons
from the postkinematic potash granite group in southern Finland indicate
a most probable true age of 1 620 million years. The average of six Pb207—
Pb206 ages is 2.2 9%, higher. The Rb87—Sr87 ages for biotite from biotite
granite (II-Bodom) and from biotite-rich viborgite agree at 1605—1 610
million years, but for biotite from an even grained hornblende-biotite
granite (I-Bodom) it is certainly lower (1 555 million years).

3. The zircon results for four out of five samples completed for the
thorium and/or uranium determination are internally discordant and indi-
cate that these zircons have been disturbed since their crystallization. The
samples are from the undeformed postkinematic potash granites including
the rapakivi granite. No relation between the disagreement and the amount
of common lead has been found. The radiation damage measurements
made on these samples as well as for the concordant Bodom zircon indicate
rages» from 700 to 900 million years.

4. The results obtained by the Pb207—Pb2°6 method on six zircons and
one monazite from the intrusives of the Svecofennidic and the Karelidic
orogenic belts show close agreement with age determinations by the Rb87—
Sr87 and K40—A4% methods on micas from the same rocks, suggesting an
average age slightly higher than the most probable age of 1790 million
years in the Svecofennidic and Karelidic zones.

5. One of the currently important problems in geochronometry is the
disagreement of the zircon ages with those obtained for micas and potash
feldspar from some gneisses. The data recorded for zircon, biotite, and
potash feldspar from the Sotkuma gneiss cupole suggest that the Pb207—
Pb20¢ age for zircon is 700 million years higher than the Rb®"—Sr®7 age
for biotite and the K40—A40 age for potash feldspar.
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6. As now dated, the Pb207—Pb206 age for the Sotkuma zircon suggests
an age of about 2 500 million years for the old basement underlying the
Karelidic sediments. Some support for this result is furnished by the com-
mon lead determinations on some galenas from the Karelidic occurences.

7. The average common lead age of eight galenas from the Svecofennidic
region was found to be 1 740 million years. The spread of these measure-
ments is from 1 650 to 1 820 million years. These data differ greatly from
those connected with rapakivi galenas. The history in the Karelidic province
appears considerably more complicated. ’

8. The results obtained place a lower limit of 1 800 million years on
the age of formations where probable signs of ancient life have been found.

9. According to present material, the fractionation of the sulfur isotopes
found in the Karelidic schist belt must have taken place at least 1800 million
years ago, providing that no fractionation has occurred during later meta-
morphic events.

10. A noteworthy agreement exists between the geochronological data
presented in this paper and those recorded in the literature for several parts
of Fennoscandia as well as for those presented for the Ukrainian pre-Cam-
brian shield.

11. The presented age data do not seem to substantiate all descriptive
geologic interpretations. No final conclusions as to the geologic significance
of the present material can be reached from the presented age data alone,
but they are contributory evidence for the mineral ages collected by other
workers.




REFERENCES

Anrens, L. H. (1955a) The convergent lead ages of the oldest monazites, and ura-
ninites. Geochim. et Cosmochim. Acta 7, p. 294.

—»— (1955b) Implications of the Rhodesian age pattern. Geochim. et Cosmochim.
Acta 8, p. 1.

AvpricH, L. T. (1956) Measurement of radioactive ages of rocks. Science 123, p. 871.

AvpricH, L. T., Davis, G. L., Tiron, G. R., and WETHERILL, G. W. (1956) Radio-
active ages of minerals from the Brown Derby mine and the Quartz Creek gran-
ite near Gunnison, Colorado. J. Geophys. Research 61, p. 215.

AvpricH, L. T., Doax, J. B., and Davis, G. L. (1953) The use of ion exchange columns
in mineral analysis for age determination. Amer. J. Sci. 251, p. 377.

AvpricH, L. T., TuToN, G. R., Davis, G. L., NIcoLAYSEN, L. O., and PaTTERSON, C. C.
(1955) Comparison of U-Pb, Pb-Pb and Rb-Sr ages of Pre Cambrian minerals.
Proc. Geol. Assoc. Canada 7, Part II, p. 7.

AvpricH, L. T., WeETHERILL, G. W., and Davis, G. L. (1956) Determination of radio-
genic Sr87 and Rb®7 of an interlaboratory series of lepidolites. Geochim. et
Cosmochim. Acta 10, p. 238.

AvpricH, L.T., WerHERILL, G. W., TiLtoN, G. R., and Davis, G. L. (1956) Half-life
of Rb®’. Phys. Rev. 103, p. 1045.

ASWATHANARAYANA, U. (1956) Absolute ages of the Archaean orogenic cycles of
India. Amer. J. Sci. 254, p. 19.

Avurt, W. (1957) Isotope geochemistry of sulfur. Ph.D. Thesis. Columbia University.

BartH, Tom F. W. (1938) Radium and the petrology of certain granites of Finland.
Amer. J. Sci. 35, p. 231.

BaTg, G. L., Gast, P. W., Kurp, J. L., and MiLLER, D. S. (1957) Lead isotope abun-
dances in lead minerals. (Manuscript report.)

BaTEg, G. L. and KuLp, J. L. (1955) Variations in the isotopic composition of common
lead and the history of the crust of the Earth. Technical report, Contract AT
(30—1)—1114, Lamont Geological Observatory, Columbia University.

Bate, G. L., MiLLEr, D. S., and Kurp, J. L. (1957) Isotopic analysis of tetrameth-
yllead. Anal. Chem. 29, p. 84.

BoraesTrOM, L. H. (1907) Granitporphyr von Ostersundom. Bull. Comm. géol. Fin-
lande 22.

—»— (1931) Das Granitgebiet von Onas. Centraltryckeriet. Helsinki.

voN BuBxorF, SERGE (1952) Fennosarmatia, Geologische Analyse des Europiischen
Kerngebietes. Akademie-Verlag. Berlin.

—»— (1956) Einfiirung in die Erdgeschichte. Akademie-Verlag. Berlin.

Danmon, P. E. (1957) Helium and argon in the lithosphere and atmosphere. Ph.D.
Thesis, Columbia University.

9 3196—58



66 Bulletin de la Commission géologique de Finlande N:o 182.

Eskorna, PEnTTI (1927) Petrographische Charakteristik der kristallinen Gesteine von
Finnland. Fortschritte Mineral. Krist. Petrog. 11, p. 57.

—»— (1931) Age of man as a stage of the geological evolution (In Finnish with an
English summary). Terra 43, p. 1.

—»— (1932) Conditions during the earliest geological times as indicated by the
Archaean rocks. Ann. Acad. Sci. Fennicae, Ser. A, 36, No. 4.

—»— (1941) Erkki Mikkola und der heutige Stand der préikambrischen Geologie in
Finnland. Geol. Rundschau 32, p. 452.

—»— (1949) The problem of mantled gneiss domes. Geol. Soc. London, Quat. Jour.
104, p. 461.

—»— (1954) In search of a concept of the world (In Finnish). Helsinki.

—»— (1956a) Age of the bedrocks (In Finnish with an English summary). Terra 68,
p- 105.

—»— (1956b) On the geological eras and the factors controlling organic evolution.
Verhandelingen van Het Koninklijk Nederlansch Geologisch Mijnbouwkundig
Genootschap 16, p. 1.

FamrBairyn, H. W. and HurLey, P. M. (1957) Radiation damage in zircon and its
relation to ages of Paleozoic igneous rocks in northern New England and adjacent
Canada. Trans. Geophys. Union 38, p. 99.

Freming Jr., E. H., GHIORSO, A., and CuNNINGHAM, B. B. (1952) The specific alpha-
activities and half-lives of U234, U5, and U236, Phys. Rev. 88, p. 642.

FrosTERUS, BENJ. (1902) Geologisk ofversiktkarta ofver Finland. Sektionen C 2.
S:t Michel. Beskrifning till bergartskartan. With a French summary.

FrosTeERUS, B. and Winkman, W. W. (1920) Suomen Geologinen Yleiskartta. Lehti D 3,
Joensuu. Vuorilajikartan selitys.

Gast, Paurn W. (1957) Absolute age determinations from early Precambrian rocks.
Ph.D. Thesis. Columbia University.

Gast, P. W., Kuwp, J. L., and LoxNg, L. E. (1957) Absolute age of early Precambrian
rocks in the Bighorn Basin and Manitoba. (Manuscript report.)

GerLiNg, E. K. (1955) On the age relations of the granite intrusions in Ukraine on
the basis of the argon-ages (In Russian). Bulletin of Commission on determina-
tion of absolute age of geological formations. Acad. Sci. U.R.S.8., Part I, p. 5.

GerLING, E. K., SAsTsENKO, M. L., and JERMOLIN, G. M. (1957) Argon method in age
determinations and its employment (In Russian). Ibid. II, p. 8.

Gorpicy, S. S., Nier, A. O. C.,, and Baapcaap, H. (1957) A49/K4° dating of rocks
of the Lake Superior region. Trans. Geophys. Union, Thirty-Eight Annual
Meeting, program abstracts, p. 41.

GorpscEMIDT, V. M. (1916) Geologisch-petrographische Studien im Hochgebirge des
siidlichen Norwegens. IV. TUbersicht der Eruptivgesteine im Kaledonischen
Gebirge zwischen Stavanger und Trondhjem. Videnskapsselskapets Skrifter. L.
Mat.-naturv. Klasse, No. 2.

HacrmaN, V. (1933) Suomen geologinen yleiskartta. Lehti D 2, Savonlinna. Kivi-
lajikartan selitys.

—»— (1934) Das Rapakiwirandgebiet der Gegend von Lappeenranta (Willmanstrand).
Bull. Comm. géol. Finlande 106.

HavonNeN, T. Ovavr (1954) Bodomin graniitin petrologiasta. Cand. Phil. Thesis.
University of Helsinki.

Hess, H. H. (1955) Serpentines, orogeny, and epeirogeny. Geol. Soc. Amer., Special
Paper 62, p. 391.




Olavi Kouvo. Radioactive Age of some Finnish Pre-Cambrian Minerals. 67

HreTaNeEN, ANNA (1943) Uber das Grundgebirge des Kalantigebietes im Siidwestlichen
Finnland. Bull. Comm. géol. Finlande 130.

Horranp, H. D. (1955) Age determinations based on radiation damage measurements
in zircon. Tech. Rep. 3 to Office of Naval Research, Princeton University.

—»— (1956) Radiation damage measurement in zircons. Nuclear processes in geo-
logic settings. Nuclear Science Series, Report number 19. Nat. Acad. Sci.-Nat.
Res. Council. Washington, D. C.

Horranp, H. D. and GorrrFrIiED, D. (1955) The effect of nuclear radiation on the
structure of zircon. Acta Cryst. 8, p. 291.

Horranp, H. D., Heap III, W. B., WirTER Jr., G. G., and HEess, G. B. (1955) A new
method for mounting samples for powder x-ray spectrometry. Amer. Mineralo-
gist 40, p. 761.

Horranxp, H. D. and Kure, J. L. (1950) Geologic age from metamict minerals. Science
111, p. 312.

Hormes, ARTHUR (1948) The oldest known minerals and rocks. Trans. Edin. Geol.
Soc. XIV, Part II, p. 176.

—»— (1951) The sequence of pre-Cambrian orogenic belts in South and Central Africa.
Internat. Geol. Congr., Rept. 18th Session, Great Britain, Part XIV, p. 254.

Hormes, ArTHUR and CaHEN, L. (1955) African geochronology. Colonial Geology
and Mineral Resources 5, p. 3.

HorMES, ARTHUR, SHILLIBEER, H. A., and WiLsoxn, J. T. (1955) Potassium-argon
ages of some Lewisian and Fennoscandian pegmatites. Nature 176, p. 390.

Hurma, A., Saryg, 1., and MaTisto, A. (1952) Geological map of Finland, 1 : 100 000.
Sheet 2122, Ikaalinen. Explanation to the map of rocks.

Hurrey, P. M. and FamrBairN, H. W. (1955) Radiation damage in zircon. Bull.
Geol. Soc. Amer. 64, p. 659.

INGERSON, EARL (1955) Methods and problems of geologic thermometry. Econ. Geol.,
Fiftieth Anniversary Volume, p. 341.

IncERAM, M. G. (1954) Stable isotope dilution analysis. Annual Reviews of Nuclear
Science 4, Annual Reviews, Inc., Stanford, Calif.

JA¥rFE, H. W., GorTFrIED, D., and WaRrING, C. L. (1955) Larsen-method age determina-
tions of 150 rocks ranging in age from Precambrian through Tertiary (Abstract).
Geol. Soc. Amer., 1955 Annual Meetings.

JEFFERY, P. M. (1956) The radioactive age of four Western Australian pegmatites by
the potassium and rubidium methods. Geochim. et Cosmochim. Acta 10, p. 191.

Kaama, A. (1956) On K-A age determinations of some Finnish granites and gneisses
(Abstract). Norsk Geol. Tids. 36, p. 69.

Keevir, N. B. (1939) The calculation of geological age. Amer. J. Sci. 237, p. 195.

KaroriN, V. G. and Viapimirova, M. E. (1938) Geologic age of uraninites and mona-
zites from the pegmatite veins of North Karelia (In Russian). Bull. Acad. Sci.
U.R.S.8., Classe Sci. Math. et Nat., p. 499.

Kovarik, A. F. and Apams Jr., N. J. (1955) Redetermination of the disintegration
constant of U238, Phys. Rev. 98, p. 46.

Kraxck, E. H. (1929) Hoglands berggrund. Geol. Foren. i Stockholm Férh. 51, p. 173.

KuronpAaLo, Max (1946) Pakilan malmildydot. Geoteknillisid julkaisuja 46, p. 10.

Kuwe, J. L., Avrt, W. U.,, and Feery, H. W. (1955) Sulfur isotope abundances in
sulfide minerals. Econ. Geol. 51, p. 139.

Kuvre, J. L., HorLanp, H. D., and Vorcrok, H. L. (1952) Scintillation alpha counting
of rocks and minerals. Trans. Amer. Geophys. Union 33, p. 101.



68 Bulletin de la Commission géologique de Finlande N:o 182.

LaBUNTSOV, A. N. (1935) Uber das Alter von Uraninit und Monazit aus den Pegmatit-
gangen Nordkareliens (In Russian with a German summary). Compt. rend.
Acad. Sci. U.R.S.S. 1, p. 646.

LAITAKARI, AARNE (1928) Palingenese am Kontakt des postjotnischen Olivindiabases.
Fennia 50, N:o 35.

LarseN, E. S., Irving, J., GoNYER, F. A., and LArsEN 3rd, E. S. (1938) Petrologic
results of a study of the minerals from the Tertiary volcanic rocks of the San
Juan region, Colorado. Amer. Mineralogist 23, p. 227.

LAgrseN Jr., E. 8., KggviL, N. B., and Harrison, H. C. (1952) Method for determining
the age of igneous rocks using the accessory minerals. Bull. Geol. Soc. Amer.
63, p. 1045.

LArsEN, L. H. and POLDERVAART, A. (1956) Measurement and distribution of zircon
in some granitic rocks of magmatic origin. (Manuscript report.)

Lokka, Lauvri (1928) Uber Wiikit. Bull. Comm. géol. Finlande 82.

—»— (1950) Contributions to the knowledge of the chemistry of the radioactive min-
erals of Finland. Bull. Comm. géol. Finlande 149.

MagrmoO, ViADI (1956) On sulphide-schists and the evolution of life (In Finnish with
an English summary). Terra 68, p. 80.

MEeTzGER, A. Th. (1924) Die jatulischen Bildungen von Suojirvi in Ostfinnland.
Bull. Comm. geéol. Finlande 64.

MARINEN, EERO (1916) Oversikt av de prekambriska bildningarna i mellersta Oster-
botten. Bull. Comm. géol. Finlande 47.

NenADKEVICH, K. A. (1926) On the chemical composition of the uraninites of Karelia
(In Russian). Bull. Acad. Sci. U.R.S.8. 20, p. 767.

NeuvoneN, K. J. (1956) Geological map of Finland, 1: 100 000. Sheet 2113, Forssa.
Explanation to the map of rocks.

N1coLAYSEN, L. O. (1957) Solid diffusion in radioactive minerals and the measurement
of absolute age. Geochim. et Cosmochim. Acta 11, p. 41.

ParwerL, A. and WickmaN, F. E. (1954) Néigra preliminéra resultat av aldersbestiam-
ningar pd svenska pegmatitmineral. Geol. Féren. i Stockholm Férh. 76, p. 353.

ParrErson, C. C. (1951) The isotopic composition of trace quantities of lead and
calcium. Ph.D. Thesis, University of Chicago.

Piceor, CHARLES S. (1938) Radium in rocks: V. The radium content of the four groups
of pre-Cambrian granites of Finland. Amer. J. Seci. 35, p. 227.

PorLraNov, A. (1954) Geologic significance of the absolute ages determined for minerals
of the pre-Cambrian Karelia by the K-A method (In Russian). Akademia Nauk
S.S.8.R. Proc. 3rd Session of Commission on determination of absolute age of
geological formations, p. 85.

QuENSEL, PERCcY (1957) The paragenesis of the Varutrisk pegmatite including a
review of its mineral assemblage. Arkiv for Mineralogi och Geologi 2, p. 9.
Rankama, KArervo (1948a) New evidence of the origin of pre-Cambrian carbon.

Bull. Geol. Soc. Amer. 59, p. 389.

—»— (1948b) A note on the original isotope composition of terrestial carbon. J. Geol.
56, p. 199.

—»— (1950) Corycium resustitatum: A discussion. J. Geol. 58, p. 75.

—»— (1954a) Early pre-Cambrian carbon of biogenic origin from the Canadian shield.
Science 119, p. 506.

—»— (1954b) Isotope Geology. New York-London.

Russerr, R. D. and Asrens, L. H. (1957) Additional regularities among discordant
lead-uranium ages. Geochim. et Cosmochim. Acta 11, p. 213.



Olavi Kouvo. Radioactive Age of some Finnish Pre-Cambrian Minerals. 69

SamAama, Th. G. and Raxkama, Karervo (1938) Preliminary notes on the geochemical
properties of the Maarianvaara granite. Compt. rend. Soc. géol. Finlande XIII;
Bull. Comm. geéol. Finlande 125, p. 5.

Sasama, Th. G. and VAmATALO, VEIKKO (1941) X-ray spectrographic study of the
rare earths in some Finnish eruptive rocks and minerals. Compt. rend. Soc.
geol. Finlande XIV; Bull. Comm. géol. Finlande 126, p. 50.

SaksEra, MartTi (1933a) Die Kieserzlagerstitte von Karhunsaari in Nordkarelian,
Finnland. Geol. Foéren. i Stockholm Férh. 55, p. 29.

—»— (1933b) Suomen geologinen yleiskartta. Lehti B 4, Kokkola. Kivilajikartan
selitys. With an English summary.

—»— (1953) Uber die tektonische Einteilung der Tiefengesteine. Compt. rend. Soc.
geéol. Finlande 26; Bull. Comm. géol. Finlande 159, p. 19.

SakseEra, MAarTTI und HErskanNeN, Erkkr V. (1952) Uber die Geologie und das Gold-
vorkommen des Valkeakoskigebietes, SW-Finnland. Compt. rend. Soc. géol. Fin-
lande 25; Bull. Comm. géol. Finlande 157, p. 81.

SavorLaHTI, ANTTI (1956) The Ahvenisto massif in Finland. Bull. Comm. géol. Fin-
lande 174.

SEpErRHOLM, J. J. (1899) Uber eine archiische Sedimentformation im siidwestlichen
Finnland und ihre Bedeutung fiir die Erklidrung der Entstehungsweise des
Grundgebirges. Bull. Comm. geol. Finlande 6.

—»— (1913) Suomen geologinen yleiskartta, Lehti B 2, Tampere. Vuorilajikartan
selitys.

—»— (1923) On migmatites und associated pre-Cambrian rocks of southwestern Fin-
land. Part I. Bull. Comm. géol. Finlande 58.

—»— (1926) On migmatites and associated pre-Cambrian rocks of southwestern Fin-
land. Part II. Bull. Comm. géol. Finlande 77.

—»— (1927) Precambrian of Fennoscandia, with special reference to Finland. Bull.
Geol. Soc. Amer. 38, p. 813.

—»— (1932) On the geology of Fennoscandia with special reference to the pre-Cambrian.
Fennia 55, No. 2.

—»— (1934) Progress and scope of pre-Cambric research. Pan-American Geologist
LXI, p. 81.

SimoNEN, AHTI (1948) On the petrology of the Aulanko area in southwestern Finland.
Bull. Comm. géol. Finlande 143.

—»— (1949) Geological map of Finland, 1 : 100 000, Sheet 2131, Hameenlinna. Expla-
nation to the map of rocks.

—»— (1953) Stratigraphy and sedimentation of the Svecofennidic, early Archean
supracrustal rocks in southwestern Finland. Bull. Comm. géol. Finlande 160.

StevENs, J. R. and SHILLIBEER, H. A. (1956) Loss of argon from minerals and rocks
due to crushing. Proc. Geol. Assoc. Canada 8, p. 71.

TruToN, G. R. (1956) The interpretation of lead-age discrepancies by acid-washing
experiments. Trans. Amer. Geophys. Union 37, p. 224.

TrutoN, G. R., AupricH, L. T., and INcaram, M. G. (1954) Mass spectrometric deter-
mination of thorium. Anal. Chem. 26, p. 894.

TivtoN, G. R., Davis, G. L., WerHErILL, G. W., and AupricH, L. T. (1957) Isotope
ages of zircon from granites and pegmatites. Trans. Amer. Geophys. Union 38,
p. 360.

Tinron, G. R. and N1corayseN, L. O. (1957) The use of monazites for age determina-
tion. Geochim. et Cosmochim. Acta 11, p. 28.



70 Bulletin de la Commission géologique de Finlande N:o 182.

TitoN, G. R., ParreErson, C., Brown, H., INgaram, M., HavpEN, R., HEss, D.,
LarseN, E., Jr. (1955) Isotopic composition and distribution of lead, uranium,
and thorium in a Precambrian granite. Bull. Geol. Soc. Amer. 66, p. 1131.

v. UNGERN-STERNBERG, Th. (1882) Untersuchungen iiber den finnlaendischen Rapa-
kivi-Granit. Inaugural-Dissertation zur Erlangung der Doctorwiirde vorgelegt
der hohen philosophischen Facultédt der Universitit Leipzig.

Vaasjokr, OkE (1956) A comparison of the minor base metal contents of some Finnish
galenas. Compt. rend. Soc. géol. Finlande XXIX; Bull. Comm. géol. Finlande
172, p. 47.

ViNnograDOV, A. P. (1955) Lead isotopes and their geological significance. Conference
of the Academy of Sciences of the USSR on the peaceful uses of atomic energy.
In English translation, U.S.A.E.C., Washington, p. 187.

—»— (1956) On determination of ages of granites and pegmatites by different methods
(In Russian). Geokhimiya 5, p. 3.

VigiTaro, V. O. (1953) On the geology of the Outokumpu ore deposit in Finland.
Bull. Comm. géol. Finlande 164.

Vivry~NEN, Hrmkrr (1933) Uber die Stratigraphie der Karelischen Formationen.
Bull. Comm. géol. Finlande 101, p. 54.

—»— (1954) Suomen kallioperd. Tiedekirjasto N:o 27, Otava, Helsinki.

WaHL, W. (1925) Die Gesteine des Wiborger Rapakivigebietes, Fennia 4, N:o 20.

—»— (1936) The granites of the Finnish part of the Swecofennian Archaean mountain
chain. Compt. rend. Soc. géol. Finlande IX; Bull. Comm. géol. Finlande 115,
p. 489.

WeemanN, C. E. und Kranck, E. H. (1931) Beitrige zur Kenntnis der Svecofenniden
in Finnland. Bull. Comm. géol. Finlande 89.

WEeTHERILL, GEORGE W. (1956a) Discordant uranium-lead ages, I. Trans. Amer.
Geophys. Union 37, p. 320.

—»— (1956b) An interpretation of the Rhodesia and Witwatersrand age patterns.
Geochim. et Cosmochim. Acta 9, p. 290.

—»— (1957) Radioactivity of potassium and geologic time. Science 126, p. 545.

WerHERILL, G. W., Tiuron, G. R., Davis, G. L., and Arprice, L. T. (1956) New
determinations of the age of the Bob Ingersoll pegmatite, Keystone, S. Dakota.
Geochim. et Cosmochim. Acta 9, p. 292.

WEeTHERILL, G. W., WASSERBURG, G. J., AupricH, L. T., Titton, G. R., and HAYDEN,
R. J. (1956) Decay constants of K*° as determined by the radiogenic argon
content of potassium minerals. Phys. Rev. 103, p. 987.

Wickman, F. E. (1942) On the emanating power and the measurement of geological
time. Geol. Foren. i Stockholm Forh. 64, p. 465.

—»— (1952) Variations in the relative abundance of the carbon isotopes in plants.
Geochim. et Cosmochim. Acta 2, p. 243.

WiLson, J. T., Russern, R. D., and FARQUHAR, R. M. (1956) Economic significance
of basement subdivision and structures in Canada. Can. Mining and Metallurgi-
cal Bulletin, August, p. 1.

Yoper, H. 8. and EvesteEr, H. P. (1954) Phlogopite synthesis and stability range.
Geochim. et Cosmochim. Acta 6, p. 157.

—»— (1955) Synthetic and natural muscovites. Geochim. et Cosmochim. Acta 8,
p. 225.



*N:o 1.

Bulletin de la Commission géologique de Finlande.

Ramsay, Wilhelm und Nyholm, E. T. Cancrinitsyenit und
einige verwandte Gesteine aus Kuolajiarvi. S. 1—12. 4 Fig. 1895 ....

*N:o 2. Sederholm, J. J. Ueber einen metamorphosierten praecambrischen

N:o 3.

*N:o 4.

*N:o b&.

*N:o 6.

*Nso 7.

*N:o 8.

N:o 9.
N:o 10.
*N:o 11.
*N:o0 12.

*N:o 13.

*N:o 14.

N:o 15.

*N:o 16.
*Nio 17.

*N:o 18.

*N:0 19.

)

Quarzporphyr von Karvia in der Provinz Abo. 8. 1—16. 12 Fig. 1895
Ramsay, Wilhelm, jemte Bihang 1 af Hackman, Victor och
2 af Sederholm, J. J. Till frigan om det senglaciala hafvets ut-
bredning i Sodra Finland. S. 1—44. 1 karta. Résumé en francais: La
transgression de l’ancienne mer glaciaire sur la Finlande méridionale.
1896 <orormmmesmenremE L T E T 8
Frosterus, Benj. Ueber einen neuen Kugelgramt von Kangasmeml
in, Finland. 8. 1==38, 11 Fig. 2 Taf, 1896 ...c.eecicseniesnsenorcaoness
erghell Hugo. Bidrag till ka.nnedomen om Sodra Finlands kvar-
Referat: Beitrage zur Kenntmss der quartaren waeauschwankungen
Sud-Fmlafids: 1896 ss56sssmisonsamipsnssassessims svivavesmesssoms .
Sederholm, J. J Uber eine archdische Sedimentformation im sud-
westlichen Finland und ihre Bedeutung fiir die Erkldarung der Entsteh-
ungsweise des Grundgebirges. S. 1—254. 97 Fig. 5 Taf. 2 Karten. 1897
Ailio, Julius. Uber Strandbildungen des Litorinameeres auf der
Insel Mantsinsaari. S. 1—43. 8 Fig. 1898 .......cccovveeiiiinnnnens
Andersson, Gunnar. Studier ofver Finlands torfmossar och
tossila kvartdrflora. S. 1—210. 21 fig. 4 tafl. Deutsches Referat:
Studien iiber die Torfmoore und die fossile Quartérflora Finlands. 1898
Sederholm, J. J. Esquisse hypsométrique de la Finlande. P. 1—17.
1 carte. 1899 ....... wo oe e SeavaseeEee see oreie 188 0 0810 SIEISRINE SRR & 558
Sederholm, J. J. Les dépots quaternaires en leande. P 1—28.
2 fig: carte:: 1899 .summsesaan spmevesissosviasemes v B S
Hackman, Victor. Neue Mitteilungen uber das Ijolithmassiv in
Kuusamo. 8. 1—45. 7 Fig. 1 Taf. 2 Karten. 1899 ..................
Ramsay, Wilhelm und Borgstrém, L. H. Der Meteorit von
Bjurbole bei Borgé. S. 1—28. 20 Fig. 1902 ..... Sie S S AR S R e
Frosterus, Benj. Bergbyggnaden i sydostra Finland. S. 1—168.
18 fig. 8 tafl. 1 karta. Deutsches Referat: Der Gesteinsaufbau des
siidostlichen Finland. 1902 .......cceitiiiiecnnceacanonescscacasanes
Borgstrom, Leon. H. Die Meteonten von Hvittis und Marjalahti.
8. 1—80; '8 Taf. 1903 ..ceronsscsnonscanissosionssssssssssssnsssaen
Hackman, Victor. Die chemische Beschaffenheit von Eruptiv-
gesteinen Finlands und der Halbinsel Kola im Lichte des neuen ame-
rikanischen Systemes. S. 1—143. 3 Tab. 1905 ...... eordisieih o8 o wiE
Sundell, I. G. On the Cancrinite-Syenite from Kuolajérvi and a
Related Dike Rock. P. 1—20. 1 plate. 1905 ....c.ciiiiiiiiincannens
Firecks, Curt. On the Occurrence of Gold in mesh Lapland. P.
1—35. Frontispiece. 15 fig. 1 map. 1906 ...........cc.outununnnnnnens
Tanner, V. Studier 6fver kvartdrsystemet i Fennoskandias nordliga
delar, L. Till frigan om Ost-Finmarkens glaciation och niviforéndrin-
gar. S. 1—165. 23 fig. 6 tafl. Résumé en francais: Btudes sur le sys-
téme quaternaire dans les parties septentrionales de la Fenno-Scandia.
1. Sur la glaciation et les changements de niveau du Finmark
oriental. 1906 .« s s saimes oo s seris s smse s smmels siaaie s e o reieis o @il &
Triistedt, Otto. Die Erzlagerstitten von Pltka.ranta. am Ladoga-
See. S. 1—333 80 Fig. 19 Taf. 1 Karte. 1907 .......... Y L s

Loppuunmyyty.
Out of print.

150: —

150: —
150: —



N3

*N:

*N:

*N:

*N

*N:

2

z

*N:

-8

o 26.
0 27.
o 28.
t0 29.

o 30.

:0 35.

:0 36.

:0 41.

")

Tanner, V. Zur geologischen Geschichte des Kilpisjirwi-Sees in
Lappland. 8. 1—23. 3 Fig. 2 Taf. 1 Karte. 1907 ..........0envinnen.
Tanner, V. Studier 6fver kvartirsystemet i Fennoskandias nordliga
delar. II. Nya bidrag till frigan om Finmarkens glaciation och nivé-
forandringar. 8. 1—127. 10 fig. 6 tafl. Résumé en frangais: Btudes
sur le systéme quaternaire dans les parties septentrionales de la Fenno-
Scandia. II. Nouvelles recherches sur la glaciation et les changements
de niveau du Finmark. 1907 ......cceeeeeriecacosesacncnaccncscnnss
Borgstrom, L. H. Granitporphyr von Ostersundom. 8. 1—20.
8 Fig. 1 Taf, 1907 cvoveunsesrmnsersssasonsssnnnsassissmnsssionss
Sederholm, J. J. Om granit och gneis, deras uppkomst, upptri-
dande och utbredning inom urberget i Fennoskandia. S. 1—110. 11 fig.
8 tafl. 1 planteckn. 1 karta. English Summary of the Contents: On
Granite and Gneiss, their Origin, Relations and Occurrence in the Pre-
Cambrian Complex of Fenno-Scandia. 1907 .......ccvuuiuniiiiiiinn.n.
Sederholm, J. J. Les roches préquaternaires de la Fennoscandia.
P, 1—39, 20 g, 1. /6arte., D10 oo isoror sausteis aimsim.s 350 § #5560 § S SEEF 51
Tanner, V. Uber eine Gangformation von fossilienfiihrendem
Sandstein auf der Halbinsel Langbergsida-Ojen im Xirchspiel Salt-
vik, Aland-Inseln. 8. 1—13. 5 Fig. 2 Taf. 1911 ...... foiws o isiwis e wioinisre oie
Makinen, Eero. Bestimmung der Alkalien in Silikaten durch
Aufschliessen mittelst Chlorkalzium. 8. 1—8. 1911 ..................
Sederholm, J. J. Esquisse hypsométrique de la Finlande. P. 1—21.
6 fig. 1 earte. 1911 s osmmws cnninesnmnms sinias s sianssemssvsessiessss
Sederholm, J. J. Les roches préquaternaires de la Finlande. P.
1—27. T carte: 1911 .ovsonmee siwmeswummme srmuse sy smlon s S e soms & 68
Sederholm, J. J. Les dépots quaternaires de la Finlande. P. 1—23.
5 fig: A €arte, TIIL ..cccorviacaomsoanionssvoesesiinssnsns sweissones sy
Sederholm, J. J. Sur la géologie quaternaire et la géomorphologie
de la Fennoscandia. P. 1—66. 13 fig. 6 cartes. 1911 ................
Hausen, H. Undersokning af porfyrblock frin sydvdstra Finlands
glaciala aflagringar. 8. 1—34. 9 fig. Deutsches Referat. 1912 ........
Hausen, H. Studier 6fver de sydfinska ledblockens spridning i Ryss-
land, jimte en ofversikt af is-recessionens forlopp i Ostbaltikum. Preli-
minart meddelande med tvenne kartor. 8. 1—32. Deutsches Referat.
AL _ ovvongimimad vivinge s sinas o 07088 SHIBIELF SIOT5 0196100 5§ S0 WRAN RIS WRBNE T sw 0E
Wilkman, W. W, Kvartira niviforindringar i Ostra Finland. 8.
1—40.9 fig. Deutsches Referat. 1912 . .....ccviviiiinenrninennennnans
Borgstrom, L. H. Der Meteorit von St. Michel. 8. 1—49. 1 Fig.
8 MAE, FID ;.o ecwimncoon oo nsmieommesspasyesioeessnes swses s
Méakinen, Kero. Die Granitpegmatite von Tammela in Finnland
und ihre Minerale. S. 1—101. 23 Fig. 1913 . .....ccviiirirnncnnncnnnn
KEskola, Pentti. On Phenomena of Solution in Finnish Limestones
and on Sandstone filling Cavities. P. 1—50. 15 fig. 1913 ............
Sederholm, J. J. Weitere Mitteilungen iiber Bruchspalten mit
besonderer Beziehung zur Geomorphologie von Fennoskandia. S. 1—66.
27 i, L TaE 918 snevaoneenliseminstiemssitmmces oo sms

Tanner, V. Studier 6fver kvartiirsystemet i Fennoskandias nordliga
delar. ITI. Om landisens rirelser och afsmiltning i finska Lappland
och angrénsande trakter. S. 1—815. 139 fig. 16 tafl. Résumé en
frangais: Btudes sur le systéme quaternaire dans le parties septentrio-
nales de la Fennoscandia. IIT. Sur la progression et le cours de la
récession du glacier continental dans la Laponie finlandaise et les
régions environnantes, 1915 .. s e smmis sisseseisss sins omsmss o sae

Hackman, Victor. Der gemischte Gang von Tuutijarvi im
nordlichen Finnland. 8. 1—41. 9 Fig. 1914 . ...c0uviinnrennnennnnnnn
Kiskola, Pentti. On the Petrology of the Orijirvi region in South-
western Finland. P. 1—277. 55 fig. 6 plates. 2 maps. 1914 ..........
Borgstrém, L. H. Die Skapolithlagerstitte von Laurinkari. S.
1—30. 7 Fig. 1913

...............................................

Loppuunmyyty.
Out of print.

100:

250:

100:

100:

100:

100:

100:
150:
150:
150:
150:

200:

750:

100:



N:o 43.

-

*N

2 2 2 2 2 92

z

N:o 56.

*N

*N:

N:o 61.

10 42.

10 46.

:0 47.

:0 48.

:0 49.
:0 50.
:0 51.
:0 52.
10 53.

:0 54.

:0 55.

0 57.

o 58.

:0 959.

:0 60.

:0 62,

:0 63.

Hackman, Victor. Uber Camptonitgéinge im mittleren Finnland.
8. 1=—18. 8 Fig, JOIL o swnics swons w58 sionm o 8607 o S0 8 805900 o/ oroiaio.8 87

Wilkman, W. W. Kaleviska bottenbildningar vid Molonjarvi. S.
1—36. 11 fig. Résumé en frangais. 1915 ......ccvviireennnnennnnnns

Eskola, Pentti Om sambandet mellan kemisk och mineralogisk
sammansittning hos Orijirvitraktens metamorfa bergarter. S. 1—145.
5 fig. English Summary of the Contents. 1915 ..............cont...

Ailio, Julius. Die geographische Entwicklung des Ladogasees in
postglazialer Zeit und ihre Beziehung zur steinzeitlichen Besiedelung.
8. 1—158. 51 Abbild. 2 Karten. 1915 ..c.ccveveevcsossccsccscvcssos

Laitakari, Aarne. Le gisement de calcaire cristallin de Kirmon-
niemi & Korpo en Finlande. P. 1—39. 14 fig, 1916 ................
Miéakinen, Kero. Oversikt av de prekambriska bildningarna i mel-
lersta Osterbotten i Finland. 8. 1—152. 25 fig. 1 karta. English Sum-
mary of the Oontents: 1916 i xiiisuinisimvssesingssanss sane samogssne
Sederholm, J. J. On Synantetic Minerals and Related Phenomena
(Reaction Rims, Corona Minerals, Kelyphite, Myrmekite, &c.). P. 1—
148. 14 fig. in the text and 48 fig. on 8 plates. 1916 ..............
Wilkman, W. W. Om en prekalevisk kvartsitformation i norra delen
af Kuopio socken. S. 1—18. 7 fig. Résumé en francais. 1916 ........
Sauramo, Matti Geochronologische Studien iiber die spitglaziale
Zeit in Siidfinnland. S. 1—44. 5 Abbild. 4 Taf. 1918 ................
Laitakari, Aarne. Einige Albitepidotgesteine von Siidfinnland.
8. 1—13. 5 Abbild. 1918 ....cvveeevecens T Ty e
Brenner, T. H. Uber Theralit und Ijolit von Umptek auf der
Halbinsel Kola. 8. 1—30. 4 Fig. 1920 . .....ccctviutunnnnnnnnnonnnn
Hackman, Victor. Einige kritische Bemerkungen zu Iddings’
Classifikation der Eruptivgesteine. 8. 1—21. 1920 ...........c.cua..
Laitakari, Aarne. Uber die Petrographie und Mineralogie der
Kalksteinlagerstitten von Parainen (Pargas). S. 1—113. 40 Abbild.
3 TMafl T9BL 5 ismes s snmassmoe iomme s saime s simive s wisios sanlars « Fwdie s s@ens
Eskola, Pentti. On Volecanic Necks in Lake Janisjiarvi in Eastern
Finlaind, P, 1—13. 1 Fig. 1921 .cevsevesoannsseooniessnsssnnssesansse
Metzger, Adolf A. Th. Beitrige zur Paldontologie des nord-
baltischen Silurs im Alandsgebiet. 8. 1—8. 3 Abbild. 1922 ..........
Vayrynen, Heikki. Petrologische Untersuchungen der granito-
dioritischen Gesteine Siid-Ostbothniens. S. 1—78. 20 Fig. 1 Karte. 1923
Sederholm, J. J. On Migmatites and Associated Pre-Cambrian
Rocks of Southwestern Finland. Part I. The Pellinge Region. P. 1—153.
64 fig. 8 plates. 1 map. 1923 .......ccciiiirennteitniictaaeniannn
Berghell, Hugo und Hackman, Victor. Uber den Quartzit
von Kallinkangas, seine Wellenfurchen und Trockenrisse. Nach hinter-
lassenen Aufzeichnungen von Hugo Berghell zusammengestellt und
erginzt von Vietor Hackman. 8. 1—19. 19 Fig. 1923 ..............n.
Sauramo, Matti. Studies on the Quaternary Varve Sediments in
Southern Finland. P. 1—164. 22 fig. in the text. 12 fig., 1 map and
2 diagrams on 10 plates. 1923 ........ciureinieaiiiniiciianienanns .
Hackman, Victor. Der Pyroxen-Granodiorit von Kakskerta bei
Abo und seine Modifikation. 8. 1—23. 2 Fig. 1 Karte. 1923 ........
Wilkman, W. W. Tohmajirvi-konglomeratet och dess forhéllande till
kaleviska skifferformationen. S. 1—43. 15 fig. 1 karta. Deutsches
Referat, 1923 ..cccvvevecvescccossassscnssasccsccnsascanancscns seees
Hackman, Victor. Uber einen Quarzsyenitporphyr von Saariselkéd
im finnischen Lappland. 8. 1—10. 2 Fig. 1923 .........ccoeevenn feee
Metzger, Adolf A. Th. Die jatulischen Bildungen von Suojirvi
in Ostfinnland. 8. 1—86. 38 Abbild. 1 Taf. 1 Karte. 1924 ..........
Saxén, Martti Uber die Petrologie des Otravaaragebietes im Ost-
lichen Finnland. 8. 1—63. 13 Abbild. 5 Fig. auf 1 Taf. 2 Karten. 1923

10

")

Loppuunmyyty.
Out of print.

100:

100:

150:

250:

100:

250:

100:
150:
100:
100:
100:

150:
100:

100:

100:

250:
100:

100:
100:
150:
150:




2

2

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

84.

85.

86.

87.

88.

Ramsay, Wilhelm. On Relations between Crustal Movements and
Variations of Sea-Level during the Late Quaternary Time, especially in

Fennoscandia. P. 1—39. 10 fig. 1924 .......c.cenienncnnnnannnnns
Sauramo, Matti. Tracing of Glacial Boulders and its Application
in Prospectin. P. 1—37. 12 fig. 1924 ......ceiiniiiiinninaincnnns

Tanner, V. Jordskredet i Jaarila. 8. 1—18. 2 fig. 10 bild. Résumé
en frangais. 1924 ......c.eeiiieiiiiiiiiiitiiititttttieaiaiiatanen
Auer, Viind. Die postglaziale Geschichte des Vanajavesisees. S.
1—132. 10 Fig. 10 Taf. 11 Beil. 1924 ......ciiveiinnninnnaninnenn.
Sederholm, J. J. The Average Composition of the Earth’s Crust
in Finland. P. 1—20. 1925 ...cvetveereceennnsnasacscccccacnnnnnnns
Wilkman, W. W. Om diabasgingar i mellersta Finland. 8. 1—35.
8 fig. 1 karta. Deutsches Referat. 1924 ............coviiniiinnnn.
Hackman, Vietor. Das Gebiet der Alkaligesteine von Kuolajirvi
in Nordfinnland. 8. 1—62. 6 Fig. 1 Taf. 1925 .........ccciiunnnns
Laitakari, Aarne. Uber das jotnische Gebiet von Satakunta.
S. 1—43. 14 Abbild. 1 Karte. 1925 ....ciuiiiiienneernrner annnnnes

Metzger, Adolf A. Th. Die Kalksteinlagerstitten von Ruskeala in
Ostfinnland. 8. 1—24. 9 Abbild. 2 Karten. 1925 ........ccovuuunnnn.
Frosterus, Benj. Ueber die kambrischen Sedimente der kare-
lischen Landenge. 8. 1—52. 1 Fig. 1925 .....cciiiiiiiininiinnnnnnas
Hausen, H. Uber die priquartire Geologie des Petsamo-Gebietes am
Eismeere. 8. 1—100. 13 Fig. 2 Taf. 1926 ......cccoeeieernnanancnns
Sederholm, J. J. On Migmatites and Associated Pre-Cambrian

Rocks of Southwestern Finland. Part II. The Region around the Bard-
sundsfjard W. of Helsingfors and Neighbouring Areas. P. 1—143.
57 fig. in the text and 44 fig. on 9 plates. 1 map. 1926 ............
Vayrynen, Heikki. Geologische und petrographische TUnter-
suchungen im Kainuugebiete. S. 1—127. 37 Fig. 2 Taf. 2 Karten. 1928
Hackman, Victor. Studien iiber den Gesteinsaufbau der Kittila-
Lappmark. 8. 1—105. 23 Fig. 2 Taf. 2 Karten. 1927 ..............

Sauramo, Matti. Uber die spitglazialen Niveauvershiebungen in
Nordkarelien, Finnland. S. 1—41. 8 Fig. im Text. 11 Fig., 1 Karte und
1 Profildiagy: auf 7 Taf, 1928 .:iunus samas sioniws soms « siowws s swae
Sauramo, Matti und Auer, VaAind. On the Development of
Lake Hoytidinen in Carelia and its Ancient Flora. P. 1—42. 20 fig.
G PIELER: JOBBY o2 siomeveis: wiavspers divrersiirslaroisram oromele S s oysIs S oTeTors 8 SpeTTs s oEaralA) Wi
Lokka, Lauri. Uber Wiikit. 8. 1—68. 12 Abbild. 1928 ..........
Sederholm, J. J. On Orbicular Granite, Spotted and Nodular
Granites etc. and on the Rapakivi Texture. P. 1—105. 19 fig. in
the text and 50 fig. on 16 plates. 1928 ......cccocevccscccanccasnnas
Sauramo, Matti. Uber das Verhdltnis der Ose zum hochsten
Birands 8: 10T VO28: vvssiinmiaarsnisis s wiems e sens s soisslons
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, I. P. 1—88. 1 stéréogramme. 1929 ......cccveeeecencasanas
Sauramo, Matti. The Quaternary Geology of Finland. P. 1—110.
39 fig. in the text and 42 fig. on 25 plates. 1 map. 1929 ............
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, IT. P. 1—175. 48 fig. 8 planches. 1929 .......ccvvvuunennnn
Tanner, V. Studier Gver kvartérsystemet i Fennoskandias nordliga
delar. IV. Om niviforindringarna och grunddragen av den geografiska
utvecklingen efter istiden i Ishavsfinland samt om homotaxin av Fenno-
skandias kvartira marina avlagringar. S. 1—589. 84. fig. 4 tavl. 1
karta. Résumé en frangais: Btudes sur le systéme quaternaire duns les
parties septentrionales de la Fennoscandie. IV. Sur les changements de
niveau et les traits fondamentaux du développement géographique de
la Finlande aux confins de l’océan Arctique aprés I’époque glaciaire et
sur 'homotaxie du quarternaire marin en Fennoscandie. 1930

100:

100:

100:

250:

100:

100:

150:

150:

100:

150:

150:

300:
200:

200:

100:

100:
150:

250:
50:

200:

300:

350:




N:o

N:o

N:o

N:o

N:o

N:o

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

N:o 100.

N:o 101.

N:o 102.

N:o 103.

N:o 104.

N:o 105.

N:o 106.

N:o 107.

N:o 108.

N:o 109.

N:o 110.

Wegman, C. E. und Kranck, E. H. Beitriige zur Kenntnis der
Svecofenniden in Finland. I. ﬁbersmht iiber die Geologie des Fels-
grundes im Kiistengebiete zwischen Helsingfors und Onas. II. Petro-
logische Ubersicht des Kiistengebietes E von Helsingfors. S. 1—107.
4 Fig. 16 Taf. mit 32 Fig. 1 Ubersichtskarte. 1931 .........0vueuusn.
Hausen, H. Geologie des Soanlahti-Gebietes im siidlichen Karelien.
Ein Beitrag zur Kenntnis der Stratigraphie und tektonisechen Ver-
héltnisse der Jatulformation. 8. 1—105. 23 Fig. im Text und 12 Fig.
ant ‘4 'Tafy 1930 o oww s smyai o sasms ¢ 5w & 557508 § 52050 & 54 & wiies s o
Sederholm, J. J. Pre-Quaternary Rocks of Finland. Explanatory
Notes to accompany a General Geological Map of Finland. P. 1—47.
40 fig. 1 map. 1930 ......ovviiiiinnn. e wrmrs o ssenes aimieTe s vELE
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, ITI. P. 1—140. 29 fig. 3 plances. 1930 .......... ¢ ey 3
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, IV. P. 1—68. 12 fig. 6 planches. 1931 ........covvuueeannn
Brenner, Thord. Mineraljordarternas fysikaliska egenskaper. S.
1—159. 22 fig. Deutsches Referat. 1931 ..... vy mimaste s Shzeres St ¥ 8 T
Sederholm, J. J. On the Sub-Bothnian Unconformity and on
Archean Rocks formed by Secular Weathering. P. 1—81. 62 fig.
1 map. 1931 ....... ST § RETSLE § B o % IO & WIRTN § WITE § BISAYE § WU § B
Mikkola, Erkki. On the Physiography and Late-Glacial Deposits
in Northern Lapland. P. 1—88. 25 fig. 5 plates. 1932 ....... o8 mws 5
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, V. B =77, 16 £ig: 1932 sy viiow s swms siornio s wisins s siose

Sederholm, J. J. On the Geology of Fennoscandia. P. 1——30
1 map. 1 table JOB2  wieiw 3 miess s psymse 5 8 wiens s wine § 8 WS ¢ STES § 8wt s 8 8
Tanner, V. The Problems of the Eskers. The Esker like Gravel
Ridge of (":ahpatoaiv, Lapland. P. 1—13. 2 plates. 1 map. 1932 ......
Sederholm, J. J. Uber die Bodenkonfiguration des Piijdnne-Sees.
S8.1—23. 3 F1g 1 karte, 1932 , cuvu e visins o oo oo siore s Shsisie siumasersyureiaite v
Suomen Geologlsen Seuran julkaisuja — Meddelanden fran Geologlska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, VI. P. 1—118. 17 fig. 5 planches. 1933 ..................
Wegmann, S. E, Kranck, E. H. et Sederholm, J. J. Compte
rendu de la Réunion internationale pour I’étude du Précambrien et des
vieilles chaines de montagnes. P. 1—46. 1933 ................ P
Suomen (zeologlsen Seuran julkaisuja — Meddelanden fran Geologlska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, VIL. P. 1—48. 2 fig. 1933 ......ccccuiiiiinniicnnnnns
Suomen Geologisen Seuran julkaisuja — Meddelanden frén Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, VIII. P. 1—156. 33 fig. 7 planches. 1934 ....... womimie 0o
Lokka, Lauri. Neuere chemische Analysen von finnischen Ge-
steinen. 8. 1—64. 1934 ......ccccieeeenccnacinecnnan o o wiaine s o
Hackman, Victor. Das Rapakiwirandgebiet der Gegend von
Lappeenranta (Willmanstrand). S. 1—82. 15 Fig. 2 Taf. 1 Analysen-
tab. 1 Karte. 1934 .....coiiiiiiiiennnnnnnnnns k.
Sederholm, J. J. + On Migmatites and Associated Pre-Cambrian
Rocks of Southwestern Finland. Part III. The Aland Islands. P. 1—68.

43 fig. 2 maps. 1934 ... ...ttt ittt it ieaaanen o
Laitakari, Aarne. Geologische Blbhographle Finnlands 1555—
1933. 8. 1—224. 1934 ....... & e § b ¥ Y alems Rare s s 20 98 wis s o wEE 9

Vayrynen, Heikki. Uber die Mmeralparagenesls der Kieserze
in den Gebieten von Outokumpu und Polvijdrvi. 8. 1—24. 7 Fig. 1
Rurte. 1935 .. .cowesomans soens s atwis reimiara oib oeie o oine b o wiEie
Saksela, Martti. Uber den geologischen Bau Siid-Ostbothniens. S.
1—35. 11 Fig. 1 Titelbild. 1 Taf. 1 Karte. 1935 ..............cienen

200: —

250: —

150: —

250: —

200: —

350: —

250: —

250: —

200: —
150: —
100: —

250: —

250: —

150: —

150: —

250: —

150: —

200: —

200: —

250: —



*N:

111.

112.

113.

114.

115.

116.

117.
118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.

132.

133.

")

Lokka, Lauri. Uber den Chemismus der Minerale (Orthit, Biotit
u a.) eines Feldspatbruches in Kangasala, SW-Finnland. 8. 1—39.
2 Abbild. 1 Taf., 1935 ....ccccevevscecsvnsscssssnssasenssssanssosse
Hackman, Vietor. J..J. Sederholm. Biographic Notes and Biblio-
graphy. P. 1—29. With a vignette. 1935 ..........c.cooiiiinnniinns
Sahama (fahlstein), Th. G. Die Regelung von Quarz und
Glimmer in den Gesteinen der finnisch-lapplindischen Granulit-
formation. 8. 1—110. 5 fig. 80 Diagr. 3 Taf. 1936 ..................
Haapala, Paavo. On Serpentine Rocks in Northern Karelia.
P. 1—83. 21 fig. 2 maps. 1936 ......ccciviiieiiiiircncitncaciinnns
Suomen Geologisen Seuran julkaisuja — Meddelanden fran Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, IX. P. 1—505. 83 fig. 20 planches. 1936 ..................
Viyrynen, Heikki. Petrologie des Nickelerzfeldes Kaulatunturi
—Kammikivitunturi in Petsamo. S. 1—198. 71 Abbild. 36 Tab. 1
KATta: | 1OBB i cininios svinie s minioiong siwisinrs ¢ sisiois o wioibis sigininis o waints, oajuiole s o miois &
Kilpi, Sampo. Das Sotkamo-Gebiet in spitglazialer Zeit. S. 1—118.
36 -Abhild. 3 Boil, BT  ..ovsncasviciypotmioy s wisras s aieinng & peijate sroieisio,e slorern a
Brander, Gunnar. Ein Interglazialfund bei Rouhiala in Siidost-
finnland. 8. 1—76. 7 Fig. im Texte u. 7 Fig. auf 2 Taf. 1937 . ........
Suomen Geologisen Seuran julkaisuja — Meddelanden fran Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, X. P. 1—170. 30 fig. 4 planches, 1937 ...........ccc0unu...
Hyyppd, Esa. Post-Glacial Changes of Shore-Line in South Fin-
land. P. 1—225. 57 fig. 21 tab. 2 append. 1937 ........cvvvvunnn.n.
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XI. P. 1—166. 47 fig. 8 tab. 2 cartes. 1938 ..............
Hietanen, Anna. On the Petrology of Finnish Quartzites. P. 1—
118.. 20 fig: 2 plates; '3 maps. 1088 ..vessvensswingsivsisssssssmeses
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XII. P. 1—107. 20 fig. 3 planches. 1938 ...........c.c.u...
Viayrynen, Heikki. On the Geology and Tectonics of the Outo-
kumpu Ore Field and Region. P. 1—91. 11 fig. 2 maps. 1939 ........
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XIII. P. 1—119. 45 fig. 1 planche. 1939 ..................
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XIV. P. 1—140. 60 fig. 4 planches, 1941 ..................
Mélder, Karl. Studien iiber die Okologie und Geologie der
Bodendiatomeen in der Pojo-Bucht. P. 1—204. 7 Abbild. 1 Karte.
14 Diagr. 14 Tab. 1948 . .vocsennovsmvnevsesssens s sssaes s ses
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XV. P. 1—183. 43 fig. 2 planches. 1943 ..................
Lokka, Lauri. Beitrige zur Kenntnis des Chemismus der finnischen
Minerale Glimmer, Pyroxene, Granate, Epidote u.a. Silikatminerale
sowie melnikowitdhnliches Produkt und Shungit. 8. 1—72. 48 Tab. 1943
Hietanen, Anna. Uber das Grundbebirge des Kalantigebietes im
siidwestlichen Finnland. 8. 1—105. 55 Fig. 8 Tafeln. 1 Karte. 1943 ..
Okko, V. Morinenuntersuchungen im westlichen Nordfinnland. 8. 1—
46, 12 A, & TAD, 192E: ;oo vsimmisewinis s omssmenaemmases 8 smsessassses
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XVI. P. 1—196. 41 diagr. 9 tabl. 3 vartes. 3 fig. 1944 ....
Rankama, Kalervo. On the Geochemistry of Tantalum. P. 1—78.
1 fig. 8 tables. 1944

..............................................

Loppuunmyyty.
Out of print.

150:

100:

200:

150:

500:

250:
250:

200:

250:

250:

250:
250:

250:

250:

150:

200:

250:

250:

200:

150:

250:



N:o 134.

N:o 135.

N:o 136.

N:o 137.

N:o 138.

N:o 139.

N:o 140.

N:o 141.

N:o 142.

z
5

2
3

:0 145.

10 146.

10 148.

:0 149.

2 2 2 2 2 3
°

:0 150.

z 2z z2Z

2
3

z
=

N:o 157.

N:o 158.

N:o 159.

143.

144.

147.

10 151,
o 152.

:0 153.

10 154.

155.
156.

Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XVIIL. P. 1—91. 59 fig. carte. 1944 ..........cc0vvnnnnn..
Sahama, Th. G. Spurenelemente der Gesteine im siidlichen Finnisch-
Lappland. 8. 1—86. 12 Fig. 29 Tab. 1945 .....cvvvveernnnnnnnannnn.
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XVIII. P. I—XXXVIII; 1—67. 3 diagr. 11 tabl. 2 cartes.
I1" £ig. 2 planches, T04D e« s s usme svman ¢ same s suts s saens seman s
Rankama, Kalervo. On the Geochemical Differentiation in the
Earth’s Crust. P. 1—39. 18 tables. 1946 .......ccveuveeenrennnnnnn.
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XIX. P. 1—120. 7 diagr. 13 tabl. 9 fig. 1 planche. 1946 ....
Brenmner, Th. Om mineraljordarternas hallfasthetsegenskaper.
8. 1—77. 11 fig. Summary in English. 1946 .......ccoviviiiennnnnnn

Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XX. P. 1—302. 37 tabl. 103 fig. 6 planches. 2 cartes. 1947
Simonen, Ahti. On the Petrochemistry of the Infracrustal Rocks
in the Svecofennidic Territory of Southwestern Finland. P. 1—I18. 7
tably, 5 Ligl 1948] . cves owomm e s drorwim s s smims s s s s 3 Dieeis 5 e o8 5%
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XXI. P. 1—129. 45 fig. 1 planche. 4 tabl. 3 cartes. 1948
Simonen, Ahti. On the Petrology of the Aulanko Area in South-
western Finland. P, 1—66. 25 fig. 6 tabl. 1 map. 1948 ..............
Suomen Geologisen Seuran julkaisuja — Meddelanden frén Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XXTI. P. 1—165. 70 fig. 3 plances. 4 cartes. 1949 ........
Salmi, Martti. Physical and Chemical Peat Investigations on the
Pinomé#ensuo Bog, SW. Finland. P. 1—31. 12 fig. 1 table. 1949 ......
Mikkola, Aimo. On the Geology of the Area North of the Gulf of
Bothnia. P. 1—64. 20 fig. 10 tabl. 1 map. 1949 ........c.cccvvuuuens
Harme, Maunu. On the Stratigraphical and Structural Geology of
the Kemi Area, Northern Finland.P.1—60. 29 fig. 4 tabl. 1 map. 1949
Kdelman, Nils. Structural History of the Eastern part of the
Gullkrona Basin, SW-Finland. P. 1—48. 16 fig. 2 tabl. 8 plates. 1949
Lokka, Lauri. Contributions to the Knowledge of the Chemistry of
the Radioactive Minerals of Finland. P. 1—76. 7 fig. 33 tabl. 1950 ..

Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XXIII. P. 1—111. 27 fig. 7 planches. 5 tabl. 2 cartes. 1950
Lokka, Lauri. Chemical Analyses of Finnish Rocks. P. 1—75. 1950
Kahma, Aarno. On Contact Phenomena of the Satakunta Diabase.
P. 1—84. 22 fig. 10 tabl. 5 plates. 1951 ....ccccvveecrerssncncsnnoss
Seitsari, Juhani. The Schist Belt Northeast of Tampere in
Finland. P. 1—120. 53 fig. 9 tabl. 2 maps. 1951 ....ccceceveeccnnnns
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XXIV. P. 1—241. 95 fig. 3 planches. 24 tabl. 1951 ........
Virkkala, K. Glacial Geology of the Suomussalmi Area, East Fin-
land: P 1-—08. 26 fig.: 1 plate. 1981 s sines snpnss danes smess smnvves
Marmo, Vladi — Mikkola, Aimo. On Sulphides of the
Sulphide-bearing Schists of Finland. P. 1—44. 7 fig. 4 plates. 1951 ..
Suomen Geologisen Seuran julkaisuja — Meddelanden frin Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XXV. P. 1—148. 35 fig. 28 tabl. 1952 ........ccoccevennnnn
Neuvonen, K. J. Thermochemical Investigation of the Akermanite
— Gehlenite Series. P. 1—57. 7 fig. 12 tabl. 1952 .........ccc0vunnnn
Suomen Geologisen Seuran julkaisuja — Meddelanden frén Geologiska
Sillskapet i Finland — Comptes Rendus de la Société géologique de
Finlande, XXVL sws s smsias swinssmioss saess o o assssmess seeeeeeons s

200:

200:

250:

150:

250:
150:

400:

50:

250:
150:

250:
100:
150:
150:
150:
200:

300:
200:

250:
400:

500:
200:
150:

450:
150:



(=]

Z
=

160.

161.

162.

163.

164.

165.
166.

167.
168.

169.
170.

171,
172.

173.
174.

175.

176.
77
178.
179.

180.

181.

182.

Simonen, Ahti. Stratigraphy and Sedimentation of the Svecofen-
nidic Early Archean Supracrustal Rocks in Southwestern Finland. P.
1—64. 17 fig. 8 tabl. 2 maps. 1953 .......c.ceuuuiiinninnnns FEREEEE:
Disler, Jiirg. Die Kupferkieslagerstitte von Outokumpu, anl.and.
(Thre Lage, ihre Struktur und ihre Form.) 8. 1—114. 39 Fig. 9 Diagr.
4 PL TIO88! o vuierss crieiss swerns v s s wisles sieisie s o i 4 s o vivions o sreisfece o
Kaitaro, Simo. Geologic Structure of the Late Pre-Cambrian In-
trusives in the Ava Area, Aland Islands. P. 1—71. 37 fig. 6 tabl.
1 108D; ‘BTO53  cooiums cioidin s s sromms Soaied § ¢ 2Bl6 WS 8§ piaiy Wietain 5 Siias o oo
Vaasjoki, Oke. On Migmatites and Ore Mineralizations in the
Pernaja District, Southern Finland. P. 1—62. 24 fig. 3 tabl. 1 plate
1 map, LB o ¢ uois v sisisins s owims oo o v vimion swem 8 $oen e Saises owivis s s WEwe o
Vahdatalo, Veikko O. On the Geology of the Outokumpu Ore
Deposit in Finland P. 1—99. 9 fig. 13 tabl. 19 plates and 3 maps.
0 oo smurne wsiae v simre o Fiein 8 RO S SRR SO0 SRS @SS SEIEE | SSEIE BB
Wiik, H. B. Composition and origin of Soapstone. P. 1—57. 11 fig.

6 ABDL. AOBB v wrstiie wrmsaisis siwann s mmie s wursimmne. ajbins sioisadiey. Sinvsmeiniareie syeiaennsivie
Suomen Geologisen Seuran julkaisuja. — Meddelanden frin Geo-
logiska Sillskapet i Finland. — Comptes Rendus de la Société

géologique de Finlande XXVII. P. 1—106. 16 tabl. 43 fig. 1954 ..
Hyyppéd, Esa. On the Pleistocene Geology of Southeastern New

England. P. 155—225. 33 fig. 1955 ....cviviiiirniinniniiniannnns
Suomen Geologisen Seuran julkaisuja. — Meddelanden frin Geo-
logiska Sdllskapet i Finland. — Comptes Rendus de la Société

géologique de Finlande XXVIIL. P. 1—141., 63 fig. 34 tabl. 1955 ..
Salmi, Martti. Prospecting for Bog-Covered Ore by Means
of Peat Investigations. P. 1—34. 6 fig. 8 tabl. 1955 ............
Okko, Veikko. Glacial Drift in Iceland, its Origin and Mor-
phology. P. 1—133. 35 fig. and one table in text. 32 fig. in plates
E=XVL  ABE ooqamiom sinmores s s ms s o 6065000 50085 650000 5 5608 &40
Padikkonen, Veikko. Otanmiki, the Ilmenite-Magnetite Ore
Field in Finland. P. 1—71. 41 fig. 19 tabl. 2 plates and 3 maps. 1956
Suomen Geologisen Seuran julkaisuja. — Meddelanden frin Geolo-
giska Sillskapet i Finland. — Comptes Rendus de la Société géolo-
gique de Finlande XXIX. P. 1—100. 24 fig. 30 tabl. 1956 ........
Ramdohr, Paul. Die Beziehungen von Fe-Ti-Erzen aus magma-
tischen Gesteinen. S. 1—19. 2 Diagr. 25 Taf. 1956 ................
Savolahti, Antti. The Ahvenisto Massif in Finland. The Age
of the Surrounding Gabbro-anorthosite Complex and the Crystallization
of Rapakivi. P. 1—96. 22 fig. 11 tabl. and 1 map 1956 ..........
Salmi, Martti. Peat and Bog Plants as Indicators of Ore Mi-
nerals in Vihanti Ore Field in Western Finland. P. 1—22. 6 fig.
L A, TOBOB .o nisnsim vussnsanensiansionss oialsveraais oo SHRrEELERES SOSEEOHE 5o ETE
Marmo, Vladi. Geology of the Nokia region, Southwest Fin-

land. P. 1—38. 16 figs. 1957 .....vuiniiiiuiinirennenennnneennnnans
Tuominen, Heikki. The Structure of an Archaean Area: Ori-
jérvi, Finland. P. 1—32. 16 figs. 6 plates. 1957 ................

Molder, K, Valovirta, V. und Virkkala, K. Uber Spit-
glazialzeit und friihe Postglazialzeit in Siidfinnland. 8. 1—49. 9 Abb.
Repo, R. Untersuchungen iiber die Bewegungen des Inlandeises in
Nordkarelien. 8. 1—178. 114 Abbild. 1 Taf. 1 Karte. 1957 ......
Suomen Geologisen Seuran julkaisuja. — Meddelanden frin Geologiska
Sillskapet i Finland. — Comptes Rendus de la Société géologique de
PARIGNAS XXX  peaisus miwiers. v srorions. svanssrioss. disiarkiss: 8585 40010 8o 1306 SREIEIE 26 81 079,578 3
Parras, Kauko. On the Charnockites in the Light of a Highly
Metamorphic West Uusimaa Complex in Southwestern Finland. (Pai-
NOBER = I PONLE)  sions owmis s smmiss smms swasmisass s 960 o was 25 43865 FH
Kouvo, Olavi. Radioactive Age of some Finnish Pre-Cambrian
Minerals. P. 1—70. 3 figs. 10 tables. 1958 ......................

200:

400:

200:

200:

650:
150:

350:
200:

450:
150:

400:
300:

350:
400:

350:

100:
150:
500:
200:
600:

400:






	COVER PAGE
	TITLE PAGE
	CONTENTS
	PREFACE
	INTRODUCTION
	MINERAL AND ROCK SAMPLES STUDIED
	SOURCES
	SEPARATION OF MINERALS
	DESCRIPTION OF SAMPLES

	EXPERIMENTAL PROCEDURES
	ANALYTICAL TECHNIQUES
	ALPHA COUNTING
	MEASUREMENT OF THE UNIT -CELL DIMENSIONS

	RESULTS
	ANALYTICAL RESULTS
	COMPARISON OF AGE DATA

	GEOLOGIC INTERPRETATION OF RESULTS
	SOME GENERAL ASPECTS OF THE GEOLOGICAL PROBLEMS INVOLVED
	COMPARISON OF DATA WITH PUBLISHED DETERMINATIONS
	POSSIBLE IMPLICATIONS OF THE AGE MEASUREMENTS

	SUMMARY
	REFERENCES
	BACK COVER

