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Preliminary Rb-Sr Geochronology of the North Ladoga
Region, Soviet Karelia

by I. M. GOROKHOV, E. S. VARSHAVSKAYA, E. P. KuTYyAVIN
and S. B. LOBACH-ZHUCHENKO

Institute of Precambrian Geology and Geochronology,
Academy of Science U.S.S.R., Leningrad, U.S.S.R.

ABSTRACT

Two main rock complexes of different age and structural position occur in North Ladoga Region,
the basement complex forming dome-like tectonic blocks within geosyncline metasediments of Sorta-
vala and Ladoga subseries.

The minimum age of basement granite gneiss is equal to 2320 -+ 100 m.y. The age of regional
metamorphism of Ladoga phyllitic and biotite schists is 1885 -+ 20 m.y. The emplacement of veins
and segregations of a younger plagiomicrocline granite in basement granite gneiss blocks and mig-
matization process proceeded contemporaneously with regional metamorphic event.

The age of the post-folding Tervus microcline granite is 1815 - 30 m.y. Thus, the minimum time
gap between the formation of basement rocks and the emplacement of the post-folding granite is at
circa 500 m.y.

KPATKOE COAEPYWRAHNE

B reoaorinuecroym crpoerin Cesepuoro IIpuiasiompst Yy4acTBY 0T pasiHvHble 10 BO3-
pacty H CTpYRTYPHOMY MOJIOkeHHI0 loremOpuiickine mopo;bl. Iloponst ¢gyHIameHTa
00pasyior KynoJoo0pasdHble TEeRTOHHYecKHe OJOKH CpejiH TeOCHHKJIHHAJILHLIX MEeTao-
C¢aJ109HLIX [1OPOJ J1aJ07KCKOil 1T cOpTaBAJILCKOIl cepHii.

MuunManbHBIT BO3pacT TpanHTO-THeiicor dyHIaMenTa cocranaser 2320 4 100 M. ger.
Bo:;pacT PerHoHa/IbHOT'O .\I(‘,TE\..\IOD(I)H:},\I{E (b[-L’IJIH’I‘OBIULHI:IX H 6][O'l‘ll'l’Olil»lX CJIAHIIeB J14/ 10~
CcKOIT cepuint paBen 1885 + 20 zuH, ger. Odpasopanie ki 11 obocobaeniii MIaraioMHKEpo-
KJIITHOBOTI'O TpaHNTA B IPAHHTO-IHeiicax (yHIaMEHTa 11 MHTMATH3AILIS ITOPO.T JaT0KCKOIT
CepHH TPOTEeRAJI OJTHOBPEMEHHO ¢ NPOIeccoM pernoHaJILHOTo MeraMopduaMa.

Boapacr mocr-criaataToro MHKPOKJIHHOBOIO I'paHHTA I10JdyocTpoBa TepByc paBeu
1815 + 30 mawu. aer. Takuy oGpaszoyM, MHHUMAJIBHBIT NPOMERYVTOR BpeMeHH Me:RIy o6paso-
BaHHEM 1opo/1 hWH/IAMEHTA H BHeJIpeHHeM TOCT-CKJI4/[4aTOr0o IPaHHTa COCTARIMEeT 0KO0JI0
500 »iaH. e,

Geologic Setting

The problems of time, place and sequence of metamorphic events in the geosyncline
zones are being paid special attention. In this aspect the results of geochronological
investigation of North Ladoga Region, Soviet Karelia, appear to be of some interest.

This specially studied region, being a part of the East-Finland zone of Karelides
(KRrATZ, 1963; KHARITONOV, 1966), is composed of the Precambrian rocks of different
age and structural position (Fig. 1).

The basement granite gneiss is exposed in the central parts of oval anticlines,
widely known as “‘granite domes of North Ladoga”.
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Fig. 1. Generalized sketch-map of the geology of the North Ladoga Region, Soviet Karelia, showing
sample locations. Isogrades are drawn after D. A. Velikoslavinsky (personal communication).

There are two alternative hypotheses of their origin. According to TORNEBOHM
(1891) the eroded surface of basement rocks was overlain by supracrustal rocks in a
normal stratigraphic sequence. Later this surface was folded together with overlying
rocks.

Other hypotheses imply that granite gneisses intruded into the supracrustal rocks.
Different authors suppose different mode of their emplacement. EskoLA (1949)
supposed the granite gneiss domes to be the result of diapir intrusion of granitized and
mobilized masses of Archean basement into the covering rocks, while Supovikov
(1954) believed that rigid blocks of Archean basement were tectonically forced into
the overlying Karelian rocks.

The cover consists of two subseries: Sortavala and Ladoga which form the normal
stratigraphic sequence. The lower, Sortavala subseries consists of amphibolite-
metavolcanics with lenses and beds of carbonate rocks. The overlying Ladoga sub-
series represents a metamorphosed terrigenous flysch. In addition to the supracrustal
rocks there are many basic intrusives of early stages of the mobile belt development
and many younger plutonic rocks, connected with ultrametamorphism.
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Progressive studies of metamorphic and ultrametamorphic transformations of
Karelian rocks in this area made it possible to show the existence of metamorphic
zoning. SuDOVIKOV (1954) and some other authors distinguish in this area green
schist, epidote-amphibolite, amphibolite and granulite facies units. The grade of
metamorphism increases from north-east to south-west, and isogrades are drawn
parallel to the ultrametamorphic boundary.

As it appears from geological observations the metamorphic zoning has no direct
relation to the subsidence of the basement during sedimentation. It may be suggested
that the deep-seated tectonic movements were the main geological cause of meta-
morphism. These movements appeared to be more intensive in the south of the area,
where the rocks belonged to high-grade metamorphic facies.

The general course of development of North Ladoga geosyncline zone was
revealed after the studies by Subpovikov (1954), GLEBOVITSKY (1969), PETROV and
BELYAEV (1968) and SARANCHINA (1968). Nevertheless, there remained some unsolved
problems concerning the evolution of metamorphic processes in space and time, such
as: the duration of the regional metamorphic cycle, the time correlation of meta-
morphic processes in different zones, and the positions of migmatization and granitiza-
tion processes in the general sequence of metamorphic events.

In addition to geological interpretations an attempt has been made to reveal the
geological history of the North Ladoga Region by Rb-Sr whole rock method.

Analytical methods

Rubidium and strontium concentrations were determined by stable isotope
dilution using enriched Rb87 and Sr8* spikes. A 20 cm, 60°-sector mass spectrometer
MI 1305 and 30 cm, 90°-sector mass spectrometer M1 1311 were used for isotope
measurements. Thermal ionization method was employed with one-filament ion
source for rubidium and multi-filament ion source for strontium. The samples were
loaded on the tungsten filaments. The ion current was registered by d.c. amplifier and
digital voltmeter EZPV-3.

Ratios Sr87/Sr86 for the samples were calculated from the mixtures of sample and
spike Sr. Instrumental discrimination for each experiment could be determined after
LONG (1966), and all isotope ratios of strontium were normalized to a Sr36/Sr88 value
of 0.1194. Calculated isotope ratios of Sr87/Sr86 are quoted relative to an arbitrary
value of 0.7080 for the Sr87/Sr# ratio in the interlaboratory Eimer and Amend
SrCO3. The mean normalized Sr87/Sr86 ratio for this standard during this work was
0.7089.

The decay constant used in the age calculations is equal to 1.39 - 10-lyr-1. Errors
quoted in ages and initial ratios are one standard deviation.

The precision of age determinations was verified by analyses of standard samples
of muscovite P-207 and biotite Bern 4B. The results are given in the Table 1. The
measured contents of rubidium and radiogenic strontium and calculated age value
differ from the average results of the summaries of LANPHERE and DALRYMPLE (1967)
and JAGER and others (1963) within only plus/minus one per cent.

ECLOGAE GEOL, HELV. 63, 1 - 1970 7
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Table 1. Rb-Sr measurements on interlaboratory standard minerals.

Mineral Rb87 Sr87r Srsé Sr87 Rb-Sr
= age
ppm ppm ppm Sr86 m.y.
Muscovite 228.1 0.2805 0.8169 1.0454
P-207 229.5 0.2779 0.8277 1.0378
228.4
229.2
231.2
Mean 229.3 0.2792 0.8223 1.0416 87.6
Biotite 168.5
Bern 4B 168.8
166.9
Mean 168.0
Results

The results of the Rb and Sr analyses are listed in Table 2, and their brief discussion
is given below.

Determinations were made on the basement granite gneiss of the Kokkoselka
block. Its gneissic structure, banding and lineation are due to intensive thermal and
dynamic metamorphism during the folding of the cover.

As it may be seen in Figure 2, there is a scatter of the points relative to the best
fitting line. Besides, it is clear that the slope of the line is controlled in fact by the

Srm/Sres

0.780 |
BASEMENT GRANITE GNEISS, 43-L
THE KOKKOSELKA BLOCK

0.760 |

0.740 |

0720 | AGE = 2320 & 100 MY,

' (5758, = 0.7058 + 0.0017

0.700 - - - - .

o 05 10 15 20 2.5 REPFY5B6

Fig. 2. Isochron plot for basement granite gneiss, the Kokkoselka block.
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Table 2. Rb-Sr analytical data.

99

Sample Rb# Sr86 Rb?7 Sr7
No. ppm ppm Sr86 Srs6
Microline granite, Tervus peninsula
479-T 65.55 13.00 4.985 0.8319
591-T 53.46 8.95 5.904 0.8547
637-T 42.87 32.07 1.321 0.7399
1008-T 26.67 53.85 0.490 0.7152
Plagiomicrocline granite veins and segregations in
basement granite gneiss, the Impilahti block
55-L 88.06 12.60 6.908 0.8878
56-L 61.13 11.88 5.086 0.8398
57-L 83.50 10.91 7.565 0.9049
62-L 58.37 5.84 9.872 0.9663
68-L 43.21 6.66 6.411 0.8772
Migmatite
72/1m-L 41.97 50.47 0.822 0.7267
72/11-L 14.61 48.88 0.295 0.7133
Phyllitic schist (epidote-amphibolite facies zone)
16-L 53.93 13.59 3.921 0.8115
19-L 39.45 20.71 1.883 0.7572
20-L 54.07 19.25 2.777 0.7788
22-L 4991 10.61 4.650 0.8318
23-L 44.68 22.08 2.001 0.7607
Fine-grained biotite schist (staurolite-andalusite subfacies), north zone
12-L 28.91 18.71 1.528 0.7481
15-L 56.39 11.21 4,971 0.8378
17-L 44.90 13.03 3.406 0.7977
18-L 59.50 18.86 3.119 0.7870
25-L 53.14 13.35 3.936 0.8188
Fine-grained biotite schist (staurolite-andalusite subfacies), south-east zone
1-L 61.80 15.47 3.948 0.8128
2-L 31.94 24.46 1.291 0.7403
3-L 53.82 28.96 1.837 0.7527
4-L 20.11 23.16 0.858 0.7299
5-L 66.00 11.64 5.603 0.8534
Gneiss (cordierite-almandine-orthoclase subfacies)
69-L 36.96 52.60 0.6945 0.7227
72-L 21.19 55.79 0.3755 0.7132
75-L 23.46 71.05 0.3264 0.7121
76-L 30.05 179.3 0.1657 0.7079
Basement granite gneiss, the Kokkoselka block
43-L 38.21 17.07 2.212 0.7784
44-L 24.87 38.33 0.641 0.7265
47-L 19.54 25.84 0.748 0.7294
50-L 24.84 32.36 0.759 0.7293
79-L 26.38 34.09 0.765 0.7337



100 1. M. Gorokhov, E. S. Varshavskaya, E. P. Kutyavin and S. B. Lobach-Zhuchenko

position of sample 43-L point with the highest Rb/Sr ratio. Therefore the calculated
age of 2320 m.y. must be considered as minimum one. New analyses on granite gneiss
samples of the same block which are in progress will give a possibility to arrive at
more definite conclusions.
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Fig. 3. Isochron plot for schists (epidote-amphibolite facies and staurolite-andalusite subfacies zones).

557586

0725

0.720 +

0.715

0710

0.705

GNEISS
(CORDIERITE - ALMANDINE - ORTHOCLASE
SUBFACIES)

AGE = 2005 ¢ 65 M Y.
(5r%75:®|, = 0.7029 1 0.0004

1 1 1

0.700

0.2 04 06 0.8 Rb37s%6

Fig. 4. Isochron plot for gneiss from the ultrametamorphic zone (cordierite-almandine-orthoclase

subfacies).
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The results of determination on phyllitic schists from the epidote-amphibolite
facies zone and on biotite schists from the staurolite-andalusite subfacies zone of
Ladoga subseries are plotted in Figure 3. Squares represent phyllitic schists, dots —
fine-grained biotite schists from the north zone, and triangles — fine-grained biotite
schists from the south-east zone, where the metamorphic grade is higher. The point
corresponding to the sample 25-L is out of whole succession, and it was not taken into
account in calculating isochrons. It is seen from Table 3 that the ages of the rocks of
all these groups are of non significant difference. The generalized isochron corresponds
to the age of 1885 + 20 m.y., and the initial ratio equals 0.7066 + 0.0010.

The results of determination on gneiss from the ultrametamorphic zone (cordierite-
almandine-orthoclase subfacies) of Ladoga subseries are plotted in Figure 4. The
resulting isochron corresponds to the age of 2005 + 65 m.y. with comparatively low
intercept of 0.7029 + 0.0004. In spite of good fitting of the sample points to the
isochron it should be mentioned that due to the low Rb/Sr ratios the slope of the
isochron is very sensitive to slightest changes of the Sr87/Sr86 ratios. Therefore future
determinations which are in progress may change the estimated age (possibly, up to
about hundred million years), while the initial ratio would not change significantly.

An attempt was made to evaluate the age of migmatization in the region. For this
purpose isotope determinations have been made on leucocratic and melanocratic
parts of one migmatite sample separately. The results are plotted in Figure 5.
Supposing the isotope composition of strontium in both parts of migmatite at the
time of migmatization being the same, one can calculate the isochron age of 1815
m.y. and the intercept at 0.7057. We believe that such an approach will enable to
distinguish migmatites, which originated metasomatically, from those, which origin-
ated by selective melting.

s8%s%
0730 -
MIGMATITE

0.725
0.720 |
oms +
0.710 +

AGE = 1815 M.Y.

(57579, = 0.7057
0.705
0.700 i i i i \
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Fig. 5. Isochron plot for migmatite.
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Fig. 6. Isochron plot for the younger plagiomicrocline granite from the Impilahti block.
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Fig. 7. Isochron plot for the post-folding microcline granite, Tervus peninsula.

Isochron for the younger plagiomicrocline leucocratic granite from the Impilahti
block (Fig. 6) shows the age of 1865 + 25 m.y., the initial ratio being 0.7068 + 0.0027.
This granite intruded basement granite gneiss, basic dyke rocks and intersected their
superimposed structures. It forms segregations and veins situated along shearing
zones.

Microcline granite of the Tervus peninsula is post-folding. The calculated age of
this granite is 1815 + 30 m.y. with initial ratio of 0.7043 + 0.0015 (Fig.7).
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All the geochronological data are listed in Table 3.

The basement granite gneiss has the minimum age of 2320 4 100 m.y.

The age values of phyllitic and biotite schists appear to correspond to a certain
time in the metamorphic history of these rocks. Up to this time intervals of migration
of rubidium and strontium apparently exceeded the dimensions of the samples. It is
not quite clear, whether the calculated values for schists correspond to the culmination
of the metamorphic event or to close approach to its end, when the mobility of
rubidium and strontium decreased. In any case, available results show that the
appearance of the metamorphic zoning, the migmatization and the emplacement of
the plagiomicrocline granite occured simultaneously within the experimental errors.
The value of about two billion years for the gneiss of the ultrametamorphic zone does
not get any satisfactory explanation as yet. Possibly it is due to the analytical uncer-
tainty.

Table 3. Geochronological data of North Ladoga rocks.

Rock Rb-Sr 'Sr87?
age ( )
m.y. S8/,
Microcline granite, Tervus peninsula 1815 - 30 0.7043 -+ 0.0015
Plagiomicrocline granite veins and segregations in
basement granite gneiss, the Impilahti block 1865 + 25 0.7068 -- 0.0027
Migmatite 1815 0.7057
Phyllitic schist (epidote-amphibolite facies) 1915 + 40 0.7060 -+ 0.0018
Fine-grained biotite schist (staurolite-andalusite subfacies)
North zone 1855 + 50 0.7076 -+ 0.0023
South-east zone 1880 + 35 0.7062 1 0.0016
All schists 1885 + 20 0.7066 -+ 0.0010
Gneiss (cordierite-almandine-orthoclase subfacies) 2005 -+ 65 0.7029 -+ 0.0004
Basement granite gneiss, the Kokkoselka block 2320 + 100 0.7058 + 0.0017

The average initial ratio of 0.7066 -+ 0.0010, calculated for the schists, makes it
possible to evaluate the time gap between the sedimentation and metamorphic event.
The studies carried out at our Institute by S. B. LOBACH-ZHUCHENKO showed that
metamorphism in zones of epidote-amphibolite facies and staurolite-andalusite
subfacies had proceeded isochemically. One can suppose the extreme case when the age
of the source rocks was equal to zero and the initial ratio was as low as 0.703. The
supposition had to lead to the maximum gap of about one hundred million years
between the sedimentation and the moment of metamorphic event dated by our
determinations.

Thus, all available data concerning the North Ladoga Region allow to estimate
the time gap between the formation of basement rocks and the emplacement of post-
folding granite. This time gap appears to be of about 500 m.y.
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