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Abstract 
Genesis of the oldest continental crust retains a marked trace in the Earth’s 
evolution over its 4.5 Ga history. Despite ample isotope data on the role of the 
continental crust in the Earth’s evolution, there has been much debate on the 
origin of grey gneisses and tonalite-trondhjemite-granodiorites (TTG). Pre-
cise U-Pb (ID-TIMS) and SHRIMP data on single zircon for paragneisses and 
TTG (3158.2 ± 8.2 Ma) have indicated the Central-Kola and Belomorian 
(White Sea) megablocks of the Fennoscandian Shield to be 3.16 Ga and 3.70 
Ga, respectively. The newly obtained ages of zircon from these megablocks 
indicate the origin of the discrete continental crust to be 3.16 and 3.70 Ga. It 
is close to the Nordsim zircon data on the Siurua TTG (Finland), which are 
3.45 and 3.73 Ga in the core. The new summarized data on the Earth’s oldest 
rocks (basement and continental crust) indicate the younger age of the rocks 
in the Fennoscandian Shield as compared to those in Australia (Kronendonk 
et al., 2019). 
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1. Introduction 

The oldest 35 pieces of the continental crust mostly composed of tonalit-
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ic-trondjemitic-granodioritic (TTG) gneisses imprint the Earth’s evolution dur-
ing much of its ca. 4.5 Ga history [1]. The study of the Archean continental crust 
provides geological and geochemical insights to the early Earth due to asteroid 
and meteoritic impacts [2]. 

The Arctic region of the Fennoscandian Shield hosts large-scale strategic de-
posits, such as Neoarchean banded-iron formations (BIF) in the Olenegorsk ore 
area, Paleoproterozoic PGE-Cu-Ni and PGE-Cr-Ti deposits in the Monchegorsk, 
Fedorovo-Pana and Imandra ore areas, Cu-Ni deposits in Pechenga, as well as 
major Paleozoic apatite-nepheline and phosphorite deposits in the Khibiny, Lo-
vozero, Kovdor, etc. Therefore, the study of their basement or continental crust 
is essential for understanding of processes that governed the deposits evolution. 

The north-eastern part of the Fennoscandian Shield hosts the Murmansk, 
Central-Kola and Belomorian (White Sea) megablocks with the Archean conti-
nental crust (Figure 1). Previous Sm-Nd isotope data on rocks of the basement 
with continental crust (TTG and paragneisses) have yielded ages older than 3.0 
Ga [3]. There has been very little evidence of of Paleoarchean and Eoarchean rocks 
in the basement of the Belomorian megablock established on the basis of detrital 
zircons sampled from metasediments of the Lapland-Kola granulite belt [4]. 

 

 
Figure 1. Generalized geological map of Archean rocks in Fennoscandia (a) after (Holtta et al. 2012); schematic map of the Mur-
mansk area (b). 
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New U-Pb ID-TIMS and SHRIMP zircon ages of TTG in the Voche-Lambina 
area have been estimated at 2.9 - 2.82 Ga with Sm-Nd model ages of 3.0 Ga for 
the same rocks with positive εNd values of +0.6 to +3.2 [5]. There had been no 
chance to find a typical TTG complex with Paleoarchean zircon ages in the Cen-
tral-Kola megablock for a long time. Only several SHRIMP zircon data had been 
available for the gneisses, which were not older than 3.6 Ga [6]. Precise zircon 
core ages of gneisses and TTG in the north-eastern Fennoscandian Shield (Si-
urua, Finland) estimated at Nordsim at 3.45 and 3.73 Ga [7] have revived the 
study of the oldest rocks in the Central-Kola megablock. 

2. Brief Geological Description of the Archean Period in the 
Formation of the Fennoscandian Shield 

According to Holta et al. [8], the Fennoscandian Shield hosts the Murmansk, 
Belomorian, Norbotten and Karelian provinces with TTG and amphibolites with 
the age range of 2.7 - 2.8 Ga, as well as paragneisses, greenstone belts and sanu-
kitoids, with the age range of 2.72 - 2.75 Ga. The Karelian province comprises 
the West-Karelian and the Central-Karelian subprovinces. The Vodlozero prov-
ince is composed of TTG gneisses and amphibolites of greenstone belts with the 
ages of 2.9 to 3.5 Ga. 

The Belomorian province comprises TTG and amphibolites (2.7 - 2.9 Ga), 
which were modified in the Paleoproterozoic. Eclogites have been recently re-
ported to occur there [9]. 

The province also hosts the Voche-Lambina geological site. SHRIMP analysis 
of zircons from TTG has yielded the age of 3158.2 ± 8.2 Ma [5] [10]. 

The studied rocks refer to grey gneisses of the Central-Kola megablock base-
ment within the Murmansk province (Figure 2). They occur near the monu-
ment to the Defenders of the Soviet Arctic (Murmansk, Russia). These rocks are 
composed of garnet-biotite gneisses with kyanite and sillimanite. Besides, there 
are biotite-amphibole gneisses with migmatites and amphibolites. This subpro-
vince accommodates mafic and felsic volcanics, quartzites, granodiorites, plagi-
ogranites and tonalities [6] [11]. 

 

 
Figure 2. Outcropped staurolite-kyanite-sillimanite-garnet-biotite gneisses of the Cen-
tral-Kola megablock. 
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3. Materials and Methods 

Zircons have been separated from gneiss samples with the weight of about 30 kg. 
The U-Pb (ID-TIMS) dating of single grains has been carried out using the me-
thod described by Krogh [12] with an artificial 205Pb spike; the results are shown 
in Table 1. Following this method, the samples have been dissolved in strong 
(48%) hydrofluoric acid at a temperature of 205˚C - 210˚C during 1 to 10 days. 
To dissolve the fluorides, the samples have been reacted with 3.1 N HCl at a 
temperature of 130˚C for 8 to 10 hours. To determine the isotope composition 
of lead and to measure the concentrations of lead and uranium, the sample has 
been divided into two aliquots in 3.1 N HCl, and a mixed Pb + U tracer has been 
added. Pb and U have been separated on an AG 1 × 8, 200 - 400 mesh anion ex-
changer in Teflon columns. The laboratory blank for the whole analysis is 0.1 - 
0.08 ng for Pb and 0.01 - 0.04 ng for U. All isotopic determinations for zircons 
have been made on a Finnigan MAT-262 mass spectrometer; the Pb isotopic 
composition has been analyzed on a secondary-ion multiplier in an ion-counting 
mode. The measurements of the Pb isotopic composition are accurate to 0.025% 
when calibrated against the NBS SRM-981 standards. The U and Pb concentra-
tions have been measured in a single-filament mode with added H3PO4 and silica 
gel using the method described by Scharer and Gower [13] and Scharer et al. 
[14]. Pb and U concentrations have been measured within the temperature 
ranges of 1350 - 1450 and 1450˚C - 1550˚C, respectively. All the isotopic ratios 
are corrected for mass discrimination during the static processing of replicate 
analyses of the SRM-981 standard (0.12% + 0.04% per a.m.u.). The errors in the 
U-Pb ratios are calculated during the statistical treatment of replicate analyses of 
the IGFM-87 standard and are assumed equal to 0.5%. If the actual analytical 
errors are higher, they are reported in the table of isotopic data. Isochrons and 
sample points have been calculated using the Squid and Isoplot programs [15] 
[16]. 

Age values have been calculated with conventional decay constants for U [17], 
all errors are reported at a 2-sigma level. Corrections for common Pb are made 
according to Stacey and Kramers [18]. Besides, corrections are made for the 
composition of Pb separated from syngenetic plagioclase or microcline if the 
admixture of common Pb is >10% of the overall Pb concentration and the  

 
Table 1. Isotope U-Pb data on zircons from gneisses of the Central-Kola megablock (sample F-09-08). 

Sample 
№ 

Weight 
mg 

Concentrations, ppm Isotope composition of Pb Isotope composition and ages 

Rho 
Pb U 206Pb/204Pb 206Pb/207Pb 206Pb/208Pb 207Pb/235U 206Pb/238U 207Pb/206Pb 

1 0.10 570.5 853.5 377.3 4.4960 4.6981 13.6639 0.520509 2746 0.90 

2 0.40 73.4 122.4 1569.7 5.0300 7.3525 13.6052 0.517448 2752 0.96 

3 0.20 105.6 62.5 39.4 2.0155 0.9683 13.1366 0.502440 2739 0.59 

4 0.20 30.9 55.2 898.6 4.9505 6.5013 12.2840 0.472568 2729 0.95 

5 0.20 139.6 170.5 1115.2 3.8733 3.3616 20.6889 0.604176 3174 0.97 
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206Pb/204Pb ratios are <1000. Table 1 provides the results. 
The zircon fraction from the same gneisses has been analyzed using the 

SHRIMP method described by Williams et al. [19] at the A.P. Karpinsky Russian 
Geological Research Institute (VSEGEI); the results are given in Table 2 and 
Figure 6(b). All geochemical REE and trace element analyses of the whole rock 
have been made at the Institute of Geology and Mineralogy, Siberian Branch 
RAS, Novosibirsk, using the method described by Panteeva et al. [20]. 

4. Results 

Рetrography and Geochemistry of Gneisses in the Central-Kola Megablock 
Petrographically, high-alumina gneisses include garnet-biotite, sillima-

nite-garnet-biotite, staurolite-kyanite-sillimanite-garnet-biotite gneisses [11]. 
These rocks are dark grey, fine-medium-grained and slightly schistose (Figure 
2). Their texture is a combination of granoblastic, porphyroblastic and lepidob-
lastic varieties. The rocks consist of quartz, plagioclase, biotite, garnet, sillima-
nite, kyanite, staurolite and chlorite (Figure 3). 

Plagioclase occurs as colorless isometric and usually not twinned grains. Some 
of them are slightly sericitized. Quartz appears in small irregular grains (0.2 - 0.6 
mm) and also forms large lenses up to 3.5 mm in length (Figure 3(b)). Biotite is 
found in tabular or flaky 0.05 - 0.90 mm grains uniformly scattered throughout 
the rock. Biotite may also intergrow with garnet (Figure 3(a)). Garnet occurs as 
large porphyroblasts (2 - 3 mm) with irregular outlines and encloses quartz and 
biotite inclusions. Some of the garnet cracks are filled with fine-grained mica. 
Sillimanite forms colorless elongated prismatic grains with a length of up to 0.6 
mm; fine-grained fibrolites are less common (Figure 3(d)). Kyanite grains in-
clude quartz, which has an elongated prismatic (0.3 - 1.1 mm) shape with irre-
gular outlines. Staurolite is represented by sporadic elongated prismatic grains 
with a length of up to 0.5 mm (Figure 3(c)). 

 
Table 2. Isotope SHRIMP data on zircon from Central-Kola megablock (Murmansk city area). 

Spot 
% 

206Pbc 
ppm 

U 
ppm 
Th 

ppm 
206Pb* 

232Th
238U 

(1) 
206Pb 
238U 
Age 

(1) 
207Pb 
206Pb 
Age 

% 
Discor- 

dant 

(1) 
238U 

206Pb* 
±% 

(1) 
207Pb* 
206Pb* 

±% 
(1) 

207Pb* 
235U 

±% 
(1) 

206Pb* 
238U 

±% 
err 

corr 

F09-08_6.1 -- 232 298 100.0 1.32 2622 ±27 2794 ±9 +8 1.99 1.2 0.1961 0.52 13.6 1.3 0.502 1.2 0.92 

F09-08_7.1 0.05 141 91 66.3 0.67 2815 ±32 2803 ±14 −1 1.83 1.4 0.1971 0.85 14.9 1.7 0.548 1.4 0.86 

F09-08_3.1 0.06 44 34 20.4 0.80 2763 ±43 2850 ±18 +4 1.87 1.9 0.2029 1.10 15.0 2.2 0.535 1.9 0.87 

F09-08_2.1 -- 126 100 60.0 0.82 2839 ±35 2886 ±13 +2 1.81 1.5 0.2075 0.78 15.8 1.7 0.553 1.5 0.89 

F09-08_5.1 -- 125 157 60.6 1.30 2878 ±33 2924 ±12 +2 1.78 1.4 0.2125 0.71 16.5 1.6 0.563 1.4 0.89 

F09-08_4.1 -- 135 119 69.8 0.91 3039 ±34 3006 ±10 −1 1.66 1.4 0.2235 0.60 18.6 1.5 0.602 1.4 0.92 

F09-08_1.1 0.04 281 108 189.5 0.40 3740 ±39 3695 ±6 −2 1.27 1.4 0.3473 0.39 37.7 1.4 0.786 1.4 0.96 

Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions, respectively. Error in TEMORA Standard calibration—0.28%. (1) Common 
Pb corrected using measured 204Pb. 
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Abbreviations: Grt—garnet; St—staurolite; Bt—biotite; Oz—quartz; Pl—plagioclase; Ky—kyanite; Sil— 
sillimanite. 

Figure 3. Microphotographs of thin sections from grey gneisses in the Central-Kola me-
gablock.  

 
Isotope ID-TIMS and SHRIMP Data 
Gneisses were sampled from the vast outcrops of the Central-Kola megablock 

to determine the age of a submeridional basite dyke, which cuts the complex of 
high-alumina paragneisses (Figure 1(b) and Figure 2). 

According to the IUGS TAS plot, gneisses comply with the dacite field of tho-
leitic series (Table 3; Figure 4). The gneiss samples are rich in LREEs and poor 
in HREEs (Table 4; Figure 5), which conforms to typical TTG patterns accord-
ing to Moyen and Martin [21]. 

Four grains of single zircon crystals have yielded the age of 2753 ± 3 Ma in the 
U-Pb isochron (Figure 6(a)), which corresponds to the amphibolite facies me-
tamorphism. The lower intersect of the Discordia-concordia line is at 443 ± 130 
Ma. It reflects the Paleozoic magmatic activity in the north-eastern Fennoscan-
dian Shield (Figure 6(a)) and circular alkaline Khibiny-Lovozero-Kovdor mas-
sifs, etc. One zircon point plots in the U-Pb isochron near the age of 3.17 Ga and 
implies the magmatic origin of the zircon (Table 1) from the oldest population. 
Hand-picked grains have magmatic oscillatory zoning and a diagnostic core with 
older ages. 

All SHRIMP zircon ages for the high-alumina gneisses with different peaks 
and intervals of origin at 2794 - 2763 Ma are similar to the ID-TIMS data of 
amphibolite metamorphism (2753 ± 3 Ma). The data in the range of 2924 - 2886 
Ma seem to reflect the low-granulite facies metamorphism. One point coinciding 
with the concordant age of 3695 ± 5 Ma represents the oldest age of the studied 
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gneisses (Figure 6(b) and Figure 7(a)). Coeval SIMS and LA-ICP-MS isotope 
measurements have been carried out for the Finnish part of the Fennoscandian 
Shield (Figure 7(b)). In result, the age of 3.45 Ga has been obtained for the rims 
and the age of 3.73 Ga has been obtained for the core parts of the zircon from  

 
Table 3. Major elements (wt. %) of the high alumina gneisses of the Central Kola megab-
lock. 

Oxide 

Sample 

F-09-12a Grey gneissesb 

Oxide content, wt. % 

SiO2 66.19 67.67 

TiO2 0.72 0.44 

Al2O3 16.49 14.87 

FeOt 5.82 3.58 

MnO 0.06 0.07 

MgO 0.44 1.86 

CaO 1.69 3.35 

Na2O 3.06 4.18 

K2O 1.97 2.60 

Total 96.44 98.62 

acomposition for high alumina gneisses of Central Kola megablock; baverage composition of Archaean grey 
gneisses according to [21]. 

 

 
Figure 4. IUGS TAS plot for grey gneisses of the Central-Kola megablock (1) and average 
compositions (2) for Archean grey gneisses after [21]. 
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Table 4. Trace element composition for high alumina gneisses of the Central Kola megablock. 

Element 

Sample 

F-09-12a H-09-1212b Grey gneissesc 

Element content, ppm 

Rb 55.51 54.86 83.98 

Sr 260.00 162.52 455.56 

Y 10.45 13.05 15.82 

Zr 145.54 267.37 162.61 

Nb 4.90 5.60 8.40 

Cs 1.21 1.07 - 

Ba 341.96 436.53 717.29 

La 27.05 36.20 37.59 

Ce 53.39 66.24 72.39 

Pr 6.96 8.09 - 

Nd 24.12 26.83 29.87 

Sm 3.82 3.78 5.07 

Eu 1.07 1.01 1.20 

Gd 2.94 3.11 4.42 

Tb 0.39 0.45 - 

Dy 1.92 2.28 3.48 

Ho 0.37 0.46 - 

Er 1.12 1.28 1.68 

Tm 0.19 0.21 - 

Yb 1.09 1.37 1.37 

Lu 0.16 0.21 0.23 

Hf 3.77 6.55 4.73 

Ta 0.38 0.42 0.90 

Th 8.35 9.43 10.93 

U 1.18 1.84 1.96 

a,bcomposition for high alumina gneisses of the Central Kola megablock; caverage composition of Archaean grey 
gneisses according to [21]. 

 

 
Figure 5. Rock/chondrite [22] (a) and rock/N-MORB [23] normalized REE for grey gneisses of the Central Kola megablock (b). 

https://doi.org/10.4236/ojg.2020.102007


T. Bayanova et al. 
 

 

DOI: 10.4236/ojg.2020.102007 132 Open Journal of Geology 
 

 
Figure 6. U-Pb (ID-TIMS) concordia plot for single zircons (a) and SHRIMP-II data for zircon grains from grey gneisses of the 
Central-Kola megablock (b), sample F09-08; isotope data are provided in Supplementary Table 3 and Table 4. 
 

the Siurua TTG complex [7]. The U-Pb and Sm-Nd data [24] (Figure 7(b)) are 
found close to the U-Pb (ID-TIMS) and SHRIMP zircon data on the Cen-
tral-Kola megablock. 

5. Discussion 

The new U-Pb (ID-TIMS) data on single zircons from paragneisses of the Cen-
tral-Kola megablock show the age of 3.17 Ga. The cores of these zircons have the 
age of 3695 ± 5 Ma (SHRIMP-II) and ca. 100 Ma older ages as compared to pa-
ragneisses of the Central-Kola megablock, according to Myskova et al. [6] (Figure 
7(a)). The age of the amphibolite facies metamorphism has been estimated at 
2753 ± 3 Ma. 

The Voche-Lambina geological site lies at the boundary between the Belomo-
rian mobile block and the Central-Kola domain [5]. New Neoarchean U-Pb data 
on single zircons of the Voche-Lambina TTG have yielded the age of 3158.2 ± 
8.2 Ma. The zircon has low U and Pb concentration and the low U/Th ratio of 
0.2. REE plots for grey gneisses show high fractionation of La/Yb > 30 riched in 
LREE and poor in heavy Yb (<0.6 ppm). The precise (ID-TIMS) single zircon 
age of the amphibolite facies metamorphism has been estimated at 2704.3 ± 5.9 
Ma. Model Sm-Nd WR data indicate the protolith ages of 3.4 to 3.2 Ga, positive 
εNd of +1.29 to +3.3 and ISr of 0.702 [5]. 

Thus, the new data on single zircon grains from TTG and paragneisses of the 
Central-Kola megablock imply a long-term and discrete evolution of the conti-
nental crust in the Fennoscandian Shield (3.17 - 3.73 Ga). Noteworthy, the oldest 
part of the Hadean component is well-preserved in zircons that were subject to 
high-pressure metamorphism in Finland and granulite facies metamorphism 
[25] in Siberia (Aldan Shield, Russia). The latter has been dated using the ID-TIMS  
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Figure 7. SHRIMP-II and ID-TIMS data (see Table 1) on zircon grains from Archean rocks of East Fennoscandia 
(a) and U-Pb and Sm-Nd ages of rocks from Finland (b). The red line indicates the primary rock based on results 
for 990 samples (data on 740 of them are published). The green line indicates the age distribution of detrital zir-
cons in Paleoproterozoic metasediments based on 1936 U-Pb analyses made by SIMS (ca. 1000 published) and 
LA-MC-ICPMS (unpublished). Image of ca. 3.5 Ga zircon from the oldest rock in Siurua (Finland) with an older 
core of ca. 3.73 Ga [7]. 

 
method; the single zircon age has been estimated at 3.94 Ga. 

6. Conclusion 

For the first time, zircons from the Central-Kola megablock have been dated us-
ing the SHRIMP method. As a result, the oldest age of 3.7 Ga has been obtained. 
Taking into account the age of Siurua TTG, Finland (3.73 Ga), these results sug-
gest the presence of older (Hadean) rocks with zircon ages of >4.0 Ga. It will also 
allow specifying the age of the continental crust, which provides the basement 
necessary for the formation of the regional deposits, such as the Neoarchean BIF 
in the Olenegorsk ore area, Paleoproterozoic PGE-Cu-Ni and PGE-Cr-Ti depo-
sits (Monchegorsk, Fedorovo-Pana and Imandra ore areas) and Cu-Ni deposits 
(Pechenga, as well as large-scale Proterozoic apatite-nepheline and phosphorite 
deposits (Khibiny, Lovozero, Kovdor, etc.). 

https://doi.org/10.4236/ojg.2020.102007


T. Bayanova et al. 
 

 

DOI: 10.4236/ojg.2020.102007 134 Open Journal of Geology 
 

Acknowledgements 

The paper is devoted to the outstanding scientists and huge enthusiasts of fun-
damental geology and geochronology Academician RAS Mitrofanov F.P. 
(1935-2014), Bibikova E.V. (1934-2016) and G. Wasserburg (1927-2016). Many 
thanks to J. Ludden, F. Corfu, V. Todt, and U. Poller for their assistance in U-Pb 
single zircon measurements and to G. Wasserburg for the baddeleyite measure-
ments with a 205Pb spike. 

The current research has been financially supported by grants 18-05-70082, 
18-35-00246 mol_a and 18-35-00152 mol_a of the Russian Foundation of Basic 
Research, and Scientific Research Contract No. 0226-2019-0053. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Bleeker, W. (2003) The Late Archaean Record: A Puzzle in CA. 35 Pieces. Lithos, 

71, 99-134. https://doi.org/10.1016/j.lithos.2003.07.003 

[2] Glikson, A.Y. (2014) The Archaean: Geological and Geochemical Windows into the 
Early Earth. Springer International Publishing, Switzerland, 246. 
https://doi.org/10.1007/978-3-319-07908-0 

[3] Timmerman, M.J. and Daly, S.J. (1995) Sm-Nd Evidence for Late Arhaean Crust 
Formation in the Lapland-Kola Mobile Belt, Kola Peninsula, Russia and Norway. 
Precambrian Research, 72, 97-107. https://doi.org/10.1016/0301-9268(94)00045-S 

[4] Bridgewater, D., Scott, D.J., Balagansky, V.V., Timmerman, M.J., Marker, M., 
Bushmin, A., Alexeyev, N.L. and Daly, J.S. (2001) Age and Provenance of Early 
Precambrian Metasidementary Rocks in the Lapland-Kola Belt, Russia: Evidence 
from Pb and Nd Isotopic Data. Terra Nova, 13, 32-37. 
https://doi.org/10.1046/j.1365-3121.2001.00307.x 

[5] Morozova, L.N., Mitrofanov, F.P., Bayanova, T.B., Vetrin, V.R. and Serov, P.A. 
(2012) Archean Rock Homologs in the Kola Superdeep Borehole Section in the 
Northern Part of the White Sea Mobile Belt Voche-Lambina Test Site. Doklady Earth 
Sciences, 442, 28-31. https://doi.org/10.1134/S1028334X12010187 

[6] Myskova, T.A., Mil’kevich, R.I., Glebovitskii, V.A., L’vov, P.A. and Berezhnaya, 
N.G. (2015) New Data on the U-Pb (SHRIMP II) Age of Zircons from Aluminous 
Gneisses of the Archean Kola Group of the Baltic Shield and the Problem of Their 
Interpretation. Doklady Earth Sciences, 463, 738-745. 
https://doi.org/10.1134/S1028334X15070211 

[7] Mutanen, T. and Huhma, H. (2003) The 3.5 Ga Siurua Trondhjemite Gneiss in the 
Archaean Pudas-Jarvi Granulite Belt, Northern Finland. Bulletin of the Geological 
Society of Finland, 75, 51-68. https://doi.org/10.17741/bgsf/75.1-2.004 

[8] Hölttä, P., Heilimo, E., Huhma. H., Juopperi, H., Kontinen, A., Konnunaho, H., 
Lauri, L., Mikkola, P., Paavola, J. and Sorjonen-Ward, P. (2012) Archaean Com-
plexes of the Karelia Province in Finland. Geological Survey of Finland, Special Pa-
per No. 54, 9-20. 

[9] Kranendonk, M.J., Bennett, V.C. and Hoffman, J.E. (2019) Earth’s Oldest Rocks. 

https://doi.org/10.4236/ojg.2020.102007
https://doi.org/10.1016/j.lithos.2003.07.003
https://doi.org/10.1007/978-3-319-07908-0
https://doi.org/10.1016/0301-9268(94)00045-S
https://doi.org/10.1046/j.1365-3121.2001.00307.x
https://doi.org/10.1134/S1028334X12010187
https://doi.org/10.1134/S1028334X15070211
https://doi.org/10.17741/bgsf/75.1-2.004


T. Bayanova et al. 
 

 

DOI: 10.4236/ojg.2020.102007 135 Open Journal of Geology 
 

2nd Edition, Elsevier, Amsterdam, 1112. 

[10] Chekulaev, V.P., Arestova, N.A., Glebovitskii, V.A., Lobach-Zhuchenko, S.B., Mat-
veeva, L.V. and Lepekhina E.N. (2013) New Data on the Age of Archean Rocks 
from the Vodlozero Domain of the Karelian Craton. Doklady Earth Sciences, 451, 
834-838. https://doi.org/10.1134/S1028334X13080254 

[11] Petrovskaya, L.S., Mitrofanov, F.P., Bayanova, T.B., Petrov, V.P. and Petrovsky, 
M.N. (2010) Neoarchaean Enderbite-Granulite Complex of the Puloze-
ro-Polnek-Tundra Region, Central-Kola Block: Stages and Thermodynamic Regime 
of Evolution (Kola Peninsula)—Apatity: Print. Kola Science Centre RAS, 78. 

[12] Krogh, T.E. (1973) A Low-Contamination Method for Hydrothermal Dissolution of 
Zircon and Extraction of U and Pb for Isotopic Age Determinations. Geochimica et 
Cosmochimica Acta, 37, 485-494. https://doi.org/10.1016/0016-7037(73)90213-5 

[13] Schärer, U. and Gower, C.F. (1988) Crustal Evolution in Eastern Labrador; Con-
straints from Precise U-Pb Ages. Precambrian Research, 38, 405-421. 
https://doi.org/10.1016/0301-9268(88)90036-8 

[14] Schärer, U., Wilmart, E. and Duchesne, J. (1996) The Short Duration and Anoro-
genic Character of Anorthosite Magmatism: U-Pb Dating of the Rogaland Complex, 
Norway. Earth and Planetary Science Letters, 139, 335-350. 
https://doi.org/10.1016/0012-821X(96)00033-7 

[15] Ludwig, K.R. (1991) PBDAT—A Computer Program for Processing Pb-U-Th Iso-
tope Data. Version 1.22. Open-File Report 88-542, U.S. Geological Survey, 38. 

[16] Ludwig, K.R. (1999) ISOPLOT/Ex—A Geochronological Toolkit for Microsoft Ex-
cel, Version 2.05. Berkeley Geochronology Center Special Publication, No. 1a, 49 p. 

[17] Steiger, R.H. and Jäger, E. (1977) Subcommission on Geochronology: Convention 
on the Use of Decay Constants in Geo- and Cosmochronology. Earth and Planetary 
Science Letters, 36, 359-362. https://doi.org/10.1016/0012-821X(77)90060-7 

[18] Stacey, J.S. and Kramers, J.D. (1975) Approximation of Terrestrial Lead Isotope 
Evolution by a Two-Stage Model. Earth and Planetary Science Letters, 26, 207-221. 
https://doi.org/10.1016/0012-821X(75)90088-6 

[19] Williams, I.S. (1998) U-Th-Pb Geochronology by Ion Microprobe. Reviews in Eco-
nomic Geology, 7, 1-35. 

[20] Panteeva, S.V., Gladkochoub, D.P., Donskaya, T.V., Markova, V.V. and Sandimiro-
va, G.P. (2003) Determination of 24 Trace Elements in Felsic Rocks by Inductively 
Coupled Plasma Mass Spectrometry after Lithium Metaborate Fusion. Spectrochi-
mica Acta Part B: Atomic Spectroscopy, 58, 341-350. 
https://doi.org/10.1016/S0584-8547(02)00151-9 

[21] Moyen, J.-F. and Martin, H. (2012) Forty Years of TTG Research. Lithos, 148, 
312-336. https://doi.org/10.1016/j.lithos.2012.06.010 

[22] McDonough, W.F. and Sun, S. (1995) The Composition of the Earth. Chemical Ge-
ology, 120, 223-253. https://doi.org/10.1016/0009-2541(94)00140-4 

[23] Sun, S. and McDonough, W.F. (1989) Chemical and Isotopic Systematics of Oceanic 
Basalts: Implications for Mantle Composition and Processes. Geological Society, 
London, Special Publications, 42, 313-345.  
https://doi.org/10.1144/GSL.SP.1989.042.01.19 

[24] Huhma, H., Manttari, I., Peltonen, P., Kontinen, A., Halkoaho, T., Hanski, E., 
Hokkanen, T., Hölttä, P., Juopperi, H., Konnunaho, J., Layahe, Y., Luukkonen, E., 
Pietikäinen, K., Pulkkinen, A., Sorjonen-Ward, P., Vaasjoki, M. and Whitehouse, 
M. (2012) The Age of Archaean Greenstone Belts in Finland. Geological Survey of 

https://doi.org/10.4236/ojg.2020.102007
https://doi.org/10.1134/S1028334X13080254
https://doi.org/10.1016/0016-7037(73)90213-5
https://doi.org/10.1016/0301-9268(88)90036-8
https://doi.org/10.1016/0012-821X(96)00033-7
https://doi.org/10.1016/0012-821X(77)90060-7
https://doi.org/10.1016/0012-821X(75)90088-6
https://doi.org/10.1016/S0584-8547(02)00151-9
https://doi.org/10.1016/j.lithos.2012.06.010
https://doi.org/10.1016/0009-2541(94)00140-4
https://doi.org/10.1144/GSL.SP.1989.042.01.19


T. Bayanova et al. 
 

 

DOI: 10.4236/ojg.2020.102007 136 Open Journal of Geology 
 

Finland, Special Paper No. 54, 74-175. 

[25] Glukhovskii, M.Z., Kuzmin, M.I., Bayanova, T.B., Lyalina, L.M., Makrygina, V.A. 
and Shcherbakova, T.F. (2017) The First Discovery of Hadean Zircon in Garnet 
Granulites from the Sutam River (Aldan Shield). Doklady Earth Sciences, 476, 
1026-1032. https://doi.org/10.1134/S1028334X17090033 

https://doi.org/10.4236/ojg.2020.102007
https://doi.org/10.1134/S1028334X17090033

	The Oldest Grey Gneisses and Tonalite-Trondhjemite Granodiorites in the Fennoscandian Shield: ID-TIMS and SHRIMP Data
	Abstract
	Keywords
	1. Introduction
	2. Brief Geological Description of the Archean Period in the Formation of the Fennoscandian Shield
	3. Materials and Methods
	4. Results
	5. Discussion
	6. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

