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Abstract. The article presents original data obtained in the study of the chemical and mineral compositions of the Late 

Archean aluminosilicate rocks (formerly called silicites) from the Koikari and Elmus structures of the Vedlozero-

Segozero greenstone belt of the Karelian craton (Central Karelia). A comprehensive study of these formations revealed 

their complex genesis as a result of the late imposition of hydrothermal and metamorphic alteration on sedimentary and 

volcanic-sedimentary rocks of feldspar-quartz composition. Due to the superimposed metasomatic (temperature?) im-

pact on feldspar-quartz siltstones, Fe was removed from microinclusions in quartz and feldspar and its oxides were 

concentrated along the grain boundaries. Minerals such as monazite, parisite, allanite are also located either along the 

grain boundaries of quartz and feldspars, or together with calcite they fill microfractures, which makes it possible to 

get rid of them when preparing quartz-feldspar concentrates using various beneficiation technologies. According to 

most indicators limited by GOSTs, individual samples in their natural form meet the requirements for quartz-feldspar 

raw materials for use as part of batch in the production of diverse types of glass. Additional beneficiation of the feed-

stock (grinding, screening into narrow classes and further magnetic separation) leads to a decrease in Fe2O3 content to 

normalized values. The resulting quartz-feldspar concentrates with various particle sizes can be used in the production 

of building material and fine ceramics (sanitary and ceramic products, facing and finishing tiles, artistic, household 

porcelain and faience). The homogeneity of the mineral and chemical composition, the possibility of compact extraction 

and beneficiation (including in mobile small-sized installations) increase the prospects and competitiveness of this non-

traditional feldspar raw material from Central Karelia. 
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Introduction. Currently, there is a growing interest in the search for new sources of raw ma-

terials for the industry of the Russian Federation [1-3]. As an example of an alternative source for 

obtaining quartz-feldspar concentrates, volcanogenic sedimentary and volcanogenic chemogenic 

formations of the Late Archean greenstone belts of Karelia are proposed [4-6]. The authors of  

[7, 8] recognize their hydrothermal metasomatic genesis, believing that the formation of these 

rocks, the mineral composition of which is dominated by quartz and feldspars, was confined to the 

activity of underwater hydrothermal systems that existed in the areas of the Mesoarchean active 

volcanism. In [3, 4, 9], their hydrothermal genesis is not questioned. The authors of studies [10, 11], 

recognizing the hydrothermal sedimentary genesis of silicites, believe that the latter were formed 

in back-arc basins during the chemical precipitation of silica from colloidal solutions supplied by 

underwater hydrothermal systems. 
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Considering that the places of possible hydrothermal discharge at geochemical barriers are of 

interest in metallogenic zoning, the petrogeochemical characteristics of rocks positioned as silicites 

from two local structures of the Vedlozero-Segozero greenstone belt were studied. The purpose of 

the work was to clarify the genesis of these formations, as well as to establish their geochemical 

trend in order to assess their possible use as a source of aluminosilicate raw materials. 

In the works of the IG KarRC RAS [4-6, 8] the term “silicites” is used as an identical one to 

describe rocks consisting of quartz and feldspars and containing 71-77 % SiO2 and 13-16 % Al2O3. 

According to the definition given in the Geological Dictionary (Geological Dictionary. 2011. Vol. 2), 

“silicite is a rock composed of very fine mineral aggregates of free or aqueous silica ...”. The rocks 

that will be discussed below cannot be attributed to silicites. Given the incorrect identification of the 

described rocks with silicites, based on their chemical composition, the authors of the article use the 

term “aluminosilicate or high-silica/siliceous rock” for their designation, or, given the predominance 

of quartz and feldspar in their mineral composition, “feldspar-quartz rock”. 

Geological characteristic. The Meso- and Neo-Archean greenstone belts formed on the Paleo-

archean granitoid basement, occupy about 20 % of the Karelian craton (Fig.1). At the level of the 

modern erosion truncation, they are represented by local structures, with the horizons of high-silica 

rocks present in most of the sections [12]. 

Fig.1. Scheme of the Archean greenstone belts of the Karelian craton (a), geological structure of the central part  

of the Vedlozero-Segozero greenstone belt (b) [4, 7, 12] 

a: 1 – basement blocks; 2 – greenstone belts; 3 – local structures: Koikari (1), Elmus (2); 4 – boundaries of the Vedlozero-Segozero  

greenstone belt; b: Koikari (A), Elmus (B) structures. Paleoproterozoic: 1 – supracrustal complexes; Archean: 2 – diorites, granodiorites,  

sanukitoids aged at 2.74 Ga years; 3 – granites; 4 – gabbro-diorites; 5 – andesite-rhyolitic association with intraformational sedimentary rocks 

(tuffs, aluminosilicate rocks, sandstones, dolomites); 6 – amphibolites, gabbroids; 7 – komatiite-basalt associations and intraformational  

sedimentary rocks; 8 – basalt-dacite andesite association with intraformational sedimentary rocks (tuffs, tuffites, siltstones);  

9 – gneiss-granites and migmatite-granites; 10 – large faults; 11 – car roads 
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The Vedlozero-Segozero belt, stretching in the near-meridional direction from Lake Vedlozero 

to Lake Segozero in Central Karelia consists of a number of separate structures (Fig.1, a), including 

Elmus and Koikari (Fig.1) [4, 13]. 

In the Koikari structure, aluminosilicate rocks occur at two levels. In the lower part of the section, 

they are part of the komatiite-basalt association, occurring among thinly bedded komatiite tuffs. Their 

formation is associated with gas-hydrothermal activity, which caused a high degree of hydrothermal 

processing of individual parts of lava flows and the simultaneous influx of silica into the basin [4]. 

The aluminosilicate rocks studied by us belong to the overlying dacite-rhyolite association (Fig.2). 

They are confined to the volcanic-terrigenous sequence, consisting of tuff sandstones, greywackes, 

quartz sandstones, dacite tuffs, pyrite ores, carbonate rocks, and graphitic shales. This sequence re-

places intermediate and felsic volcanic rocks both upsection and laterally. Aluminosilicate rocks are 

to 60 m thick. The section ends with a sequence of quartz-sericite schists. Aluminosilicate rocks of 

this level in the section are traditionally classified as chemogenic-pyroclastic deposits. Their for-

mation is associated with fumarolic activity, which caused the influx of silica and aluminium into the 

basin after the weakening of volcanic explosions [4]. 

In the Elmus structure section, high-silica rocks are part of the andesite-dacitic, rhyolite asso-

ciations (Fig.2). They form horizons in the upper parts of the volcanogenic sedimentary section 

about 100 m thick, represented by alternating polymictic conglomerates, sandstones, dacitic tuffs, 

and tuffites; feldspar greywackes; dolomites with interlayers of carbonaceous siltstones. Thickness 

of siliceous rocks in the section ranges from 1-2 to 30-50 m, while their massive varieties form 

layers to 30 m thick sustained along the strike. 

The age of host rocks in both structures corresponds to the interval of 3.0-2.84 Ga [7, 8]. The 

rocks were metamorphosed under conditions of chlorite-sericite subfacies of greenschist facies of 

regional metamorphism [14]. 

 

 

Fig.2. Aluminosilicate rocks in sections of the Koikari (a)  

and Elmus (b) structures in the Vedlozero-Segozero greenstone belt of the Karelian craton 

1 – massive red aluminosilicate rocks (a), layered pink aluminosilicate rocks with interlayers of gray varieties (b);  
2 – massive gray siliceous rocks; 3 – chemogenic concretional silicites; 4 – polymictic conglomerates; 5 – greywackes;  

6 – carbonate rocks; 7 – carbonaceous shales; 8 – quartz-sericite schists; 9 – lavas, lava breccias, andesidacite tuffs, dacite tuffites,  

polymictic conglomerates, sandstones, greywackes, dolomites, interlayers of carbonaceous siltstones and sulphur-pyrite ores;  
10 – quartz-feldspar siltstones, siliceous tuffites, chemogenic quartzites; 11 – pillow and massive basalts;  

12 – komatiite basalts, komatiites, tuff-tuffites of mafic and komatiite compositions 
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Methodology. Samples of aluminosilicate rocks were taken from sections in the Koikari and 

Elmus structures of the Vedlozero-Segozero greenstone belt. We studied laboratory samples weighing 

5 kg each, taken from three outcrops in each structure: 6 samples from the Koikari and 12 samples 

from the Elmus structures. 18 thin sections and 10 polished sections were studied. The petrographic 

description of rocks in thin sections was performed using an optical microscope POLAM R-211 

(O.V.Bukchina). All analytical work was carried out on the equipment complex at the Centre for 

Collective Use of the Federal Research Centre “Karelian Research Centre of the Russian Academy 

of Sciences”. The content of petrogenic elements and semi-quantitative determination of microad-

mixtures were identified on an X-ray fluorescence spectrometer Thermo Scientific ARL Advant’X 

(S.V.Burdyukh) according to the standard procedure. The determination accuracy was 0.0005 % for 

MnO, 0.0034 % for TiO2, 0.025-0.035 % for magnesium and calcium oxides, 0.10-0.11 % for Na2O-

K2O. The error in determining the concentration of Al2O3 is 0.17 % and for SiO2 is 0.22 %. Chemical 

composition of the samples was studied using an X-SERIES 2 Terhmo quadrupole mass spectrometer 

(A.S. Paramonov). Limits of detection are, mg/kg (ppm): Pr, Sm-Lu, U – 0.03, Nb, Nd, Cs – 0.04,  

Y, Hf, La – 0.05, Ce, Pb, Th, Co – 0.06, Mo – 0.12, Zr – 0.81, Li – 0.30, Rb – 0.52, Sr, Ni, Cu –  

1.01-1.44, Mn – 2.26, Sc – 2.61, V and Cr – 5.94-5.96, Ba – 24.12 and Zn – 25.06. The morphology 

and features of the chemical composition of minerals were determined using a scanning electron mi-

croscope (SEM) VEGA II LSH (Tescan) with an energy dispersive microanalyzer INCA Energy 350 

(Oxford instruments). 

Mineralogical and petrographic characteristics. The investigated rocks in both structures are cha-

racterized by a thin-bedded texture (Fig.3, a, b). The sections also contain massive varieties with ele-

ments of lenticular-banded and brecciated textures (Fig.3, c-f). 

In the Koikari structure, the mineral composition of the studied rocks includes quartz (20-42 %), 

sericite (to 15 %) and feldspars (20-34 %), sometimes there are fragments of potassium feldspar 

(K-feldspar), plagioclase, flakes of biotite, muscovite, and lamellar and fine-flake chlorite. The 

rocks are fine-grained, often composed of alternating light and dark bands of different mineral 

composition. The predominant mineral in the light part of the rock is quartz with clear even 

boundaries and grain sizes from 0.005×0.01 to 0.05×0.07 mm; 0.04×0.11 mm, with smooth extinction. 

0.5 mm 0.05 mm 0.9 mm 

0.08 mm 0.09 mm 0.07 mm 

а b c 

d e f 

Fig.3. Aluminosilicate rocks of the Koikari and Elmus structures. Optical microscope, polarized light Koikari structure:  

a – general view of the rock; b – light “bands” composed of quartz, feldspar, calcite;  

c – brecciated siliceous rock with K-feldspar fragments; 

Elmus structure: d – fine-grained rock of quartz-microcline-sericite composition with a feldspar fragment; 

  e – lenticular-banded texture;  f – iron oxides (dark) in a quartz-feldspar matrix 
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The dark bands are dominated by sericite, chlorite, and fine grains of quartz elongated along 

schistosity. The structure of the rocks is silty, silty-psammitic, in some places granoblastic, 

lepidogranoblastic, which enables to attribute them to metamorphosed siltstones, partly to silty 

sandstones (Fig.3, a, b, f). 

The brecciated varieties contain fragments of K-feldspar, rounded segregations of recrystallized 

quartz, fragments of siliceous concretions, which are cemented by a finely crystalline aggregate con-

sisting of quartz, sericite, and calcite. The general appearance of massive aluminosilicate rocks is due 

to a thin intergrowth of albite, quartz, and microcline (Fig.4, a-c). Muscovite, rutile, calcite, monazite, 

allanite, parasite, and zircon are found along the grain boundaries of quartz and microcline, quartz, 

and albite, in microfractures of these minerals (Fig.4, d-f). 

The main rock-forming minerals for the studied rocks in the Elmus structure are quartz (29-

49 %), microcline (8-14 %), and albite (9-45 %), with a grain size of 0.1 to 0.01 mm. Rock structure 

is blastosiltstone, which makes it possible to classify them as metasiltstones. There are areas with a 

psammite structure, which does not exclude the presence of silty sandstone inclusions among the 

aluminosilicate rocks. Muscovite, the content of which varies from 1-2 to 14 %, as a rule, is repre-

sented by thin flakes 0.02-0.01 mm, parallel to the general schistosity of the rock (Fig.5, a-c). Quartz 

of two generations is present. Fine-grained quartz with diffuse outlines, developed in close inter-

growth with feldspars, predominates (Fig.5, b). Quartz of the second generation is represented by 

recrystallized large grains of distinct shapes with sizes to 0.18×0.14 mm and forms veinlets and len-

ticular nests oriented parallel to the rock schistosity. The shape of individual microcline grains indi-

cates their development over felsic ash material (Fig.5, c). 

Biotite and rare grains of apatite, stilpnomelane, magnetite, ilmenite, and zircon occur in the 

form of single black-brown and greenish-brown plates. Biotite is partially replaced by thin-lamellar 

light green chlorite. Rare-earth mineralization associated with small, scattered grains of allanite, pa-

risite, monazite, located along the grain boundaries of quartz, microcline, and albite, or occurring 

Fig.4. Aluminosilicate rocks of the Koikari structure. SEM VEGA II LSH image, BSE detector  

Qz – quartz, Mc – microcline, Ab – albite, Ms – muscovite, Cal – calcite, Mnz – monazite, Par – parisite, Aln – allanite 

a b c 

d e f 
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together with calcite in microfractures was found in the aluminosilicate rocks of the Elmus structure 

(Fig.5, d-f). 

In the aluminosilicate rocks of both structures, grains of quartz and feldspars are noted, filled 

with tiny flakes of sericite and chains of gas-liquid inclusions, which record microfractures. In some 

microfractures, there is a finely dispersed, undetectable ore substance of a ferruginous composition. 

The possible formation of part of the studied rocks over dacite lavas is not ruled out. Structure 

sections contain dacites with quartz amygdales, plagioclase phenocrysts (15-30 % An), and ground-

mass composed of quartz and feldspar crystals [4]. Among the aluminosilicate rocks of the Koikari 

structure, there are interbeds with similar amygdales (?) of quartz, which we identified as altered 

felsic lavas. 

Mineral composition of the high-silica rocks in both structures contains secondary calcite and 

epidote, and later microveinlets of quartz composition are noted. 

Petrogeochemical composition. The differing mineral composition determines the differences in 

the chemical composition of the studied rocks in both structures, primarily in the content of alumina, 

oxides of titanium, iron, magnesium, and sodium (see Table). 

Silica content is quite variable both for aluminosilicate rocks of the Elmus (71.14-79.59 %) and 

formations of the Koikari structure (52.79-75.21 %). Significant fluctuations are also noted in the 

concentrations of other oxides. Such scattered values of petrogenic components do not contradict the 

conclusion that these formations are classified as siltstones and do not confirm the assumption about 

the predominant supply of silica with hydrothermal fluids during the formation of the studied alumi-

nosilicate rocks [11]. With the prevailing supply of silica by hydrothermal fluids, the beneficiation of 

the formed rocks in Fe, Mn [15], Mo should be observed, which in reality does not occur. It was 

Fig.5. Textural and structural features of aluminosilicate rocks of the Elmus structure (a-e), quartz-feldspar concentrate (f).  

SEM VEGA II LSH image, BSE detector 

Zrn – zircon, Hem – hematite, FeO* – iron oxides of unclear mineral composition  

a b c 

d e f 

10 µm 5 µm 90 µm 
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shown [16] that the mechanism and rate of precipitation of hydrothermal silica is controlled by the 

rate of formation of Fe hydroxides, since iron not only precipitates silica, but also protects it from 

subsequent dissolution. 
 

Chemical (wt.%) and trace element (mg/kg or ppm) composition of aluminosilicate rocks from the Elmus  

and Koikari structures 

Oxide 
(ele-

ment) 

Koikari structure Elmus structure 

Sample numbers 

K1-1 K1-2 K2-1 K2-2 K3-1 K3-2 E-4-1 E-4-2 E-4-3 E-4-4 E-5-1 E-5-2 E-5-3 E-5-4 E-6-1 E-6-2 E-6-3 E-6-4 

SiO2 70.24 75.21 74.42 59.58 52.79 70.71 75.5 73.76 73.94 75.21 79.59 76.81 75.87 75.51 74.35 75.11 74.07 71.14 
TiO2 0.099 0.082 0.07 0.89 0.91 0.1 0.07 0.07 0.07 0.09 0.06 0.07 0.06 0.07 0.08 0.08 0.08 0.06 

Al2O3 13.89 13.28 13.81 22.41 19.75 12.96 13.15 13.48 13.53 12.38 11.02 11.82 13.26 12.06 13.9 13.64 14.3 11.68 

Fe2O3 1.42 0.853 0.87 2.81 6.86 1.51 0.69 1.12 1.26 0.69 0.87 0.42 0.66 1.41 1.18 1.08 0.93 1.07 

CaO 0.35 0.09 0.98 0.12 3.58 4.47 0.71 1.01 1.02 0.96 0.45 0.25 0.33 0.75 0.95 6.4 0.09 6.71 

MgO 5.44 2.03 2 5.12 10.48 3.66 0.51 0.87 0.67 1.04 1.56 0.78 0.59 1.23 1.06 13.64 0.55 1.86 

Na2O 0.96 1.16 1.91 0 1.73 1.48 4.79 3.97 3.27 1.07 1.84 1.47 5.2 4.26 2.83 2.58 3.19 4.22 

K2O 7.26 7.06 5.68 8.66 3.08 4.69 4.29 5.38 5.9 8.22 4.3 8.07 3.83 4.29 5.34 6.4 6.53 2.94 
Li 11 7.699 16.76 65.25 53.55 21.21 6.256 11.82 18.88 7.098 14.03 3.722 5.809 7.152 14.33 13.28 11.26 4.304 

P 207.9 152.3 191.2 240.9 1184 228 165.8 178 173.5 163.8 155.4 159.9 172.5 193.2 145.5 172.5 155.8 158.4 

Sc 7.474 5.053 5.217 20.55 24.28 6.854 4.101 6.573 10.64 4.944 1.737 2.6 2.804 2.997 3.472 7.25 3.445 2.712 

V 0.863 <PO <PO 89.09 120.5 7.305 <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO 

Cr 221.2 17.49 16.49 164.3 303.6 54.54 28.08 23.22 20.56 66.86 32.06 18.41 37.48 48.95 44.27 120.2 66.74 56.55 

Mn 148.6 34.96 403.5 132.5 1690 1342 66.08 250.3 150.4 84.79 116.6 40.57 52.04 117 213.9 259.8 93.87 553.2 

Co 8.38 0.481 1.3 3.406 26.41 4.071 <PO <PO <PO 1.275 0.479 0.761 <PO 1.823 0.392 4.634 2.131 1.909 

Ni 129.7 10.23 8.216 36.09 145.3 30.82 5.684 8.487 4.156 11.45 9.932 7.129 7.804 25.13 10.22 70.96 34.88 27.58 
Cu 12.82 8.037 5.075 9.442 12.69 8.093 6.054 5.878 3.987 8.647 4.976 10.08 5.429 14.8 5.046 7.43 10.28 7.907 

Zn 20.69 21.45 40 40.83 310.6 62.26 26.79 78.03 165.4 21.74 22.49 12.42 188.2 992.4 52.73 69.33 48.78 355.1 

As <PO <PO <PO <PO 27.82 <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO <PO 

Rb 142.4 125.6 116.5 283.2 69.7 103.9 104.9 136.9 170.3 119.2 84.41 106 86.17 95.57 138.5 134.3 136.1 63.47 

Sr 28.69 22.62 43.5 9.672 61.37 80.79 38.04 35.04 32.86 28.55 21.84 29.62 37.81 42.67 45.62 39.39 40.97 113.6 

Y 18.25 13.99 20.86 77.5 17.33 24.8 27.45 28.84 33.94 15.54 13.65 12.22 27.48 33.15 24.3 25.22 15.94 23.14 

Zr 32.35 25.08 25.15 52.99 38.38 25.01 24.97 24.82 25.16 25.44 19.23 23.87 22.31 21.41 26.16 23.91 23.31 18.61 
Nb 13.33 10.91 9.978 21.08 7.235 8.919 12.19 11.79 10.17 10.24 7.279 8.918 11.14 11.99 12.55 12.17 12.47 9.75 

Mo 0.357 0.464 0.476 0.364 0.38 1.355 0.23 0.44 0.47 0.79 0.3 0.61 0.39 0.37 0.21 0.34 0.17 0.239 

Cs 4.28 3.34 3.78 7.61 2.98 3.77 1.87 1.83 2.17 2.91 2.30 2.25 2.34 2.76 1.32 1.3 1.26 0.58 

Ba 1719 1385 1506 1805 936.60 1163 846.20 1036 1207 1490 981.70 1387 629.30 697.10 869.20 829.90 796 381.70 

La 21.64 20.32 38.84 83.04 29.68 37.13 64.73 21.83 21.50 36.93 33.67 27.52 22.42 45.31 13.18 24.11 15.48 42.71 

Ce 38.09 34.39 62.35 130.60 42.68 60.12 108.98 39.75 34.22 58.44 51.78 43.42 38.92 75.43 16.44 25.53 28.24 60.97 

Pr 6.49 5.95 10.34 22.38 6.79 10.38 18.81 7.09 6.36 10.13 8.44 7.34 6.65 11.90 3.27 5.46 4.07 11.29 

Nd 22.33 20.08 35.45 76.40 22.88 35.00 67.01 26.24 23.26 33.23 29.04 23.97 23.78 43.68 11.49 20.15 14.12 39.92 
Sm 6.09 5.24 8.74 18.67 5.24 8.64 16.45 7.98 7.10 7.63 6.81 5.58 6.35 10.80 4.09 5.61 3.60 10.17 

Eu 0.71 0.64 0.91 1.51 1.23 0.77 0.89 0.49 0.51 0.70 0.62 0.59 0.46 0.64 0.35 0.45 0.30 0.70 

Gd 5.82 4.95 7.88 18.12 5.25 8.01 14.59 8.50 7.92 6.52 6.20 4.97 6.49 10.36 5.07 6.49 3.72 9.11 

Tb 0.89 0.65 1.03 2.43 0.72 1.14 1.85 1.27 1.23 0.84 0.70 0.68 1.02 1.35 0.86 1.02 0.56 1.16 

Dy 4.72 3.63 5.09 14.02 3.95 5.72 8.51 7.19 7.35 4.20 3.26 3.78 5.87 7.45 5.30 5.61 3.57 5.77 

Ho 0.91 0.68 0.95 2.77 0.78 1.06 1.33 1.35 1.46 0.75 0.57 0.65 1.14 1.40 1.02 1.06 0.71 1.02 

Er 2.89 2.09 2.85 8.71 2.40 3.22 3.55 3.94 4.25 2.22 1.79 1.92 3.49 4.11 3.02 3.01 2.26 3.04 

Tm 0.42 0.32 0.42 1.35 0.35 0.47 0.50 0.56 0.59 0.31 0.26 0.29 0.52 0.60 0.43 0.42 0.31 0.43 
Yb 3.10 2.44 3.01 9.04 2.52 3.53 3.63 3.99 4.12 2.36 2.02 2.01 3.78 4.26 2.94 2.80 2.40 3.25 

Lu 0.45 0.35 0.44 1.39 0.37 0.51 0.55 0.56 0.60 0.35 0.29 0.29 0.54 0.61 0.43 0.40 0.35 0.45 

Hf 5.66 4.51 4.29 6.34 4.43 4.28 4.74 4.85 4.98 4.28 3.20 3.86 4.10 3.94 4.82 4.30 4.34 3.66 

Pb 5.13 4.03 7.59 5.41 56.09 14.95 20.82 14.97 35.44 8.10 3.42 4.89 9.55 10.66 4.45 4.86 4.63 6.21 

Th 18.45 14.60 14.93 10.54 7.34 16.16 11.95 11.71 11.40 15.42 11.22 13.28 9.69 11.07 13.20 13.80 10.34 12.62 

U 3.12 2.50 4.63 11.56 1.47 4.92 2.56 3.15 2.96 3.52 2.13 3.01 2.50 2.61 2.59 3.23 2.44 2.24 

 

Note. < PO – below the detection limits. 

 

During the petrographic study of high-silica rocks, traces of ash particles of felsic composition 

were found. The lithochemical data confirm both the presence of felsic pyroclastic rocks and do not 

exclude mafic pyroclastic rocks. 

The investigated rocks from both structures are characterized by an anomalously low value of 

the titanium modulus (TM), TiO2/Al2O3, the range of changes of which is 0.005-0.008. Such TM 

values can be associated with the presence of felsic pyroclastic rocks in them. For two samples 

from the Koikari structure, the TM values are 0.04 and 0.046. Such values are characteristic of 

deep-water sedimentary deposits [17]. In addition, for aluminosilicate rocks of this structure, a po-

sitive correlation of TiO2-Al2O3 with a reliability of 0.94 was noted, which is also characteristic 

along with a negative TiO2-SiO2 correlation (certainty factor 0.91) of sedimentary formations. 
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The anomalously high values of the hydrolysate modulus (HM = Al2O3 + TiO2 + Fe2O3 + FeO + 

+ MnO/SiO2) for some samples from the Koikari structure section (0.44 and 0.53) unambiguously 

indicate the presence of mafic pyroclastic rocks in their composition, which is also confirmed by the 

increased content of MgO in these samples [18]. 

Rare earths. According to the content of rare earth elements (REE), the siliceous rocks from the 

two regions are almost identical (see Table, Fig.6, a, b). The total content of lanthanides in the for-

mations of the Elmus structure is 67.86-311.34 g/t, in similar rocks of the Koikari structure it varies 

from 101.73 to 390.41 g/t. Taking into account that the REE concentration in siliceous formations is 

insignificant [20, 21], and in clays and shales the total content of lanthanides is about 195.42 ppm, it 

is possible to associate the observed increased REE values with the presence of pyroclastic rocks, 

which is also recorded in thin sections and by lithochemical parameters, as well as accessory rare 

earth minerals along the grain boundaries of quartz, microcline, albite and in microfractures together 

with calcite. 

High-silica rocks of the Koikari structure (Eu/Eu* = 0.35-0.55) differ from similar formations 

of the Elmus structure (Eu/Eu* = 0.25-0.49) by the Eu-anomaly value. The studied formations from 

the two regions are characterized by a negative Ce-anomaly. For siliceous formations of the Elmus 

structure, the Ce-anomaly falls within the range of 0.48-0.78; for similar rocks of the Koikari struc-

ture, it does not go beyond 0.65-0.70. Positive Eu-, Y-, Ho-anomalies are noted in hydrothermal 

formations [22, 23]. In the studied formations, the content of holmium is at the level of its concen-

tration in NASC, and yttrium is at the level of post-Archaean shales. Negative Ce-, Eu-anomalies 

can in this case indicate the interaction of background siliceous deposits of sedimentary genesis 

with sea water. 

If we consider the Ce/La index as a proof of the presence of exhalation material in the formations 

[24], then for the aluminosilicate rocks from both structures, Ce/La >1. For the formations of the 

Koikari structure, the value of this indicator falls within the range of 1.44-1.76, and for the rocks of 

the Elmus structure it varies within 1.06-1.82, which does not confirm the formation of the studied 

rocks solely due to the active supply of silica by hydrothermal fluids. 

Fig.6. REE distribution spectra in aluminosilicate rocks of the Koikari (a) and Elmus (b) structures and spider diagrams  

of the distribution of trace elements in the same rocks of the Koikari (c) and Elmus (d) structures.  

Normalised to North American Shale (NASC) [19] 
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The total content of light rare earths (La-Pr) exceeds the content of TREE (Nd-Lu), which also 

does not allow us to assume a significant contribution of the exhalation component during the for-

mation of the considered rocks. The total content of lanthanides is either less or coincides with their 

content in NASC shales, except for three samples: 390.4 (K-2-2), 311.34 (E-4-1), and 217.89 ppm 

(E-5-4), which is due to the presence of accessory minerals and pyroclastic rocks in these samples. 

Microelement composition. In the studied rocks from both structures, the contents of Rb, Cs, Hf, 

Ta, Sb, Th, La-Sm, and U in the formations of the Elmus structure are close to their concentrations 

in the North American shale. In high-silica rocks of the Koikari structure, decreased concentrations 

of Co, Ni, Cr, Sr, Zr and increased U are noted (see Table, Fig.6, c, d). The pattern of spider diagrams 

for aluminosilicate formations of the Koikari structure differs from that of similar formations of the 

Elmus structure due to the large intervals of variation in the concentrations of individual elements. In 

all aluminosilicate rocks from the Koikari structure, an increased content of barium from 936 to 

1805 ppm is noted, while its content in the NASC shale is 636 ppm. In some samples, Fe, Mg, Mn, 

P content is increased. 

Discussion. The formation of aluminosilicate rocks can be explained by the supply of silica and 

alumina by hydrothermal fluids [21, 25, 26] genetically related to volcanic edifices, i.e., recognizing 

their exclusively hydrothermal metasomatic genesis [27-29]. It is this point of view that was first 

expressed by A.I.Svetova in 1988 [4] and later duplicated in [3, 6, 7]. However, the petrographic and 

chemical features of the considered aluminosilicate rocks do not support this point of view. Every-

thing indicates that these formations could have been formed in a sedimentogenic-diagenetic way, 

without connection with the supply of exhalation material at the time of their formation, which means 

that there is no genetic connection with volcanoes, confirming only their paragenetic connection. 

Hydrothermal solutions containing a significant amount of silicic acid have a high adsorption capacity 

with respect to cations of various metals, especially heavy ones [16, 30]. However, the concentrations 

of these elements in the formations under consideration are at the level of their content in NASC 

shales (Fig.6, c, d). The absence of hydrothermal minerals, which are formed together with silica 

precipitation, also does not enable to assert an exclusively hydrothermal source of silica and alumina 

during the formation of the considered aluminosilicate rocks. 

In the study of modern long-lived hydrothermal systems [31-33], an increase in Cu, Zn, Cd, 

Fe, Mn, Mo concentrations and enrichment in rare earths is noted in sediments exposed to hydro-

thermal fluids. This is not typical of the formations under consideration. The postvolcanic hydro-

thermal impact was exerted on the original rocks, but due to the absence of faults near or directly 

in the areas of work, which can be considered fluid conductors, it was not accompanied by a sig-

nificant supply-subtraction of elements. The impact could be due to an increase in temperature, 

which, of course, requires additional research. 

In the studied rocks, there is a thin intergrowth of feldspars and quartz, areas with a granoblastic 

structure are present, which is possible both during metasomatism of a quartz-feldspar sedimentary 

(and/or volcanic, volcanic-sedimentary) rock that already existed in the section, and during regional 

metamorphism. The aluminosilicate rocks of the Elmus structure contain micas with increased iron 

content: muscovite with Fe2O3 content 4.24-6.8 % and biotite with Fe2O3 from 15 to 30 %. Such a 

high content of iron oxides is usually characteristic of muscovites from shales and biotites from gra-

nites that have undergone metamorphic transformations. Volcanic rocks of felsic composition during 

metamorphism can form muscovite-quartz-feldspar rocks [34]. 

The authors of [35], having studied the distribution of rare earth and microelements in quartz 

from the aluminosilicate rocks of the Koikari and Elmus structures, concluded that it had an exclu-

sively sedimentary-chemogenic genesis. There are indications of the possible presence of background 

siliceous sediments with chemogenic silica deposition in the water basin (Fig.7). Rarely occurring 

silica globules and filamentous microfossils [11] in thin sections can just be associated with the con-

ditions of siliceous material accumulation in the background regime of a marine basin. This can also 

be proved by the negative anomalies of cerium and europium, as inherited from sea water, and chlorite 
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present in the mineral composition of the studied rocks can be considered as a recrystallized clay 

substance. The volumes of siliceous chemogenic sediments were insignificant, as evidenced by the 

absence of a clear vertical stratification of sediments in the section of structures and a significant 

supply of siliciclastic material. 

The observed features of the studied rocks are possibly the result of several processes imposed, 

which ultimately “purified” aluminosilicate rocks from impurities that are considered harmful in the 

manufacture of quartz-feldspar concentrates [3, 5, 6]. Due to the superimposed metasomatic (tempera-

ture?) impact on quartz-feldspar siltstones, Fe is removed from microinclusions in quartz and feldspar 

and its oxides are concentrated along the grain boundaries (see Fig.5, d, e). Minerals such as monazite, 

parisite, allanite are also located either along the grain boundaries of quartz and feldspars, or together 

with calcite they fill microfractures (see Fig.4, d-f; Fig.5, d, e), which simplifies their extraction in case 

of the feedstock beneficiation. 

For most of the limited indicators (see Table), individual samples in their natural form meet the 

requirements for quartz-feldspar raw materials for use in the composition of batches in the production 

of diverse types of glass (GOST 13451-77: Fe2O3 ≤ 0.20-0.70 % for grade KPShS-N-11.5 not stan-

dardized; Al2O3 – 11.5-14 %; K2O + Na2O – 7-9%; Si2O ≤ 75-80 %). In accordance with the require-

ments for quartz-feldspar raw materials for the production of building materials and fine ceramics, 

only the content of iron oxide in all samples exceeds the normalized values (GOST 15045-78, GOST 

7030-75: Fe2O3 ≤ 0.20-0.30 %). And such indicators as the mass fraction of the sum of calcium and 

magnesium oxides (CaO + MgO ≤ 1.5-2.5 %), potassium and sodium (K2O + Na2O – 7-9 %), ratio 

of alkali metal oxides (K2O/Na2O – 0.7-0.9 or 2-3 %), mass fraction of quartz (no more than 30-40 %) 

for most samples are within the acceptable range. Elevated iron contents are associated with the pre-

sence of rock-forming muscovite, Fe2O3 content in which, according to SEM data, reaches 4.24-6.8, 

as well as secondary biotite, chlorite, and magnetite. The authors of [3] show that regrinding, screening 

into narrow classes in accordance with the requirements of GOSTs and further magnetic separa-

tion of narrowly classified material lead to a decrease in Fe2O3 content (to 0.19 %) and enable to 

consider the possible use of quartz-feldspar concentrate for sanitary and ceramic products, facing and 

finishing tiles, artistic, household porcelain and faience. Alternative options for the use of quartz-

feldspar rocks from Central Karelia can be the production of high-strength crushed stone, aggregate 

a b 

Fig.7. Silica globule (a) and filamentous microfossils of Mesoarchean (?) age (b) 
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of heavy concretes, and filler for various building materials [6]. Their possible use as a raw material 

for the production of glass-ceramic materials, sitalls, seems to be a promising direction. 

Conclusions. The observed chemical characteristics of the studied aluminosilicate rocks arose 

during the late impact (metasomatosis – metamorphism) on terrigenous sediments with a significant 

presence of sialic material, and also, possibly, on tuffs and lavas of felsic composition (?). Pyroclastic 

rocks also contributed to their genesis, recorded both in thin sections and by the values of lithoche-

mical indicators. The subsequent temperature (?) metasomatism, and later regional metamorphism, 

caused the observed chemical composition of the studied formations and not always unambiguous 

geochemical characteristics. 

The considered rocks were formed as a result of the imposition of several processes, which even-

tually led to the appearance of aluminosilicate rocks with a minimum content of admixtures that are 

harmful in the production of quartz-feldspar concentrates. In Russia, the types, parameters, and areas 

of application of quartz-feldspar and feldspar raw materials in various industries are regulated by 

GOST 23034-78. The considered aluminosilicate formations in the sections of the Elmus and Koikari 

structures fully meet the requirements of GOST for the production of porcelain and faience, as well 

as finishing and facing tiles. The results of studies of aluminosilicate rocks in Central Karelia show 

their potential use in the natural form and for obtaining quartz-feldspar products for various purposes. 

Given the similarity of petrogeochemical composition of the formations under consideration 

with terrigenous and volcanogenic sedimentary formations from the Paleoproterozoic sections, as 

well as the paragenetic relationship with volcanic rocks, it is possible to increase the scale of finds of 

alternative feldspar raw materials. Similar quartz-feldspar formations are also present in other Paleo-

proterozoic sections of the Karelian craton, where there are no volcanic structures, but a large number 

of dolerite sills are mapped. 

Homogeneous mineral and chemical composition, possible compact extraction and beneficiation 

(including in mobile small-sized installations) increases the prospects and competitiveness of this 

non-traditional feldspar raw material. It is possible to find potentially promising targets suitable for 

obtaining high-quality quartz-feldspar (or quartz) concentrates in Karelia, which in the future will 

significantly expand the mineral resource base of the Republic of Karelia and North-West Russia. 
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