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BUNDELKHAND, ARAVALLI AND DHARWAR CRATONS (INDIAN
SHIELD): COMPARISON OF ARCHEAN CRUSTAL EVOLUTION AND
LOCATION IN THE KENORLAND SUPERCONTINENT STRUCTURE

A. |. Slabunov', V. K. Singh?

" Institute of Geology, Karelian Research Centre, RAS, Petrozavodsk, Russia
2 Department of Geology, Bundelkhand University, Jhansi, India

Comparison of the Meso-Neoarchean crustal evolution of the Bundelkhand, Aravalli,
Western and Eastern Dharwar Cratons shows that geodynamic mechanisms, similar
to modern plate-tectonic and mantle-plume, were active in that period. The Mesoarchean
crustal evolution of the Bundelkhand Craton is considerably different from that of other cra-
tons discussed here in that it comprises subduction-accretion processes, while in other
cratons plume processes were more active in this period. In the Neoarchean (2.7-2.5 Ga),
all the cratons display subduction-accretion processes. Each of the cratons displays its
own crust formation pattern. It seems that in Mesoarchean time the Bundelkhand, Aravalli,
Western and Eastern Dharwar Cratons were parts of the Kenorland Supercontinent, rath-
er than one block.

Keywords: Archean; crustal evolution; geodynamics; Indian Shield; Bundelkhand
Craton; Western Dharwar Craton; Eastern Dharwar Craton; Aravalli Craton.

A. . CnabyHoe, B.K.Cunrx. BYHAEJIKXAHOCKWUA, APABAJIIM
U AXAPBAPCKWUA KPATOHbI UHOUUCKOIO LWWUTA: CPABHUTEJIbHbIN
AHAJIU3 UCTOPUN PA3BUTUSA SEMHOI KOPbI B APXEE U MOJIOXXEHUE
B CTPYKTYPE CYNEPKOHTUHEHTA KEHOPJIEHA,

CpaBHUTENbHBIV @HaNM3 NICTOPUK Pa3BUTUS 3eMHOI KOpbl ByHaenkxaHackoro, Apasannm
n xapsapckoro (3anagHoro n Bocto4HOro) kpatoHoB MIHOMICKOro wuTta B Me30-Heo-
apxee rnokasblBaeT, YTO reoanHaMmnyeckme NPoLEeccehl, B Xo4e KOTOPbIX OHa GopMmnpoBa-
nacb, 6blIM CXOAHbI C COBPEMEHHBIMU MANTHO-TEKTOHUYECKMMU U MIIOMOBLIMU. Kaxabiii
N3 KPaToOHOB MMeeT crneundunyeckne oCobeHHOCTN PasBUTUSA, HO B BOJbLLE CTEMNEHN
Bblaensaetcsa byHaenkxaHockui. B mesoapxee HoBasi KOHTUHEHTabHas kopa GpopMnUpo-
Basiacb 34€eChb B X04e CyOayKLMOHHO-aKKPELMOHHBIX NMPOLIECCOB, B TO BPEMS KaK Ha Apy-
X KpaToHax OTMEYaeTCs BJ/IMSHWE UL MaHTUMHLIX MIIOMOB. B Heoapxee Ha Bcex
paccMaTpuBaeMbIX KpaToHax OTMEYEHbI NMPOSBIEHNS CYOAYKLMOHHbBIX U aKKPELMOHHbIX
reogMHaMmn4yeckmnx rnpoLeccos. PaccmarprsBaeMble KpaTOHbl B ME30-Heoapxee BXO4n-
JIN B COCTaB CYNepPKOHTUHeHTa KeHopneHa B Ka4yeCTBE CaMOCTOATESIbHbIX pparMeHToOB
1 He 06pa30BbIBASIM €ANHbIN BNOK.

KniouyeBble CNnoBa: apxewn; 9BOAOUNA 3E€MHON KOpbl; reoguHamMmuka; VHaniickun
wnT; ByHOenkxaHOcKuiA KpaToH; kpaToH 3anagHbii [lxapBap; kpaToH BOCTO4YHbIN

[xapsap; KpaToH ApaBasn.
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Introduction

Archean rocks in the Indian Shield are exposed
in the Bundelkhand and Aravalli Cratons to the north
and in the Dharwar (Western and Eastern), Singh-
bum and Bastar Cratons to the south, respectively, as
far as the E-W trending Central Indian tectonic zone
(Fig. 1) [Naqvi and Rogers, 1987; Ramakrishnan
and Vaidyanadhan, 2010; Roy and Purohit, 2018].
The Western and Eastern Dharwar Cratons are well-
known in the world [Radhakrishna and Ramakrish-
nan, 1990; Chadwick et al., 2000; Ramakrishnan
and Vaidyanadhan, 2010; Jayananda et al., 2013,
2015] and can be used as standard geological asso-
ciations. Tonalite-trondhjemite-granodiorite (TTG),
supracrustal (greenstone and schist), granitoids
and other typical Archean complexes were identified
in the Bundelkhand and Aravalli Cratons in the recent

studies [Singh and Slabunov, 2013, 2015a, b, 2016;
Kaur et al., 2014, 2019; Verma et al., 2016; Saha
et al., 2016; Slabunov et al., 2017a; Slabunov and
Singh, 2019a; Singh et al., 2019a, b, 2020; Nasipuri
et al., 2019]. The aim of the present paper is to re-
sume earlier works [Slabunov, 2013; Slabunov and
Singh, 2018, 2019a, b] through comparative analysis
of the Archean crustal evolution of the Bundelkhand
Craton and other structures of this type globally.

Geology and crustal evolution
of the Bundelkhand Craton

The Bundelkhand Craton (Fig. 2, a) consists
of Archean TTG rocks, granitoids (K-granites, dio-
rites, sanukitoids), greenstone complexes, mafic-
ultramafic layered intrusion [Singh and Slabunov,
2015a, 2016; Verma et al., 2016; Joshi et al., 2017;

B T2E il 80°E
LkS \L/—’ -
g ¥
— 32°N L\p
=3 A
R
A i o
L / (\/

.
[ 245N
7

N b, ;

N O

\ T
y
- 16°N
\\Pan /
- &N N
2 E 80°E

88°E 96°E
500 Km
e 32°N -1
M/‘gx

N (tr:Lwh /((
2 “\L ar o
,y/_J/ \\‘ \C{ \ g 24°N
' A =

Alluvium
[ | Himalayas
| | DeccanTrap

16°N

Purana basins =
V- Vindhyan; Ch- Chhattisgarh; Cu- Cuddapah

Mobile Belts
Pan- Pandyan,; EaG- Eastern Ghats;
Sat- Satpura

Archean cratons 8°N_
BC- Bundelkhand;, AC- Aravalli; WDC- Western Dharwa
EDC - Eastern Dharwar; Ba- Bastar; SC- Singhbhum

BB"IE

Fig. 1. Main tectonic division of the Indian Shield [Ramakrishnan and Vaidyanadhan,
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2018a, b; Slabunov and Singh,

or basin in the northwestern and the Bijawar basin

2019a; Singh et al., 2019a, b, 2020 and references
therein], Paleoproterozoic mafic dykes and huge
quartz veins [Basu, 1986; Singh et al., 2019c; Sla-
bunov et al., 2017b]. The granite-greenstone com-
plex has formed a basement for the deposition
of Paleoproterozoic sedimentary rocks (the Gwali-

in the southern to southeastern part of the craton).
NW-SE-trending mafic dyke swarms (dolerites
and gabbroic rocks) cross-cut the craton. These
polychronous swarms consist of bodies of three
age groups: ca. 1.98, 1.8 and 1.0 Ga [Basu, 1986;
Pradhan et al., 2012]. Giant NE-SW-trending hy-
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drothermal quartz veins also cut through most part
of the cratonic rocks and penetrate into the sedi-
ments resting at the base of the Bijawar and Gwalior
rift-related basins rimming it on the north and south
[Pati et al., 2007; Slabunov et al., 2017b; Slabu-
nov and Singh, 2019c; Singh et al., 2019c]. Meso-
to Neoproterozoic (Vindhyan Supergroup) rocks
were also deposited to the southeastern, south-
ern, southwestern and western parts of the craton
(Figs. 1 and 2, a) [Basu, 1986; Ramakrishnan and
Vaidyanadhan, 2010].

The oldest TTG complex in the craton are da-
ted at 3.6-3.2 Ga [Mondal et al., 2002; Kaur et al.,
2014, 2016; Saha et al., 2016]. The TTG com-
plex generally strike ESE-WNW. These granitoids
are associated with amphibolites. In the Babina
greenstone belt the amphibolites are interpre-
ted as the earliest mafic-ultramafic association
of the Central Bundelkhand greenstone com-
plex and its Sm-Nd isochron age is estimated at
3435 = 161 Ma [Singh et al., 2019a]; thus it is simi-
lar in age to early TTG.

The authors and coworkers have identified
the Central and the Southern Bundelkhand su-
pracrustal (greenstone and schist) complexes
in the craton [Singh and Slabunov, 2013, 2015a,
b, 2016; Slabunov et al., 2017a; Slabunov and
Singh, 2019a; Singh et al., 2020]. The Central Bun-
delkhand Greenstone Complex forms the Babina
and Mauranipur Greenstone belts (GBs) and gen-
erally shows an E-W linear trend (Fig. 2, a). This
complex consists of an early (Mesoarchean) as-
semblage, which contains basic-ultrabasic, felsic
volcanic (2810 + 13 Ma) and BIF rocks; and a late
(Neoarchean — ca. 2.54 Ga) assemblage com-
posed of felsic volcanic rocks. The Babina GB con-
tains three stratotectonic associations: 1) a mafic-
ultramafic association (with preserved small lens-
shaped schistose-structured bodies); 2) an iron
formation association (BIF); and 3) a dacite-rhy-
olite association (felsic volcanics). The first two
associations constitute an early assemblage
and the third association is a late assemblage.
The boundaries between the assemblages extend
as mélanges along the tectonic contact.

The Central Bundelkhand greenstone belt dis-
plays a polymetamorphic evolution pattern. Paleo-
archean amphibolite/granulite-facies, Mesoarche-
an eclogite-facies metamorphic events have been
revealed locally [Saha et al., 2011; Nasipuri et al.,
2019], while Neoarchean amphibolite-facies meta-
morphism (at least 586-679 °C and 6.7-7.2 kbar)
is more common [Sibilev et al., 2019]. These me-
tamorphic stages are possibly associated with
metasomatic events in the craton. The latest meta-
morphism in the cratonic rocks took place local-
ly under prehnite-pumpellyite-facies conditions

and seems to have been provoked by Paleoprote-
rozoic (ca 1.9-1.8 Ga) rifting [Slabunov and Singh,
2019c].

At the northern and southern margins
of the Central Bundelkhand Greenstone Com-
plex, a series of Neoarchean (2.54-2.56 Ga) sa-
nukitoid massifs was revealed [Joshi et al., 2017;
Singh et al., 2019b, 2020]. Late- to post-kinematic
Neoarchean (2.53-2.51 Ga) granites are the most
common in the craton [Verma et al., 2016 and re-
ferences therein]. They were formed during accre-
tion after partial melting of TTG.

The Southern Bundelkhand schist/metase-
dimentary complex has formed the Girar belt
(Fig. 2, a). This schist belt consists of two group
of rocks [Singh and Slabunov, 2016] i. e. (i) quar-
tzite, (ii) BIFs, and traces of dolomitic marble
with chlorite schist lenses near the quartzite/BIF
boundary. U-Pb detrital zircon data from quartzite
rocks of the Girar belt give an older age of 3.43 Ga
and a younger age of 3.25 Ga, suggesting that
3.25 Ga is perhaps the minimum age of prove-
nance for the sediments [Slabunov et al., 2017a].
The foliated rocks of the Girar metasedimentary
belt are overlain by gently dipping non-deformed
Paleoproterozoic (ca. 2000-1800 Ma) rocks
of the Bijawar Group [Saha and Mazumder, 2012].
This is indirect evidence for older, most probably
Archean age for quartzite and BIF rocks of the Gi-
rar belt. Field observations evidence that Archean
Ikauna peridotite-gabbro-diorite layered intrusive
rocks, the pink granite and the less exposed TTG
that occur north of the Girar metasedimentary belt
are demarcated by a tectonic boundary [Farooqui
and Singh, 2006; Slabunov et al., 2017a, 2018b].

Available data for supracrustal rocks of the Bun-
delkhand Craton are consistent enough to suppose
that the Central Bundelkhand Greenstone Complex
is a collage of at least two assemblages. Ca. 3.4 Ga
amphibolites [Singh et al., 2019a], associated with
TTG gneisses on the southern side of the Babina
belt, also seem to be part of the complex. How-
ever, this issue, tentatively interpreted as an inde-
pendent event, should be studied in more detail.
The early assemblage of the Central Bundelkhand
Greenstone Complex was formed in the Mesoar-
chean, as indicated by the age of felsic volcanics
(2810 = 13 Ma). The formation of the basic-ultra-
basic constituent of this assemblage, which com-
prises boninite-like varieties [Malviya et al., 2006],
is attributed to subduction processes in the ocea-
nic island-arc system (Fig. 3). This volcanism is
followed by island-arc dacitic-rhyolitic volcanism.
The 2810 Ma felsic volcanics are contaminated by
older crustal material, as they contain 3.2 Ga xe-
nogenic zircons. This evidence suggests the emer-
gence of an old crust fragment at the base
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of the island-arc. This could be a microcontinent
similar in composition to 3.6-3.2 Ga TTG complex-
es in the northern part of the Bundelkhand Craton
[Mondal et al., 2002; Kaur et al., 2014; Saha et al.,
2016], which approached the subduction zone
and became part of a supra-subduction zone.

BlIFs developed in the second-stage island-arc
system in the basins. The BIFs of the Maura-
nipur belt formed in a back-arc basin and BIFs

of the Babina belt occur in a fore-arc basin. Ar-
chean (~2780 = 60 Ma) eclogite-facies metamor-
phism and island-arc dacitic-rhyolitic volcanism
(~2810 £ 13 Ma) have relatively similar ages (with-
in analytical uncertainty). This fact is an import-
ant argument in favour of the subductional na-
ture of the early assemblage of the Central Bun-
delkhand Greenstone Complex [Slabunov et al.,

2018a].
)



At about 2.7 Ga, the arc complex accreted
to the southern continental block (Fig. 3). This
event is marked by the formation of thrust faults
and 268717 Ma metamorphic processes,
as indicated by the Mauranipur belt [Slabunov
and Singh, 2017] and 2730 £ 33 Ma processes
in the Babina belt [Saha et al., 2011]. The youngest
(2669.3 = 7.4 Ma) TTG formed here at that time as
well [Verma et al., 2016], and TTG rocks of similar
age (2684 = 8 Ma) are also recognized in the West-
ern Dharwar Craton [Dey et al., 2017].

Important events in the crustal evolution
of the Bundelkhand Craton took place in the Neo-
archean (Fig. 3), when the southern continental
block was affected by a mantle plume responsible
for the formation of a sedimentary basin, in which
the quartzites and BIFs of the South Bundelkhand
schist (metasedimentary) complex were formed
[Singh and Slabunov, 2016, Slabunov et al., 2017a].

A new stage in the subduction processes be-
gan at 2.56-2.54 Ga. A spreading zone, which
separated these blocks, seems to have existed
in the ocean. However, the rate of its opening was
slower than the rate of subduction at the periphe-
ry. At the southern margin of the northern block (it
is the Babina belt in the modern coordinate sys-
tem) subduction occurred in an active continental
margin regime, as indicated by Neoarchean (2542
Ma [Singh and Slabunov, 2015a]) felsic volcanics
in the Babina belt and a sanukitoid massif of si-
milar age (2560-2559 Ma [Joshi et al., 2017]).
At the northern flank of the southern continental
block this stage is marked by Neoarchean (2557
Ma) dacites in the Mauranipur belt and a sanu-
kitoid massif [Joshi et al., 2017]. The closure
of the ocean and an accretion stage in the evo-
lution of the greenstones took place at about
2.53 Ga, after the 2542 Ma felsic volcanics and pri-
or to the formation of the earliest 2531 Ma post-ki-
nematic granites [Verma et al., 2016; Singh et al.,
2020]. At this stage, its Meso- and Neoarchean
constituents are combined to form one greenstone
complex. The melting of large volumes of grani-
toids in the period 2.53-2.51 Ga is associated with
post-accretionary processes in the crust. The cra-
ton is stabilized at around 2.5 Ga.

Geology and crustal evolution of the Aravalli
Craton

The Paleoproterozoic Aravalli Craton is
the northernmost fragment of the Indian Shield
(Figs. 1 and 2, b) [Ramakrishnan and Vaidyanad-
han, 2010; Roy and Purohit, 2018]. It is probable
that rocks from the Aravalli and Bundelkhand Cra-
tons are found in Lesser Himalaya too [Mukherjee
et al., 2019; Mishra et al., 2019]. All Precambrian

complexes in NW India, such as the Archean Me-
war gneiss complex, the Paleoproterozoic Araval-
li Fold Belt, the Mesoproterozoic Delhi Fold Belt
and Neoproterozoic Basins [Ramakrishnan and
Vaidyanadhan, 2010], are often considered as its
constituents. It is separated from the Bundelkhand
Craton by the Paleo-Mesoproterozoic Vindhyan
basin [Saha and Mazumder, 2012].

Archean rocks are exposed as several outcrops,
100 * 30-60 km in size, among the Paleoprotero-
zoic (2.15-2.0 Ga) rocks of the Aravalli Supergroup
(Fig. 2, b) [Roy and Purohit, 2018]. The latter rest
with angular unconformity, occasionally with poly-
mict conglomerates at the base of the sequence,
on basement rocks [Roy et al., 1980]. Archean
rocks are represented by migmatized TTG gra-
nitoids (known as the Banded Gneissic Com-
plex (BGC)), fragments of greenstone complexes
and granites [Ramakrishnan and Vaidyanadhan,
2010; Roy and Purohit, 2018; Kaur et al., 2019].

BGC rocks are biotite (* muscovite, garnet
and amphibole) gneisses with the petrogeoche-
mical characteristics of TTG granitoids. BGC gra-
nitoids are dated at 3307 £65 Ma (Sm-Nd iso-
chron [Gopalan et al., 1990]), 3312 = 7 Ma and ca.
3281 = 3 Ma (Zr, SIMS [Wiedenbeck and Goswami,
1994; Kaur et al., 2019]). Furthermore, Proterozoic
sediments were shown to contain detrital zircons;
their Lu-Hf isotope system indicates the exis-
tence of ca 3.72 Ga continental crust [Kaur et al.,
2013]. Younger TTG granitoids aged 2885 +5 Ma
[Roy and Kroner, 1996] and 2563-2548 Ma [Kaur
et al., 2019] were also revealed in the region. They
suggest the existence of a Mesoarchean episode
in the formation of the continental crust. It should
be noted also that 2830 Ma gneisses have been
described from the protolith of the Paleoprotero-
zoic Sandmata granulite complex (Fig. 2, b) [Ra-
makrishnan and Vaidyanadhan, 2010].

Fragments of greenstone complexes occur
among BGC (e. g., the Rakhiawal greenstone belt)
as clusters of amphibolite, quartzite and ultrama-
fic bodies, as well as marble, calc-silicate rocks,
BIF, mica schist and barite [Roy and Jakhar, 2002;
Roy and Purohit, 2018]. The greenstone belts have
not been dated, but 2828 + 46 Ma orthoamphibo-
lites (metamorphosed dykes) occur in the Mav-
li area (Sm-Nd isochron [Gopalan et al., 1990]).
The metadykes cut quartzites, which are a fragment
of the greenstone belt and can thus be used to date
the upper age boundary of the greenstone belts.

The 2660-2640 Ma magmatic events were re-
cognized in BGC of the Aravalli Craton [Kaur et al.,
2019]. Granodiorite-granite-leucogranite and pink
K-rich granite have been dated at 2562 + 6,
25325, 25053, 2450+ 8 Ma [Wiedenbeck
etal., 1996], among granites of the Aravalli Craton.
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The granites are interpreted as having been de-
rived by melting of basement rocks during accre-
tion-collision processes.

Geology and crustal evolution of the Western
and Eastern Dharwar Cratons

The Dharwar Craton has been subdivided into
two cratons: Western and Eastern, based on their
evolution patterns and crustal structures (Fig. 1).
Each of them is 3-4 times the size of the Bun-
delkhand Craton (Fig. 2, c).

The Western Dharwar Craton consists of main-
ly Paleoarchean (3.36-3.2 Ga) TTG gneisses
(Peninsular gneisses). But there are older detri-
tal zircons (3.58 Ga) in quartzites in the Dharwar
Group of rocks. Three generations of greenstone
complexes (Sargur, Bababudan and Chitradurga)
and several granitoid massifs are reported from
the Western Dharwar Craton [Jayanada et al., 2013;
Radhakrishna, Ramakrishnan, 1990]. The Sargur
greenstone belt is composed of mafic-ultamafic
rocks (metabasalts, komatiites and their intrusive
comagmates and metaanorthosites), which of-
ten predominate, and metasediments (kyanite/
sillimanite-staurolite-biotite  gneisses, quartz-
ites, BIF, local marble, calc-silicate rocks, bedded
barite); with limited exposures of felsic volcanics.
The age of the complex is estimated at 3.1-3.3 Ga,
based on the Sm — Nd whole-rock isochron age
of komatiites at 3352 £ 110 Ma [Jayananda et al.,
2008] and the U-Pb age of zircon from felsic volca-
nics at 3298 = 7 Ma [Peucat et al., 1995]. It forms
small greenstone belts dominated by mafic-ul-
tramafics (e. g. Ghatti Hosahalli, Krishnarajapet
and Nagamangala) and those with abundant sedi-
ments (e. g. Sargur and Hole Narasipura). The Sar-
gur greenstone complex was formed presumably
in both rift-related structures on an early continen-
tal crust (3.58-3.23 Ga zircons in quartzites have
been found, suggesting the existence of an old-
er crust) and an oceanic plateau-type setting.
The occurrence of 3.2 Ga TTGs in the region sug-
gests subduction processes of that age.

A second generation of greenstone complexes
in the Western Dharwar Craton is the Meso-Neoar-
chean Bababudan Group at the base of the Dhar-
war Supergroup in Bababudan, Chitradurga schist
belts (Fig. 2, ¢). The base of the Bababudan Group
sequence consists of cross-bedded quartz con-
glomerates with ripple marks (Kalasapura For-
mation). These sediments rest with angular un-
conformity on Peninsular gneisses and Sargur
Group rocks. In addition to quartz conglomerates,
the Bababudan Group comprises phyllites and BIF.
Mafic (metabasalts and gabbroic rocks) and ultra-
mafic bodies seem to occur among them as sills.

Felsic volcanics, occurring as part of the Santaveri
Formation, are scarce. The mafics-ultramafics are
dated at 2.9-2.85 Ga (Sm — Nd whole rock iso-
chron ages are 2911 =49 and 2848 + 70 Ma [Ku-
mar et al., 1996]). The formation of the Bababudan
greenstone complex was associated with plume
activity and took place in an intracontinental basin.

A third greenstone/schist complex of the cra-
ton corresponds with the Chitradurga Group
of the Dharwar Supergroup, which makes up
the largest exposures around Shimoga and Chi-
tradurga area (Fig. 2, ¢). This Group consists pre-
dominantly of sediments (quartz and polymictic
conglomerates containing TTG and Bababudan
Group rock fragments, chert-phyllite, manganese
and iron formation and stromatolitic carbonates)
with pillow basalt and lesser felsic volcanic interca-
lations. The complex is dated at 2.75-2.58 Ga as
the Sm — Nd whole rock isochron age is 2747 = 15
Ma [Kumar et al., 1996]; the U-Pb age of zircon
from the felsic volcanic is 2677 + 2 to 2576 + 20
Ma [Jayananda et al., 2013]. The sedimentation
basin of the Chitradurga Group [Hokada et al.,
2013] seems to have been controlled by mantle
plume activity.

The Eastern Dharwar Craton is separated
from the Western Dharwar Craton by a large fault,
the Chitradurga shear zone, and differs from
the latter in deep geophysical structure (a thinner
earth crust [Gupta et al., 2003]) and the compo-
sitions and ages of Archean granitoid and green-
stone complexes [Ram Mohan et al., 2013; Yang
and Santosh, 2015]. The Eastern and Western
Dharwar Cratons consist chiefly of common-
ly migmatized TTG granitoids, but, in contrast
to the Eastern Dharwar Craton, they are domi-
nated by 2.7-2.55 Ga rocks with minor frag-
ments of 3.0-3.38 Ga crust [Jayananda et al.,
2013 and references therein]. Moreover, the con-
tribution of older crustal material to the grani-
toid composition decreases markedly (Nd T,
up to 2.8-3.0 Ga in the eastern part [Dey, 2013],
but 2.56-2.5 Ga juvenile (eNd =+3.3) calc-alka-
line to potassic granitoids are widespread here).
The 2.51-2.583 Ga, N-S-trending sanukitoid-like
Closepet Granite batholiths occur in the western
part of the Eastern Dharwar Craton, which cross-
cuts the entire craton (Fig. 2, c).

The greenstone belts of the Eastern Dharwar
Craton are small, narrow, N — S and NW-SE trend-
ing linear structures, e. g. Kolar, Hutti, Kushtagi
etc. They consist mainly of metabasalts (often pil-
lowed) associated with komatiites and BIF, felsic
volcanics associated with greywacke and polymic-
tic conglomerates (Kolar GB) are more common;
and metasediments occurring as schists are less
common. An early association (beginning proba-
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bly at 2.75 Ga, but mainly arising at ca. 2.7 Ga)
of basalts and komatiites was formed in an oceanic
setting under the influence of plumes, i. e. ocea-
nic plateaus, but this stage was also terminated
by subduction processes (Sangur GB). However,
the main episode in the subduction processes,
which gave rise to continental crust, occurred
at 2.58-2.52 Ga, when felsic volcanics and va-
rious granitoids (including sanukitoids) origina-
ted. Ca. 2.5 Ga granulite-facies metamorphism,
widespread in the southern part of the Eastern
and Western Dharwar Cratons, was associated
with accretion-collision processes.

Discussion

Studies on each of the cratons (Western
and Eastern Dharwar, Bundelkhand and Aravalli Cra-
tons of the Indian Shield) have evaluated, revealing
craton-specific structural and evolutional characte-
ristics. First of all, it should be noted that the Bun-
delkhand and Aravalli Cratons are much smaller than
the Western and Eastern Dharwar Cratons (Figs. 1
and 2) However, they comprise TTG, greenstone/
schist and granitoids complexes which are the most
typical of Archean cratons. The cores of all the cra-
tons commonly consist of Paleoarchean TTG.

The oldest (3.6-3.2 Ga) TTG occur in the central
Bundelkhand Craton, but they seem to have been
more common. The ca. 3.43 Ga mafic-ultramafic
complexes seem to have been formed together with
TTG granitoids in a subduction geodynamic setting.
TTG gneisses of the Aravalli Craton are also dated at
ca. 3.3-3.2 Ga, but an older (pre- 3.7 Ga) protolith
is assumed to have existed. The Western Dharwar
Craton is dominated by 3.36-3.2 Ga TTG, but they
had probably comprised even older (up to 3.58 Ga)
constituents, which have survived only as detrital
zircons in sedimentary rocks. It should also be noted
that the formation of the Paleoarchean (3.3-3.2 Ga)
Sargur greenstone complex is similar in age
to the TTG, like that in the Bundelkhand Craton.
The Eastern Dharwar Craton displays a somewhat
different distribution and age of old TTG: fragments
of 3.3-3.0 Ga TTG occur here as part of migmatized
gneisses in the western part, while its eastern por-
tion consists of juvenile Neoarchean (2.7-2.55 Ga)
granitoids, including TTG (Fig. 3).

The Meso-Neoarchean (2.9-2.6 Ga) evolution
of the Western Dharwar Craton was affected by
mantle plumes. As a result, intraplate sedimenta-
ry basins, exhibiting bimodal magmatism, were
derived. The intrusion of 2.61 Ga potassium-gra-
nites stabilized the craton. The processes occur-
ring in the Eastern Dharwar Craton were entirely
different i. e. the formation of a juvenile continen-
tal crust took place here mainly in Neoarchean

time, beginning at 2.75-2.7 Ga, but dominantly
during 2.58-2.54 Ga. The leading role was played
by subduction processes, which were termina-
ted by the accretion of the newly-formed crust
to the Western Dharwar Craton, which had stabi-
lized earlier.

The Mesoarchean crustal evolution of the Ara-
valli Craton is poorly described, but its greenstone
complexes (quartzites, amphibolites and ultra-
mafics) suggest their formation in an intraplate
setting.

The crustal evolution of the Bundelkhand Craton
is quite different from that described above. One
of the essential differences is that in Mesoarche-
an time (ca. 2.81 Ga) a new continental crust was
formed during subduction here and in the Kare-
lian Craton [Slabunov et al., 2006; Slabunov and
Singh, 2011], but it was not transformed by plumes
as for the Western Dharwar Craton.

The Neoarchean evolution of the central Bun-
delkhand Craton differed from that of the south-
ern Bundelkhand Craton. The former was an area
where the ocean, dividing the northern and south-
ern terrains, was closing. Subduction processes
were active here at ca. 2.7 Ga, but were the most
vigorous at 2.56-2.54 Ga, and were terminated
by accretion-collision events and the formation
of 2.53-2.5 Ga potassium-granites. Crustal for-
mation in the Central Bundelkhand Terrane is si-
milar in time and geodynamic pattern to the East-
ern Dharwar Craton, but there are some essential
differences. Subduction processes in the Eastern
Dharwar Craton occurred in an island-arc regime
and those in the Bundelkhand Craton in an ac-
tive continent margin regime. The earth crust
of the Southern Bundelkhand Terrane, where pre-
sumably Neoarchean layered intrusions and a se-
dimentary basin (Girar greenstone/schist belt) were
revealed, was formed in a different manner. The ef-
fect of a mantle plume is considered in the South-
ern Bundelkhand Terrane and in the Western Dhar-
war Craton during this time.

In the late Neoarchean (ca. 2.5 Ga) the Western
and Eastern Dharwar Cratons were involved as one
structure in an accretion-collision process, which
gave rise to southern Dharwar Craton granulites.

Thus, correlation of the Meso-Neoarchean
crustal evolution of the Bundelkhand, Araval-
li, Western and Eastern Dharwar Cratons shows
that geodynamic mechanisms, similar to modern
plate-tectonic and mantle-plume, were active
in that period (Fig. 3). Each of the cratons dis-
plays its own crustal formation pattern. It seems
that in Archean time the Bundelkhand, the Araval-
li, the Western and Eastern Dharwar Cratons were
the various parts of the Kenorland Supercontinent
(Fig. 4).
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In accordance with the paleotectonic recon-
struction of the Kenorland Supercontinent (Fig. 4),
based on geological and paleomagnetic data, it is
presumed to be crescentiform [Lubnina and Slabu-
nov, 2009, 2011, 2017; Slabunov and Lubnina, 2016
and references therein]. In the northern part of this
supercontinent the active growth of the continental
crust in the Meso-Neoarchean period (2.9-2.7 Ga)
was provoked by subduction-accretion processes,
while in its southern part plume processes and sub-
duction processes played an important role [Lub-
nina and Slabunov, 2011]. This evidence suggests
and revealed that Mesoarchean subduction-accre-
tion processes in the Bundelkhand Craton were si-
milar to those characteristic of the Karelian Craton
and of the Superior Province, in the northern half
of the forming supercontinent. In the Mesoarche-
an, the Western Dharwar Craton was dominated by
plume processes, and it was not until the Neoarche-
an (from 2.7 Ga onwards) that continental crust be-
gan to form again there, and especially in the East-
ern Dharwar Craton during subduction-accretion
processes. In the Mesoarchean, these continen-
tal blocks seem to have been in the southern part
of the forming supercontinent. In the Neoarchean

(ca. 2.6 Ga), when the core of the supercontinent was
formed, the crust seems to have continued to grow
in its southern part until 2.5 Ga during subduction
and accretion processes in the Bundelkhand, Aravalli
and Western and Eastern Dharwar Cratons (Fig. 4).
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THE EVOLUTION OF THE ESTONIAN PRECAMBRIAN
BASEMENT: GEOLOGICAL, GEOPHYSICAL AND
GEOCHRONOLOGICAL CONSTRAINTS

A. Soesoo', S. Nirgi'2, J. Plado'’

" University of Tartu, Institute of Ecology and Earth Sciences, Department of Geology, Estonia
2 Geological Survey of Estonia

The Estonian Precambrian crystalline basement, which consists of Paleo- to Meso-
Proterozoic metamorphic and igneous rocks, is covered by a 100-780 m thick depo-
sit of Paleozoic sedimentary rocks. Thus, the basement is unavailable for direct ob-
servations from the surface, and our present knowledge is based on information from
cores of deep drillings and interpretation of potential — gravity and magnetic - fields.
Accordingly, the basement of Estoniais subdivided into two major geological units — North
Estonian amphibolite and South Estonian granulite complexes. Further division includes
six structural-petrological zones such as Tallinn, Alutaguse, Johvi, West-Estonian, Tapa
and South-Estonian zones. This article provides an updated overview of the Estonian
Precambrian basement, its rock types, geophysical fields, geochronology, metamor-
phism and metallogenesis.

Keywords: Proterozoic; igneous and metamorphic rocks; geochronology; geophysics;
metallogenesis; Estonian basement.

A. Coacoo, C. Hupru, 0. Mnapgo. 3BOJIIOLUNA 3CTOHCKOINro AOKEM-
BPUMNCKOIo KPUCTAJIJTIMMECKOIO ®YHAAMEHTA: FrEOJIOFMYECKMUE,
FTrEO®PU3UNYHECKUE U TEOXPOHOJIOTMYECKUE OrPAHUYEHU4A

JokeMBpuiicknii KpUCTanINYecknii GyHoaMeHT SCTOHUM, COCTOSILLMM N3 MeTamopdu-
4eCcKMX N MarmMaTM4eckmx Nopoa OT Nnaneo- 40 Me30nNpoTepo30s, NePEeKPbIT YEXSIOM Oca-
[0YHBIX MaNeo030MCKNX OTNO0XEHMN MOLHOCTbIO 100-780 M. Tak kak KpuCcTanInyeckui
dyHOAMEHT HEOOCTYMNEH AJIK MPSIMOro U3Yy4eHMs Ha MOBEPXHOCTM 3eMn, HaLW HbIHELL -
HWe 3HaHWUS1 OCHOBAaHbI Ha AaHHbIX FYOUHHOro BypeHus n reoPpusnkm (MHTepnpeTaunmn
rpaBUTaALMOHHOIO U MarHUTHOro nonei). Kpuctannmyeckuii dyHoameHT SCToHMn fe-
JNINTCS Ha OBE KPYMHble reonornyeckne egmHmupl — CeBepo-OCTOHCKMIA aMpurnbonmnTo-
BbIli 1 KOXXHO-OCTOHCKNIM FPaHyIMTOBLIN KOMMNeKchl. JanbHellee aeneHve BKIYaeT
LIECTb CTPYKTYPHO-METPONOrMHYECKMX 30H, Takmx kak TannuHHckas, Anytaryse, Mbixeu,
3anagHo-3cToHckas, Tana n KOxHo-9cToHckas. B gaHHOM cTaThe npeacTasfieH 0OHOB-
JIeHHbI 0630p AOKEMOPUINCKOro dyHAaMeHTa DCTOHUN, TUMOB ClaraloLLMX ero ropHbIX
nopoa, reopmnanyecknx nosien, reoxpoHonormn, metamopdmnama n metannoreHesa.

Kniouyesble cnoBa: NpOTepO30i; MarmMatnyeckne n mMmetamopoduyeckme rnoposbl;
reoxpoHonorung; reodursnka; MeTanoreHes; KpUCcTananyeckmin yHaamMmeHT ACTOHUN.
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Introduction

The Precambrian crystalline basement of Es-
tonia is covered by a 100-780 m thick deposit
of Paleozoic sedimentary rocks. The basement
consists of Paleo- to Meso-Proterozoic metamor-
phic and igneous rocks. Since there are no out-
crops of the crystalline basement rocks, drill core
material, geophysical and geochemical methods
were used for geological reconstructions. More
than sixty years of research have led to a number
of publications and reports (before the 1990™,
the publications were mostly in Russian), and one
monograph [Puura et al., 1983], in addition to se-
veral regional geological maps [Grigelis and Puu-
ra, 1978; Puura, 1980; Koistinen, 1994]. Based
on these investigations, the 1:400000 scale geo-
logical map of the crystalline basement of Estonia
was compiled [Koppelmaa, 2002]. The map was
based on the results of integrated (petrograph-
ical, petrophysical and geochemical) investiga-
tions of 32500 metres of drill-cores from ca 490
holes and data from gravimetric and magneto-
metric surveys. In the 1990™, a number of arti-
cles dealing with general geology [Soesoo, 1991;
Petersell and Levchenkov, 1994], geochronology
[Petersell, 1991; Puura and Huhma, 1993], meta-
morphism [Hoéltta and Klein, 1991], post-oroge-
nic rocks [Soesoo and Niin, 1992; Soesoo, 1993;
Kirs and Petersell, 1994; Ramo et al., 1996; Puura
and Floden, 1996, 1999, 2000], and partial melting
and migmatization [Soesoo et al., 20044, b, 2006]
were published. A special issue, compiling papers
on a wide range of geological aspects of the Esto-
nian Precambrian was published in 2004 (Proceed-
ings of Estonian Academy of Sciences, Geology,
No. 58, Editor: A. Soeso0).

In the uppermost section of the Estonian base-
ment there is an ancient, dominantly kaolinitic
(together with montmorillonite and illite) weath-
ering crust with thickness ranging from a few
meters to several tens of meters. Due to intense
denudation during the late Proterozoic, the sur-
face of the basement has turned into a pene-
plane, which dips gently (average 0.10-0.20°,
i. e. 2-3.5 m per km) southward (SSE - SSW;
150-200°). On Vaindloo Island (Gulf of Finland)
the crystalline basement lies at a depth of 67.5 m,
on Juminda Peninsula at 103.5 m and 629.0 m
in Haddemeeste (SW Estonia), and at 784.1 m
on Ruhnu Island (Gulf of Riga). The relatively level
surface of the basement is interrupted by erosion-
al relief forms, escarpments generated by tectonic
disturbances, dome-shaped uplifts such as Son-
da — Uljaste, Assamalla in NE Estonia and Moniste
Uplift in SE Estonia. The rim walls of the Kardla im-
pact crater on Hiiumaa Island and Neugrund cra-

ter near Osmussaar Island also appear as positive
landforms.

Based on the findings of geophysical and pe-
trological studies, the Estonian basement can be
divided into two major geological units — the North
Estonian amphibolite facies unit and the South Es-
tonian granulite facies unit, which are separated
from one another by a tectonic boundary - Pal-
diski-Pskov tectonic (shear) zone (PPDZ; Fig. 1).
The basement includes six structural-petrological
zones such as Tallinn, Alutaguse, Johvi, West-Es-
tonian, Tapa and South-Estonian zones (Fig. 1).
These zones differ in rock composition, genesis,
geophysical properties, and degree of metamor-
phism. The aim of this paper is to present an up-
dated overview of the Estonian Precambrian base-
ment, its rock types, geophysical fields, geochro-
nology and metamorphism.

History of Precambrian studies and the
position of the Estonian basement within the
Fennoscandian orogenic system

A. Opik [1942] was likely the first scientist
to propose that the Estonian basement belongs
to the Svecofennian orogenic system in the Fen-
noscandian Shield. From the 1950’s to the 1990’s,
geologists departed from this idea and suggested
that higher grade metamorphism, which is usual-
ly complemented by high geophysical anomalies,
in South Estonia, Latvia, Lithuania and NW Bela-
rus can be correlated to several other high-grade
metamorphic complexes in East and NE Europe,
and thus can be considered to be of Archaean age
[Puura et al., 1976; Gorbatschev and Gaal, 1987].
Subsequent studies of Estonian crystalline rocks
in the 1960’s — 1980’s [e. g., Puura et al., 1983
and references therein] have corroborated that
at least the basement of North Estonia is a part
of the large Archaean-Proterozoic Fennoscandian
(Baltic) Shield (continuation of the Svecofennian
orogenic zone). However, there was no direct evi-
dence how far the shield rocks extend towards
the south. Until the late 1980’s, geologists believed
that the granulitic rocks of the South Estonian com-
plex were Archaean, or at least pre-Svecofennian
in age [Puura et al., 1983; Gorbatschev and Gaal,
1987]. This assumption was based on lithological
correlations of granulitic facies rocks with those
of the Kola series [Bondarenko and Dagelaiskii,
1968] and on the idea that regional granulite facies
rocks should be older than their lower grade coun-
terparts.

However, the results of Sm-Nd and U-Pb
isotopic studies [Huhma et al., 1991a, b; Puu-
ra and Huhma, 1993; Petersell and Levchenkoy,
1994] suggested that the South Estonian granu-
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Fig. 1. (a) Position of the Estonian Precambrian basement within the Fennoscandian-Baltic tectono-geological
crustal structure [as in: Bogdanova et al., 2015]. Two large units — magmatic-volcanic-sedimentary Bergslagen-
Livonia “microcontinent” and a large sedimentary Al-gneisses block constitute the Estonian basement. The ages
in the frames are those of the principal accretionary events in the indicated domains. The abbreviations for tectonic
domains are: AL — Alutaguse, BB - Bothnian (Bothnia microcontinent), BS — Bergslagen (Bergslagen microconti-
nent), BPG — Belarus-Podlasie granulite belt, CE — Ciechanow, CFAS — Central Finland Arc Complex; CFGC-Central
Finland Granitoid Complex (Keitele microcontinent), DO — Dobrzyn, ESL — East Sméland, JO — Johvi, KB — Keitele
microcontinent, KZ — Kaszuby, LA - Latgalia, LEL-Latvian-East Lithuanian, LGB — Lapland Granulite Belt, LKO -
Lapland-Kola orogen, LS - Ljusdal, MD—Mazowsze, MLD-Mid-Lithuanian domain, NB — Norrbotten, NO — Novgorod,
OKL - Okolovo, OMIB - Osnitsk- Mikashevichi Igneous Belt, PM — Pomorze, SEG — South Estonian granulite domain,
T - Tapa, TN — Tallinn, Uu — Uusimaa, VV-Vastervik, WE — West Estonian domain, WLG — West Lithuanian granulite
domain. Deformation zones: HGZ-GR - Hagsta-Gavle-Réttvik Zone, HSZ — Hassela Shear Zone, KSZ - Karlskrona
Shear zone; LLSZ - Linkdping-Loftahammar Shear Zone, MEFZ — Middle Estonian Fault Zone, PPDZ — Paldiski-Pskov
Deformation Zone, SFSZ — South Finland Shear Zone, VNSZ - Vingdker-Nykoping Shear Zone, and for volcanic belts
and sedimentary basins: H — Hdme, Mk — Monki, O-J — Oskarshamn-J6nkoping, P — Pirkanmaa, Pc — Poceai, Sc —
Salcia, Tm — Tampere; (b) Geological-structural zones of the Estonian Precambrian basement
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lites are more likely early Proterozoic than Archean
in age. The studied granulites yielded mantle ex-
traction model ages of about 2 Ga, which is young-
er than Archaean, but somewhat older than typical
Svecofennian rocks in southern Finland and Swe-
den.

Based on petrographic and geochemical si-
milarities, the North Estonian amphibolite facies
rocks were believed to belong to a section of Sve-
cofennian rocks cropping out in Southern Finland.
This view has remained unchanged. More studies
were needed to establish the structural-geological
position of the South Estonian granulites. Two case
studies focusing on the metamorphism of granuli-
te zones have been performed [HO6Itta and Klein,
1991; Kikas, 2001] and a compilation on the ge-
neral features of metamorphism was produced
[Puura et al., 2004]. New isotopic studies con-
firmed the Proterozoic ages of Estonian granulites
[Soesoo et al., 2006].

Ideas about the magmatic and tectonic evolu-
tion of the Svecofennian Orogen have changed
during the last decades. Hietanen [1975] proposed
a model which explains rock variations in the Fen-
noscandian Shield by opening of an oceanic basin,
subduction and island arc magmatism. More re-
cent and complex magmatic and tectonic models
have been proposed by Baker et al. [1988], Gaal
[1990], Park [1991], Lahtinen [1994], and Nironen
[1997]. In the recent models, the evolution
of the Svecofennian Domain is interpreted as mul-
tiple, time- and space-dependent subduction-re-
lated collisions of several island-arc structures.
It is thought that the 1.91-1.8 Ga magmatism
and metamorphism were related to these colli-
sions. A new advanced and detailed Trans-Scan-
dinavian-Baltic compilation has been published by
Bogdanova et al. [2015].

The nature of potential geophysical fields in Es-
tonian territory has been studied since the early
1950’s, when Fotiadi [1958] provided the structural
zonation of the basement on the basis of magne-
tic and gravity fields. The rationale is that poten-
tial fields display the structure of the crystalline
basement whereas the effect of the overlying se-
dimentary cover is minor. ldeas about the sourc-
es for different types of geophysical anomalies
have, however, changed several times according
to the incoming data from additional deep drillings
[Puura, 1980; Puura et al., 1983; Ankudinov et al.,
1994].

Geological features of geological zones of the
Estonian Precambrian basement

The crystalline basement of Estonia compris-
es Palaeoproterozoic metamorphic and igneous

rocks, and a Subjotnian (late Palaeoproterozoic
to early Mesoproterozoic) population of Rapaki-
vi granite-type rock suites. The ca. 30 km wide,
NW-trending PPDZ separates the structural do-
mains in northern and north-eastern Estonia from
those in the west and the south of Estonia (Fig. 1).
It comprises two principal sub-parallel shear zones
dipping between 65°and 75° SSW [All et al., 2004],
features strong deformation, and contain slivers
of both granulite- and amphibolite-facies rocks.

The PPDZ is well exhibited in gravity (Fig. 2)
and magnetic (Fig. 3) fields by a combination
of elongated local positive and negative anoma-
lies. The structural domains north and south from
the tectonic zone were, according to their anomaly
patterns, initially [Fotiadi, 1958] named as North
Estonian Geophysical Low and Baltic-Belarus
Geophysical High, respectively. North of the tec-
tonic zone, rocks with their relatively low density
and magnetization cause local negative gravity
and magnetic anomalies. Also, the fields are re-
latively smooth with rare short-wavelength ano-
malies. South of the tectonic zone, the high den-
sity and magnetization of granulites produce local
positive anomalies and relatively high gradients,
which are especially outstanding in magnetic field
data (Fig. 3).

On the basis of previous geophysical
and petrological studies, six geological zones
are distinguished within these two units: Tal-
linn, Tapa, Alutaguse and Johvi zones (locat-
ed north of the PPDZ), and the West-Esto-
nian and South-Estonian zones (located south
of the PPDZ; Fig. 1) [Puura et al., 1983; Koistinen,
1994; Soesoo et al., 2004a]. These zones mostly
differ in rock assemblages (with metasedimentary
or metavolcanic/-igneous origin), metamorphic
grade and petrophysical properties of rocks, re-
flected in their potential fields.

The Tallinn Zone is characterised by negati-
ve free-air gravity and magnetic fields. The zone
is bordered by a regional PPDZ in the south-
east, which separates it from the West-Esto-
nian Zone. Another less prominent tectonic dis-
turbance zone separates the Tallinn Zone from
the Tapa Zone in the east. The rocks of the Tallinn
zone vary from mafic amphibolite facies metavol-
canites to metasediments represented by am-
phibole gneisses, biotite-plagioclase gneisses,
quartz-feldspar gneisses, mica gneisses, and mi-
nor sulphide-graphite gneisses and magnetite
quartzites (Jagala complex). Migmatisation is
generally common and locally strong. The Tallinn
Zone may represent a volcanic arc that continues
in the Uusimaa belt in Finland [K&dhk6nen, 2005].

East of the Tallinn Zone, the Alutaguse Zone
and the smaller J6hvi Zone are distinguished
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Fig. 2. Free-air gravity anomaly model. The map is based on the Estonian Gravity Database that was re-
cently published by Oja et al. [2019] (Fig. 11). Raw data include 31,850 high-quality gravity points cover-
ing mainland and islands. International cooperation and marine survey projects have resulted in addition-

al 17,339 points

(Fig. 1). The Alutaguse zone is characterised by
near-zero free-air gravity and slightly negative
magnetic anomalies. Local positive anomalies ap-
pear in the area of Sonda - Uljaste and Assamalla
dome-like structures, Haljala and Luusika [Dmitrie-
va et al., 2018] area, which are associated with sul-
phide-graphite gneisses (black schists), quartz-
ites, skarned carbonaceous rocks and pyroxene
gneisses. The main rock types of the Alutaguse
Zone are Al-rich gneisses (with biotite, cordierite,
garnet, sillimanite) and biotite-plagioclase gneiss-
es, less abundant are amphibole gneisses, amphi-
bolites and quartz-feldspar gneisses. The rocks
of the Alutaguse zone have metamorphosed under
the amphibolite facies conditions. In some places
(Sonda - Uljaste and Haljala) the rocks show evi-
dence of granulite facies metamorphism. Migmati-
sation is common and locally strong.

The mostly metasedimentary Alutaguse Zone
may be a part of the Kalevian-age marginal ba-
sin, which extends to the vicinity of St. Peters-
burg in Russia and farther east to Lake Ladoga
[Bogdanova et al., 2015]. The deposition of tur-
bidites in that basin has been estimated to have
taken place between 1.96 and 1.90 Ga [Lahtinen
et al., 2010; Melezhik and Hanski, 2012]. How-
ever, the ages of deposition and metamorphism
of the Alutaguse metasedimentary sequence

are still unknown. Bogdanova et al. [2015] has
noted that similar turbidites may also occupy
the Novgorod Zone in Russia. This zone is char-
acterized by an irregular mosaic field of low mag-
netic anomalies, resembling that of the Bothnian
area in the Fennoscandian Shield, and may thus
be a representative of an ancient microcontinent
[Peive et al., 1979].

The Tapa Zone is bordered by tectonic con-
tacts from the Tallinn Zone in the west and Alu-
taguse Zone in the east, while the southern contact
with the West-Estonian Zone is not so clearly de-
fined (Fig. 1). The zone is characterised by slight-
ly positive gravity and frizzy magnetic anomalies.
The main rock types comprise a sequence of al-
ternating Fe- and S-rich garnet- pyroxene-bear-
ing quartzites, high-Al garnet-cordierite-sillimanite
gneisses, and Ca-rich and Ca-poor pyroxene-,
amphibole- and biotite gneisses. Mineralogical
assemblages indicate amphibolite and granulite
facies metamorphism. Migmatisation has resulted
in potassium-feldspar- and plagioclase-rich leu-
cosomes and granitic veins and bodies, and char-
nockitic veins in granulitic areas [Soesoo et al.,
2006]. Generally, these rocks are mineralogically
similar to those of the West-Estonian Zone (below).
Also, the nature of their geophysical fields is similar
to that in the West-Estonian Zone.
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Fig. 3. Aeromagnetic map of Estonia. It is based on campaigns between 1987 and 1992 (unpublished
reports in the Depository of Geological Reports by the Geological Survey of Estonia, see [All et al., 2004]

for detail)

The narrow Johvi Zone is separated from
the South-Estonian Zone by the Alutaguse Zone
amphibolite grade gneisses. The Jodhvi Zone
(Fig. 1) is characterised by extremely strong (up
to 20000 nT in the Johvi magnetic anomaly) E - W
trending magnetic anomalies and slight positive
gravity anomalies. The complex consists of py-
roxene gneisses, quartz-feldspar gneisses, bio-
tite-plagioclase gneisses, amphibole gneisses,
garnet-cordierite gneisses (Vaivara complex),
and magnetite-rich quartzites and gneisses (Johvi
magnetic anomaly). Migmatisation is widespread,
resulting in the formation of plagioclase and potas-
sium-feldspar porphyroblasts, occasionally leuco-
somes and small granitoid veins and bodies with
charnockitic and enderbitic compositions. Gen-
erally, these rocks have formed under the condi-
tions of granulite facies metamorphism. The rocks
of this zone have a high ore potential.

The West-Estonian Zone is bounded by
the NW- trending PPDZ and the E-W striking Middle-
Estonian tectonic zone (MEFZ). The zone is do-
minated by metasedimentary rocks in the am-
phibolite to granulite facies, resembling some-
what the rocks in the southern part of the Berg-
slagen area in Sweden [Bogdanova et al., 2015].
The eastern part of the West-Estonian Zone is cha-
racterised by NW — SE striking strong linear mag-
netic anomalies, while the anomalies in the western
part of the zone are mostly NE — SW or sub-N - S

striking (Fig. 3). The free-air gravity anomaly is
slightly positive (Fig. 2). The West-Estonian zone
is also cut by several Proterozoic tectonic zones,
the largest of which is the Hiiumaa — Espoo shear
zone. The main rock types in the West-Estonian
Zone are medium- to fine-grained amphibolites,
biotite-plagioclase gneisses, and quartz-feldspar
gneisses with minor pyroxene gneisses. The mine-
ral assemblage of these rocks points to the high-
temperature amphibolite facies and in a number
of places to the granulite facies metamorphism
[Puuraetal., 1983, 2004]. The latter often contains
migmatites or small granitic bodies of enderbitic
composition, otherwise plagioclase — K-feldspar
leucosomes and granites prevail.

The South-Estonian Zone (Fig. 1) was
thought to be a part of the approximately 1000 ki-
lometres long Belarus-Baltic Granulite Belt [Puura
et al., 1983; Soesoo et al., 2004a]. which com-
prises predominantly meta-igneous rocks and mi-
nor meta-sedimentary rocks. The South-Estonian
Zone is characterised by a band of intensive gravity
and magnetic anomalies (Figs. 2 and 3) embrac-
ing the southern part of Estonia and northern Lat-
via. The magnetic field is strongly differentiated,
the anomalies are generally linear and trend E - W
or N — S. The gravity field anomalies are coarse-
ly mosaic. The boundary between the South-
and West-Estonian zones generally follows the tec-
tonic zones. The South-Estonian Zone contains
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both mafic and felsic granulitic components — am-
phibole-pyroxene and biotite-hypersthene gneiss-
es, and quartz-feldspar gneisses. Both charnock-
itic and granitic migmatisation is observed. Some
charnockites belong to a calc-alkaline I-type se-
ries, likely generated due to the melting of lower
crust under granulite facies conditions along with
the emplacement of some mafic dykes [Soesoo
et al., 2006; Bogdanova et al., 2015]. This is some-
what younger than the 1.81 Ga age of the gra-
nulite facies metamorphism in northern Latvia
[Mansfeld, 2001]. In the southeast, the granulite
continuation incorporates the large East Latvian
block, which shows similarly a mosaic-type mag-
netic anomaly. The block is surrounded by linear
anomaly belts and has previously been interpre-
ted as an “Archaean” microcontinent [Bogatikov
and Birkis, 1973] similar to the Novgorod domain
[Bogdanova et al., 2015].

The evolution of the southern part of this zone
commenced with metamorphism under amphibo-
lite facies conditions, followed by peak (granulite
facies) metamorphism under pressure and tem-
perature conditions ranging between 740-760°C
at 7-8 kbar and 770-850°C at 5.5-7 kbar [Taran
and Bogdanova, 2001]. According to Bogdanova
et al. [2015], the South-Estonian Zone is no longer
the northern extension of the Belarus-Baltic gra-
nulite belt, but is truncated by the latter, which is
now considered to associate with Sarmatia rather
than Fennoscandia.

In conclusion, the rocks with granulite metamor-
phic assemblages are found in a number of zones
within the Estonian basement. In the South-Esto-
nian and Johvi Zones, the granulite facies mineral
assemblages are still preserved, while in the Tapa
and West-Estonian Zones the rocks were mostly
retrogressed under amphibolite facies conditions
[Puura et al., 1983, 2004; Fig. 1].

Metamorphism of the Estonian Precambrian
basement

Metamorphic rocks predominate in the Pre-
cambrian basement of Estonia. Earlier mapping
of the buried basement rocks was performed by
combining regional potential geophysical field
data and drill core studies of about 490 drill holes.
These metamorphic belts belong to the uniform
Svecofennian crustal domain spreading over 1 mil-
lion km?in the western corner of the East European
Craton [Puura et al., 2004]. Within this domain,
metamorphic zones from low- to high-grade meta-
morphism have been observed. Within the Esto-
nian basement, the rocks of high-grade amphibo-
lite to granulite facies dominate. Detailed studies,
however, revealed that spatial variations in me-

tamorphic grade are widespread. Metamorphic
gradients related to fault zones, roughly circular or
belt-form areas of increasing metamorphic grade
(metamorphic domes) feature the general high-
grade metamorphic field.

The structural-geological zones distinguished
in the basement of Estonia substantially vary also
in metamorphic lithologies. Previous studies have
revealed that in primary supracrustal suites, a large
variety of mafic, intermediate and acidic volca-
nic rocks, as well as clastic sediments from clays
to sands, occasionally with carbonate admixture,
constitute the basement rock units [Koppelmaa
et al., 1978; Puura et al., 1983; Klein, 1986]. Some
information on the protoliths of metamorphic rocks
has been obtained by studying the typologies
of zircons [Konsa, 1986; Konsa and Puura, 1999].

The average mineral contents of different
supracrustal rocks in these geological zones
of the basement were reported by Puura et al.
[2004]. For example, in Tallinn and Alutaguse
zones, Al-rich garnet-, cordierite- and silli-
manite-bearing-gneisses and biotite gneisses ac-
count for 25.4 vol% and 90.5 vol%, respectively,
while biotite-plagioclase and K-feldspar-bearing
gneisses constitute 24.4 % and 1 %, respective-
ly. Biotite-plagioclase, hornblende-plagioclase,
pyroxene-plagioclase gneisses and amphibolites
constitute 50.2 vol% and 6.1 vol%, respectively
[Klein, 1986].

In the South- and West-Estonian zones, pyro-
xene- or hornblende-bearing mafic metavolcanic
rocks dominate, respectively, whereas metapelites
and granitic gneisses are rare. Pre-metamorphic
textural features in high-grade metamorphic rocks
have been obliterated. However, occasionally
graded bedding has been observed in metapelites.
Sedimentary protoliths of metapelites in the Tal-
linn and Alutaguse zones are supported by find-
ings of zoned zircons, whose rounded cores sug-
gest their detrital origin [Konsa and Puura, 1999].
The distinction between sedimentary or volcanic
origin of metamorphic suites, especially in cases
of Ca-rich composition resembling mafic volca-
nics, was drawnusing the bulk chemical composi-
tion and spatial relationships of metamorphic rock
suites in metamorphic sequences [Puura et al.,
1983].

Based on the mineral parageneses and che-
mical compositions of minerals (historical wet
chemical analysis of garnet, biotite and amphi-
bole fractions [Puura et al., 1983; Klein, 1986]
and microprobe analyses [Kikas, 2001], the peak
metamorphic conditions in the main structural
zones of the Estonian basement were estimated.
The data revealed that high temperature and mo-
derate pressure amphibolite facies conditions do-
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minated in the Tallinn and Alutaguse zones. Geo-
thermobarometry of biotite+garnet+/-sillimanite
assemblage and cordierite suggests peak meta-
morphic conditions at 600-700 °C and 3-5 kbar
[Klein, 1986; Koistinen, 1996]. In South Estonia,
the mineral parageneses of intermediate and ma-
fic metavolcanics and Al-rich gneisses correspond
to granulite facies. Widespread garnet and cordie-
rite in these rocks formed by the breakdown of bio-
tite and sillimanite, which indicates prograde meta-
morphism. However, in many places retrograde
assemblages formed in the conditions of am-
phibolite facies metamorphism. Holtta and Klein
[1991] studied drill cores in the granulite rocks
of South Estonia and gave pressure estimates
close to 4-6 kbar and formation temperature at
around 700-800°C.

Kikas [2001] performed detailed studies
of rock-forming mineral assemblages from rocks
of the Koénnu drill core (granulite facies, South-Es-
tonian Zone) and the Valgu drill core (amphiboli-
te facies, West-Estonian Zone). These drill cores
were located close to the MEFZ (Fig. 1), virtually
on its opposite sides. Traces of partial melting im-
ply that melting was the prominent mechanism for
dehydration of rocks in the Kénnu and Valgu drill
cores. In the granulitic rock, the occurrence of or-
thopyroxene and hercynite, and a specific chemi-
cal composition of high-grade phases, such as
high titanium content in biotite and high alumina
content in orthopyroxene, are in accordance with
geothermobarometric estimates, which suggests
a peak temperature of formation over 800 °C
and pressure of 5-6 kbar. In amphibolitic rock,
geothermobarometric estimates suggest peak
conditions at the upper amphibolite facies — tem-
perature ~700°C, and pressure ~4.5-5.5 kbar.
These estimates show a difference in the meta-
morphic stages and history between the West-Es-
tonian and the South-Estonian zones leading
to the general conclusion that the South-Estonian
Zone shows a deeper erosion level.

Precambrian unmetamorphosed igneous
rocks in the Estonian basement

Within the Estonian basement, post-orogenic
(later than Svecofennian collisional processes)
and anorogenic (independent from Svecofennian
orogenic framework) magmatic rocks were recog-
nized by drilling and from gravity and magnetic
investigations back in the mid-20™ century [Tikho-
mirov, 1965; Bogatikov and Birkis, 1973; Kuuspa-
lu, 1975; Puura et al., 1976, 1983; Velikoslavinsky
et al., 1978; Kirs and Petersell, 1994; Ramo et al.,
1996]. This rock group has been relatively well
studied. Generally, the igneous rocks are widely

distributed in the Proterozoic basement of Estonia,
however, they do not form large plutons. Granitic
rocks are widespread and present in about 400
drill cores. The group of granitic igneous rocks also
contains effusive varieties, which are found in more
than 80 drill cores. Intermediate to basic and ultra-
basic rocks are much less common — they are pre-
sent in about 80 drill cores.

In the historical research, mostly based on drill
core observations, the granitoids are tradition-
ally divided into syn- and late-orogenic granites
[Niin, 1997]. The synorogenic granitoids were de-
scribed from about 50 drill cores, where hyperst-
hene-bearing charnockites and enderbites pre-
dominate. Geochemically, synorogenic granites
show type | characteristics and their genesis is
related to granulitic metamorphism [Niin, 1997],
although some authors have investigated them to-
gether with late-orogenic migmatite granites [Puu-
ra et al., 1997]. These granites are widely spread
in the South-Estonian and Joéhvi granulitic zones,
where they form veins, small lenses and bodies.
The other group of synorogenic granitoids is repre-
sented by granodiorites and occasionally quartz
diorites. These rocks show gneissic structure
and occur mainly as small plutons. They are usual-
ly found in the Tallinn and J&hvi zones.

The Estonian late-orogenic granitoids oc-
cur in more than 300 drill cores and are known
in all geological zones, although less often
in the South-Estonian and Joéhvi granulitic zones.
In the mineral and chemical composition granites,
granodiorites dominate, tonalites and adamel-
lites occur less often, while quartz-diorites,
quartz-monzonites and quartz syenites are record-
ed only in a few drill cores. Usually, they form veins,
but migmatitic rock bodies are also frequent. These
granites are mainly massive, pegmatoid texture is
common, gneissic varieties are rare, while porphy-
raceous texture occurs very seldom. Most of them
probably have metasomatic or anatectic origin
[Niin, 1997]. Most of the quartz-feldspar- and gra-
nitic-gneisses are considered to belong to acid
metavolcanites [Niin, 1997] such as dacites, rhyo-
lites, porphyries, etc. Acid metavolcanic rocks are
the most common in the West-Estonian and Tallinn
zones.

Intermediate rocks were described from about
40 drill cores, half of them from the West- Esto-
nian Zone. The main types of intermediate igneous
rocks are gabbroic diorites (meta? — gabbro-dio-
rites) and diorites. The mafic, basic in composi-
tion, igneous rocks are found in more than 70 drill
cores; again, half of them in the West-Estonian
Zone [Niin, 2002]. However, most of them show
metamorphism. The share of ultrabasic igneous
rocks in the crystalline basement of Estonia is
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small (four drill cores) and they have commonly
been considerably altered during metamorphism
and secondary processes [Niin, 2002].

Anorogenic rocks belong to the Fennoscandian
Paleo — Mesoproterozoic Rapakivi Province [Kois-
tinen, 1994; Puura and Floden, 1999] and include
the huge composite Riga batholith, as well as at
least five minor stock-like porphyritic K-granite
plutons — Naissaare, Marjamaa (with its Kloostri
satellite), Neeme, Ereda and a quartz-monzodi-
oritic Abja stock in SW Estonia [Kuuspalu, 1975;
Soesoo and Niin, 1992; Soesoo, 1993]. All the rock
bodies, except for the Abja pluton, are situated
in the northern part of Estonia (Fig. 1). Usually,
these plutons are seen in strong but short-wave-
length positive magnetic anomalies.

The anorogenic Riga pluton, which forms
the southern part of Riga-Aland Rapakivi Sub-
province [Puura and Floden, 1999], contains both
mafic and silicic rocks, which are petrograph-
ically and geochemically analogous to the ty-
pical members of the Fennoscandian Rapaki-
vi-anorthositic suite. As in the case of other large
rapakivi granite batholiths, a considerable effect
of crustal thinning — at a scale of 10 km - has
occurred in the Riga batholith area in connec-
tion with its formation [Puura and Floden, 1999,
2000]. Geophysical effects of the Riga pluton are
expressed in low-gradient negative to near-zero
gravity and magnetic fields in the Gulf of Riga, SW
Saaremaa and the Courland Peninsula in Latvia
(Figs. 1-3).

These small Rapakivi-like porphyritic potas-
sium-granite intrusions in the Estonian mainland
show up as small gravity and magnetic minima
(Ereda, Neeme, Naissaare, Taebla, and Kloostri
stocks), and comprise pink, medium- to coarse-
grained, microcline-megacrystic, partly trachyt-
oid biotite (in Marjamaa and Naissaare also bio-
tite-hornblende) syeno- and monzogranitic rock,
locally cut by aplitic and microsyenitic dykes
[Kuuspalu, 1975; Kirs, 1986; Soesoo and Niin,
1992]. As an exception, Marjamaa pluton is more
differentiated with an anomalously high-magne-
tic central part containing hybrid granodiorite with
hastingsitic hornblende as the main mafic mineral.
The major and trace element contents of these
porphyritic potassium-granites are similar to or
overlapping with those of typical Finnish rapakivi
and comparable with the less differentiated granitic
phases from the Wiborg and Laitila plutons [Kuus-
palu, 1975; Soesoo and Niin, 1992; Kirs et al.,
2004]. Marjamaa pluton is accompanied by a re-
markable ellipsoidal magnetic high and an annular
low (Fig. 3). A central weakly positive local gravity
anomaly with a negative ring (Fig. 2) also associ-

The Abja quartz- monzodioritic pluton in SW Es-
tonia is strongly magnetic and consists of a dark
gray, massive, medium-grained, partly weakly
gneissose rock with abundant accessory apa-
tite and titanomagnetite. It is intersected by veins
of fine to medium-grained slightly porphyritic
plagioclase-microcline granite. The Sigula intru-
sion in North Estonia consists of medium grained
gabbro-monzonitic rock with ophitic texture
and of massive structure. This rock is very rich
in titanomagnetite (up to 10 %), apatite (2-4 %),
and titanite. The other postorogenic body — Utria
stock in NE Estonia, consists of medium-grained
fresh, non-amphibolised gabbro-diorite with high
titanite (3-5 %) content.

Geochronology of the Estonian basement

The first attempts to determine the isotopic age
of the Estonian basement rocks were carried out
in the 1970’s [Puura, 1974]. Three groups of iso-
tope systematics (K-Ar, Sr-Rb and U-Pb) were
used in geochronological studies. In the early
1990’s, Sm-Nd analyses on the granulitic gneisses
from the South Estonian drill cores were carried out
[Huhma et al., 1991b; Puura and Huhma, 1993].
These results along with new U-Pb zircon age
determinations [Petersell, 1991, 1993; Petersell
and Levchenkov, 1994; Ramo et al., 1996] eventu-
ally refuted the decades-long opinion of an Achae-
an age of South Estonian granulites and suggested
a Palaeoproterozoic age for the granulite protolith.

The U-Pb zircon age of metavolcanic rocks
of amphibolitic facies from northern Estonia (for
example drill core F-164) yielded a range of ages
within the 5 zircon fractions analysed — from 1889
Ma to 1844 Ma, while the isochrone age was
1918 £ 10 Ma [Petersell and Levchenkov, 1994].
Thirteen samples of granulitic metavolcanic rocks
of the South-Estonian Zone yielded U-Pb zircon
ages between 1833-1802 Ma and isochrone age
groups of 1832+ 22 and 1827 £7 Ma [Petersell
and Levchenkov, 1994]. Al-rich gneisses of meta-
sedimentary origin from the same rock complex
(drill core F-502) showed a range of TIMS multi-
grain U-Pb zircon ages between 1930 and 1841
Ma. Preliminary studies of zircons (drill core
F-502) by the laser ablation ICP-MS technique
also showed a range of ages — from 1900 to 1736
Ma [Soesoo et al., 2004a] (Table). The relatively
large range of ages within the metasedimentary
component probably points to mixed populations
of zircons, where some older, but radiogenical-
ly similar sedimentary material may be present.
U-Pb monazite dating of an orthopyroxene-gar-
net gneiss form the South-Estonian Zone yield-
ed an age of 1778 £2 Ma [Puura et al., 2004].

ates with Marjamaa.
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Rock types, general geochronology, possible correlations and tectonic settings of the rock complexes of the Estonian

basement [modified after: Kirs et al., 2009]
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These ages are significantly younger than the ages
of other mafic meta-igneous rocks from northern
Estonia or granulite facies rocks in Finland [Huhma
etal., 1991a].

Metavolcanites from the four SW Estonian drill
cores demonstrated a Sm-Nd model age (T,,,)
of 2.08 to 2.18 Ga, while g T varied from +0.2
to +2.0 [Huhma et al., 1991b]. Partial melting

of granulitic rocks of the South-Estonian and Tapa
zones has been studied by Soesoo et al. [2006].
Zircons extracted from the tonalite of the Tapa
Zone vyielded 182426 Ma, while tonalite
from the South-Estonian Zone yielded the age
of 1788 £ 16 Ma. Charnockite from the Tapa Zone
yielded 1761 £ 11 Ma [Soesoo et al., 2006]. These
U-Pb crystallisation ages span over ca. 80 Ma,
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suggesting a prolonged high-grade metamor-
phism or several separate metamorphic/melting
events. An attempt was made to compare zircon
U-Pb and whole-rock Nd ages (Fig. 4). The Nd mo-
del age of partial melting of granulite facies mafic
gneiss shows an intercept age of 1760 Ma, which
is in good concordance with the U-Pb zircon age
from the same charnockite sample — 1761 £ 11 Ma
(Fig. 4).

Some new geochronological data just be-
came available from the Johvi Zone. Zircons
from the gneisses, which are associated with
a large body of magnetite quartzites, represent
three groups of ages. A majority of the zircons
show 1826 = 10 Ma, the youngest population is
at 1789 = 19 Ma, while the third population gives
the isochrone age of 1874 + 18 Ma (RITA project,
unpublished data). These gneisses are migma-
tised and the magnetite-quartzites are cut by mi-
crocline granite veins. The granitic vein yielded
an U-Pb zircon age of 1800 Ma, which may be
the age of migmatization (A. Soesoo, unpublished
data). The latter age is similar to the ages of late-
and/or post-orogenic granites in southern Finland
[Nironen, 2005; Kurhila et al., 2011].

The knowledge about the age of metamorphism
is based on a few studies of U-Pb analysis of zir-
con and monazite and some other isotope studies
of rocks and minerals [Puura et al., 2004; Soesoo
et al., 2006]. The granulite metamorphism age is
difficult to estimate directly, however monazite from
an Estonian orthopyrexene-garnet gneiss (drill
core F-300, South-Estonian Zone) yielded an age
of 1778 +2 Ma [Puura et al., 2004]). This age is
similar to that of gabbro-noritic dyke which cuts
the same granulites — 1.774 + 20 Ga (A. Soesoo0,
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Fig. 4. Evolution of Nd isotopic composition in the mafic
gneiss and its partial melting product — charnockite — re-
lative to the evolution of the Chondritic Uniform Reservoir
(CHUR [Jacobsen and Wasserburg, 1980]) and deplet-
ed mantle (DM [Goldstein et al., 1984; Michard et al.,
1985]). Note that the U-Pb zircon age of the charnock-
ite is the same - 1761 = 11 Ma [modified from: Soesoo
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unpublished data). The Sm-Nd age of garnets
from this gneiss yielded 1728 + 24 Ma, which can
be interpreted as the age when the rocks cooled
down to the closure temperature of garnets, i. e.
ca. 650-700°C. The associated tonalite from
the South-Estonian Zone gave comparable U-Pb
zircon ages — 1788 + 16 Ma [Soesoo et al., 2006],
similar to whole-rock Sm-Nd and U-Pb zircon ages
of partial melting within the Tapa Zone (1760 Ma
[Soesoo et al., 2006]; Fig. 4). Supposedly, the for-
mation of tonalites and charnockites (likely con-
ditions: 850 °C and 6 kbar) in Estonian granulites
occurred at ca. 1788-1778 Ma. Then, the rocks
cooled down, passing through the garnet clo-
sure temperature of ca. 650-700 °C at 1728 + 24
Ma. Thus, the age of metamorphism of the Es-
tonian granulites is lower than the metamorphic
ages known from southern Finland, but it is similar
to the age of metamorphism reported from the Be-
larus-Baltic Granulite Belt in Latvia.

The U-Pb and Sm-Nd isotopic studies
on the Svecofennian granulite areas in Finland
clearly show that there are two distinct granulite
facies pulses, at ca. 1.88 Ga and at ca. 1.80-1.83
Ga. Migmatites from the Turku area have yielded
U-Pb zircon ages of ca. 1.82 Ga [Vaisanen et al.,
2002]. The West Uusimaa migmatites have yield-
ed U-Pb ages on monazites from 1816 +2 Ma
to 1832 = 2 Ma, whereas Sm-Nd on garnet gives
an average age of 1803 £ 6 Ma [Vaisdnen et al.,
2002].

The post-orogenic magmatism is represen-
ted by small monzonite-type mafic to felsic plu-
tons of shoshonitic geochemical affinity, originat-
ing from enriched lithospheric mantle, and hav-
ing been emplaced within the Estonian crust at
18307 — 1630 Ma [Soesoo and Hade, 2012]. Part-
ly gneissic rocks of the Muhu quartz-monzonite
and Taadikvere granodiorite plutons show an U-Pb
isotope age of about 1830 Ma (V. Petersell, un-
published data), which is in a problematic position
to metamorphism (Table). The shoshonitic Virtsu
pluton yields, however, an U-Pb age of about 1610
Ma [Soesoo and Hade, 2012]. The quartz-mon-
zonite of the Abja pluton shows a similar zircon
U-Pb age — 1638 Ma. It is interesting to note that
the granitic rocks emplaced into the Abja mafic
pluton show zircon fractions with ages from 1610
to 1515 Ma with an isochrone age of 1622 £7 Ma
[Kirs and Petersell, 1994] (Table).

In spite of age differences between the Muhu
(1803 Ma), Abja and Virtsu (1606 and 1638 Ma,
respectively) shoshonites, they all show similar
chemical affinities. It is also interesting that some
of the Virtsu and Muhu rock types (high-K variet-
ies) are chemically similar to the Finnish rapakivi
granites, while others are similar to shoshonites.

etal., 2006]
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The Fennoscandian anorogenic anortho-
site-rapakivi plutons developed in the time span
of 1.67-1.45 Ga within the Svecofennian juvenile
crust. Several igneous Rapakivi subprovinces con-
sisting of mafic to felsic intrusive rocks and volca-
nic facies have been distinguished in the region.
They can be divided into two large units: the Wi-
borg Subprovince of 1670-1620 Ma and the Ca-
lymmian Riga-Aland Subprovince of 1590-1540
Ma age. As Estonia is located in the central part
of the Fennoscandian rapakivi province, granitoids
temporally similar to both Rapakivi subprovinces
are found here. Granodiorite of the Marjamaa plu-
ton yields an U-Pb zircon age of 1650-1630 Ma
[Ramo et al., 1996; A. Soesoo, unpublished data].
The Neeme granitoids yield an U-Pb zircon age
of 1634 Ma and the Taebla rocks 1648 Ma, where-
as the Ereda rocks show two age groups of 1642
and 1627 Ma (A. Soeso0, unpublished data).

The Calymmian granitoids in Estonia are so
far known only from the Riga-Aland rapakivi Sub-
province, on the islands of Saaremaa and Ruhnu.
The basement beneath the Gulf of Riga as well as
on Ruhnu Island and western Saaremaa Island is
represented by the northern portion of the Riga ba-
tholith. Zircons from the Riga batholith yield ages
of 1576-1584 Ma [Ram¢ et al., 1996]. Zircons from
a subvolcanic biotite granite porphyry unit in Ruh-
nu Island (Riga batholith) yield an age of 1595 Ma
[Soesoo and Hade, 2012] (Table).

Relying upon the available data it can be con-
cluded that the Svecofennian orogenic struc-
tures in the Estonian basement formed during
Paleo-Proterozoic time, 1.8-1.9 Ga and compose
magmatic, volcanic and sedimentary components
across both major structural zones. The granulite
metamorphism and possibly the associated ma-
fic magmatism (including crustal melting events)
postdate these ages. It is not clear yet whether
the age differences between granulitic (SW Esto-
nia) and amphibolitic facies (NE Estonia) volcanic
rocks hint at differences in the geotectonic position
of these rocks or are explained by different exhu-
mation sections, or both.

Metallogenesis of the Estonian Precambrian
basement

Along with the fundamental studies describing
the evolution of the crystalline basement, the signs
of metallogeny have always been taken into account
as potential economic resources. Moreover, during
the crystalline basement mapping, a fair amount
of the deep drill holes were drilled for exploration
purposes to determine the geological features that
are causing magnetic and gravimetric anomalies.
As a result, several geochemical anomalies of high
metal concentrations have been detected (Fig. 5).

Previous geochemical studies [Kivisilla, 1987]
show that north-eastern Estonia together with
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the Tallinn Zone differs from the crystalline basement
in their higher concentration of chalcophile and si-
derophile elements, making it relevant from metal-
logeny and therefore the ore potential points of view.

Mn-rich magnetite quartzites are found
in the Johvi Zone of the Vaivara rock complex, form-
ing the Johvi iron ore deposit, and in Sakusaare,
where comparable mineralization can be seen
in the Jagala rock complex of the Tallinn zone
[Luha, 1946; Erisalu and Arvisto, 1969; Petersell,
1976; Petersell et al., 1985].

First studies on Johvi magnetite quartzites were
carried out in 1918-1939 [Luha, 1946]. As the mag-
netic anomaly is complex and produced by sub-
vertical ore bodies, only 5 out of 17 holes drilled
in the area of the anomaly intersected Fe-quartz-
ites [Erisalu and Arvisto, 1969]. Fe-mineralization
spreads in garnet-cordierite, amphibole- and pyro-
xene gneisses. Banded magnetite with occasional
braunite inclusions and quartz interlayers is often
seen together with pyrrhotite and pyrite [Puura
and Kuuspalu, 1966; Petersell et al., 1985]. In rare
occasions, magnetite is replaced by hematite
and in some cases up to 10 % of the magnetite is
replaced by goethite. Magnetite quartzites contain
up to 45 % total iron per 1 metre interval. The to-
tal depth of the ore body exceeds 721 m, although
the true thickness has not yet been determined.

Various concepts of ore genesis have been
proposed for Johvi Fe-quartzites. A. Linari [1940]
suggests the ore is skarn-like. Also, ore genesis
through metasomatism has been proposed [Va-
ganova and Kadoérova, 1948], where Fe-quartz-
ite was formed from mafic rocks during regional
metamorphism while in contact with granites. Ti-
homirov [1966] has described rocks as alternating
layers of skarn, cummingtonite, biotite-sillimanite
and other hornfels that are cut by granite veins.
However, the most widely recognized is the con-
cept of metamorphic rocks of volcanogenic-sedi-
mentary origin [Puura and Kuuspalu, 1966; Erisalu
and Arvisto, 1969].

Additionally, a slight amount of fine-grained
magnetite along with hematite, pyrrhotite and py-
rite may occur in small-grained cordierite-silli-
manite-biotite metasedimentary alumo-gneisses
throughout Estonia. In gabbroic intrusions, ilmen-
ite-magnetite and magnetite-apatite mineraliza-
tion has also been noted [Petersell et al., 1991].

Along with various iron-related minerals, sig-
nificant anomalies of sidero-chalcophile sul-
phide-graphite-bearing mica gneisses occur
in the Tallinn and Alutaguse zones [Vaher et al.,
1962]. Areas of prominent mineralization produce
distinct magnetic anomalies, e. g. Haljala, Assa-
malla, Uljaste, where the total concentration of Cu,
Pb and Zn can be as high as 5.6 %. Graphite con-

centration in graphite gneisses is highly variable,
reaching up to 10-15 %. Moreover, in the Palamuse
drill core, a 1.6 m thick fine-grained layer contains
up to 36 % of graphite. Together with iron sulphi-
des, polymetallic mineralization is observable.
Pyrrhotite is the most common sulphide mineral,
spreading dispersedly in up to a few cm-thick layers
in the gneissic texture, and often replaced by pyrite.
Iron sulphides have later been cut by sphalerite,
chalcopyrite and galena [Vaher et al., 1964; Puura
et al., 1967, 1983; Petersell, 1976; Petersell et al.,
1985, 1991]. The second stage is more common for
brecciated rocks with apparent cracks and caverns
[Vaher et al., 1964]. Graphite gneiss formations are
ultimately metamorphosed in the conditions of am-
phibolite facies metamorphism.
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CMECCAPTUH-TPOCCYJISIPOBbIE FPAHATbI
METABYJIKAHUTOB LLEHTPAJIbHO-BYHOENKXAHACKOIO
3ENEHOKAMEHHOIO KOMMNJEKCA BYHAEJIKXAHACKOIO
KPATOHA, UHOUNCKWUMA LUUT (MAPAFTEHE3UCHI,
30HAJIbHOCTb, CTPUHIEPbI, BKJTIOYEHUS)

0. C. CubeneB

UHcTuTyT reonorvm KapHL PAH, ®UL| «Kapenbckuii HayyHbIv LeHTp PAH», MeTposaBosck, Poccus

Apxerickne BynkaHuUTbl MaypaHunypckor CTpyKTypbl LieHTpanbHO-ByHOenkxaHackoro
3e/IeHOKaMEHHOro KOMIJIeKca NpeTepneny Tpu ctagun metamopduyecknx n MeTaco-
MaTtunyecknx npeobpasoBaHuii: 1) metamopdnam ampunbonuToBon daumm (~2,7 MAPLA,
NeT), 2) perpeccuBHbIn MeTamMopdun3mM K COMPsXKEHHbIE MPOLECChl MeTacoMaTo3a
(~2,68 mnapa neT), B TOM Y1cnie nponuamtndauum, 3) Metamopdusm NpeHnT-nymnenm-
NTOBOI paL M, BEPOSTHO CBA3aHHbIN C POPMUPOBAHMEM MMAPOTEPMANbHBIX KBAPLLEBbIX
xun (~1,8 mnpa neT). FpaHaT yCTOMYMB Ha BCEX CTaausaX HaNoXeHHbIX Npeobpa3oBaHnii
N 3aKOHOMEPHO MEHSIET CBOW COCTaB OT ajlbMaHAWH-CNeccapTHa 4O rpoccynsapa, ac-
couuunpys ¢ amdnboniom (coctasa OT NapracuTa U YepMakuTa 4O FPIOHEPUTA-KYMMUH -
TOHUTA W aKTUHOAINTA), KIMHOMUPOKCEHOM, XJIOPUTOM, LLOU3UTOM-KIIMHOLLON3NTOM, Ka-
nMALLINaToM 1 ap. Ha 3akNioUYnTENbHbIX CTaAMSX OH PABHOBECEH C KaNbLMTOM, anbouTom,
NPEHNTOM W NYMNENNUUTOM. B HEKOTOPBIX 3epHax rpaHata GopMMpPyeTCs KOHTpPacTHas
CIIOXHas XMMUYeckas 30HaNIbHOCTb C PE3KMMW FpaHnLAMN 30H U UBMEHEHNEM MUHE-
panbHOro cocrtara BK/OYEeHUM No 3oHaM. KonnyecTBo 30H (Tpu) CONOCTaBUMO C KOJN-
4eCcTBOM CTagui anvreHesa. bnarogaps KoHTpacTHOCTM BSE-1306paxeHunii rpaHaTa (3a
cyeT obpaTtHoli 3aBucuMocTu coaepxarHnini FeO n CaO) paccMoTpeH xapakTep 30Hasb-
HOCTU, BbISIBIEHbI CTPUHIEPbI, «“MEX30HHbIE aHOMaINN» N BKITIOYEHUS FTPOCCYNSIPOBOr0
rpaHara B crneccapTuH-anbMaHANHOBOM. 3epHa rpaHaTa He Bcera siBfgioTCs 3aKpbITOMN
CUCTEMOW, 1 B HUX MOTYT NPOTEKAaTb MPOLLECCHI MEPEKPUCTANINIALMNN BKITIOHEHNIA.

KniwouyeBble cnoBa: apxen; MetTamopdunam; MetacomaTosd; napareHe3nchbl; rpaHar;
30HaNbHOCTb rpaHaTta; CTpuHrepsl; byHaenkxaHockni KpaTtoH; IHOUNCKNn WwmT.

0. S. Sibelev. SPESSARTINE-GROSSULAR GARNETS IN METAVOLCANICS
FROM THE CENTRAL BUNDELKHAND GREENSTONE COMPLEX OF THE
BUNDELKHAND CRATON, INDIAN SHIELD: PARAGENESES, ZONING,
STRINGERS, AND INCLUSIONS

Archean metavolcanics from the Mauranipur Structure of the Central Bundelkhand green-
stone complex have undergone three stages of metamorphism and metasomatism: 1)
amphibolite-facies metamorphism (~2.7 Ga), 2) retrograde metamorphism and associ-
ated metasomatism (~2.68 Ga), including propylitization, and 3) prehnite-pumpellyite-fa-
cies metamorphism presumably associated with the formation of hydrothermal quartz
veins (~1.8 Ga). Garnet is stable at all multiple metamorphic stages, varying in composi-
tion from almandine-spessartine to grossular, and being associated with amphibole (from
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pargasite and tschermakite to grunerite-cummingtonite and actinolite in composition),
clinopyroxene, chlorite, zoisite-clinozoisite, K-feldspar, etc. At the final stages of blastesis
it is equiponderous with calcite, albite, prehnite, and pumpellyite. A complex, high-con-
trast chemical zoning with well-defined grain boundaries and zonal variations in the mine-
ral composition of inclusions is formed in some of the garnet grains. The number of zones
(three) is comparable with the number of epigenetic stages. As BSE images of the garnet
have high contrast (because of the inverse relationship of FeO and CaO concentrations),
the zoning pattern was examined and stringers, “interseasonal anomalies” and inclusions
of grossular garnet in spessartine-almandine were revealed. Garnet grains are not always
a closed system; recrystallization of inclusions may occur in them.

Keywords: Archean; metamorphism; metasomatism; parageneses; garnet; garnet

zoning; stringers; Bundelkhand Craton; Indian Shield.

BBepeHune

B XXI Beke B MeTaMopdun4eCckon neTponorum
HECKOJIbKO N3MEHWIaCb METOAMKA, UCMoNb3yemMad
ONs pelleHns nNpobnemM onpepeneHus napamMe-
TpoB MeTamopdmama. B npakTmke nccnegoBaHui
CTaJIN LUMPOKO MPUMEHATHCH COBPEMEHHbIE METO-
Obl MyNbTUPABHOBECHOM MUHepasbHOW TepmMmoba-
poMeTpuun, NCeBooCeKUNn, N3oTonmn n gp. Tem
He MeHee M3ydeHue neTtporpadum, napareHesn-
COB, OCOOEHHOCTEWN XMMMYECKOro COCTaBa U ero
M3MEHEHUN B TUNOMOP®HLIX N UHOEKC-MUHEpa-
nax OblnN 1 OCTaloTCs BaXXHENLINMWN UHCTPYMEH-
TaMu NO3HaHUS B 3TOM 006/1aCTU U He yTepsiain CBO-
€l aKTyasibHOCTW.

HecomMHeHHO, oaouH 13 Hambonee MHdoOpmMa-
TUBHbIX MWUHEPANOB O ONpefesieHns PexnmoB
9HOO0reHHbIX MPOLLECCOB N UX U3MEHEHUA — 3TO
rpaHat [CoboneB, 1964]. B 3eneHoOKaMeHHbIX Mo-
pogax LeHTpanbHO-ByHOeNnkxaHACKOro 3eeHo-
kameHHoro komnnekca (LLB3K) oH He gaBnseTtca
nopoaoobpasyowmM MUHEPAZIOM U BCTpedaeT-
Cs ganeko He nosBcemMecTHO. B MaypaHunypckon
CTPYKTYPE MMEIOTCH eAMHUNYHbIE HAXOLKWM rpaHarta
[Slabunov, Singh, 2019b]. B HacToswen paboTe
npencTaB/ieHbl Pe3y/bTaTbl OPUTMHASIbHBIX UCCe-
[0BaHWNI BbISIBJIEHHbLIX aBTOPOM rpaHaToB, rpaHar-
coaepxaLimx MMHepasbHbIX accoumaumnin, HeCTaH-
DApPTHBIX 0COBEHHOCTEN XMMU3Ma N BHYTPEHHEr O
CTPOEHNSA 3TOr0 MUHEpPana, UMEeKLKMX, Kak npea-
CTaBNSAETCSH, NETPOJSIOrMYECKY 3HaYMMOCTb.

Fleonorunuyeckuin ouepk

ByHOEenKxaHOCKUA KpaTOH COCTOWUT TJlaBHbIM
00pa3oM M3 Heoapxemcknx MMKPOKITMHOBbLIX rpa-
HuTOB [Ramakrishnan, Vaidyanadhan, 2010; Singh
et al., 2019]. Cpean HUX BCTPEYalOTCH KPYMHbIE
dparMeHTbl pPasrHenCOBaHHbLIX TOHAIUT-TPOHAb-
eMUT-rPaHoaNOPUTOB, BO3PACT KOTOPbIX OLEHU-
BaeTcsa B 3,59-3,20 mnpa net [Kaur et al., 2016].
B cocTtaBe kpatoHa Bblgensercs Tpu TeppenHa:
LLEHTPaNbHbIN, CEBEPHbIN U OXHBIA [Slabunov,

Singh, 2019a]. BaxxHyto ponb B CTPYKTYpe KpaToHa
nrpatoT Mezo-Heoapxenckme LleHTpanbHO-ByH-
nenkxaHacknii  (UB3K) u  KOxHo-ByHoenkxaHa-
CKWNIA 3eneHokaMeHHble KoMrinekcbl [Singh, Slabu-
nov, 2015, 2016; Slabunov, Singh, 2019b]. LUB3K
cnoxeH babuHckum 1 MaypaHunypckum nosica-
MW, N €ero BbIXOAbl MPOCNEXMBAKTCA C 3anaga
Ha BOCTOK npuMepHo Ha 150 km (puc. 1, a).

PaHHaa accoumauma LUB3K MaypaHunypcko-
ro rnosica cnoxeHa Tpemsa Tosnwamu: 1) ynetpa-
06a3uT-6a3anbLToBOM (MeTaynbTpaMaduTbl U Me-
TabasanbTthl) (puc. 1, 6); 2) puonuUT-4aUNTOBOW
(kvcnble MeTaBynkaHUTbl) U 3) XenesncTbiMu
keapumtamum (BIF). TMo3gHas — cybeynkaHuye-
CKUM TENOM KUCHbIX BYIKAHUTOB. KOHTaKTbl MeX-
Oy Tonwamu TekToHudeckme [Slabunov, Singh,
2019b]. B MeTtabasanbtax duKcupytoTca nui-
noy naebl [Malviya et al., 2006]. Bo3pacT paHHux
KMCNbIX ByAkaHUTOB — 2813 + 20 MmnH net, meTa-
coMaTuToB — 2687 = 17 MNH neT, Oankn KUCHbIX
nopog, (no3gHasa accouyauuns) — 2542-2557 mnH
net [Singh, Slabunov, 2015; Slabunov, Singh,
2019b]. B paioHe nposiBieHbl NaneonpoTepo30ii-
CKMe ruapoTepMarbHble MPOLECCHI, B XO4E KOTO-
pbiX CHOPMUPOBANNCE TUFAHTCKME KBapLEBbIE
xunbl [Pati et al., 2007; Ramakrishnan, Vaidyan-
adhan, 2010; Slabunov, Singh, 2019b]. BospacTt
paHHen ctagmn mx GOPMUPOBAHUA OLEHMBAET-
caB 1866 + 11, a noggHen — B 1779 = 43 mnH net
[Slabunov et al., 2017].

Metamopdpusm

Cuctematmyeckne WCCNenoBaHUS MeTaMop-
dmnama nopop, KpatoHa He NPOBOAMUIIUCH, U3y4e-
Hbl IUWb OTAENbHbIE y4acTku. VimeloTcs faHHble
0 naneoapxenckom (6onee 3,2 mnpga neT) meta-
Mopduame nopon byHaenkxaHOCcKoro rHemco-
Boro komnnekca [Singh, Dwivedi, 2009; Singh,
2012] Bbicokon cTtyneHu. OueHkn PT-ycnosuii
DN rpaHaT-CUWUIMMaHUT-6MOTUTOBLIX U rpa-
HaT-aMdnb0-6MOTUTOBLIX FTHENCOB MO AAHHbLIM
3TuX aBTOpPOB cocTaBnslT T — 618-655°C, P -
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Puc. 1. a — cxema pacnonoxeHus LleHTpanbHoro TeppeiiHa babuHa — Maxob6a:

1 — annoBnanbHble OTNIOXEHUS; 2 — BUHOXYAHCKNI KOMMIEKC; 3 — rpaHunLbl TEPPENHOB; 4 — OyHAenkxaHackue rpaHuTonasl; 5 — 3e-
JNleHOKaMeHHbIe KoMMneKkcbl; 6 — TTI-KOMMIeKkchl;

6 — cxema reosiorm4eckoro CTPOeHUs 3e/1leHOKaMeHHOro nosica B p-He Maypanunyp ByHaenkxaHackoro kpaToHa
[mo: Slabunov, Singh, 20198 ¢ ynpoliueHuamu]:

1 — annoBranbHble OTIOXEHMUS; 2 — kBapLeBble Xunbl (pudbl) (1,9-1,8 mapa neTt); 3—7 — 3eNeHOKaMEHHbI KOMMNEKe: 3 — painka
Kncnbix nopog, (2,56 mnppa net), 4 — nonocyatble kBapuuTbl (BIF), 5 — kncnble metaBynkaHuTel (2,81 mnppg net), 6 — meTabasanbTbl
(MecTammn C pennkTamm LapoBOi TEKCTYPbI), 7 — MmeTayabTpaMaduTbl U BbICOKOMArHe3nasbHble OCHOBHbIE MOPOAbl; 8 — MeTa-
comaTtmyeckme nopoabl (okosno 2,7 mnpg, net); 9 — rpaHutonasbl (3,55-2,50 mnppa net); 10 — Toukmn ot6opa 06pasLLoB 1 UX HOMEP;
11 — npeanonaraemblie pasnomsl (a) u HagBuruv (6); 12—14 — anemeHTbl 3aneraHus: 12 — nonocyaroctu, 13 — cnaHUeBaToOCTU U Nn-
HeHoCcTU, 14 — ONPOKNHYTOE 3aneraHne

Fig. 1. a — location of the Babina — Mahoba Central Terrain:

1 - alluvial deposits; 2 — Vindhuan complex; 3 — boundaries of the terrains; 4 — Bundelkhand granitoids; 5 — greenstone complexes;
6 — TTG complexes;

6 — scheme of the geological structure of the Mauranipur greenstone belt, Bundelkhand Craton after [Slabunov,
Singh, 20198, with simplifications]:

1 — alluvial deposits; 2 — quartz veins (reefs) (1.9-1.8 Ga); 3—-7 — greenstone complex: 3 — felsic dike (2.56 Ga), 4 — banded iron
formation (BIF), 5 — felsic metavolcanic rocks (2.81 Ga), 6 — metabasalts (in some cases with relics of pillow structure), 7 — meta-ul-
tramafics and high-Mg basalts; 8 — metasomatic rocks (about 2.7 Ga); 9 — granitoids (3.55-2.50 Ga); 10 — sampling points with
number; 11 — alleged faults (a) and thrusts (6); 12 — bedding, 13 — foliation and linearity, 14 — overturned bedding

4,9-54kbapu T -710-750°C, P - 3,9-4,3 kbap
COOTBETCTBEHHO. OnpeaeneHbl napamMeTpbl MeTa-
Mopdunsma B naneoapxenckmx (3,5-3,4 mnppg ner)
TTI-rHeiicax paiioHa CykBaHckom gambbl (Sukwan
Dam), nexawme B npegenax T — 630-720 °C, P —
6,5-8,5 kbap [Nasipuri et al., 2019]. B 6opTy LieH-
TpasbHO-ByHOENKXxaHOCcKoro TeppenHa, B JIVH-
3€ BbICOKOMArHe3masnbHbIX KOPYHOCOAEPXALLUX
GNoronUT-x10PUTOBLIX CIaHLLEB OblIN yCTaHOBIE-
Hbl MeTamopduyeckme nNpeobpasoBaHUsa B YCIO-
BUSIX 9KNormToeoin dauum (>18 kbap), Bo3pacT
KOTOpbIX oueHmBaeTcs B 2780 + 64 mnH net [Saha
et al.,, 2011]. Ona meTaBynkaHUTOB 3esleHOKa-
MEHHbIX KOMMJIEKCOB KpaToHa No AaHHbIM [Singh,
2012] npepnonarancsa mMeTamopdusM  HU3KUX

CTyneHen, BpeMeHu nposineHma 3,2-2,6 mnpg
net, B PT-ycnosusix 480-550°C n 4-5 «kbap
(puc. 2).

B nopopax p-Ha MaypaHunyp 6bin onpegeneH
BO3PACT KUC/bIX BYKAHUTOB M METacoMaTuTOB,
4YTO MO3BONSIET 3HAYMUTENBHO CYy3UTb BO3PACTHbIE
pamMku anureHeTM4yeckux npoueccoB [Slabunov,
Singh, 2019b] 1 ycTaHOBUTL MX MOCneaoBaTeNb-
HocTb [Cnbenes u ap., 2019].

lMukoBble ycnoBus MeTamopduama paHHero
aTana gocturann amounbonmMToBor Gaumm nosbl-
LWEeHHbIX aaeneHunin (puc. 2): T — 586-679 °C, P —
6,7-7,2 kbap [Cnbenes n ap., 2019], npu obwien
HEBBLICOKON WHTEHCMBHOCTU nepepaboTky nopon,
komnnekca. Bpemsa nposiBneHna aTon ctagmm or-
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Puc. 2. PacyeTHble 3Ha4eHWs naneotemMnepatyp v na-
NeofaBsieHVn N NpeanosiaraemMble TPeHObl N30XMMUye-
CKOro metamopdusama n mMetacomaro3a B MI3YHEHHbIX
MeTaBy/ikaHuUTax panoHa MaypaHunyp:

1, 2 - durypatmBHble TOo4kM PT-napameTpoB, MOJy4YeH-
Hble ¢ momMoLpio nporpammbl TWQ [Berman, 1991; B[, 1992
TWQ_Comb, TWQ_View [.B. donuso-Lobposonbckuin] (1)
1 «knaccuyeckmx» metogos [Wells, 1979; Powell, 1985; Blun-
dy, Holland, 1990; Fonarev et al., 1991; Schmidt, 1991 et al.]
(2); 3, 4 — npegnonaraemMele PTt-TpeHObl UIBMEHEeHUs1 YCNOBUIA
meTtamopoduama (3) n metacomatosa (4); 5 — obnactb PT-na-
pameTpoB MeTamopdur3ma B MeTaocagkax U MeTaByJsikaHuUTax
LIB3K [no: Singh, 2012]; 6 — npegnonaraemsie PT-napameTpsbl
ycTon4mBocTu Prh-Pmp MnHepanbHbIX accoumaunn

Fig. 2. Calculated values of paleotemperatures and pale-
pressures and expected trends of isochemical metamor-
phism and metasomatism in the studied metavolcanics
of the Mauranipur area:

1, 2 - imaging points of PT-parameters obtained using
the TWQ program [Berman, 1991; DB 1992 Dolivo-Dobro-
volsky D. V. TWQ_Comb, TWQ_View] (1) and ‘classical’ methods
[Wells, 1979; Powell, 1985; Blundy, Holland, 1990; Fonarev
etal., 1991; Schmidt, 1991 et al.] (2); 3, 4 — expected PTt trends
of changes in the conditions of metamorphism (3) and metaso-
matism (4); 5 — area of the RT parameters of metamorphism
in metasediments and metavolcanics of the Central Bun-
delkhand greenstone complex after [Singh, 2012]; 6 — expected
PT-parameters of Prh-Pmp mineral associations stability

paHn4yeHOo pamMkamMu BO3pacTta KUCIbIX BYJIKAHNTOB
1 MEeTacoOMaTnTOB.

Mocnepywowme Hanbonee MHTEHCUBHbIE Mpe-
o0pas3oBaHMa CBsi3aHbl C PErpeccuBHbLIM MeTa-
MOPPU3IMOM N COMPAXKEHHBLIM C HUM MeTacoma-
TO30M. MeTacomMaTuTbl MPOCTPAHCTBEHHO MNpu-
YPO4€EHbI K 30HaM PasfioMOB UM TEKTOHUYECKNX
KOHTaKTOB Mopof, TO eCTb K 30HaM pasrpysku
NINTOCTaTUYECKOro AaBJieHUs, U B HU3KOTeMMNepa-
TypHOM 0611acTy OTBEYaT NPONUINTOBON daumn
MeTacomaro3da. [Ansa «knaccn4eckux» nponuinToB
[PycuHoB, 1972; MeTtacomaTtuam..., 1998] xapak-
TepHbl T — 200-350 °C npu HU3KNX OaBNEHUSAX MO-
4TK rmnabuccanbHOro YpoBHS.

[MpeHnT-nymnennumnToBaa dauna Metamop-
dnama — no3gHuiA atan npeodbpas3oBaHUin 1, Be-
POATHO, MpoTeKas napaniesibHO CO CTaHOBIEHN-
eM rMapoTepPMalbHbIX KBAPLEBbLIX XWil (pUdOB).
[MapareHe3uncbl NPeHnT-NyMNesIMmMToBon daunm
panioHa MaypaHunyp MMEIOT CBOW OTNYUTESIb-

Hble 0COBEHHOCTU: B MeTaByJIkKaHUTax OTCYTCTBY-
IOT LLeONUTbl U YCTOYMB FPOCCYSIAP, HTO, Hapaay
¢ 6apoduUbHOCTBIO MyMMEINNTa, CBUOETENbCT-
BYET 0 Npeobpa3oBaHusix B Hanbosee BbicokobHa-
puyeckux obnactax ¢dauum (T — 150-250 °C, P —
3-5 kbap). FeoTepMnyeckmin rpagmMeHT cocTaBlis-
et ~5-10°C/xm.

MeTtoauka pa6oTt

[MockonbKy TrfaBHOWM UENbIO UCCNegoBaHuin
ObI10 N3y4eHMEe NPOLLECCOB MeTaMopdmama 1 me-
TacomMarosa, Npu noseBbix paboTax oTébmpanmchb
obpa3supl Hanbonee N3MeHEeHHbIX MopoAd, B nep-
BYlO oyepenb — rpaHaTcogepxawmx. NMpobnema
BblAENIEHNS PABHOBECHbIX MapareHe3ncoB peLua-
nacb C MOMOLLbBIO AeTaNbHbIX NeTPorpadpuyeckmx
NccnenoBaHMN 1M nMapareHeTUYecKoro aHanusa,
C NPUMEHEHMEM auarpaMmm COCTaB-napareHesuc,
NMOCTPOEHHbIX HA OCHOBE peasibHblIX XUMNYECKNX
COCTaBOB MWHEPasnoB. AHANNU3 XMMUYECKOro CO-
CTaBa MWHEPAsIOB BbIMOJHEH B AHANUTUYECKOM
ueHtpe MHctutyta reonormn KapHLU, PAH (MeTpo-
3aBO/CK) HA CKaHMPYIOLLLEM PACTPOBOM 3N1EKTPOH-
HoM mukpockone TESCAN VEGA Il LSH ¢ npucTtas-
ko INCA Emergy 350, COBMELLEHHOM C MUKPO-
aHannsatopom (aHanutuk A. H. TepHoBon).

FpaHaTcopep>xawme nopoabl U NX
MUHepaJibHble NapareHe3uchbl

paHat 3adpukcmpoBaH B OBYX Tunax MOpPOL:
B MeTamMaduT-ynbTpamadutax u KUCnbIX MeTaByl-
KaHUTax.

MuHepanbHble accouyaumMn 3TMx Nopon, MHO-
rodasHbl, 3a4acTy0 MeTacTabusbHbl U NpeacTaB-
JIeHbl PEJSINKTOBbIMU (MePBUYHBLIMUY), MeTaMopdu-
4YEeCKUMWU N METACOMATUYECKUMU MUHEpanamu.
[Mo4Tn BCe OHWM COXPaHSAITCA OO NOCAeaHUX cTa-
Ounii bnacTeaa, 3a UCKJIIOYEHMEM TMNOTETUYECKOTO
6voTuTa (B 4MCTOM BuAe He oOHapyXeH) u nna-
rmoksasa, KOTopbI N0 Mepe YBENNYEHUS UHTEH-
CMBHOCTU HAJIOXEHHbIX MPOLECCOB CTAHOBUTCSA
6osee KMCMbIM M NOYTU NOJIHOCTLIO MCHE3aET.

Kucrnbie meTaBysikaHUTbl — U3HAYaNbHO MOPO-
Obl  annoTpMoMOPGOHO3EPHUCTON  (aninToBON),
ydyactkamu — rnoppupoBUOHON MUKPOCTPYKTYPHI,
XapakTepuU3yoLencs HanniMemM BKpParnieHHUKOB
nnarnmoknasa v noANKPUCTaNIMYeCcKoro (nepekpum-
CTa/l/IN30BaHHOr0) KBapua, pasMmepoM A0 MnepsBbIxX
MM, Ha doHe ToHKo3epHucTom (0,05-0,15 mm) oc-
HOBHOW Macchl KBapL,-nosesoLunaTosoro (xAmp',
Ms, Chl, Mag) coctaBa. [log BO3aencTBnemM Hano-
XEHHbIX MNPOLLECCOB NEPBUYHbIE CTPYKTYPHO-TEK-
CTypHble 0COGEHHOCTM MOpPOJ, 3aTyLUEBLIBAIOTCSH

' CvMBONbI MMHEpaoB AaHbl no: [Donna, Bernard, 2010].
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Puc. 3. Ouarpammbl COCTaB-napareHe3nc gas KUCNbIX METaBY/IKAHUTOB WU MeTaynbTpaMaduToB B KOOpAMHATax
A (Al) - C (Ca) - F (Fe+tMg+Mn): a — nuk meTamopdunama (ampurbonutoBas daums); 6 — cpenHsis CTyneHb (~ anu-
poT-amdurdonuTtoas Gaums); ¢ — HA3Kas CTYMNeHb (~ 3eNeHocnaHLEeBas, NPEHUT-NyMNeNnMMToBas Gauunmn)

Fig. 3. Diagrams of composition-parageneses for felsic metavolcanic rocks and meta-ultramafics in the coordinates
A (Al) - C (Ca) - F (Fe+Mg+Mn): a — peak metamorphism (amphibolite facies); 6 — middle stage (~ epidote-amphib-
olite facies); ¢ — low stage (~greenschist, prehnite-pumpellyite facies)

M ONMCbIBAIOTCS B TEPMMHAX MeTaMoppnyeckomn
netporpadum kak rHemcbl HemaTorpaHobnacTto-
BOW, NopdurporpaHoba1acToBON CTPYKTYpP, C MJIO-
cKkonapasienbHOM UM Nosioc4aToOn TEKCTYPOMN.

MwvHepanbHbIA COCTaB KUCAbIX MeTaByJKa-
HUTOB (puC. 3) 3aBUCUT HE CTOJSIbKO OT Bapuauumi
cocTaBa MpoToSInNTa, CKOJbLKO OT Xapakrepa 1 UH-
TEHCMBHOCTU HaJIOXEHHbIX, B 0COOEHHOCTU MeTa-
COMaTMyecKunx, NpeobpasoBaHuii.

[MpucyTcTBME B NopoAax HU3KOKPEMHUCTOro
amdubona (Prg, Ts) npMBoanT K 3anpeTy napare-
He3uca KJIMHOMUPOKCEHa C rpaHaTom (puc. 3, a),
a Haanyve MOHOBapUaHTHOro pPaBHOBECUSA rpa-
HaT — KanbumneBblli amdunbon nckoyaeT napare-
HETUYHOCTb XJI0PUTA, PYOHbLIX MUHEPASIOB U IPIo-
HepuTa C aNUOOTOM, MPEHUTOM U MyMNESJIMUTOM

(puc. 3, B, C).
MeraynbTpamagputsl  NpencTaBneHbl  U3Me-
HEHHbIMW  OJIMBMHOBbLIMU  KJIMHOMUPOKCEHUTA-

Mu [Malviya et al., 2006; Singh, 2012], knuHo-
NUPOKCEHUTaMN N BO3MOXHO — BebcTepuTammu
(B ogHOM 13 06pa3uoB 3adUKCUPOBaAHbLI PENUKTHI
OpPTONMPOKCEHA W KYMMWHITOHUTOBbIE MCEBAO-
MOpdO03bl MO Hemy). B oToOpaHHbIx 0b6pasuax
ONMMBUH He Obln 3adUKCUPOBAH, HO OTMEYEHbI
ncesnomMopdo3bl arperaTtos pyaHbIX MUHEPanoB
OKpYrnoi ¢dopMbl, KOTOpblIE MOMN BbITb chopMun-
pPOBaHbI MO OJINBUHY.

Ana  MeTak/IMHOMMPOKCEHUTOB  XapakTepHa
KpynHo3epHucTtas (3-5 MMm) naHuamMomMopdHo-
3epHUCTas CTPykKTypa, MaccmBHasa Tekctypa. [lo-
MUMO aMdUrb0ona B HAX KPUCTaNNN3YOTCS rpaHar,
XNIOPUT, KIIMHOLLOU3UT 1 Apyrne BTOPUYHbIE MUHE-
panbl (puc. 2, B). Mopoabl npnobpeTatoT BHavane

NOMKUAVUTOBYIO WM MO3aMYHYIO, 3aTEM — Hema-
TO6GNACTOBYIO M HemaTorpaHobnacToBYO CTPYK-
Typy. pU MHTEHCUBHBLIX, OTHOCUTENBHO HU3KO-
TemnepaTypHbIX Npeobpas3oBaHUsSX pPa3BUBaOTCS
KYMMUHITOHUT, aMdUO0sbl aKTUHOIMTOBOIo psiaa
N, MOPONM B 3HAYUTENbHbIX KOMYECTBAX, XJIOPUT.
[MponsBoaHble Takoro npouecca — cpegHesepHu-
CTble aKTUHONINTUTBI U rpaHaT-am@nbdooBbIe X0~
PUTUTBI.

MuHepanbHble napareHe3ncCbl 3aKIYUTESb-
HbIX (HM3KOTEeMMepaTypHbIX) CTagui HalOXeH-
HbIX Npeobpa3oBaHnini MeTaynbTpamaduUToB (CM.
puUC. 2, C) BO MHOTOM CXOXMW C MOAO0OGHbIMW na-
pareHe3ncamm KNCIbIX METaBYIKAHUTOB, YTO CBU-
0EeTenbCTBYET O 3HAYNTENBHOM BAUSHUM NPOLLEC-
COB MeTacoOMaTU4eckoro xapakrepa, KOTOpPOMY
NOABEPXEHbI U TE€ N Apyrve nopoabl. B metaynb-
TpamaduTax OTCYTCTBYIOT KBapL, W niarnmoknas,
a xenesomarHesmasibHble MUHepasbl oboraiie-
Hbl MarHMeMm, 3a WCKJIIOYEHMEM rpaHarta, KOTO-
pbi B 9TUX NopoAax oboralleH KanbLuMeM, 1 3To
NO3BONISET MPEennofoXWTb, YTO OH Hayan Kpu-
cTannm3oBaTtbcs Ha 6onee HU3KUX CTYMEHSX Me-
Tamopdurama OTHOCUTENBHO rpaHaTa KUCHbIX Me-
TaBynkaHntoB. OTCyTCTBME nnarvoknasa genaet
BO3MOXHbIM MapareHe3nc anuaooTa C rpaHaTtoMm,
a BbICOKAs KanbLMEBOCTb rpaHaTa Ha CaMbIX HU3-
KMX CTYNeHax MeTamopdurama NCKYaEeT napare-
HETUYHOCTb aKTUHOAUTA HE TONbLKO C MyMMenam-
WTOM, HO 1 C NPEHUTOM: B rpaHaT-aMmpnbonoBbIx
XJI0PUTUTAX U NPEHNUT U NYMMENIUNT OTCYTCTBYIOT.

Taknm 06pas3oM, paHHMEe MeTamopduydeckue
napareHesuncbel npeactasneHol: Gri-Prg-Pl; Cpx-
Prg-Pl; Cpx-Grt-Pl; Cpx-Prg (£Ksp, *Qz, £Mag).
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PerpeccuBHas ctagus gaHHOro atana Metamop-
dmn3ma npocnexmBaeTcss  NOCNeaoBaTEsNbHOM
cMmeHor napareHesucos: Grt-Pl-Hbl;  Grt-Chl-
(Hbl-Act); Grt-(Zo-Czo) - (Hbl-Act); Grt-Chl-PI
(tKsp, +Qz, £Mag, *Ms). NMpu 3TOM M3MeEHSAETCS
COCTaB rpaHaToOB (B HMX CHMXAETCS MarHesmasb-
HOCTb U yBenuumeaetcs gona Grs-muHana), am-
$nbonoB (yBeNMYMBaETCH coAepXXaHue KpeMHe-
3ema, BrioTh 00 Act).

C perpeccunBHOM cTagumen aToro arana me-

TamopduamMa HepaspbIBHO CBfA3aHbl MeTaco-
MaTuMyeckne npoueccbl. Hambonee BbICOKO-
TemMnepaTtypHble napareHesucbl MeTacomaTtu-

T0B — Chl-(Gru-Cum) - Act; Grt-Chl-(Hbl-Act)
CMEHSIIOTCA OTHOCUTENIbHO CpeaHeTemMneparyp-
Hbimu — Grt-Ep-Act, Ep-Pl-Act, Ep-Act-Alb 1 HK3-
kotemnepartypHbeimMn — Ep-Chl-Alb, Alb-Cc-Chl.
CpenHe- 1 HM3KOTEMMEpPaATypHbIE METacOMaTUThI
COOTBETCTBYIOT Nnponunutam [PycuHos, 1972; Me-
TacomaTtusm..., 1998].

Mo3gHas cTtagus (9Tan?) metamopduyeckmnx
npeobpa3oBaHMii  METaBYJIKAHUTOB MpPOTEKAET
B YCJ/IOBUAX MPEHUT-NYMMNENIMNTOBON daumn.
Maparenesuncol aton crtaguun: Prh-Pmp-Alb; Prh-
Pmp-Grs; Pmp-Grs-Alb; Prh-Cc-Act; Prh-Grs-Cc.

FpaHaTbl: 0COGEHHOCTU XMMUYECKOro cocTaBa
1 BHYTPEHHEro CTpoeHus

Makpockonuyeckn rpaHatbl LIB3K okpalueHsi
B pa3/iMyHble LBETA: CBETI0-PO30BaThIE, MAJIMHO-
BO-PO30BbIE, MPA3HO-KOPUYHEBLIE, YepHble. CBs-
31 OKpacku rpaHaTa c ero XMMm4eCkum COCTaBoM
He BbIBJIEHO. Pa3mepbl 3epeH peako npesbiwaioT
1 MM (MuHepanbHble arperatel 4o 3-5 cm [Sla-
bunov, Singh, 2019b]). KonnyecTtBo nx HEBENMKO
1N penko npesbiwaeT 2-3 3epHa Ha wnnd. Mpa-
HaTbl KPUCTA/UIM3YIOTCS B BMOE U30OMETPUYHbIX,
NOMKMIINTOBLIX, Hepeako YTAAPOBUOHbBIX 3epeH
1 obnagaloT 3aMeTHOM aHu3oTponuen (NpoceBeT-
NFI0TCS B CKPELLEHHbIX HUKOJSAX), YTO XapakTepHO
AN rPOCCyNsap-aHapagmnTOBbIX Pa3HOBUOHOCTEN
3TOro MMHepana.

[0 XMMmMyeckomMy COCTaBYy MU3YHYEHHbIE rpaHaThl
npuHagnexar K nupanbcnntosor (Pir) u 4yacTuyHO
K yHrpangutosown (Ugr) cepumn [Grew et al., 2013]
(pnc. 4, a). OHM xapakTeEpPU3YIOTCA BbICOKMM CO-
OepXaHMeM CrneccapTMHOBOro MnHana (o 44 %),
HU3KUM — MUPOMOBOM KOMMOHEHTbI U KOIOCCasb-
HbIMU BapuaumsaMu coaepxaHust anbMaHAMHOBOrO
1 rPOCCYNSIPOBOro MMHAJOB Kak B 00Lei Bolbopke,
Tak 1 B nNpegenax oTAenbHO B3STbIX 3epeH (Tabi.,
puc. 4). B HexkoTopbix aHanM3ax B HEOOMbLLMX KOJN-
yecTtBax dpukcmpyeTcs wopnomutosbii (80 0,83 %
TiO,) n ysaposutosbii (80 0,16 % Cr,0,) MuHabl.

YHUKanNbHOCTb rpaHaToB panoHa MaypaHunyp
COCTOUT B TOM, 4TO MX COCTaB 3aKOHOMEPHO 13-

MEHSETCS He CTOJIbKO B paMKax OTAESIbHbIX CEPUNA,
CKOJIbKO «[ONnepeKk» 3TUxX cepun — OT nupanbCnu-
TOBbIX PA3HOBUOHOCTEN K yrpaHaMTOBbLIM. B TOM
HanpaeneHuu, rae, kazanock Obl, 32 CHeT pasHu-
Lbl B MOHHbIX pagnycax Ca ¢ ogHOM CTOPOHbI 1 Mg,
Fe3" ¢ opyron cMecMMOCTb KOMIMOHEHTOB [O0JIX-
Ha ObITb CUNIBHO orpaHuyeHa [Berry et al., 1959]
(puc. 4, B).

Onga BbigBNEHUA reTeporeHHOCTN MUHEPaoB,
B YACTHOCTW rpaHaToB, — 30HaJIbHOCTWU, HEOOHO-
POOHOCTEN KOHLEHTPaLUUA KOMIMOHEHTOB — CyLlle-
CTBYIOT METOOMKU YBEJIMYEHUS KOHTPACTHOCTU
n3006paxeHnii B OTPaXeHHbIX 3NIEKTPOHAx 3a CHET
yBeNM4eHnsa Toka Katoga v B npenesisHoM anna-
paTtHOM kKoHTpacTe [Mepyyk, Bapnamos, 1995],
HO He Bcerga onepatopbl 3/IEKTPOHHOIO MUKPO-
cKora CKJIOHHbI MEHSITb HACTPOVKM npubopa ns
paboTbl B HECcTaHAAPTHbIX pexumax. B cnydae
¢ rpaHatamu LUIB3K 310 1 He TpebyeTcs, NOCKOsb-
Ky 3HayuTesibHble Bapuauum anbMaHOVHOBOIMO
M FPOCCYNIIPOBOr0 MWHASIOB [AOT BbICOKOKOH-
TpacTHble BSE-n3obpaxeHunsi, B KOTOPbIX MOXHO
HabnopaTe SBNEHUs, He3aMeTHble, Hanpumep,
B rpaHarax nuporn-aabMaHAMHOBOIO paaa.

Moyt BCe M3yyeHHble 3epHa rpaHaToB obna-
[aloT KOHTPACTHOM 30HaNbHOCTbLIO. Ee rnaBHble
0COOEHHOCTU XOPOLLO WIIIOCTPUPYIOTCSA Ha Npu-
Mepe 006p. IM178 13 KMUCAbIX METaBYyJIKAHUTOB
(puc. 5). B paHHOM o6pasue (wnude) Habno-
[aeTcs KpynHoe yTisapoBUOHOE 3epHO rpaHa-
Ta C KOPPOAVPOBAHHLIMU BHELHUMWN KOHTYpamMu
1N 60NbLWNM KOJIMYECTBOM BKJIIOYEHUIA, 0COBEHHO
BO BHYTPEHHel CBOen 4actu. BrkiodeHua npen-
CTaB/eHbl KanunwnaTom, kBapuem, amdundonom,
XNIOPUTOM, WSIBMEHUTOM W nymMnennmmtom. Mart-
PUKC HEOAHOPOLEH W BbINOJIHEH MPEHUTCOAEepPXa-
wen keapu,-amdurbo-noneBoLLnaToBon NOPOaON
(+ Pmp, Ms, Chl, llm, Ttn n gp.) n keapuem. 'paHaT
pas3duT TpeLLMHKamu, obnagaowmmMmm npenmyLe-
CTBEHHOMN OPWUEHTUPOBKOW BKPECT MPOCTUPaHUA
NnoJsIoC4aToCTV NOPOoAbl. TPEeLuMHbl CAOXEHbI XJ10-
PUTOM, KanunwinaTtom, NPEHUTOM WAN Kanblme-
BblM rpaHatoMm (CTpuHrepsl). [peHuToBbIE TpE-
LWMHKW, B OT/IMYME OT OCTasIbHbIX, CEKYT HE TOJIbKO
3€epHO rpaHaTta, HO 1 MaTpukc. PaHHMe, LeHTpasb-
Hble y4yacTkM rpaHata oboralieHbl nMpansbcrnm-
TOBbIMM KOMIMOHEHTAMW N 00efHEHbI KaNbLVEM
(puc. 5). K kpaeBbIM yyacTkaM 3epHa pes3ko BO3-
pacTaeT KOHLEeHTpauma Kanbumsa npu nageHum co-
[ep>XaHnin OCTasIbHbIX KOMMNOHEHTOB.

BHewHne obnactn 3epHa rpaHata xapakTe-
PU3YIOTCS 30HAJIbHOCTbIO ANPEPY3NOHHOIro Tuna
(puc. 6), ¢ ABHbIMU NPU3HAKaMU KOPpPO3nu, TOor-
Ja Kak BHYTPEHHWe yyacTkm «pyTnspa» obnaga-
IOT YETKON OUCKPETHOMN POCTOBOW 30HAJIbHOCTbLIO
C  «NpaBWfbHbIMU»  KPUCTasIOrpadu4eckumm
O4YepTaHMAMN U KOHTPACTHLIMW 30HaMu, Xapak-

)



00‘0 00‘0 000 000 00‘0 00°0 00°0 000 000 000 000 000 00°0 000 00°0 wys
00‘0 000 000 00‘0 000 00°0 00‘0 000 000 00°0 000 000 00°0 00°0 00°0 AN
€00 10'0 200 200 10'0 600 200 ¥0'0 200 000 100 ¥0'0 €00 ¥0'0 €00 apv
1€'0 ev'o 12'0 800 €0 200 0L‘0 2Lo zLo 910 S0 9L'0 140) 9L 910 sio
000 00°0 €0°0 G0'0 000 90°0 000 000 000 200 000 000 000 €00 000 dud
1€0 v€0 1€0 8€'0 9e'0 610 810 610 810 10 020 610 12'0 810 610 sdg
€2'0 220 1€0 ¥'0 620 G9'0 0.0 590 890 690 G9°0 090 €90 850 290 wy
(A 9e’l 980 LE'0 90°L €e0 Ge'0 8v'0 ev'0 Y0 9v'0 090 670 €90 150 +280
000 000 0L'o GL'0 000 10 000 000 000 90°0 000 000 000 600 00‘0 BN
gLl 20l el 7Ll 0Lt 950 GS0 9g‘0 9G‘0 2s0 650 GS'0 290 GS'0 650 +ZUIN
%90 650 680 8e'L 18'0 G6'1 L' 86'IL 16'L €6°L G6'L G8'l 06°L 69°L €8l +29d
oL‘o 0L‘0 80°0 80'0 80°0 L1°0 €00 ¥0'0 zLo 00°0 200 00°0 ¥0°0 L1'0 0L‘o +e94
000 000 00‘0 000 000 00°0 000 00°0 000 00°0 000 00°0 00°0 00°0 000 +¢40
G6°l 16°1L 96°L 16°1L 861 18l 9L €6'L 16'L 10‘e 86'IL 16°L v6'lL 16°L v6'L eIV
000 00°0 000 000 000 000 000 000 000 000 000 000 000 000 000 il
162 96°2 86'C 86'C 162 L0‘e Lo‘e (A 96'c L0‘e 00‘e 60'c L0‘e 96'c 86'C IS
€€°001 60001 62001 61°001 G9'001 S¥001 ¥8°001 86001 10001 ov'001 21001 1,66 19'66 ¥£'66 G200l lelop
6L'vL 16°Gl 60°01 €g'e A AN 1€ €0'v ¥S'G 18 I's 82’ 189 €9°'G [4AVA 6v'9 oed
000 000 18'0 €zl 000 L'l 000 000 000 1G'0 000 000 000 €0 000 obn
9991 9L'GlL €91 G991 1291 80'8 16'L 18 10'8 vS'L 65'8 €6°L 26'8 G6'L ¥S'8 Oun
Ge'lLl 9r'0l a4t Lv'le el 1 ZAES or‘Le 11'62 GG'0e 96'8¢ 28‘se 60,2 v2'8e 0g'Le ¥£'82 0°4
000 000 00‘0 000 000 000 000 000 000 000 000 000 000 000 000 °0%d
000 000 000 00'0 00°0 000 000 000 000 00°0 000 00°0 000 00°0 000 *0%10
18‘0¢ oL‘le 1802 85°0¢ glile 16°81 ¥¥'02 6102 0v‘0e 60°Le 1902 8861 G102 88'61 €2'0e *0°Iiv
000 000 00‘0 000 000 000 000 000 00°0 00°0 000 00°0 00°0 00°0 000 ‘o1L
2v'le ov'Le 0g'L€ €1'9¢ 9g'/¢ ¥0°'/€ 00°L€ Le'Le 2L'oe ve'le 18°9¢ v6',€ ¥1'9¢ G2'og G9'9¢ ‘ois
. S ¥ € 2 (o] 6 8 L 6 8 9 S € 2 jodg
4 4 2 Z 4 9 9 9 9 ¥ ¥ 14 € € € pield
8LLII 8LLII 8LLINI 8LLIAI 8LLII 0LLINI OLLIAI OLLIAI OLLIAI 0LLINI OLLIAI OLLIAI 0LLINI OLLIAI 0LLINI a|dwesg

x8]dw o9 auolsusalb pueyyjepung |eJiua) ay} ul 1suleb Jo uoiisodwoo [eaiway)
BOMBLLINOY OJOHHBWEBMOHBLOE O10MOTHEXIIOTHAG -OHAUed1HB] g0.LeHed] 88100 UMIDBhNINKY



000 00°0 00°0 000 000 000 000 00°0 00°0 000 000 000 000 00°0 00°0 wys
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 AN
€00 %00 000 900 200 200 €00 000 G00 00 200 €00 200 000 €00 ipy
Ge'0 9’0 (R7400] 80 220 100 900 0L‘0 670 %0 9e'0 220 80 G20 ¥2'0 sin
000 000 000 000 %00 900 100 900 000 000 000 €00 000 €00 €00 did
8¢€'0 6€'0 Ge'o Ge'o .€'0 8€'0 ov'o 8€'0 €e0 Ge'0 .€'0 6€0 80 [440) 6€0 sds
¥2'0 220 ¥2'0 2Lo 9¢'0 9v'0 70 9v‘0 €L'0 14%0) G20 €0 €20 1E'0 1€0 wy
SLL 6L L 0cl 6G°1 2L0 820 120 Le‘o €91 GGl GLL .0 LL'L G0 €80 +280
000 000 000 000 L0 610 12'0 8L'0 000 000 000 600 000 80°0 80°0 +zBIN
el 9Ll €0'L 20'L oL'L SL'L A el 660 80°L oL'L 9Ll sl Ge'lL 8Ll +zUN
GL'0 790 2L'0 zr'o 90°L 9g‘L Ge'L 9g‘l Ge'o zeo G0 00'L 0.0 16'0 060 +294
€00 600 000 G0‘0 90°0 200 9L'o €00 GL0 L1°0 €00 200 200 €00 60°0 +¢94
000 000 000 000 000 000 000 000 00°0 000 000 000 000 000 000 40
v6'L 261 702 881 96°L G6°L v6'L 20'e 06°L €6°1 96°L G6°L 16°1L 002 ¥6°1L eIV
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 wll
lo‘e 00‘¢ 20 ¥0°c 66'C 66'C G6'C 86'C 162 G6°2 10 66'C o' 66'C 66'C IS
29'66 G8'66 €.'66 12'66 ¥5'66 6,66 16°001 1G'66 29'66 1066 ¥9'001 05001 8066 96001 €9'66 lejol
Lgel 26'cl L0'v1 12'81 ve'8 ve'e vi'e es'e 92’61 €L'gl vs'el 89'8 09°€l 18'8 166 oed
000 000 000 000 ¥6°0 09°1 (WA 'L 000 000 000 2L'0 000 690 190 obin
9991 LL'LL 9z'sl 6L'Gl eL'al €.'91 96°L1 ev'ol 8LVl 66'Gl ev'ol LL'LL €991 858l orAVA Oun
29'lL 18'0L GL'0L S0°L 1G'91 90‘le 96°0¢ 2r'oe 19°L av'L 8L L1 G6°GlL €.'01 L0'vL 0L'vL 024
000 000 000 000 000 000 000 000 000 000 000 000 00'0 000 000 0%
00'0 00°0 000 000 00°0 000 00'0 00°0 000 000 00°0 000 000 00°0 000 *0%10
G502 Lv'0e LL1e 90°02 G5°0¢ Lv'oe S¥'0c 90‘le 6€0¢ €502 G6°0¢ 99°0¢ 602 6c'le 6€°02 *0°Ilv
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 ‘o1l
8G°/L€ 8y'L¢ €6'L€ 61°8¢ 10°/¢ G.'9¢ 69°9¢ €9'0¢ 16'/¢ 66'9¢ €6°L€ 8¢e'.L¢ 1€'1¢€ 95°/¢ 10'.¢€ ‘o1s
L L 9 S 4 € 4 L 9 ¥ 6 A ol 6 8 jods
6 8 8 8 8 8 8 9 9 9 4 € 4 4 14 pRld
8/LINI 8LLINI 8LLINI 8LLINI 8LLINI 8/LINI 8LLINI 8LLINI 8LLINI 8LLINI 8LLINI 8/LINI 8/LINI 8LLINI 8LLINI s|dwesg
(penunuoo) ajqel

‘rgelL suHaxXLoTod] |



000 000 000 000 000 000 00°0 00°0 00°0 000 000 000 000 000 000 wys
000 00'0 00'0 000 000 000 000 00°0 000 000 000 00'0 000 000 000 AN
200 G0‘0 G0'0 ¥0'0 100 100 200 100 500 €00 90°0 200 200 ¥0'0 20'0 ipy
0L0 0L0 v£'0 680 91'0 0L'0 80°0 60°0 170 100 €50 0g‘0 680 ¥2'0 ¥2'0 si9
¥0°0 ¥0°0 100 100 ¥0'0 G500 90'0 ¥0'0 100 100 00°0 00°0 00°0 €00 €00 did
ev'0 ev'0 ov‘0 880 zr'o zr'o ov'o zr'o 180 880 0g‘0 v£'0 880 8c'0 180 sdg
Zr'o 880 120 810 180 Zr'o 0 ev'0 910 vv'0 L0 ¥£0 120 280 ¥£'0 wyy
¥€'0 0] 8Ll L't 050 GE'0 10 180 68‘l 280 9.1 860 Al 18°0 8.0 5]
zL'o zLo £0°0 €00 €L Y10 LL'0 eL'o ¥0°0 0z‘0 000 00°0 00°0 0L0 0L'0 <P
l12'L oe‘l Le'L GLL ve'l 9z'l Le'L Ge'l gLl vl 160 00°L el gLl el +zUIN
8z'l vLL €50 810 AN ve'L Le'L Le'L ov'0 Ge'l €80 2oL 990 66°0 ¥6°0 «zed
100 80°0 020 Y10 00°0 ¥0°0 ¥0'0 100 0z‘0 £0°0 zLo ¥0°0 100 €00 ZLo «0d
000 00°0 00°0 00°0 000 000 00'0 000 000 000 000 00°0 000 000 000 10
16'1 16°t 16°L 16°t 86'1 86°1 96'1 86°L 06°L €6°L 68°1 G6'l 96°L €6°L 96°1 IV
000 00°0 00°0 00°0 000 000 000 000 000 000 000 000 000 000 000 il
10‘e L0‘e S6'C 162 20'c 66'C 00°c 10‘e 562 20‘c 00°‘c 10‘e 20'c 2o0'e 96'2 IS
12°66 8£°66 82'66 v6'86 | Lv'00L 10'66 6.'66 L2001 | ¥00L | 8001 | 68°00L | 20°00F | 6.'00F | OS'00F | 81‘00} lelol
88'c vL's vo'el 61'Gl 98'G v6°C es‘e 29'c 9v'9lL 89'c vo‘lg 1811 eleg 9v'6 606 oeod
960 860 £2'0 Gz'0 LEL 8Lt 8c‘L 10°1 180 0Lt 00°0 000 00'0 28'0 98'0 obw
7e'8l GL'8L 6L'LL 2691 82'8l 128l 09°'ZL 1e81 9291 2891 LL'eL 8.'v1 1691 9691 /991 OUn
z8'sl G8'LL 16°01 9e'6 zL9lL 08t 06'61 £9'61 668 0902 18°9 LL'GlL €00t 12'S1 18'Sl 024
000 000 000 000 000 000 00°0 000 000 000 000 00°0 000 00°0 00°0 0%
000 00°0 00°0 00°0 000 000 00°0 000 000 000 000 000 00°0 00°0 000 *0%10
0v‘0zg £8'61 6002 1202 2602 1102 8702 2802 6502 102 0502 G902 90°l2g Gv'02 0802 *0°Iv
000 00°0 00°0 00°0 000 000 00'0 000 000 000 000 000 000 00°0 000 ‘o1L
08'9¢ ¥8'9¢ 29'9¢e L0‘L€ 8s‘/¢ 95'9¢ 069 12'18 vy'Le 1G'/8 ze'se Sb'Le £2'8¢ vL'le 68'9¢ ‘o1s
L 9 S v € 4 b v b S v ! v v 4 jodsg
e e e e e e € € € 4 4 el Ll 6 6 LIETE
SLLINI 8LLINI 8LLINI 8LLINI 8LLINI 8LLINI 8L1LINI 8LLINI SLLINI SLLINI SLLINI 8LLINI 8LLINI 8LLINI 8LLINI a|dwes
(panupuoa) sjqe;

‘rgelL suHaxXLoTod] |



100 200 L0‘0 10'0 10'0 100 200 000 100 10'0 00°0 00°0 00°0 000 00°0 wys
000 000 000 000 000 000 000 000 000 00°0 000 000 000 000 000 AN
900 90°0 700 900 900 €00 600 G0'0 ¥0'0 €0°0 200 €0°0 000 200 700 apvy
€€0 €0 Ge'0 82°0 Ge'o LE'0 €€0 220 LE0 (R7400) zr'o €10 0Lo0 80°0 100 s19
10'0 000 10'0 200 10'0 000 10°0 200 000 200 000 ¥0'0 G0‘0 G0°0 G0‘0 did
8€'0 1€0 8€'0 v€0 80 8€'0 9¢'0 ov'o ev'0 ¥€0 Ge'o [4740) zr'o [4740) V0 sds
120 120 020 0€'0 12’0 92'0 610 1E'0 02'0 020 020 1£'0 ev'0 ev'o 17'0 wiy
(AN oAl 12l €0l Ge'l GO‘L Lel €80 oLt cel zel 670 Le‘o LE0 €0 280
200 000 €00 G500 200 10'0 ¥0'0 90‘0 000 G500 000 1L'0 910 SL'0 14%0) +zBIN
SLL 0oLl 7Ll LO°L 7L L GL L L0°L €cl 8c'l 660 0L 8c'l x A oc't o't +ZUIN
G9'0 (WAL G9°0 ¥6'0 150 120 290 280 19'0 99°0 ¥9°0 L0°L €c'l 8c'L €c'l +z9d
€L'o 90°0 S0°0 0L'o 610 LL'0 L1°0 2eo cLo 00°0 000 zLo 80°0 ¥0'0 100 +¢9d
000 000 000 000 000 000 000 00°0 000 000 000 000 000 000 000 40
98°L ¥8°lL 68°1 18°L 98°lL 261 8.l 06°L 88°L €6°1 G6'1 v6'L 66°1 G6°L 261 IV
200 €00 €00 200 200 200 ¥0'0 10'0 €00 100 00°0 000 000 000 000 il
86'C 10'e 00‘¢ 00‘c 96'2 162 66'C €6°2 16'2 ¥0'e ¥0'c 162 96'2 00‘c lo‘e IS
€8°001 16001 G/'001 86001 06'66 L¥'001 18001 Zyool ¥1'001 62001 €€001 81'001 26'66 1E'66 92'66 leiop
12yl €S'vl 92l S0'cl €9'v1 9zl 1E'Gl 29'6 182l 09'GlL G9'Gl 0L'G 1G'e 1G'¢ 28‘e oed
10 €00 4A0) [4740) €L'o zLo 1€0 2s'0 200 ev'o 000 gLl Le'l 9zt LL'L obn
9,91 9g'91 6691 G6'vl 1191 10°L1 06°Gl cL'gl €6'8l 8L'vl €G'Gl G9'sl 88l cL'sl €181 OUn
€8LL VL LL 7901 GGl 8e'LL cLel 26'LL Gl 80l €0'0L 89°'6 €G°LL 0e'6l 9e'6l G6'81 0°4
000 000 000 000 000 000 000 000 000 000 000 000 000 04
000 00°0 00°0 000 000 000 00°0 000 000 000 000 000 000 000 00°0 *0%10
6861 LL'6L L2'02 €6'61 9,61 Lv'0e 0061 20°02 26'6l 0,02 1602 ¥€02 6802 STA 98'61 *o°Iiv
(0]40) 150 0S'0 9g'0 92'0 92'0 090 LL'O 670 020 000 000 000 000 000 ‘oiL
8G°/L€ ¥0°'8¢e 88'/¢ €L'1¢ 16'9¢ €2'.¢ WAYX) €5'9¢ 10°2€ 95°8¢ 05'8¢ 28'9¢ 8v'9¢ ¥1°9¢ €1'9¢ ‘ois
8 A 9 ] ¥ 14 € 4 L 9 14 Z oL 6 8 jods
€ € € € € 4 2 4 2 €l € ¥ € € € piold
08LINI 08LII 08LINI 08LINI 08LII 08LINI 08LINI 08LII 08LINI 8LLINI 8LLINI 8/LINI 8LLINI 8/LINI 8LLINI s|dwesg
(penunuoo) ajqel

‘rgelL suHaxXLoTod] |



00°0 10'0 200 000 00°0 000 000 10'0 200 000 000 100 10'0 10'0 10'0 wys
000 000 000 000 000 000 000 000 000 000 000 000 00°0 000 000 AN
200 10'0 600 90'0 G0'0 100 L0 €00 900 G0'0 900 900 90°0 100 900 ipy
€10 14%0) €0 620 ¥€'0 €€0 00 2e0 €e'0 LE'0 G20 00 €0 €e'0 9¢e'0 sin
€10 LL'0 000 200 10°0 100 100 200 000 000 10'0 100 000 10'0 000 did
1€0 8€'0 €0 €e'0 Le0 Ge'0 6€0 €€0 1€0 ov'o S¥'0 8€°0 1€0 1€0 1€0 sds
170 9¢e'0 220 0€'0 82'0 ¥2'0 810 820 12'0 €2'0 €20 ¥2'0 12’0 020 020 wy
12740 67'0 2el 80°L (AN (A Ge'l 0Ll el 60°L S6°0 gLl el el 9z'L +28D
6€0 zeo 000 S0'0 200 €00 700 G0‘0 10'0 200 200 €00 100 200 10'0 BN
S6°0 eLl 660 LO°L 960 70°L 9Ll 860 gLl ze'lL Ge'l el 0oLl LLL gLl +ZUIN
(A ¥0'L €L'0 €80 9.0 L0 G50 060 ¥9°0 G9'0 990 €L'0 G9'0 G9°0 090 +29d
200 80°0 €L'o 020 020 SL'0 €20 ¥0°0 9L‘o 140 910 €L'o L0 zLo €L'o +e9d
000 00°0 000 10'0 000 000 000 00°0 000 000 000 000 000 000 000 +¢40
96°L 961 6L°1 98°L 68°L 98°L 1171 161 ¥8°lL 06°L 18°1L 98°L 98°lL €81 88l eIV
100 200 700 000 000 000 000 €00 €00 000 000 200 200 200 10'0 wll
86'C 96°2 00‘c 96'2 G6'C 66'C 00‘c 00‘¢ 16'2 86'C 86'C 66'C 86'C 00‘¢ 86'C IS
6£'66 2L'ool ¥1°001 €066 92'86 G9'001 8€'66 2€'001 6£'66 9/'001 €9°001 6€°001 29001 L2'001L €9°001 lejoL
GlL'S 69'G L¥'GlL ev'el 98¢l 6LVl GGyl 26'clh ce'vl €8cl 0Ll cL'el eS'vl €Syl 88yl oed
€z'e 0.2 000 8€'0 810 620 1€0 17’0 600 €L'0 120 120 zLo 10 100 OB
86'¢cl 9/'91 19'v1 gL'yl g6'el GGl 8691 YAd! 6€'91 0L'8l 16'61 G/.'9l 2r'al 9591 6991 Oun
€061 €.'91 /8¢l LL'GL SlL'vl 0o‘cl 09°LL gL'yl 18l 16°LL l2'cl 18cl G8'LL 69°'L1L L0'LL 0@4
000 000 00°0 zLo 200 000 000 000 000 00°0 000 000 000 000 000 *0%d
000 000 000 zLo 200 000 000 000 00°0 00°0 000 000 000 000 00°0 *0%10
9,02 9802 206l ¥S'61 GL'61 16°6) 1981 0€‘02 L£'61 8z2‘0c 9861 €L'61 G861 1561 60°02 *0°Iiv
600 Ge0 19'0 000 000 000 000 Sv'0 150 000 000 620 12'0 170 120 ‘o1l
1AW €0'L€ 16'/¢ 19'9¢ 12'9¢ 2L'le 12'1¢ ¥9°'/¢ ¥8'9¢ 1G°L€ 62°.€ YA IS 8G'/¢ 8.'/¢ €9'/¢ ‘o1s
2l Ll 14 8 A ¥ ] 9 Gl 14! €l el Ll oL 6 jods
€ € 14" €l €l 8 yA S € € € € € € € pield
€8LINI €8LINI 08LINI 08LINI 08LINI 08LINI 08LII 08LII 08LINI 08LINI 08LINI 08LINI 08LII 08LINI 08LINI a|dweg
(penunuoo) ajqel

‘rgelL suHaxXLoTod] |



10'0 100 00°0 10'0 00°0 100 00°0 000 000 10'0 000 00°0 000 000 000 wys
00°0 000 000 000 000 000 000 000 000 000 000 000 00°0 000 000 AN
000 €00 200 000 100 10'0 €00 000 10'0 10'0 €00 700 100 100 200 apy
2Lo (0] GL'0 910 1’0 140 L0 [N0] zLo 910 L0 zLo 2Lo zLo €10 s19
L0 rAN0) Lo L0 €L €L'o €L'o €L’ 910 L0 Lo Lo L0 Lo 0L did
8€'0 1€'0 Geo Ge'0 €'0 €e'0 ¥€0 €€'0 0€'0 Geo Ge'0 1€0 8€'0 8€'0 9¢e'0 sds
8€'0 9¢g'0 1€'0 8€'0 8¢€'0 6€0 6€0 L7'0 L' 9¢'0 L£'0 1€0 1£'0 8€'0 8€'0 wiy
(0]7400) S¥'0 €50 870 S¥'0 Sv'0 4 740) 9¢e'0 or‘o €60 1G'0 9v‘0 [R7400) ov'o Sv'0 280
€e'0 Ge'0 €e0 2e0 8¢€'0 6€0 8€‘0 ov'o ¥'0 2e0 1£0) Ge'o €'0 €e'0 L€'0 +zBIN
gL'l 60°L €0°1 90°L €0°L 96'0 2oL 00°L 16'0 90°L 80°L LLYL LU SL'L L0°L +zUN
eL'L cLL cLL eL'L gL'l 8Ll 6LL Ge'L 0c'L 80°L 66'0 GO‘L SO'L 80'I GL‘L +z9d
€00 S0°0 200 200 ¥0'0 00°0 €00 00°0 G0‘0 90°0 ceo €L'o 0L'o 600 000 +¢9d
100 10'0 000 000 000 000 000 000 000 000 000 000 000 000 000 +40
861 26°L ¥6°1L 002 86°L 16°1L G6°L 66°L 861 96°L v6'L €6°1 16°L 86°L 96°1 eIV
200 10'0 10'0 100 000 10'0 000 10'0 000 100 000 000 000 000 000 wll
162 00‘c lo‘e 86'C 66'C ¥0°c 10 1o‘e 86'C 86'C 26'C 162 96'2 96'2 90‘¢c WIS
12001 20001 60°001 67001 12001 L¥'001 9/'66 5'001 16001 28001 81'66 0L‘001 10°10L €001 Zvool lejoL
2Ly 12'S JANC) 0L's ce’s Ge's 06t ve'v eL'y 92'9 96°G ev's 28'v eL'v 2e's oed
9.2 16'C 08z IL'e Ge'e ze'e oz'e Ge'e 20y €L'2 98'c 06'2 98z Gl 652 ob
/9'91 L9l LEGlL GGl 186l eyl glL'sl 28'vl 99'cl 28'sl 28'Sl 9v'9l 8¢c'/1 9L'LL 68'Gl OUn
ve'LL ve'LL 6L°LL Ge'Ll 2s'LL 08°'LlL 818l 6.'81 068l eL'LL ¥8°'L1 19'/1 ov'LL €9°L1L 0g'LL 024
600 600 200 000 000 000 000 000 000 000 000 000 000 000 000 04
600 600 200 000 000 00°0 000 000 000 000 000 000 000 000 000 *0%10
80‘le ov'0e LL'0e 9g‘le cLie LLLe 89°0¢ 8g'le gg'le ¥0‘le zr'oe L¥'02 vile 8lLle 06°02 *o°Iiv
12'0 220 60°0 810 000 120 000 600 90°0 810 000 000 000 000 000 ‘o1l
STAVAS GS'/€ 8.'/¢ ¥5'/€ 69°/€ 1£'8¢ 19°'/¢ 16'L€ 18°L€ G9'/€ 62'9¢ 118 [RK) 82'.L¢ Zv'ee ‘ois
el 4! Ll Sl i4! €l 2l Ll oL 6 ¥ € 2 L el jods

VA A yA 9 9 9 9 9 9 9 14 4 4 14 € pIold
€8LINI E8LIAI E8LII €8LINI E8LIAI E8LII €8LINI E8LIAI E8LII E8LINI E8LIAI S8LIAI €8LIAI E8LIAI E8LII s|dwesg

(penunuoo) ajqel

"LrQBL OUHBRHOMIQ



Kucnble
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Puic. 4. KOMMNOHEHTHbIN (MUHasbHbI) COCTaB NPOaHannN3npoBaHHbIX rpaHaToB 13 nopon LIB3K ByHaenkxaHackoro
KpaToHa: a — B koopauHaTax crneccapTuH (Sps) — anbmaHanH (Alm) — angpaaut+rpoccynsap (Adr+Grs), € BbloeneH-
HbIMU NONSMU NnpanbenuToBoii (Pir) u yHrpanguToBoin (Ung) cepuin [Grew et al., 2013]; b — B koopauHaTax Adr-
(Alm+Pr+Sps) — Grs, rae nokasaHbl N0Ast YCTONYMBOCTU NPUPOLHbIX FPAHATOB (3aLUTPUXOBaHHbIE 061aCcTK) B AaH-

HbIx cepusix [Berry et al., 1959]

Fig. 4. Component (minal) composition of the analyzed garnet from the rocks the Central Bundelkhand greenstone
complex, Bundelkhand Craton: a — in the coordinates spessartine (Sps) — almandine (Alm) — andradite+grossular
(Adr+Grs), with selected fields of the pyralspite (Pir) and ungrandite (Ung) series [Grew et al., 2013]; b — in the coor-
dinates Adr-(Alm+Pr+Sps) — Grs, where the stability fields of natural garnets (shaded areas) in these series are shown

[Berry et al., 1959]

TEPUIYIOLLMMUCH PE3KUM M3MEHEHMEM COCTaBa
M rpaHnLamMuy 30H, COracHbIMU C rpaHuLen rpa-
HaTa ¢ BHYTpUdYTASpHbIM MaTpukcom. Cknaabiea-
eTCs BneyatieHme, 4To rpaHaTt poc oT nepudepumn
K ueHTpy. OgHako Ha pacnpeneneHve xumuye-
CKMX KOMMOHEHTOB (N0 Npowio) TUM 30HaNIbHO-
CTWN HUKaK He cka3biBaeTcs — 06LLas 30HaNbLHOCTb
CYMMeTpUYHa (CM. puc. 5).

B m3y4eHHbIX rpaHaTtax HabniogaeTcs TeHOEeH-
UMA K CMEHe xapakTtepa COOTHOLUEHMUIA rfaBHbIX
KOMIMOHEHTOB B Pa3/INyHbIX 30Hax 3epeH. B LeHT-
pasibHbIX, Hanbosiee BbICOKOTEMMNEPATYPHbIX 30HAaX
NPY HU3KNX KOHLEHTPALMSAX N HE3HAYUTENbHbIX KO-
nebaHusax CaO oTMeyvaeTcst obpaTHas Koppenaums
KOJIN4ECTB NMPOMNOBOro 1 aribMaHANHOBOIO MUHA-
JI0B, VMIMEIOLWMX PErpecCMBHYIO HarnpasiieHHOCTb
(napeHvne MgO n yBennyeHue FeO). CneccapTtuH
30ecb BegeT cebs He3akoHOMepHO. B npomexy-
TOYHbIX U OCOBEHHO KpaeBbIX 30HAX NMPU PE3KOM
YBENVYEHNN COOEPXKaHUA TPOCCYISPOBOro MuHa-
na n Mgo, u FeO, n nopon MnO mnmeloT nNpsimyio
KOPPEeNSauuio Apyr ¢ 4PpYroM 1 Co4epXaHus nx na-
[aloT, KoMmneHcupys yeenmyeHme CaO.

Ha BSE-1300paxeHusix 0THeTIMBO BblAENATCSA
TPW 30HbI (PUC. 7) C YETKUMM rpaHnlamMmn. Ha npo-
GUNAX KOHLEHTPAUWOHHOIO pacrnpenesieHns KOM-
MOHEHTOB 3TW rPaHuLbl Oonee LUMPOKUE, HEXENN
Ha CHMMKax, 3a CYeT BNUAHUS AU PYINOHHbLIX MPO-

LLeccoB, He OToOpakatoLLMXCs Ha CHMMKax. Ha rpa-
HMUAx 30H Hepeako HabnopatloTcs 6onee TEMHbIE
obnactn — «Mex30HHble aHoManuu» (puc. 7, a),
xXapakTepuaylolmecs 6onee BbICOKMM cofepka-
HMEM FPOCCYSIIPOBOro MuHana 1 6onee HU3KUM —
a/lbMaHAVHOBOIO OTHOCUTEJIbHO COAEPXAHNUSA 3TUX
KOMIMOHEHTOB BO BMELLIAIOLLIEN NX 30HE.

Te e Tpu 30HbI MOXHO HabnaaTh HE TOJIbKO
B LEJIOM MO rpaHarty, HO 1 Ha y4acTkax c gedek-
TamMn 3epHa B ero nepudepuinHomn Koppoampo-
BaHHOIM 4YacTu (puc. 7, 6). Takas 30HaNbHOCTb,
Nno CyTU, MOXET UHTEPNPETUPOBATLCA Kak rMraHT-
CKUIA OBOMHOW CTPUHIep — 3asie4eHHas no3gHumMm
reHepauusMm rpaHaTa TpeLLmHa.

Hawnbonbluee KONM4ecTBO CTPUHIEPOB pacce-
KaeT UeHTpasibHble YaCcTu 3epHa, HO HeKoTopble
MX HUX TPACCUPYIOTCH B MPOMEXYTOYHbIE 3OHbI
(cm. puc. 6). B kalimax CTpuHrepbl nponagaioT nin
He BMOHbI, MOCKOJIbKY KOMMOHEHTHbI COCTaB rpa-
HaTa LeHTPasibHOW YaCTu CTPUHIEPOB aHanormyeH
COCTaBy rpaHara MNPOMEXYTOYHbIX WUIN KpPaeBbIX
30H. lNMpodunbHoe pacnpeneneHne KOMMOHEHTOB
B JaHHbIX 0Opa3oBaHUSAX aHaNorM4yHoO pacnpene-
JIEHMIO KOMMOHEHTOB MO 30HaM (puc. 8). 9Tn Ha-
61100eHNS CBUOETENLCTBYIOT, HTO GOpMUPOBaHME
CTPUHIEPOB NMPOTEKaNo Ha OTHOCUTESNIbHO PaHHUX
cTagusax 6nactesa, OAHOBPEMEHHO C POCTOM rpa-
HaTa, U HOCUJO PErPECCUBHYIO HAMPaBIEHHOCTb.
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Puc. 5. MUKpodOTO (B OTPaXEHHBIX 3/1IeKTPOHAaX) KPynHOro dyTaspoBuaHOro 3epHa rpaHarta (o6p. IM178) ¢ Tou-
KaMn MUKPO30HO0BOr0 aHanm3a v NpopuisMm N3MEHEHUS FaBHbIX MoKasaTesien XMMMYECKOro CocTaBa (Xummye-

CKMe aHanm3bl HOpMUpoBaHbl Kk 100 %)

Fig. 5. A microphoto (in reflected electrons) of a large boxy garnet grain (sample IM178) with microprobe analysis
points and profiles of changes in the main indicators of chemical composition (the chemical analyzes are normalized

to 100 %)

[To xapakTepy KpuBbIX KOHLEHTPALMNOHHOIO
pacnpegeneHns KOMNOHEHTOB Ha NpPodunax ye-
pe3 CTPUHrepbl, KOHTaKTbl 30H WU BKJIIOYEHWUN
rpaHata B rpaHarte, 3Had Temnepatypy MeTa-
Mopdmn3mMa Ha [aHHOW CTagum n KO3IPULUMEH-
Tol ANPPY3nn KOMMNOHEHTOB, MOXHO paccyuTaTtb
NPOAOIKUTENIBHOCTL  (XPOHOMETPUIO) MeTaMop-
dunyeckoro npouecca [lMepuyk, 2003]. B cny-
Yyae C paccmaTpmBaeMbIiMK npoLeccamMmn 3Ta 3a-
Jaya He NpenCTaBiseTCs akTyasibHOW, HO cyas
MO «CraXX€HHOCTU» NPoduNen cCogep>KxaHnin Kom-
MOHEHTOB, MOXHO 3aKJIIO4YUTb, YTO rpaHaTtbl 4SN-
TenbHOe BpeMda nocsie GopMUPOBAHNA CTPUHTe-
pOB noasepraancb TepMasibHOMY BO34ENCTBUIO.

XapakTepHasi YepTa BCeX U3Yy4eHHbIX 3epeH rpa-
HaToOB — HanMyne B6ONbLUIOrO KOMYECTBA BKJIOYeE-
HWIA Pa3NYHbIX MUHEPanoB (puc. 9), B TOM yucne
BKJIIOYEHUI, BbINOJIHEHHbIX KaslbLMEBbLIM rPaHaToOM
N gaxe nymnenanuToMm, TemnepaTtypHas obnactb
YCTOMYMBOCTM KOTOPOr0O HMXE YCTOMYMBOCTU M-
panbCnNUTOBOrO rpaHara, rge OH 3aduKCUPOBaH.
MuHepanbHbIi COCTaB BKIIIOYEHUA MOOYMHAETCH
30HanbLHOCTN (puc. 9, a). B 6onblwmHCTBE NpO-
aHaIN3NPOBAHHbIX MPAaHATOBLIX 3ePeH, B KOTOPbIX
NMPUCYTCTBYET 30HAJIbHOCTb, LEeHTPasibHble 30HbI
coepxxaT BKJIIOHEHNS XJIopuTa, anmaoTa, anatmra
M rpaHara rpoccynapoBoro psga. Kpaesble 30HbI
3epeH conepxart NpPevMyLLeCTBEHHO Kanumwnar,
KBapL, MHOrga akTMHOANUT. [MPOMEXYTO4YHbIE 30HbI
OTHOCUTESIbHO MaJIOMOLLHbIE, KOJIMYECTBO BKJIIO-

E 100um L

Puc. 6. MukpodoTO (B OTPaXeHHbIX 3/IEKTPOHAx) dpar-
MEHTa 3epHa rpaHata C POCTOBbIM (K Oro-BOCTOKY)
1 andPy3noHHbIM (K ceBepo-3anany) TmnamMmm 30Hasb-
HOCTW. [psSIMOYrofibHMKaMM OTMEYEHbl y4acTku Oonee
[eTanbHOM CbeMKM (CM. puc. 7)

Fig. 6. A microphoto (in reflected electrons) of a frag-
ment of a garnet grain with growth (to the south-
east) and diffusion (to the northwest) types of zoning.
Rectangles indicate the areas of more detailed shooting

(see Fig. 7)
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Puc. 7. MUKpodOTO (B OTPaXEHHbIX 3/1IEKTPOHAxX) dparMeHTOB 3epeH rpaHata 1 npodunm KOHLEHTPALMOHHOIo pac-
npeneneHns rnaBHbIX NokasaTefien cocTaBa: a — C POCTOBOWM 30HANIBHOCTLIO U «MEX30HHbIMU aHOMannaMn»; 6 —
CO CTPUHreponoaobHOM 30HaNIbHOCTLIO HAa NepUdEepPUnHOM yHacTke 3epHa

Fig. 7. Microphotos (in reflected electrons) of garnet grains fragments and concentration distribution profiles
of the main composition indicators: a — with growth zoning and “interseasonal anomalies”; 6 — with stringer-like zon-

ing in the peripheral area of a grain

YEeHWI B HMUX 3aMETHO MeHbLUEe N B MNpoaHanmsm-
POBaHHbIX TOYKAX OHW MPEACTaB/IeHbl KBapLEM
N XJI0pUTOM. MHTepecHo, 4YTo Hambonee KanbLpe-
Bble rpaHaTbl OTMEYeHbl MMEHHO BO BKJTIOYEHUSIX,
a He B Kaimax, KOTOpble 4acTO KOPPOAMPOBaHbI.

OOGcyXxaeHue pe3ysibTaToB

BO MHOrMmMx n3yyeHHbIX 3epHax rpaHara meta-
BynkaHutoB LIB3K 3adwukcmpoBaHa yeTkas au-

CKpeTHad 30Ha/IbHOCTb, BblpaXeHHada [JiaBHbIM
obpa3oM B nageHun cogepxxaHus FeO n ysenu-
YyeHun copepxaHua CaO oT ueHTpa K Kpalo 3e-
PeH. 30HbI KOHTPACTHbI 1 UMEIOT YeTKne rpaHunubl
C pe3kMMu nepenagamMm CopepXaHust 3TUX KOM-
MOHEHTOB, YTO CBUAOETENLCTBYET O PE3KON CMEHE
pexvma anureHeTMYecknx npoLLeccoB. 3oHasb-
HOCTb noa4yepknBaeTCd MMHepasibHbIM COCTaBOM
BKJ'IIOHGHI/IVI, NOAYNHAKLLNXCA 3aKOHOMEPHOCTAM
KpucTanaMaauum napareHe3ncoB, COOTBETCTBYIO-

@
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Puc. 8. MnkpodoTo (B OTpPaXXeHHbIX 3/IEKTPOHAX) y4acTka 3epHa rpaHaTa Co CTpUHrepamm 1 CKaHMPOBAHHbLIA MU-
KPO30HAOBbIN NPOdPUIb Yepesd OaNH U3 HUX, OTPaKAIOLLNI PE3KMA FPagUeHT COAEepPXaHU rnaBHbIX KOMMNOHEHTOB
(1. 3—1 B39ATa OTAENBHO OT CKAHMPOBAHHOIO NPOMUIS B LLEHTPE CTPUHrepa). NpepbiBUCTON NMHMEN NoKa3aHa OCb
CTpUHrepa, a JOMaHom NYHKTUPHOW INHMEN — NPODUIIb NEPBUYHON TPELLMHbI

Fig. 8. A microphoto (in reflected electrons) of a garnet grain section with stringers and a scanned microprobe profile
through one of them, reflecting a sharp gradient in the contents of the main components (t. 3-1 is taken separately
from the scanned profile in the center of the stringer). The dashed line shows the axis of the stringer, and the broken
dashed line shows the profile of the primary crack

o 70pm %

Puc. 9. MnkpodOTO (B OTPaXEHHbIX 371eKTPOHax) GparMeHTOB 3epeH rpaHarta: a — WIIOCTPUPYIOWNX U3MEHEHNE
MUHepasnbHOro COCTaBa BK/IIOYEHUI B pasHbiX 30Hax, 6 — MPoLECChl NCeBAOMOPGHOro 3aMeLLeHst BKITIOHEHWNIA X10-
puTta n anupoTa 6onee No3gHUMKU hasamm

Fig. 9. Microphotos (in reflected electrons) of garnet grains fragments: a — illustrating the change in the mineral com-
position of inclusions in different zones, 6 — processes of pseudomorphic replacement of chlorite and epidote inclu-

sions by later phases
(®)




WMX TEPMOANHAMMYECKUM MapamMeTpam, rnpu Ko-
TOPbIX 3TN 30HbLI GOpPMUPOBAIUCE. 10 KONMYeCTBY
30H (3) MOXHO CyamMTb MO KparHen Mmepe O ABYX
N3MEHEHUIX NapaMeTpoB HaNOXEHHbIX Npeobpa-
30BaHu. LleHTpasibHble 30HbI FPaHaToB (B 3epHax,
roe OoHW ecTb M Mo COCTaBy OTBEYalOT COOTBETCT-
BYIOLVM KpUTEPUSAM) POPMUPOBANINUCL B YCIO-
BUSIX MeTamopduama amdubonutoson daumn,
C perpeccrmBHON BHYTPWU3OHHOW NocnenoBaTesb-
HOCTbIO VU3MEHEHUA XMMWYECKOro cocTtasa (na-
JeHne NMpPoroBoOM COCTaBNAOLLEN U YBETNYEHNE
coaepXxaHnii anbMaHamHa K KpaeBon 4acTu 30HbI).
MpoMeXyTOYHbIE 30HbI MOTYT BGbITb CONMOCTaBJIEHbI
C MeTacoMaTn4eCKUMnN N3MEHEHNAMU U, BO3MOX-
HO, nponunuTndauyein. Kpaesble 30HbI MHTEPMpe-
TUPYIOTCH KakK y4aCTKW, CBSA3aHHbIE C KPUCTaIun-
3aument nMbo B pamMkax ycnoBuii GopMUpoBaHUs
NPONWINTOB, MO0 B pamkax NPeHUT-nymnein-
nTtoBor pauun. B nonb3dy nocnegHero npeanoso-
XXEHUA CBUAOETENIbCTBYET TOT akT, 4TO rpaHartbl
KpaeBblX 30H PAaBHOBECHbI C NMPEHUTOM U nymnen-
JINNTOM.

MpoeannsupoBaHHas Mopenb rpaHata LB3K
C HabnwopaeMblMM B HEM HEOOHOPOAHOCTAMU
1 9BNEHMSIMM nokasaHa Ha puc. 10.

BknioyeHnsa rpoccynsipoBoro rpaHaTta v CTpUH-
repbl MOPONIOrNYECKN O4EHb CXOXWN C aHanorny-
HbIMK 00pa3oBaHMAMU B U3y4deHHbIX A. J1. Mepyy-
KOM rpaHatax 13 3kiormToB parioHa dapo kom-

BkntoyeHus
Ep, Chl, Ap, Grs,
Sps-Grs

nnekca lOkoH-TaHaHa, KaHapga [Perchuk et al.,
1999; lMepuyk, 2003]. N1 x0T UX MUHaANbHbIA CO-
CTaB M TUMN 30HANILHOCTU (NPOrpPecCcuBHbIN) He-
CKOJIbKO VHble, MUKPO30HO0BbIE Npoduin 4yepes
BKJIIOYEHUS OTpaxatoT Ty e obpaTHyl 3aBuUCU-
MOCTb COOEP>XaHUM NUPanbCNUTOBLIX KOMMOHEH-
TOB U KasbLUMA, 4TO U B NpeAcTaBieHHbIX Npodu-
nax rpaHatoB n3 LB3K. Bknioyenus rpoccyns-
poBbix rpaHatos A.J1. [TepyykOM TPakTylTCA Kak
pennkToBble, CHOPMUPOBABLUMECH B Mpouecce
6onee paHHero metaMmopdU4eckoro cobbITus, No-
CKOJ1bKY N0 XMMNYECKOMY COCTaBy 3aMeTHO OTJIU-
4yaloTCs OT COCTaBa rpaHara-xo3samMHa 1 He UMEeKT
Hu4yero obLLEero ¢ pacnpeaeneHMeM KOMMNOHEHTOB
B CTPUHrepax Ui B kammax.

B rpaHatax UB3K coctaB rpoccynspoBbixX
BKJIIOYEHWI, HanMpoTMB, O4YeHb 6M30K K cocTa-
BY KpaeBblX 30H 3epeH U LUEeHTPasibHbIX YacTen
CTPUHrepoB. OTO YKa3bIBAET HA TO, YTO OAHHbIE
BKJIIOYEHUS HMKAK HE MOryT OblTb PeSIMKTOBLIMU,
MOCKOJIbKY MO XMMNYECKOMY COCTaBy COOTHOCHATCH
Cc Hanbonee No3gHMMU dasamu KpucTanamsauum
M 4acTO HanpsiMytd COeAVHEHbl CO CTpuHrepa-
Mu. Ha puc. 9, 6 oTY4eTAIMBO BUOHO, YTO NO3OHNE
rPOCCYNAPOBbIE BbIAESIEHUS MO CBOEWN CYTU ABNSA-
IOTCS HEe BKJIIOYEHUAMU, @ MPOAyKTamMu MNceBho-
MOP®HOro 3aMeLleHNs HacCTOAWMX BKIIHOYEHUA,
B JAaHHOM cCJliydae — XxJjopuTta M anuaoTta, U3Ha-
YaNbHO KPUCTaIIN3YACh Mo ux nepudepun. Takasa

TpewwmHkn

CTpuHrepsl

Bkno4veHun
Ksp, Qz, Act

“MeX30HHbIe
aHomanuwu”

Puc. 10. \peanuaupoBaHHas cxeMa 3epHa rpaHaTa C XapakTepHbIMU
yepTamy 30HaNbHOCTU, PA3BUTUSI BKIIIOYEHUIA U CTPUHIEPOB, TPELLVH,

KMOK N «MEX30HHbIX aHOMaNnin»

Fig. 10. An idealized garnet grain pattern with characteristic features
of zoning, the development of inclusions and stringers, cracks, veins,

and “interseasonal anomalies”
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Xe cuTyauums HabnopgaeTcs U B CTPUHrepax (CM.
puc. 8), roe COXpaHsloTCS PENMKTOBbLIE YyYaCTKu,
CJ/IOXKEHHbIE XJIOPUTOM, 3aMeLLlaeMbiM FPOCCYJs-
poBbIM rpaHaTtom. CnegyeT obpaTuTb BHUMaHUE
M Ha NPUCYTCTBME B KAYECTBE «BKJIIOYEHUI» MyM-
nennuuTa, TemnepaTtypHas ob6aacTb YyCTOMYMBO-
CTU KOTOPOro, NpY 3aKOHOMEPHOW perpeccnBHoOm
CMeHe napareHe3nCOoB, HUMXE FPaHuLLbl YCTOMYN-
BOCTM BMELLAIOLLErO €ero anbMaHanH-cneccapTn-
HOBOro rpaHata. Hambonee norn4yHoe 0OObSACHE-
HMe aToMy — nceBgomMopdHas Kpuctanamsaumsa
nymMnennmmTa BHyTPWY rpaHaToOBOro 3epHa.

Takmm o6pa3oM, OJaHHble rpaHaTbl B PU3MKO-
XUMUYECKOM acCrekTe He ABNSI0TCS 3aKPbITON CUC-
TEMOM N BO BHYTPEHHUX YACTHAX 3€PEH MOI /M Npo-
TekaTb NPOLECCHhl NEPEKPUCTAIN3aLUN HE TOb-
KO KanbLMEBOro rpaHarta, Ho U ApYyrnx MUMHEpPasoB.
MuKpoTpeLWMHbl U CTPUHIrEpPbl CNOCOOCTBOBANM
3TOMY MPOLLECCY M CAYXWUInN KaHanamm punbTpa-
umm daonaa n NpMBHOCa-BbIHOCA KOMMOHEHTOB.

Ycnosusi «OTKPbITON DUUKO-XUMUYECKON CU-
CTeMbI» rpaHaTa 0ObACHAT GopMMpoBaHME Tak
Ha3blBaEMbIX MEX30HHbIX aHOManui. Mpu Habno-
[JaeMon pe3Kkor CMeHe napameTpoB MeTamopdo-
reHHO-MeTacoMaTnyeckmx NPoLEeCcCOoB Ha rpaHmue
30H 1 BEPOSAITHOW BPEMEHHOW Nay3e Gnactesa npu
9TON CMEHe rpaHuvubl 30H rpaHata MOXHO pac-
cMarTpmBaTbh Kak rpaHuLbl 3epeH pas3HbiX MUHepa-
N0B, HanpumMmep, rpaHaTa n amdubdona. B aTmx 30-
HaxX Kakoe-TO BPeM4 CYLLECTBYIOT MEX3epHOBbIe
(MEeX30HHbIE) KaHasnbl, N0 KOTOPbIM Mpocaynea-
toTca dnonabl N NPUBOAAT K 3aKOHOMEPHbLIM U3-
MEHEHUNSIM COCTaBa — YBEIMHYEHMIO KaNbLMEBOCTU
rpaHata, NageHuto XenesncTtocTu 1, Kak pesysb-
TaT, 06pPa30BaAHMIO TAKNX «@HOMaSTNIN»,

3akJiloyeHue

[paHaTbl MeTaByfkaHUTOB LleHTpanbHO-ByH-
0EeNnKXaHOCKOro  3e/eHOKaMEHHOro  kommnaekca
06nafaloT YHUKaNbHbIMU OCOOEHHOCTAMU XUMW-
4eckOoro coctaBa M OTBEYaloT asibMaHAWH-CNec-
CapTUH-IPOCCYNAPOBOMY PAAY, XapakTepPU3ytoTcH
KOHTPACTHOW, CNOXHOM 30HaNbHOCTbLI0. OHU dhop-
MUVPOBaSIUCb B YCJIOBUSIX OJINTESIbHOMN 3BOJIIOLMN,
nopa, BO3OENCTBUEM OMCKPETHO NPOSABIIEHHbIX Me-
TaMopPUHYEeCKUX N MeTacoMaTU4yeckux MnpoLec-
COB, YCTOMYMBbLI B npeaenax ot ameudonnToBomn
00 MNPEeHUT-NyMneiMmToBon dauum mMetamop-
dur3ma n NponuInMToBon daumm metacoMmarosa.

O6paTHas 3aBUCUMOCTb COZEPXaHWn Xxenesa
M KanbUMsa B pacCMaTpuBaEMbIX rpaHatax genaet
KOHTPaCTHbIMU €ro M3006paxeHns B OTPaXEHHbIX
3/IEKTPOHAX, YTO NMO3BOJISET JlyyLle NOHATL 00Lme
3aKOHOMEPHOCTN BHYTPEHHErO CTPOEHUSA, POCTO-
BOM win and@Py3nNOHHOM 30HANIbHOCTU, BHYTPEH-

Hel HEOAHOPOAHOCTU cocTaBa, POPMbI 1 OCOBEH-
HOCTEWN Pa3BUTUA CTPUHIEPOB N T. 4.

B n3y4eHHbIX rpaHaTtax BbISIBIEHO MO KparHEWN
Mepe ABe reHepaLmn CTPUHrepoB 1 BOMbLLIOE KO-
JINYECTBO «BKJIIOYEHUI» FPOCCYNsSpa B alibMaH-
OVH-cneccapTuHeE U B CreccapTUH-rpoccynsape,
KOTOpbIe He Bblnn Obl BUAHbI MPY APYrX COCTaBax.

3epHa rpaHaTta He Bcerga sBAsOTCS 3aKpbITON
cucTemon. B HekoTopbix cnyvyasax HabniogatoTcs
NPOLLECCHI NepekpucTanImdauym u 3aMeLleHnsd
BKJIIOYEHWNI BHYTPW 3epeH rpaHata 6onee nosp-
HUMWN MUHEpanamu, 3aMeLLEHNa B MUHEpPanmn3o-
BaHHbIX TPELLMHKaX, GPOPMMNPOBAHNE «MEXIOHHbIX
aHoManuin» N KpUCTanIn3aunsa rpaHaTa ¢ Xmmmye-
CKMM COCTaBOM, COOTBETCTByIOLLMM Bonee nosa-
HVYM reHepaumam.

ABTOp BbIpaxaeT MCKPEHHIo 6a1arogapHoOCTb
A. V. CnabyHoBy 3a npenoctaB/IEHHYIO BO3MOX-
HOCTb npoBeaeHus paboT Ha CTOJb UHTEPECHbIX
06bEKTax B CTOJIb 9K30TUHECKMX MECTaxX, LIeHHbIE
COBETHI 1 3amMeyaHus B rpoLecce paboTsl 1 rnoa-
rotosku ctatbu; Cymuty Muupa v BuHogy CuHrxy
3a rpekpacHsbiii rnpuem, rno3HasartesbHoe obLle-
HWe, TPaHCMOPTHOE W reoJIorm4yeckoe COorpPoBO-
XXAeHne roJsieBbix paborT.

PaboTa BbinosHeHa npv ouHaHCOBOV rnoaaep-
xke POPU (rpaHT 17-55-45005 VH/A-a), sBns-
eTcsl BKa40M B BbIlIOJIHEHVE rOCYAapCTBEHHOro
3apaHusi KapHL PAH (UHcTtutyT reonorum KapHL
PAH, npoekt A18-118020290085-4).
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FrEO3KOJIONMA - EAUHCTBO HAYK TEOJIOTrM4YECKOIo
U FEEOrPA®UYECKOIO HAMPABJIEHUN

. C. PbibakoB

UHcTuTyT reonorvm KapHL PAH, ®UL| «Kapenbckuii HayyHbIv ueHTp PAH», MeTposaBosack, Poccus

0O630pHO-TeopeTUYeckas cTaTbsl MOCBSILLLEHA aHaNM3y NpobsiemM reoakonormm Kak coB-
pPEeMEHHO Hayku reonoro-reorpadundeckoro umkna. BeickazaHo npeanonoxeHne o BO3-
HWKHOBEHUM B Oyayuiem reorpadum nNoa3eMHOro npocTpaHCcTBa, 4YTo OyaeT CBs3aHO
C VMHTEHCUBHbLIM OCBOEHMEM YeSIOBEKOM re0sIorMyeckoro NpocTPaHCcTBa, BKOYAOLNM
CTPOUTENbCTBO MEXAYrOPOAHbIX U MEXAYHAPOAHbIX MOA3EMHbIX TPAHCMOPTHbLIX KOMMY-
HUKaumMin, MaclTabHylo noasemMHylo ypbaHusaumio, pasmelleHne nNpon3BoanTEeNbHbIX
Ccun nopg 3emnen, codgaHme 1 nogaepxaHme 0cobo OXpaHsieMbIX U TYPUCTCKO-pekpe-
ALMOHHBIX MOA3EeMHbIX MPOCTPAHCTB U T. N. OnpeaeneHbl rpaHnLbl PacrnpoCcTpaHeHus
reorpaduyeckoirt 060/104KM, KpaTKO PacCMOTPEHbI U CrpyrnnMpoBaHbl CYLLECTBYIOLME
KOHLLEMLMN Te03KOSIOrMnN (COCTOSIHUIA, N3MEHeHnn 1 TexHonoruin). Ocoboe BHUMaHMe
yOeneHo reoXmMmn4eckrM acrnekTam TeopeTMYecKMx OCHOB re03KOI0rM4Yeckmnx nccneao-
BaHMN. OnpeaeneHbl rnaBHble OCHOBaHUS ANS BblAENeHUs reosioro-reorpaduyeckoro
noaxoda K reoakosiornm, KoTopble BK/OYAOT: pacnpoCcTpaHeHne rpaHunL, reorpadpuye-
CKOli 060/104KN 32 NMpeaesbl MOBEPXHOCTU 3eMin; MPOHNUKHOBEHME XN3HM BO BCE BHELLI-
HWe reocdepsbl, cylecTBoBaHWE rNyorMHHON Brocdepbl; NPOosBEHE Ha NMOBEPXHOCTU
3eMnn reognHaMmmMyYecknx NPOLLECCOB, BKIIOYas BblOesieHne ra3oB 1 aMaHauMii B 30HaxX
aKTMBHbIX Pa3/iIOMOB W TPELLMHOBATOCTN 3EMHOI KOpbl; 6a3oBas pPosib FOPHbLIX MOPOL4,
B NaHawadToobpazoBaHun (Noa3emMHble naHawadTbl, BMECTUIMLLE M UCTOYHUK NOA-
3eMHbIX U FPYHTOBLIX BOJ, MO4YBO- M penbedoobpasoBaHMe); OCBOEHNEe NoA3EMHOro
NPOCTPaHCTBa YeNoBekOM. Takke Ha3BaHbl ABA BaXHEWMLLIMX 3KOS0ro-reoxmmMmnyeckmx
acnekTa reosioro-reorpaduyeckoro noaxoaa. flepsbiii N3 HUX CBSA3aH C KAYECTBEHHbIM
N KONMMYECTBEHHBIM XMMWYECKUM (3/IEMEHTHbIM) COCTaBOM reocdep M KOMMOHEHTOB
reocucTeM, BTOPOIi — C reOXMMUYECKUMI NpoLLeccamMm, onpenensowmmm Bce pasHoob-
pasve reoXMMMYecknx CBA3ei kak BHYTPU KaxXa0W OTAESIbHOW re0CUCTEMBI, TaK U MeXAyY
pasHbIMU reocncTemMamm.

KniouyeBble CJioBa: reos3kosormg; reonoro-reorpaduyeckin noaxon; reocdepsbl;
reocucTeMsl; reorpadpunyeckas 0060104Kka; KOHLEMLMN Fre03KON0rMKn; 9KON0ro-reoxmmMmm-
YyeCckune acnekTbl.

D. S. Rybakov. GEOECOLOGY - UNITY OF GEOLOGICAL AND GEO-
GRAPHICAL SCIENCES

This article reviews the theory of Geoecology as a modern science in the geological
and geographical series. There are propositions that geography of underground spaces
willariseinthe future due tointensive human use of the geological space, including the con-
struction of intercity and international underground transport connections, large-scale
underground urbanization, construction of underground industrial facilities, establish-
ment and maintenance of underground conservation areas and tourism-and-recreation
spaces, etc. The boundaries of the geographical shell are defined, the existing concepts
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of Geoecology (states, changes, and techniques) are briefly described and grouped.
Special focus is on the geochemical aspects of the theoretical foundations of geoeco-
logical research. The following main reasons for the selection of the geological-geo-
graphical approach to Geoecology were defined: expansion of the geographical shell
boundaries beyond the Earth’s surface; the penetration of life into all external geo-
spheres, the existence of a deep biosphere; the manifestation of geodynamic processes
on the earth’s surface, including the release of gases and emanations in zones of active
faults and fractures on the Earth’s crust; the basic role of rocks in landscape formation
(underground landscapes, sink and source of subsurface and underground water, soil-
and relief formation); utilization of underground spaces by humans. The two mostimport-
ant ecological and geochemical aspects of the geological-geographical approach are
named. The first one has to do with the qualitative and quantitative chemical (elemental)
composition of geospheres and components of geosystems, and the second one with
the geochemical processes that generate the diversity of geochemical relationships both
within each individual geosystem, and between different geosystems.

Keywords: Geoecology; combined geological-geographical approach; geospheres;
geosystems; geographical shell; concepts of Geoecology; ecological and geochemical

aspects.

BBepeHune

Basucom niobon Hayku SBASOTCA ee Teope-
Tnyeckme nosioXeHus. Tak, OOHUM U3 OCHOBHbIX
NOJSIOXXEHUN FreOXMMNUKU, OTPaxarLux MmaTtepuarb-
HO€E eQMHCTBO BCEN COBOKYMHOCTU re0siorm4eckmx
n reorpadunyeckmx OObLEKTOB, SIBNSIETCA Te3uc
O NMOBCEMECTHOM PacrnpoCTPaHEHNU XMMNYECKUX
39/IEMEHTOB BO BCeX TeNnax v reocdepax rniaHeTobl
(3akoH Knapka — BepHafackoro).

XMMNYECKUM 3SIEMEHTAM CBOMCTBEHHA Henpe-
pbiBHas mMurpaums (nepemeLleHve) BO BPEMEHU
1 B npocTpaHcTee [BepHaackni, 1994; AHnH, 2018
n gp.]. MNpu 3aTtoMm, cornacHo OCHOBHOMY FE€OXUMMU-
yeCcKOMy 3akoHy B. M. Tonbawmuara B yTOYHEH-
Hon popmynmpoBke A. W. MNMepenbmana, «reoxmmMms
aNeMeHTa B 3eMHOWN KOpe OnpefenisieTcs Kak ero
XUMMYECKNMU CBOMNCTBAMM, Tak U BEIMYNHON Knap-
ka». C opyror CTOPOHbI, OOHN U T€ XEe SNEMEHTHI,
Haxo4sLmMecs B CUCTEME B PasHbIX GopMax (B TOM
yucne, HanpMMep, B PassiyHbIX N0 YCTONYMBOCTU
K BbIBETPUBAHMIO MUHEpPanax), Npu 0anHaKoBbIX Na-
pameTpax cpeabl MUrpaumm obnagatT pasHon Mur-
pauUVOHHOM crnocobHocThto [Mepenbman, 1989].

Kaxpasa Hayka oTimyaeTcs COOCTBEHHbIM 00b-
eKTOM uccnegoBaHus. Hanpumep, o6bEKTOM UC-
CNnefoBaHNA TFeoXUMUU  ABNSAETCA XUMUYECKUN
3JIEMEHT, PaCNPOCTPaHEHHbI N MUFPUPYIOLLNIA
B pa3HbIx cuctemax [[Mepenbman, 1989], a o6bek-
TOM MCCNie4OBaHUA reosiormy — ropHasd nopoaa,
reosiorndeckad gopmauus, 3eMHasa Kopa u T. 4.,
TO €CTb CaMU 3TV CUCTEMBbI.

Ina uenen reoskonornm, CBA3aHHbIX C OLEH-
KOW XMMWNYECKOr0 COCTOSIHUSA re0CUCTEM U NaHa-
Wa@THO-reoXMMnyeckmnm MPOrHO31POBAaHNEM,
BaXHENLUNMWN ABAAIOTCA MOJIOXKEHUA TEOXUMUN,
Kacamlwyecs Murpauum XMMn4eckmnx 3J1eMeHTOB
B pasfnMyHbIX cpefax nopg BAUSHMEM NPUPOOHbIX

N TEXHOreHHbIX dakTopoB. COOTBETCTBEHHO, NPU-
BA3KA 9KOJIOrO-reoOXMMUYEeCKUX UCCef0BaHNM
K onpenesieHHOM YacTu NPOCTPaHCTBa (TeppuTo-
pun Unu akeatopmn) oBycrnoBInMBaeT ux reorpa-
duryeckylo HanpaBNEHHOCTb.

Mexay TemM reoxmmms mnaHadasibHO ABNSETCSH
reosIorM4eCckom Haykowm, BOSHUKLLEN Ha CTbIKE XU-
Mun 1 reonorun [Mepenbmand, 1989]. O6bekT ee
nccnenosaHna — nutocdepa, akTMBHO B3aMMO-
OencTByloLLan ¢ ApyruMn 3emMHbIMM 06o1o4KamMm
[BepHaackuii, 1994]. BO3HUKHOBEHME 1 Pa3BUTUNE
«FMOPUAHBIX>  (MEXONUCUMMAVMHAPHbIX) Hayk 3a-
CTaBJIS€T PACNPOCTPaHATb MOHATUMHBLIA annapart
M MeTOoAbl MOrpaHnYHbIX HayK Ha BHOBb CO34aBae-
Mbl€ Hay4Hble HanpasfaeHuns. YacTb NOHATUI N Me-
TOO0B OTHOCUTESIbHO BbICTPO 3aKPEenISTCS B MNO-
HATUNHOM annapare N METOL0JI0MMM HOBOW HayKW.
YacTb BbI3bIBAIOT aKTUBHYIO AUCKYCCUIO. Tak, npu-
MeHeHMe MeTO40B reoXMnu s uenen nccneno-
BaHMsA reorpaduyeckoin 0605104K1 NpeanonaraeT
NMOWCK OOMOSIHUTENIbHBLIX OCHOBaHUIN N1l o6bean-
HEHNSA reosIornM4eckoro 1 reorpadu4eckoro nog-
X04oB K reoakonorun. OgHako Ans Takoro CUH-
Tesa HeoOXOAMM MpenLecTBYIOWMIA aHaNn3 Kak
CXOLCTBa, TaK N Pasnnymin ykasdaHHbIX MoaxX0L0B.
Taknm 06pa3om, NOSBASETCS WaHC NpeBpaLLeHns
ondoepeHumaumm Haykm B CBOKO MPOTUBOMNOJIOX-
HOCTb — MHTerpaumuto [Fonybumk n ap., 1998].

B cBA3K C 3TUM Lenb HACTOSLLLEro nccnenosa-
HUS 3aK/I04AETCH B TOM, HTOObI, UCMONb3YS re0Xn-
MUYECKMEe acnekTbl reoCHEPHON N reOKOMMJIEKC-
HOM (reoCUCTEMHOM) KOoHUenuun OU3n4eckom
reorpadum [Fonybumk n gp., 1998; Kouypos n ap.,
2018], npoaHann3mnpoBaTb CXOACTBO U pasnmyve
reosiorm4eckoro 1 reorpaduyeckoro noaxonos
K re03Ko10rnu.

[MonoxeHna paccmaTpmBaeMbiX KOHLEMNUMA
TECTUPOBAIMCb HA MPUMEPE Te03KOI0rMYEeCcKmnx
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Puc. 1. CooTHOLIEHNE 0O0BLEMOB Pa3fINYHbIX abMOTUYECKUX Chep U BMOTbI, KOTOPLIE,
MO MHEHMUIO Pa3HbIX aBTOPOB, HEOOXOAMMO N3y4aTb NPU NMPOBEAEHUN FE03KOOrnye-

CKMx nccnepgoBanuii [no: Tpopummos, 2009]

Fig. 1. The ratio of volumes of various abiotic spheres and biota, which, according
to different authors, should be studied when conducting geoecological research [after:

Trofimov, 2009]

nccnepoBaHuii tOro-BocTtouHoli deHHocKkaHanm
[Okonorunyeckue..., 2005; PoibakoB n gp., 2013;
Pei6akos, 2017], roe WMPOKO pasBuThl Kak OpeB-
Hue (ookembpuiickne) [Kynukoe v gp., 20171, Tak
M MoJloAble (4eTBepTUYHbIEe) [HeTBepTuyHbIE...,
1993] koMmnnekcobl.

OOwue BONpoOChi U NPOGsIeMbl CTAHOBJIEHUS
reoaKoJIorMm Kak COBpeMeHHO HayKu

Bonbline pasHouYTEHMS, CYyLLECTBYIOLWME B NO-
HUMaHUM COAEPXAaHUS U CTPYKTYPbl F€03KO0rn,
CBSI3aHbl Npexae BCero ¢ BbIBOPOM ee OCHOBHbIX
00bekToB uccnenoBaHua. O63op npobnem cra-
HOBJIEHNS 3TOW Pa3BMBAIOLLENCHA HAYKMN C YNOMU-
HaHMEM MHOrMx paboT Ha AaHHYl0 TeMy CAenaH
B. T. Tpodumosbim [2009]. Bcnen 3a Hum OT-
METUM, 4TO B pasdHble roabl (puc. 1) psg, yyeHblx,
B ToM yucne B. b. Coyaga, K. N. Cbiyes, E. A. Kos-
JNIOBCKNIM, OTHOCWAM FEO03KONOMNI0 K reosioruye-
CKMM HaykaMm, cuHuTasi NpUOPUTETHLIM OOBLEKTOM
ncenenoBaHus nutochepy, Tak Uan nHavye CBA3bI-
BaemMyto ¢ atmocdepon, rugpocdepoii, bruocoe-
poli n TexHocdepon. H. . Peiimepc n K. M. MNeT-
POB YMEHbLLINAN POSib NNTOCGEPDLI N B KA4ECTBE

BaXHeNLMX abuoTMYECKMX Ccpen, B3anMoOencT-
BYOLLMX C OMOTOMN, kak paHee K. Tponnb (NepBbim
BBEJT TEPMUH «F€03KONOrns»), NPeasioXnnn mns-
y4aTb aTMOCdEpPY 1 MOBEPXHOCTHYIO r’mapocdepy.

Mopaensiouiee 6GOMbLINHCTBO CNELVanncToB
(cM. puc. 1) paccmaTpuBalOT Fe03KOJSIOMMI0 Kak
MEXANCUMMINHAPHYID HayKy, B psiAe Cly4aes
BBOAS 3Ty €e OTNIMYUTENbHYIO YepTy B onpeaene-
Hue. Hanpumep, cornacHo 0oHOMY U3 HUX, «reo-
3KONOrMea — MeXAUCUMNAnHaApHasa Hayka, ndyda-
lowas akonormyeckme @yHKUMKM abUoTUHEeCKNX
chep 3emnm, 3aKOHOMEPHOCTU KX GOPMUPOBA-
HUS1 N NPOCTPAHCTBEHHO-BPEMEHHOIO0 N3MEHEHUS
NOA, BANSIHWEM NPUPOLHbIX N TEXHOTE€HHBIX MPUYUNH
B CBSI3U C XXM3HbIO U AEATENBHOCTLIO OU1OThI U, Npe-
Xe Bcero, yenoseka» [Tpodumos, 2009 n ap.].

B cBoux HOBbIX paboTax CTOPOHHUKW reorpa-
¢punyeckoro nogxopa [KpacHos, bapnHoBa, 2018]
NPOrHO3upYyloT GOpPMUPOBaHME B MEPCHEKTUBE
eauHoM reorpadum Ha OCHOBE CUHTE3a psia reo-
rpaduryecknx Hayk npexae BCEro B CUy ee 3KOo-
normzaumm 1 rymaHutapmsauuu. Jpyrumu cno-
BaMu, npennonaraeTcsd co3gaHue HOBOW Teopun
obuen reorpadmm Ha OCHOBE CUHTE3a eCTecCT-
BEHHbIX Y TYMaHUTAPHbIX HAYK.
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B aTOM CcMbICcne, Kak NpeacTaBaseTcd, He Me-
Hee MepPCneKkTUBHbIM SBJISETCH Pas3BUTME Takumx
OTBETBJIEHUIA Fr€0NOro-reorpaduyecknx Hayk, Kak
reorpagus rnoa3eMHoro rnpocTpaHcTBa W roa-
3eMHasi reo3KoJ10rvs.

lMepBoe (reorpadusa Noa3eMHOro MNPOCTPaH-
CTBa) OO/HKHO OMOPMUTLCH Ha CTbiKe reosiornm
n reorpadumn (B OOMNOJIHEHUE K reoMopdonormu,
crneneosiornuy, naneoreorpadum U reo3KO10rnm)
KaK HanpasJfieHVe, CBA3blBAEMOe C rnpegnosara-
€MbIM WMHTEHCUBHbIM OCBOEHWEM re0siorm4ecko-
ro MNpPOCTPaHCTBA YeJIOBEKOM (MexXayropoaHble
M MeXOyHapodHble MoA3eMHble TPaHCMOPTHbIE
KOMMyHMKauuu, maclitabHas non3emHas ypba-
HU3auns, pasMeLLeHne MPOoU3BOAUTESNIbHBIX CUJS
noa 3emsen, co3gaHve U nopdepxaHne ocobo
OXPaHseMbIX N TYPUCTCKO-PEKPEALMOHHbIX MOoa-
3EMHbIX NPOCTPAHCTB U T. N.). Takas gudpdepeH-
uMaums gomkHa ObiTb y4TeHa nNpu peLlueHnn npo-
OGneMbl CTaHOBJIEHMS eANHONM reorpadumn.

He aHanu3upys nogpoOHO B OAHHOM cTaTbe
Teopuio reorpagpudeckoro rnoss [Tpodpumos, Co-
noayxo, 1986; Tpodumor n gp., 2010], koTopas
B eMHOM reorpadumn nprssaHa «06beamHUTbL BCe
crneundunyeckne pasHOKaA4YeCTBEHHbIE W PA3HO-
YPOBHEBbIE reorpadunyeckmne B3aNMOLENCTBUS»
[Teopus..., 2018], coenaem OTCTynieHne n 3a-
[aauMCs BONMPOCOM — YEM U Kak 3TO NoJsie MOXeT
ObITb M3MepPeHO? Beab HaxoXAEHWE HYXHbIX U3-
MepuTenen, oTeedvas MNPUHUUNY WN3MEePUMOCTU
H. KysaHckoro [Ky3HeuoB, bBbonbwakos, 2013],
MO0 Obl YCTPaHUTL COOTBETCTBYIOLLIME MEXOWNC-
LMNJMHAPHbIE Pa3pbiBbl M MOMOYb CTaHOBIEHUIO
npeanoxeHHom teopun. O4eBMaHO, YTO LUMPOKNIA
HaAbOpP BaXHEMNLIMX 4YaCTHbIX MU3MepuTenen ans
XapakTepUCTUKN NPEeOMETOB, ABNEHWUN, B LLENIOM
reocucTtemMm n «reorpa@uyecknx nonem», 3ammcT-
BOBAHHbIA U3 MHTErPUPOBAHHbLIX HayK (MCTOpUS,
9KOHOMUKA, reofesunsd, MaremaTuka, eusnka, xu-
Mus, 6uonorusa v T. A4.), He ABNSIeTCS OCHOBOMO-
naralowmm gns eanHon reorpadum. OCHOBHbIMA
OTINYUTESIbHBIMUY MOHATUSMU €4NHON reorpadpum
ABNSAIOTCH TeppuTopus (NPOCTPaHCTBO), MpPO-
CTPaHCTBEHHOE MOJIoXeHNe NpeaMeToB (BeLuen,
00beKTOB). Bpemsi npu 3ToM A0JIKHO paccMaTtpu-
BaTbCS KaK nokasartesib, GUKCUPYIOLWNA MOMEHT
CMEHbI U JJINTeNbHOCTL COBLITUIN 6e3 obs3aTenb-
HOM MPUBA3KM K UCTOPUYECKMM partam, KoTopad
CBOWCTBEHHaA uctopuyeckom reorpadpumn. Kaxgas
Tepputopua (4aCcTb MNPOCTPAHCTBA) B KaxAbli
MOMEHT BpemMeHn morna Obl ObITb OXapakTepunso-
BaHa HarpskKeHHOCTbIO N OTeHUnas oM reorpa-
dunyeckoro nonga (No aHanormm ¢ GU3NHECKUmMm
nongmMmn). XoTss HaMMeHOBaHME BTOPOro KpuUtepud
HE CNMLWKOM yaayHo. B 3TOM cMbIC/ie NPUHATO
rOBOPUTb O PECYPCHOM, 3KOHOMWYECKOM, 3KOJ10-
rmyeckom, gemorpaduyeckom, HayyHoM U T. 4.

noTeHumnane TeppuTopumn, permoHa u np. Bmecto
HaMPAXEeHHOCTN reorpaduy4eckoro noJsjss MOXHO
oueHMBaTb U KOCBEHHO U3MEPATb reorpaguye-
CKYIO HarpskKeHHOCTb, KOTOpas Ha KOHKPETHOM
TeppuTopmUM CKIaablBaeTcsl U3  MNPOABASEMbIX
B TOW WUV MHOW CTENEHU NN NMPaKTUYeCKn OTCyT-
CTBYIOWLMX HANPAXKXEHHOCTEN: 3KOHOMUYECKOMU,
rMoOJINTUHECKOM, AEeMOrpapuyeckon, coumasibHOM,
3KOJIOrM4€CKOM, dHEePreTn4eckou, rnpogoBOJIbCT-
BEHHOVI N T. A.

BTopoe 13 Ha3BaHHbLIX Bbllle HarnpasieHU
(noo3emMHasi reoakosiorms) pa3BmMBaeTcs B cUCTe-
Me 3KOJIOMMYECKMX HayK N KOMMIEKCE HayK O 3eM-
Jle KakK reoakonormd noas3emMHoOro npoCTPaHCT-
Ba [[loTanos, YepHbiweB, 2013], Bkawoyawowas,
B YAaCTHOCTW, NOA3EMHYIO Fe03KOJIOrnI0 Merano-
nucoB. lNMocnegHas unaydaeTt «reocdepHble 0060-
No4YKM 3emMnu Kak KOMMOHEHTbI OKpYXKatoLLen cpe-
Obl U Npoucxogswme B HUX U3MEHEHNS Mog, BAun-
SAHMEeM rOpPOACKOro NoA3eMHOro CTPOUTENLCTBA»
[Kynukosa, 2005].

["eorpaduyecknii Noaxon K 9K010rnyeckm opm-
EHTUPOBAHHbIM UCCIefOBaHUAM  NoAnepXmMBal
B. B. lNMo3geeB [2006], yka3blBaBLUMIA HA Hanuyne
0cobeHHOCTeN Yy reorpapuyeckoi KOHLernumm
pervoHasibHoVi reoskosiormi. BaxHenwmmn ac-
nekTamMm 3TOW KOHUENUUM SABAKIOTCA NOHMMaHue
reoakoNorMm Kak WHTerpasbHoro reorpaguye-
CKOr0 Hay4HOro HarpasJfieHUs (MaTepPUHCKUE Hay-
KN — 9KONOrms n reorpadus), nayyaroLllero Teppu-
TopuasibHble acnekTbl 3KOJIOrMYeckux npobnem,
BO3HMKAOLWMX B pes3ysbTaTte B3aMMOLENCTBUSA
HacesieHns, X039MCTBa (9KOHOMUKU) 1 NpUpoabl,
a TakXe CMCTeMHbI noaxon M cobCcTBEHHas me-
TOL0N0rM, KOTOpas NpuCyLLa PerMoHasibHOM reo-
3KOJOrnun.

Co cBoeln CTOPOHBI, NpU N3y4eHnn TpaHchop-
MauMin 3KOJIOTMYECKUX CUCTEM, MNPOUCXOLALLNX
nopg, BANSHMEM KIIMMaTU4YeCKNX NBMEHEHWI 1 Opy-
rMX NPUYNH (Npexae BCero XMMmn4eckoro 3arpsis-
HEHNSA NPUPOLHOINo U TEXHOMEHHOIro NPOUCXOXAe-
HUS), Mbl CBSI3bIBaJIN MOHATUE «F€03KOJIOrnyeckas
Mogesnb» (TeppuUTopun) ¢ onpeneneHnemM reoako-
JI0rmn Kak KOMIJIEKCHOW Hayku, CUHTE3UPYOLLEN
3JIEMEHTbI reosioruv, reorpadumn, rnoYBoBeAEHVs
v 6uosorum. Npu pacCMOTPEHUM OTAENbHbIX KOM-
NOHEHTOB NPUPOLHON cpeabl (B TOM 4Yncie namMme-
HEeHHOI) aHanNM3npoBanu 0ObEKTbI, NCCleayemMble
yKa3aHHbIMW 4YaCTHbIMW Haykamu, Hanpumep,
B CUCTeMax «MNOBEPXHOCTHble BOAbl — [OOHHbIE
ocagku — 6uoTa» unm «atMmocdepa — noysa — 6mMo-
Ta» [PbibakoB 1 gp., 2013].

Takum 06pa3om, HECMOTPS Ha BONbLLOE YMCIOo
HepeLLEHHbIX NMPobneM, CBA3aHHbIX C Pa3BUTUEM
eaMNHON reorpadum n reoakosiormm Kak ee aKoso-
rM4eckn OPUEHTUPOBAHHOIO pasnenia, UMEeTCH
3Ha4YUTESIbHbIE OCHOBaHWS HE TOJIbKO A1 Oallb-

(=)



Xoponoruveckan XpoHonoruyeckas AHTpoOnNoO-
(npocTpaHcTBEHHARA) ——— (BpEMEHHAA) P IKCNOrMYECcKan
napagurma napagurma napagurma

I I I
KoHuenumu: KoHuenuuu: KoHuenyuu:
30HaNbHOCTH, reocuUcTem- Hanpas/eHHO-PUT- reorpaguyeckoro
Has, ONOPHOro KapKaca MWYECKOT0 PasBuTmA, BeTepMUHN3Ma,
TePPUTOPUK, NONIOCOB 3HEepPronpou3BoACT- reorpaduyeckoin cpeabl,
pocTa, egUHON c1ucTembl BEHHbIX 1 PeCypCHbIX Hoocdepbl, ycTo4YnBo-
pacceneHua u apyrue LUMKNOB U Apyrue CTW reoCUCTEM U Apyrue

!

LlenocTtHocTb (eauHcTBO) reorpadum

Puc. 2. KoHuenTtyanbHasa cxema passutus reorpadum [no: Kouwypos n ap., 2018]
Fig. 2. A conceptual scheme of the formation of geography [after: Kochurov et al., 2018]

HENLINX WHTErpPUPYIOLLNX TEOPETUYECKUX U Me-
TOO0JIOMMYECKUX WCCNefoBaHUn 1 pa3paboTok,
HO M ON9 NMPakKTUYEeCKOro NPUMEHEHUs yxe MoJsy-
YEeHHbIX 3HaHWIN 04 Lefen yCTONYMBOro passBuTums.

FpaHuubl reorpadunyeckor 060/104KU
N COBPEMEHHbIE KOHLENLUUU Fre03KOoJI0rumn

OMNCKyCCUMOHHBIM OCTaeTCsl BOMPOC O pacnpo-
CTPaHeHUN rpaHuL, reorpaduyeckon 0005104KN
[ApuukoB, HukoHopoBa, 2003; BepsunuH, 2005;
[3aroesa, 2012; boHgapes, 2017]. NMpu3HaHo, 4TO
9TV rpaHuLbl MOCTOSIHHO PaCLUMPSIOTCS N0 Mepe
NPOHUKHOBEHUSA YefloBe4eCTBa B KOCMOC U MOA-
3eMHoe npocTpaHcTBO [KouwypoB v ap., 2018].
Ha Haw B3rngan, BepxHAa rpaHuua reorpadpuye-
CKol 060J104KM J0J1KHA NPOBOAUTLCS B Npenenax
OKOJIO3EMHOI0 MPOCTPAHCTBA, B KOTOPbIX B Ha-
cTosiLlee BpPeEMS NeTalT KOCMUYECKME CTaHLUWU,
WNCKYCCTBEHHbIE CMNYTHUKM 3eMin 1 HakonieHa
Macca CTaBLlero KocmMmmyeckum mycopa. CtyneHu
pakeT, oTpaboTaBLIne CBOW pecypc, 1 aBapuiiHble
CMYTHUKW HEPEAKO NajaloT HA MOBEPXHOCTb 3EM-
N 1N B OKEaH, HEMOJIHOCTBIO Cropas B atmocdepe.
HuxxHIO0 rpaHnLy reorpadpuyeckoin 060104k Lie-
necoobpa3Ho NMPOBOAUTL MO rNybuHam, OOCTUr-
HYTbIM CBepxrinybokmm OypeHuem, KOTopoe mMo-
mMoraeT m3y4aTb [LLexoBuoBa, BepxoBuesa, 2011
1 ap.] noasemMHyo rocdepy rnyboko OT NoBepx-
HOCTM 3eMnun. 3aMeTnM, 4TO, NO OLLEHKaM YYEHbIX,
paboTaBLIMX MO OECATUIETHEN MeXayHapomaHOM
nporpamme Deep Carbon Observatory (https://
deepcarbon.net/life-deep-earth-totals-15-23-bil-
lion-tonnes-carbon), ob6wuii 06beM noa3em-
HoI (rnyOuHHOI) Buocdepbl cocTaBnseT oT 2 A0
2,3 mapa kv, 4TO NOYTM B ABa pas3a npeBblllaeT
obbem MwupoBoro okeaHa. OxBaT Hay4yHOW Mbl-
CNblO BCEro NPOCTpaHCcTBa reorpagpuyeckomn 06o-

JI04KM, HaydyHoe 0OOoCHOBaHMe Oe3onacHoir ans
NIaHeTbl U ee HaceNleHNa XO39MCTBEHHON U UHOM
0eATeNbHOCTU Ha OrnpefeneHHon 4acTu 3Toro
npocTpaHcTBa NpeacTaBnseT cobon crnocob pea-
nM3aummn 3KoS0ro-reorpaduyeckoro MblLIEHUS.
[JaHHoe nonoxeHue, Kkak HamMm npeacraBngdeTcy,
SABNSAETCHA CUHTE30M TEPPUTOPUASIBHOCTU U KOM-
MJEKCHOCTU (MO CYTU CUCTEMHOCTW), 00beau-
HeHHbIX H. H. BapaHcknm [1938] B onpeneneHun
reorpaduyeckoro MblIEHNS, U 3KOJIOTMYECKOro
noaxona, ABNHAOLLErOoCH NPOLYKTOM 3KOJSornye-
CKOro (MnjaHeTapHOro) MbllIeHNUs, C MOMOLLLIO
KOTOPOro Mbl MO3HaeM npupoay kak eanHoe Le-
noe, NpUHUMaeM Mepbl J19 ee COXPaHeHUs.

LlenocTHOCTb reorpadunm Kak Haykm BO MHOIOM
onpenensieTcs ee pasBMTMEM (puUc. 2), 3Ha4eHne
reoakonorum — ee OPUEeHTUPOBAHHOCTBLIO Ha XWN-
BOE BELLECTBO U cpeay 0OUTaHUS XUBbIX OpraHm3-
MOB. [1pn 3TOM B COOTBETCTBUWN C Fr€03KOJI0rnye-
CKOV napagurmMon usHavyanbHO npeacrasndeTcs
uenecoobpasHbiM BblOeSIeHNEe TpPex OCHOBHbIX
pPS00B (FPynm) KOHUENUMA: re03KONOrMYeckmnx cu-
Tyauuin (ycnoBuii, 06CTaHOBOK) U COCTOSIHUIA reo-
cucTeM (Xoponormnyeckas), re03KosI0rM4eCckux n3-
MEHEHNI (XPOHOJIOrn4yeckasa), reoaKonorn4eckmx
(6rnochepoCoBMECTUMBIX, «3E/EHbIX», allbTepHa-
TUBHBIX U T. M.) TEXHOIOMNA N YNPABAEHUSI PUCKOM
(NpnpoLooxXpaHHas Uim 3KONOrM4eCcKoro nMmnepa-
TnBa). TpeTbs rpynna KOHLENUMM noka eLe octa-
eTC4 3a npeenamm Hallero paccMoTpeHund. Bme-
CT€ C TEM HYXHO OTMETUTb, YTO WUCCIe40BaHUSA
B 9TOW 061aCTV U UX NPaKTUYECKOE NMPUMEHEHne
KpanHe BaXkKHbl OJ151 LLeNle yCTONMYMBOIro pasBmTug,
BKJ1IOYASA CHUXXEHME 3KOJIOMMYEeCcKOro pucka n pu-
CKa 300pPOBbIO YenoBseka.

Xoposnorn4yeckuin M XPOHOJIOrMYeCcKUin Noaxo-
Obl npeanosnaralT N3ydyeHre COCTOSAHUN U n3me-
HEHU reOCUCTEM PA3HOro CTPYKTYPHOrO YpPOB-
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HA (NNaHeTapHbI, PErvoHanbHbIN, JIOKaNbHbLIN).
O6bLEKTOM r1aHeTapHov (rnobasibHOM) reoako-
J0ruv ABNKETCH njaaHeTa B LesioM, ee reocoepsl,
KpyrnHenwmne reocuctemMbl (OKeaHbl, MaTepuku)
1N BCe npoTekalowme Ha/B HUX rnobanbHble npo-
LLeCCbl. JTU X€e NoAXOoAbl PeannadylTca Ha peru-
OHaJIbHOM YPOBHE (pervioHasibHasi re0sKoJiorus),
Ha KOTOPOM WCCeyeTcd Ta Uiu uHas TeppuTo-
pusa, OTANYaoLWasca oT APyrnx TeppUTOPUin CBO-
UM crneunduyecknMm KOMMIEKCOM MNPUPOOHbIX
(reonormyeckmx, naHawa@THbIX, KIMMaTUYECKUX)
M MPOU3BOACTBEHHO-3KOHOMUYECKUX YCIIOBUA.
Lna n3yvyeHns oTaenbHbIX OTHOCUTENIbHO HEOOSb-
LUNX TEPPUTOPUIA N MECTHBIX OOBEKTOB (MPOMBbILL-
JIeHHble NNoLWanky, ropoackue napku, CKBepbI,
JIeCHble MaccuBbl UK 6onoTa (ypouuLla), NecHsle
OeNsHKU, MeCTOPOXOEHUA MNOJIe3HbIX KCKomnae-
MbIX, CENbX03Yyroapsi, HebosbluMe BOOHbIE 0ObEK-
Tbl, NONA GUNbLTPaLUKU, CBaNKN N NOJIUIOHbI TBEP-
OblIX KOMMYHaJIbHbIX OTXO40B U T. A.) BbIAESIUM re-
03KOJIOMIIO J10KaJ/IbHbIX CUCTEM.

B pasHbix GAM3KuUX MHTEpnpeTaumsx KoHuen-
LMW COCTOAHUI (XOPONOrmyeckmne, Ho B TOM Yucne
C YY4E€TOM MPOUCXOAALLMX FE0IKONIOMMYECKNX U3-
MEHEHNI) NpencTaBfieHbl: KOHUEMUUEN 3KOOMn-
4YecKkn OecTabunnanpoBaHHOM NPUPOLHON cpeapl
[3anetaeB, 1988, 1989; leoskonorus..., 2015],
reocuUTyaumoHHOM  KoHuenumen  [Tpodumos,
1988, 2007; Py6uos 1 gp., 2008; Tpodurmos n ap.,
2009 wn pgp.], KoHuenuuen reo3KoNorn4eckoro
panoHnpoBanus [KnumaHosa, 2014], koHuenunen
9KONOrMYeCckn YCTOMHMBOIO PasBUTUA TEPPUTO-
puvii [Jlebepes, 2015] n T. A.

XpoHosiornyeckme KoHUenuun npegnonara-
IOT U3YyYeHUe U3MEHEHUN COCTOSAHUSA Fe0CUCTEM
(TeppuTOpUI) B Pa3NNYHbIX BPEMEHHbIX AManaso-
Hax (MUIMOHO- N TbICAYESIETHUX, BEKOBbIX, MHO-
rONEeTHUX, FOL4OBbIX, CE30HHbIX, CYTOYHbIX). [lpun
3TOM OLLEHMBAIOTCH MacLUTabbl M CKOPOCTU N3Me-
HEHWI, a B paMKax COOTBETCTBYIOLLMX KOHLENUNIn
M Teopui CO3[aITCHA NPOrHO3HbIE MOAENN 3BO-
JIIOUMOHHOIo (yCTOM4YMBOro, LUMKINYECKOro) pas-
BUTUA U KATaCTPODUYECKNX UBMEHEHN.

BaxHocTb naneoreorpaduyeckmx n naneoako-
NIOrMYecknx nccnenoBaHnii ang noHMMaHusa CoB-
pPEMEHHbIX TeHOeHUMn npeobpaszoBaHMs MPUPO-
Obl HEOCMopMMa Kak MNpu OLEHKe KIIMMATUYECKMX,
TaKk U Npu U3y4eHUn NaHawadTHbIX U3MEHEHWU.
OCHOBHbIM MEXaHU3MOM OLEHKU TEKYLLMX COCTO-
AHUA N U3MEHEHUN reo- N 3KOCUCTEM SABNAETCH
reoaKoSIOrM4eCKnii MOHUTOPUHT. B Halwlen cTpaHe
OCHOBOMMOJIArawLye KOHUEenuunm reoakosornye-
CKOr0 MOHUTOPUHIa npensaranvcb U passuBainCb
0. A. N3paanem, W.T1. F'epacumoBbiM [CHbITKO,
Cobucesuy, 2017], A. I'. EmenbaHoBbiM [1994].

Jpyrnm BaxHbIM HanpasfieHeM, KOTOPOeE CMno-
COOHO CTaTb OCHOBOV psiga Hay4HbIX KOHLENUWi

B re03kosornu, SBASETCS U3y4eHne BPEMEHHbIX
psnoB. MepBuYHbIE AaHHbIE OJ11 UX MOCTPOEHUS
MOryT OblTb NOJly4EHbl HE TOJIbKO MYTEM MOCTOSIH-
HbIX HaGNOEHUI 32 COCTOSIHUEM reo- 1 3KOCUC-
TEM, HO 1 C MOMOLLLbIO MPUPOAHBLIX 06bEKTOB, CMO-
COOHbIX XPaHUTb YacTO HEMNPEPbLIBHYIO NIETOMUCH
NCTOPUYECKMX, SBOJIIOLIMOHHBLIX U KaTtacTpoduye-
CKMX COObITUIA, KOTOPbLIE B TEYEHME BPEMEHU NPO-
NCXO4MN U NPOUCXOANAT, 3aTparneas BCIO MniaHe-
TY W KOHKPETHbIE TEPPUTOPUN (NIeasiHbIe KEPHbI,
CNOW [OHHbIX OT/IOXEHUA BOAHbLIX 0OLEKTOB, ro-
ON4YHbIE KOMbLIA 0EePEBLEB).

OCco6eHHOCTU reoXMMU4YecKoro rnoagxona
K UCCIie0BaHUIO reosioro-reorpadpunuecknx
CUCTEM U NMPOLLECCOB

A. N. NepenbmaH [1989] Bblaenun Tpm acnekTa
reoXMMnyeckmnx UccnenoBaHui, COrnacHO KOTO-
PbIM U3Yy4alOTCH: MUTPaLVs 3/IEMEHTOB B onpeae-
JIEHHbIX CcUCTEMaXx (reoxumMmsi CUCTeM), MUrpaums
3JIEMEHTOB B OMnpefesieHHbIX npoueccax (reoxu-
MUS rPOLIEeCCOB) N NOBELEHNE 3JIEMEHTOB B pas-
HbIX NpoLeccax n cucTtemax (reoxumusi 3J1eMeH-
70B). C TOYKM 3pEHUs BIUSIHUS Ha OUOTY, BKJIO-
Yyad 4yesioBeka, BaXKHbIMU SIS re03KOJIOrM4eCcKom
OLEHKM M NPOrHO3MPOBAHUSA SBJIAIOTCHA TEOXUMMU-
yeckme CUCTEMbl N NPOLECCHhl KaK MPUPOLHOro,
TakK N TEXHOME€HHOIr0 NPOUCXOXAEHNS.

AHanM3 UCTOPUYECKNX U COBPEMEHHbIX TEHOEH-
LMA pasBUTUSA re03KOSIOrnK, MnomnbITka Kak MOXHO
noJsiHee NOoHATbL MUP B LLESTIOM, NMO3HaTb MHOroobpa-
31e NpoTeKatoLLMX B HEM MPOLECCOB 1 B3aUMOCBSI-
3e, noka eLle paspyLunTesibHbIA O XUBOW Npu-
ponbl XapakTep TEXHOreHe3a NpMBoAsAT Hac K Heob-
XOAMMOCTW KOMIMJIEKCHOI O NoAX04a K MPOBOANMBIM
nccnenoBaHnam. B aTon cBA3W, BBMAOY pasnuynii
B Maclitabax M HeoaMHaKoBOW (YHKLMOHAbHOM
HanpaBNeHHOCTN NPUPOLHbIX U TEXHOMEHHbIX MPOo-
LLeccoB, MHOroobpasns COOTHOLLIEHMI popmMUpye-
MbIX MU B3aMOCBSA3EN, 019 Pa3HbIX TEPPUTOPUIA
MOTYT ObITb BaXHbl B Pa3HOW CTEMNEHM COYeTaloLLN-
€Cs reosiornyeckmin (reocepHolin) 1 reorpaduye-
CKNI (re0CUCTEMHBIN) Noaxodbl. OTO CTaHOBUTCSH
OCOOEHHO MOHATHBIM MPU N3YYEHUM BELLECTBEH-
HOro cocTaBa 3eMHbIX 060so4ek, reocdep Um nx
abuoTnYecknx 1 BUOTUYECKMX HacTel (reoKoMo-
HEHTOB) U reOXMMMNYECKMX NPOLLECCOB, NPOTEKal0-
wmx B reocuctemax. [JencTBntesnbHO, M3HavasbHO
B CBOMIX 3MIMNPUYECKUX NCCIEA0BAHUAX Mbl UMEEM
0eN0 C XMMUYECKMM COCTaBOM TeX UJIN UHbIX reo-
KOMMOHEHTOB U reocdep. Ha ypoBHe reocmctem
1 naHawadToB roBOPSAT HE O XMMUYECKOM COCTa-
BE 9TUX CTPYKTYPHbIX 3JIEMEHTOB reorpaduyeckon
0060/104KM, @ 06 X FrEOXUMUYECKUX OCODEHHOCTSX,
aHanM3npys OaHHble O coaepXaHuUM XUMUYECKUX
BELLECTB B OTAEJIbHbIX EOKOMIMOHEeHTax (Mo4yBo-
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o6pasylowye nopoabl, MNoyea, AOHHbIE 0OCaAKM,
NOBEPXHOCTHbIE BOAbl, PACTUTENIbHOCTb U T. 4.).
[Mpn 3TOM UMEHHO B reocMcTeMax Mbl BUAMM BECb
CMeKTp B3aMMOLENCTBUA Mexay reocdepamu,
abnoTUYEeCKUMU N BUOTUHECKMMU TE€OKOMMOHEH-
Tamu, 4TO NPV U3YYHEHUU MUrPALN XUMUYECKUX
9N1EMEHTOB AENaeT HEe3aMEeHUMbIM NaHawadTHO-
reoXMMM4Yecknii noaxon, BbICTynaloWmMin B OaH-
HOM CJlyd4ae Kak 4acTb reosioro-reorpaduyeckoro
aHannaa. MNoatomy B LLENOM Mbl A0KHbI FOBOPUTH
O reosioro-reorpadun4eckomM noaxoae K npoBoau-
MbIM F€03KOJIONMYECKMM WCCNEeA0BaHUAM, Takke
oTAaBas NPUOPUTET NU3YHEHUIO NOCNEACTBUN reo-
9KOJIOMMYECKNX U3MEHEHUI Ons BUOTbI, BKIOYas
yenoseka. B aTom cmbicne «B. M. LLlectakos BuanT
€CTEeCTBEHHOHAY4YHOE COAepXaHne reo3Konorum
B M3y4YEHUM NPOLECCOB B MPUPOLAHO-TEXHNYECKOM
cucteme «reocoepbl — 6rocdepa» Npu Xo3ANCT-
BEHHOW OeATEeNbHOCTM Yenoseka. 'eonoro-reorpa-
duryeckne noaxonbl, MO €ro MHEHUIO, €CTh IMaBHbIE
B reoakonorum» [umt. no: MNopkos, 1998].

B aTOM Xe KOHTeKCTe 0coboe BHUMaHWe crneny-
€T YOENUTb UCTOYHUKAM 3KOJIOrNYECKON OnacHo-
CTU, KOTOPbIE, B Clly4ae NX BO3AENCTBUS HA XMBbIE
OpraHu3Mbl, CTAaHOBATCA dakTopamu 3KOJormye-
CKOro pucka. HacTtb BbiaensieMblX HaMU 1 OPYyruMu
nccneposatenamu [PeibakoB n gp., 2013; Pbiba-
koB, 2017] NCTOYHMKOB, CNOCOBHLIX GOPMUPOBATL
9KONOrMyeCcKne puckn (MPUPOaHbIE TNTOrEOXUMN-
yeckme aHOManuu, BbIXOASLLME HA MOBEPXHOCTb
3emnu noa3emMHble radbl M 9SMaHaumu, pasHomMac-
WwTabHble reosiorMyeckre NpPOLLECChl Kak Nnpupoa-
HOrO, Tak Y TEXHOrE€HHOIO MPOUCXOXAEHUSA U T. .),
3aBeA0OMO CBSI3aHA C BHYTPEHHUMU CNOSMU 3eM-
nn. Jpyras yacTb (Nnpexnae Bcero BbIOpOoChl, cOPO-
Cbl, pr3nyecKkme Noss PacrosIOXKEHHbIX Ha 3eMHOM
NOBEPXHOCTU U YACTUYHO Nopg, He 0OLEKTOB TeX-
HOoC®epbl) CBA3bIBAETCS KaK C KOMMOHEHTaMu reo-
JIOrM4eckom cpepbl, B Npenenax kKoTopom HaxoosaT-
CS TeXHOreHHble 06bekTbl [ABepkunHa, 1997], Tak
1 ¢ reorpadun4eckom 060104KOM B LIESIOM.

MNokazaTenbHO, Y4TO PA3NUYHbIE MPOMBILLIEH-
Hble LLeHTPbl U OTAENbHblIE NpeanpuaTnsa (o6bek-
Tbl TEXHOCEPSDI), ABNAACH B TOW UM MHOW CTene-
HU LeHTpaMn NpUTSXeHUs paboyein cuibl, Takxe
MOryT KBannduumpoBaTbCs U Kak PervMoHanbHble/
JIOKasbHble LLeHTPbI 9KON0rM4yeckon aecrtabunmsa-
LMW, eCNY OHM OKa3blBalOT BPEOHOE BO3AENCTBUE
Ha COOTBETCTBYIOLLME reo- U 3KoCUcTeMsbl. Pervno-
HaNbHbIE W JIOKaJIbHbIE LEeHTPbI Aectabunmsaumn,
XapakTepunayoLmecs npexae BCero XMMmn4eCckum
3arpsa3HeHMEM MPUPOAOHbLIX cpen, cnegyeT OTnu-
YyaTb OT BbIOEJIEHHBLIX paHee rnobanbHbIX LEHT-
poB pecTtabunusaumm duocdepbl [Apckuii n ap.,
1997], OTAMYUTENBHOM YEPTOM KOTOPbIX ABASIIOTCH
3HAYMTENbHbIE MO MIOLWAAM NMPOCTPAHCTBA, 3aHS-
Tble TeEXHOCHEPON.

Takum 00pasoM, reoxXMMUYecKkUii Moaxon,
npegnonaraeT, 4TO B COCTaB reOXMMUYECKOMN re-
onoro-reorpadunyeckon CUCTeMbl (FreoCUCTEMDI)
OOJKHBI MocnefoBaTeslbHO BKJIKOYATbCSA: MCTOY-
HUKW 3arpa3HeHus (pernoHasbHble 1 NoKasibHble
LEeHTPbl 3KOJIOro-reoxmmmuyeckon pecrabunmaa-
umm) — abmoTnyeckme KOMMOHEHTbI Fe0CUCTEMBI
(ropHble nopoAbl, NOYBbLI, BO34yX, MNPUPOOHbIE
BoAbl) — OnoTa 6e3 yenoseka (pacTeHus, rpudkbl,
XMBOTHbIE OpPraHnu3Mbl) — 4Yesl0BEK, B TOM 4uUcie
KaK OpraHusyowmin n ynpasagioLWmMin KOMMOHEHT.

3aknioyeHue

lMpoBoaMMblE HamMu uKCCnegoBaHWs  3artpa-
rMBalT B OCHOBHOM COCTOSIHUSI MPUPOAHO-TEX-
HOFEHHbIX CUCTEM, C/IOXMBLUMECS B pe3yfbTaTe
BO34ENCTBUA NPOLLECCOB (Komnekca hakTopoB),
NPOMEXYTOYHbIX MeXy eCTECTBEHHbIMU (3BOJIIO-
LMOHHBbIMU) 1 KaTacTpodudeckumn. C nosuumii
3KOJIOr0-reoXMMmM4eckoro Mnoaxona pedyb uaet
O BO3HUKHOBEHUN LEHTPOB rE03KO0rMYeckom
nectabunmsaunm, HapyLeHusaX B NPUPOAHbIX CU-
CTeMax eCTeCTBEHHOro KpyroBOpOTa BELLECTB,
NPUBHECEHNN B FTEOCUCTEMbI XUMNYECKNX DNIEMEH-
TOB U UX COEOAVHEHWUI B KONMMYECTBAX, YXyALUAlO-
LLMX HOPMaJbHBIN (XapakTepHbIin Ans 6MoLeHO30B
NN COLIMOLEHO30B) X0f, 61Oornyeckmx npouec-
COB, HE MPUBOAALLMX K MOHUMAHWNIO NOCNeACTBUM
Takux HapyleHun Kak katacTpoduyeckux. [aH-
HbI NOOXOA4 ONUMPAETCsl Ha 3KOJI0ro-reoxvmm-
yeckMe OCHOBbI co3paHHoro B. . BepHaackum
ydyeHns o 6uocdepe [bapabaHoB, 1985, 1987;
BepHanckuin, 1989, 1994; A6nokos u ap., 2015] n,
HECOMHEHHO, BHOCUT CYLLECTBEHHbIV Bknag B 13-
y4E€HME U OLLEHKY MHOMMX PUCKOB, BOSHUKAIOLLMX
Ha nyTn npegonpegeneHHoro B. V. BepHaackum
[2013] nepexona 6uocdepsbl B Hoochepy.

OcHoBaHVAMKN 019 BblIAENEHNS aBTOPOM reo-
noro-reorpaduyeckoro nogxoga K reoskonorum
SIBASIIOTCS: PaACMNpOCTpPaHEeHME rpaHuL, reorpa-
dunyeckort 060N1I04KM 3a Npefenbl NMOBEPXHOCTU
3emMnu; NPOHUKHOBEHME XM3HU BO BCE reocdepbl,
B TOM YMCIie CYyLLEeCTBOBaHMe rnyounHHom buocoe-
pbl; NPOSIBAIEHNE HA MOBEPXHOCTU 3emMnu reoaum-
HaMW4YEeCKMX MPOLECCOB, BK/OYAa BblAENEHNE
ra3oB M 3MaHaLMN B 30HAX aKTUBHbIX Pa3/IOMOB
N TPELWWHOBaTOCTM 3eMHON Kopbl; 6a3oBas posib
rOpHbIX MopoA B naHawadToobpa3oBaHun (noa-
3eMHble naHawadTbl, BMECTUNULLE N UCTOYHUK
NOA3EMHbIX U FTPYHTOBLIX BOA, MO4YBO- U penbedo-
obpazoBaHuMe); OCBOEHME NOA3EMHOI0 NPOCTPaH-
CTBa YEJIOBEKOM.

[feonoro-reorpagpuyecknin  (reochepHo-reo-
CUCTEMHBbIN) NOAX0on K re03KON0rum MMeeT 3K0J10-
ro-reoxmmMmyeckoe o60cHoBaHue, 6asnpytoLleecs
Ha ABYyx acnektax GopMUpOBaHUS re0dKonormye-
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CKMX OOCTaAHOBOK Ha KOHKPETHbLIX TEPPUTOPUSIX.
[MepBbIli acnekT cBA3aH C KA4E€CTBEHHbIM U KOJIN-
YEeCTBEHHbIM XUMUYECKUM (3/1IEMEHTHbLIM) COCTa-
BOM reocpep u KOMMOHEHTOB reOCUCTEM, BTO-
poi — C reoxmMmnyeckmmMmun npoueccamu, onpege-
NFIOWMMKN  BCe  pas3HOobpasne reoxXmMMm4eckmx
CBSI3ei KakK BHYTPW KaXXa0MW OTOE/IbHOW reoCcucTe-
Mbl, TaK 1 MEXAY PasHbIMU reoCUCTEMaMN.

OcHoBHOM npobnemon eguHOM reorpadun
M reoakonormm, NCxXoas U3 npuHumna N3MepmmMo-
CTW, OCTaeTCs OTCYTCTBME OObEANHSIIOLLMX CUC-
TEMHbIX UBMEPUTENEN, KOTOPbIE NOKA 3aMeHSI0T-
CS KOJINYECTBEHHbLIMU BeENNYMHAMMW, UCMOJSb3ye-
MbIMU MHTErpUpPOBaHHLIMU HaykamMu, B TOM 4Yncne
reoxumMuen.

ABTOP npu3HatesieH 4ia.-kopp. PAH, npog.
A. @. TutoBy, 4. r.-m. H., npo@. E. I". [laHoBoOV 3a
BHUMaHWE K HacTosiLLei paboTe v nosie3Hble KOH-
cynbTaumm, a Takxe 61arogaput 4. r.-M. H., npog.
E. B. KpacHoBa v 4. r. H., npog. C. M. 3oTtoBa 3a
KOHCTPYKTUBHbIE OOCYXAEHNS paccMaTpruBaemMori
npobsiemsl.

duHaHCcOBOE o0becriedeHne  vccrienoBaHW
OCYLLIECTB/ISIJ10Ch N3 CPEeACTB penepasibHoro broa-
XeTa Ha BbINOJIHEHNE roCcyAapCTBEHHOro 3a4aHuns
KapHLU PAH (UHcTtutyT reosorvm KapHL PAH).
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FrEOXMMUWUYECKUE MAPKEPBI KAK 4OMOJIHUTEJIbHbIN
UHCTPYMEHT NAJIEOTEONPA®UYECKUX PEKOHCTPYKLUNA
B MAJNIEONPOTEPO30E (HA NMPUMEPE CTPOMATOJIUTOBbIX
AOJIOMUTOB OHEXXCKOW CTPYKTYPbI, KAPEJIUS)
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lNeTpo3aBoackui rocyaapCTBEHHbIV YHUBEPCUTET, Poccus

PaccmaTtprBanucb BENMHMHBI PA3ANYHBIX FTEOXUMUYECKUX WHAMKATOPHbBIX OTHOLUEHWN
(V/ (V+Ni), U/Th, Ni/Co, V/Cr), kOTOpblE LUMPOKO NPUMEHSIIOTCHA Npu naneoreorpadunye-
CKNX PEKOHCTPYKLUMSIX M HE BCceraa «ayonMpyoTcs» reonormieckumMm AaHHbIMY COAepXKa-
HUSI MYKPO3IEMEHTOB B CTPOMATOINTOBLIX AonoMuTtax OHEXCKOWM CTPykTypbl Kapenuu.
[MonyyeHHbIE NPU UX aHaNM3e BbIBOAbI CPABHUBANNCH C UMEKOLLMMUNCS Fre0NI0rM4eckumm
JAHHbIMK, YTO MO3BONUAO cAenaTb 3aK04YeHne 0 NPaBOMEPHOCTU NCMOIb30BaAHUSA TEX
WU UHBIX FEOXMMUNYECKNX MHOMKATOPOB. AHaNM3npOoOBanoCh TAKXXe COOTBETCTBME BbIBO-
[0B, NOJly4aeMbIX NPU aHaNM3e reoXMMNY4ecknx oCoOEHHOCTEN CTPOMATONUTOBBIX [0-
NOMUTOB, C daumanbHbIMU KPUTEPUSAMU, YCTAHOBAEHHBIMW NPU Fe0N0ro-nnTonornye-
CKMX nccnenoBaHuax 06pa3oBaHmii OHEXCKOM CTPYKTYPbI.

KniouyeBble cnoBa: OHexckas CTPyKTypa; NaneonpoTepo30it; ATYNUNCKUIA Haaro-
PU30HT; CTPOMAaTO/INTOBbLIE A0JIOMUTbLI; FEOXMMUYECKNIA Mapkep; naneoreorpadpuye-
CKMe YCNOBUSA 0CaAKOHAKOMNEHUS.

N. l. Kondrashova, P.V.Medvedev. GEOCHEMICAL MARKERS AS
A SUPPORTING TOOL FOR PALEOGEOGRAPHIC RECONSTRUCTIONS
IN THE PALEOPROTEROZOIC (CASE STUDY OF STROMATOLITIC
DOLOSTONES FROM THE ONEGO PALEOBASIN)

The article studies the values of different geochemical indicator ratios (V/ (V+Ni), U/Th,
Ni/Co, V/Cr) and the content of trace elements in stromatolite dolostones from the Onego
paleobasin (Karelia). The results of their analysis were compared against available geo-
logical data, and conclusions were made about the applicability of one or another geo-
chemical indicator. It was also assessed whether the data obtained from the analysis
of geochemical features of the stromatolite dolostones corresponded with facies criteria
used in geological and lithological studies.

Keywords: Onego paleobasin; Paleoproterozoic; Jatulian group; stromatolitic dolos-
tone; geochemical marker; paleogeographic conditions of sedimentation.

BeepneHue NPUBOOUT K LUMPOKOMY MPUMEHEHMUIO MPU PEKOH-
CTPpyKUMK naneoreorpaduyeckon  0OBCTaHOBKM

JoCTynHOCTb onpeaeneHna MMKPO3INEMEHTHO-  OCaAKOHAKOMIEHNA Pas/iMyHbIX FEeOXUMUYECKUX
ro cocrtaBa nopof, B TOM yncie n kapboHaTHbIX, MHAOMKATOPOB [Xononos, Heaoymos, 1991; Macnos
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n ap., 2003; Musenc, CanypuH, 2013 n gp.]. lMNo-
MbITKN PEKOHCTPYKUUN FEONOrMYECKON UCTOPUM
pa3BuTUa naneobacCcemHoB C MCMONb30BaHMEM
reoxumuyeckux kputepmes [lOposuy, KeTtpuc,
2010, 2011], ocHOBbIBaOLMECS HA AAHHbIX MO NO-
BEAEHMIO XMNYECKNX 3NIEMEHTOB B BOAAX N OCaf-
Kax COBpeMeHHbix BogoemoB [AybuHuH, 2004;
LaTtpos, Bonuexosckuin, 2010; JlncuupbiH, 2013;
lopaoees, JlucunubiH, 2014], WMpoko pacnpocTpa-
HEHbl B aKTyaslbHbIX MCCNE0BaHUAX NPOTEPO30M-
ckoro cegmmeHToreHesa [Melezhik et al., 2007,
2013, 2015; Macnos u ap., 2009; KpyneHuH, Ko-
Banes, 2013 n aop.]. YBenuyeHue konmnyecTsa no-
OOOHbIX MapKepoB HensbexHO CTalkMBaeTcs
Cc npobnemon Bepudukaumn, a CnegoBaTesibHoO,
Cc npobnemoii JOCTOBEPHOCTW BbIBOAOB, MoJlyya-
€MbIX MPY NCMONb30BaHNU UCKIIOYNTENIBHO FreoXu-
MUYECKNX MHAMKaTopoB. Llenb HacTosweln pabo-
Thl 32KJIOHAETCH B PACCMOTPEHUN N OLEHKE AaH-
HbIX, MOJly4aeMbIX NPU UCMONb30BaAHNM PA3JINYHbIX
reoXMUYECKNX MapKepoB Afs paspesa, XOpoLlo
M3Y4EHHOr0 reonormyeckumu metogamu. [ns
3TOro GblIN MCMONb30BaHblI AOMOMUTLI CO CTPO-
MaTtonMTaMm C PasHbIX YPOBHEWN ManeonpoTepo-
30MCKOro paspesa SATY/IMNCKOro Hagropm3oHTa
OHexckor cTpykTypbl Kapenun. PedynbTtaThbl, No-
JIY4EeHHbIE MPU aHanM3e reoxXMMmn4ecknx ocobeH-
HocTel 06pa3L 0B CTPOMATOINTOB, CPaBHUBAINCH
C BblBOAAMW, MOJIYYEHHLIMM HA OCHOBE [OAHHbIX,
YCTAQHOBMIEHHbIX MPU  FE0I0rO-UTONIOrNYECKUX
NCCNefoBaHUAX 0Cafo4YHbIX 00pas3oBaHUi OaH-
HoM cTpykTypbl [Cauyk n gp., 1988; OHexckas...,
2011]. AHann3ampoBanncb MPUYMHbLI UX COOTBETCT-
BUS SN HECOOTBETCTBUS.

Feonornuyeckas xapakTepucTuka oébekTa
uccnenosaHus

CornacHo  COBPEMEHHbIM  NpeacTaBieHu-
am [OHexckasd..., 2011], paspe3 atynusa Cese-
po-OHEXCKOro CUHKIMHOPUS noapasfensercs
Ha [1Be YaCTW: HUXHIOK — CYLLLIECTBEHHO TEPPUIreH-
HYIO 1 BEPXHIOI — NPEenMyLLECTBEHHO kapboHaT-
HYIO0 N0 cocTasy (puc. 1).

MpoBeneHHbIMM  paHee  UCCnefoBaHUSMU
B BEPXHEATYNNIACKMX pa3pedax OHexXcKoro naneo-
facceliHa NOBCEMECTHO dUKCcupyloTes nmutoda-
LMW pacTyLLen MenlKoBOOHO-MOPCKOM kapboHaT-
Hon nnatdopmbl [Cokonos, 1963; Melezhik et al.,
2000, 2013; Axmepos 1 agp., 2004; Herpyua, Her-
pyua, 2007; OHexckas..., 2011]. Mo pe3dynbratam
N3y4eHUs KepHa MHOMOYUCIEHHbIX BYPOBbLIX CKBa-
XWH OTMEYalTCs HEeCKOJSIbKO MOBTOPSIOLLMXCS
kapboHaTHO-3BaNOPUTOBLIX LIMKIOB, 0CaAKMN CI6-
X1 U NnareBbiXx BOLOEMOB, BpeKYMM pacTBOPEHUS
N 06pyLUEHUS!, SBNEHNS MOBEPXHOCTHOrO M Noja-
BOOHOro kapcTta. Bce aTo cBMAeTeNnLCTBYET O Ya-

CTbIX KONebaHWAX YPOBHS MOPS, MHOIOYMCEHHbIX
anmM3o4ax OCYLLUEHUS B OKUCIUTENbHbIX YCIOBUAX
N OCaOAKOHAKOMIEHUN B MEJIKOM 3MUKOHTUHEH-
TanbHOM Mope [Melezhik et al., 2015]. HuxHio0
rpaHuLy STynamMs yCTaHaBAMBAIOT MO BPEMEHU Ha-
yana noMaryHam-siTyMNCKOro M30TOMHOro Co-
ObITUS, C KOTOPbIM COBMNAJaeT BHeAPEHWe Aaek
¢ BogdpacTtom 2206 +9 mnH net [Karhu, 1993].
BepxHsisi cooTBeTCTBYET pydexy 2058 = 2 MnH net
[Melezhik et al., 2007]. HecmoTps Ha MHTEHCUB-
Hbl€ JINTONOrMYECKUE N N3OTOMHbIE NCCIEA0BAHMS
KapOOHaTHbLIX MOPOJ, OHEXCKOro ropu3oHTa, B Ha-
CTOSILLEE BPEMS MMEETCH TOJIbKO OAHa AaTUPOBKA
BpeMeHn mnx opmmposaHusa. MaotonHein Pb-Pb
BO3PACT BEPXHEATYINNCKMUX OONOMUTOB TYIOMO-
3epckon cButbl coctaenset 2090 + 70 mnH net
[OBuYMHHMKOBa 1 gp., 2007].

Ha coBpeMeHHOM YpOBHE 3PO3MOHHOro cpe-
3a NO3JHeATyNnuiicke kapboHaTHbIE OTJIOXEHUS
OHexckoro naneobacceliHa [OOKYMEHTUPYIOTCS
B psife NlokanbHbIX pa3pe3os (puc. 1, 6). Obwas
MOLLHOCTb X gocTturaet npumepHo 800 meTpoB.

MaTtepuanbl u meToAbI

MaTepuanom Ana mM3yyeHus MnOCnyxuna Kos-
nexkums obpasuoB CTPOMATONMTOB, OTOOpaHHas
N3 KepHa OYpPOBbIX CKBaXWH MeXAyHapOOHOro
npoekta FAR-DEEP ICDP (puc. 1, B): ckB. 10A
(0bp. 6236, 6245a) n 11A (06p. 6255, 6258, 6260),
NPOMAEHHbIX B CEBEPO-3anagHOM 3aMbikaHum Ce-
BEPO-OHEXCKOro CUHKIMHOPUS 1 BCKPBIBLLMX Kap-
OOHaTHLIN Pa3pe3 OHEXCKOro ropuU30HTa ATYINS
(tfynomosepckyto ceuty) [Melezhik et al., 2013].
O6pasel, 6236 oTobpaH ¢ rnybuHbl 65,58 m (cTpa-
Turpaduyeckni yposeHb cnoes ¢ Omachtenia
kintsiensis (on ¢, puc. 1, 6) 13 nepekpUcTaNIM3o-
BaHHbIX NECTPOOKPAaLLEHHbIX JOJIOMUTOB CO CTON6-
yaTo-nnacToBbiMM cTpomaTtonutamm Omachtenia
sp. Obpaszel, 6245a otobpaH ¢ rnydouHbl 328,61 m
(cTpaTturpaduyeckmin yposeHb CnoeB ¢ Sundosia
(on.°, puc. 1, 6) U3 CBETNIO-KOPUYHEBLIX 1OJIOMUTOB
C 0edOPMUPOBAHHBIMY CMOSIMW MIACTOBLIX CTPO-
matonutoB Stratiferales n dnasepHon CnoucTo-
CTblo. MecTamu NpUCYTCTBYIOT aCUMMETPUYHbIE
3HaKN psAbK, NOAYEepPKHYTble TEMHbIM TUMHUCTLIM
MaTepuanom. Obpasey, 6255 otobpaH ¢ rnybuHbl
107,49 m (cTpaturpadunyeckmnii ypoBEHb CIOEB
¢ Calevia ruokanensis (on,°, puc. 1, 6) n3 6neaHo-
PO30BbIX AOIOMUTOB C KPACHO-KOPUYHEBBIMU CI10-
AMUN MENKMX KYNOoJIOBUAHbIX 1 NAaCTOBbIX CTPOMA-
TonuTOB Stratiferales co CryCTKOBOW CTPYKTYPOMW.
O6pa3zel, 6258 otobpaH ¢ rnybuHbl 115,35 M (cTpa-
Turpacduyecknii yposeHb croes ¢ Butinella (on,?,
puc. 1, 6) U3 CBETIO-CepbIX NapasienbHO-Clon-
CTbIX OONTAPEHUTOB C MUHUCTONGYATLIMK CTpOMa-
Tonutamu Klimetia sp. n 04eBMAHbIMWN OCaLO4YHBIMU
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Puc. 1. CtpaTturpadurieckoe nonoxeHme n3y4eHHbIx 00pasLoB 40JIOMUTOB CO CTPOMATOIUTAMM:

dparmeHT obLer cTpaTurpadryeckoit Wwkasbl NaneonpoTepo30s (a); pa3pes BepxHero ATynus 3anagHoro kpbina CeBepo-OHex-
CcKOro cuHknmHopust [OHexckas..., 2011, puc. 1.17, c. 53] ¢ Homepamn Npob cTpomaTonmToB (6); Ha reosiormyeckon cxeme (B)
rnokasaHo rnosioxeHne ckBaxxmH npoekta FAR-DEEP: 1 — kaneBMNCKnii Haaropnu3oHT; 2 — MIOANKOBUIACKUIA HAAFOPU3OHT; 3, 4 — aTy-
JINACKMIA HAOrOpPU30HT (3 — OHEXCKNIM TOPU30HT; 4 — CEr03epPCKUii FOPUIOHT); 5 — apxencknin GyHOaMEHT; 6 — paspbiBHbIE HAPY-
LIEeHUst; 7 — 3NIEMEHTbI 3aNieraHns CIoMCTOCTU; 8 — 6YpPOBbIE CKBaXKUHbI

Fig. 1. Stratigraphic position of the studied stromatolitic dolostone samples:

a fragment of the all-Russian stratigraphic scale for the Paleoproterozoic (a) and the Upper Jatulian section of the western part
of the North Onego Synclinorium [Onezhskaya..., 2011, Fig. 1.17, p. 53] with the numbers of samples (6). Simplified geological map
of the Onego Basin with geographical location of the FAR-DEEP drill cores (B): 1 — Kalevian group; 2 — Ludikovian group; 3, 4 — Jatu-
lian group (3 — Onegian formation; 4 — Segozerian formation); 5 — Archean basement; 6 — faults; 7 — dip and strike; 8 — drill holes

6258

onZa

Puc. 2. CTpoMaToNnTbl U3 KepHa CKBaXXMH. OHEXCKas CTPYKTYpa, ATY/IMNCKNA HAArOPU30HT NaneonpoTepo30s.

ToukamMu nokasaHbl MecTa onpeaesieHns coaepXaHns MMKPO3IeMeHTOB B 06pasLie

Fig. 2. Stromatolites from drill cores. The Onego paleobasin, Jatulian group, Paleoproterozoic.

The black spots indicate the locations of the trace elements in the sample

nedopmaumamn. Obpasew, 6260 otobpaH ¢ rnyou-
Hbl 127,43 M (cTpaTurpadun4eckumini ypoBeHb C/lOEB
¢ Butinella (on,?, puc. 1, 6) 3 NECTPOLBETHbIX HE-
SICHOC/TIOMCTbIX AOSIOMUTOB C MNAaCTOBbIMU CTPOMA-
Tonutamu Stratifera ordinata Mak., 1983.
MakpockonmMyeckn naydyeHHble o6pasupl CTPO-
MaToNNTOB (PUC. 2) COCTONAT N3 OTAENbHbIX Yepe-

OYIOLMXCS C/IOMKOB CBET/IONO U TEMHOIMO LBeTa.
Cnolikn pasnuyatotcs 1mbo paamepamu Kpuctan-
noB kapboHaTa, NMMb0o KOJIMYECTBOM MPUMECHOIo
matepuana. bonee menkume KpucTtannbl obdpasy-
IOT CBeT/ible CJIoVKkM, Oonee KpyrHble KpucTan-
nbl, GopMUPYIOLWMECH MPU BbICOKOM CKOPOCTU
OCaxaeHusl, cnaratT TEMHbIE CJIONKWU. TeMHble
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CJIOWKM copepxaT Takke Oonbliee KOJMYecTBO
NPUMECHOI0 MEeCYaHO-rMNUHUCTOro Marepuana.
PaccmaTpurBaemMble kapboHaTHbIE MOPOAbLl nepe-
KPUCTaNIN30BaHbl B YCIOBUSX HU3KOTEMMNEPATYp-
HOW 3eneHocnaHueson dauun. B npouecce ne-
peKkpucTannn3aumm 4aCcTMYHO CTEPThbl NEPBUYHBIE
0Cafl04HblE TEKCTYPbI N CTPYKTYPbl, HO BCE MOPO-
Obl COXPaHUAN Nerko naeHTUOUUMPYEMYIO Clou-
CTOCTb U TOHKME CTPOMATOJINTOBbIE HACIIOEHUS.
MuKpUTOBBIE OOMOMUTEI BCTPEYAOTCA OOCTATOM-
HO penko. bonblas yacTb kKapOoOHATHLIX MUKPO-
CTPYKTYP XapakTepu3ylTCH rpPaHyIMpOBaHHbIM,
KPUCTAIMYECKMM N MUKPOCNAPUTOBBLIM AOIOMU-
TOoM. [o3gHne kapboHaTHble ¢a3sbl, 3aroJsHA0-
e NycToThl, XWUJbl U LEMEHTMPYIOLME Bpekynn,
npeacTaBfeHbl CNAPUTOBbLIM AOIOMUTOM.

OCHOBHOM MNpuUMECbID B OONOMUTAx sIBASET-
CSl KDEMHE3EM, KaK XUMNYECKN OCAXAEHHbIN, TaK
1 B BUAE KJIACTUYECKMX 3epeH kBapua. Hanbonee
YNCTBIMU ABASIIOTCH LONOMUTBI CcTpaturpaduye-
CKOro ypoBHs crioes ¢ Butinella (on,?, puc. 1, 6).

B kaxaom 13 nccnenoBaHHbIx 06pa3uoB B TEM-
HbIX W CBET/bIX HACNOEHUSIX CTPOMATONUTOBOM
NMOCTPOMKM NasepHolr abnauvein ¢ WHOYKTUBHO
cBs3aHHOM nnasmon (LA-ICP-MS) B LKIT KapHL,
PAH (ananntuk A. C.TlapamoHOB) onpegpens-
NI0Cb coepXaHue MUKPO3INIEMEHTOB B /T (ppm)
no n3BectHon metoguke [CeeToB, CeeToBa, 2013;
CeetoB 1 gp., 2015]. KoHUEHTpaLMN XUMNYECKMX
9N1EMEHTOB OMPEAENsaNCb Ha KBaApPYynoOsbHOM
mMacc-cnektpometpe X-SERIES 2. OHeprus pa-
60Tbl nasepa coctaensana 0,133 mIX, CKOpPOCTb
ckaHupoBaHusa — 70 MKM/CeK, 4acToTa UMMyJb-
coB — 10 'u. Bbinm nonyyYeHbl aHHbIE MO TPEM U3-
MEpPEHUIM B KaX0l Touke (puc. 2), 4To obycnos-
NMBano yBenvyeHve AvameTpa kpartepa abnauun
0o 70 Mkm npu ero rnyouHe oo 40 Mkm. MNoatomy
AN pacyeToB, MPUBELAEHHBIX B CTaTbe, UCMOJb-
30BaHbl NMEPBbIE 3HAYEHVS, @ HE CPeaHee Mo Tpem
N3MEePEHMAM, Tak Kak npu NogobHOM yBeINYeHUN
Kpatepa abnsaumm 3amep comepxaHus MUKpPoarne-
MEHTOB NpPY MOBTOPHOM ONpeaeneHnn NnpoBoanTCs
He B MepBOHAaYasibHOM TOYKE, YTO MPUBOANT K UCKa-
KEHMIO 3aMepeHHbIX NokadaHuin. Mpu nposeneHnn
3amepoB ncnonb3oBancsa craHaapt NIST 612. MNo-
rPELHOCTb M3MEPEHMI He NpeBbIlana 25 % ona K,
Mg, Ca, Sr, Nb, Zn, Co, V, Cr, As, Ge, Ga B 6onbLuel
yacTu Todek 06pasuoB. 15 Taknux 91EMEHTOB, Kak
Na, Fe, Ti, Cu, Ba, Zr, Y n ocobeHHo U, Th, norpeLu-
HOCTb M3MepeHns1 B BOMbLUMHCTBE TO4YEK MpPEBbI-
wana 25 %. MapameTpbl nasepHoro npodooTbopa
(onuHa BOMHBI nasepa, ANNTENbHOCTb MMIMYbCa
M T. A4.), BAYSIOLLME Ha pe3ynbTaThl aHann3a, ocTa-
Ba/IMCb NOCTOSIHHLIMW 711 BCEX TOYEK BO BCEX UC-
cnegyembix obpasuax. MoaToMy noBbILLEHWE MO-
FPELLUHOCTU U3MEPEHUS KOHLEHTPaLUMA OTAEbHbIX
9M1EMEHTOB B HEKOTOPbIX TOYKAX B OOHOM U TOM

e obpa3sLe Morno ObiTb CBA3aHO C pasnyatoLLm-
Mucs GU3MYHECKMMN XapaKTepucTukamm obpasua
CTPOMATONNTA B Pa3HbIX TOYKAX (KPUCTAINYECKON
CTPYKTYpOi kapboHaTa Uam NPUMECHOro MUHepa-
na, KoadUUMEHTOM MNOIJIOWEHNS N OTPaXeHUs
N3Ny4eHns 1 T. A.), YTO NO3BONSET MCMOb30BaTh
NOJIy4EHHbIE AAHHbIE 4719 KAYECTBEHHOrO aHanmaa.
HecMoTps Ha TO YTO BO3MOXHOCTb MOJly4EeHUs A0-
CTOBEPHbIX pe3ybTaToB METOLAOM fla3epHon abns-
uMn ans reosiormyeckmx obpasuos, B TOM YuUchne
1 kapOoHaTHbIX, Aoka3aHa paHee [Laser..., 2008],
B [AaJibHenweM Heobxogyma MocTaHOBKAa MeTOo-
anyeckoln paboTbl AN 0O00CHOBAHUS HAOEXHOCTU
MNCnonb3oBaHma AaHHbix LA-ICP-MS, nonyyaembix
B LIKM KapHLL PAH onsa kap6oHaTHbIX nopoa,.
KoppekTHOCTb BbIBOOOB O daumasbHbiXx 06-
cTaHoBKax B OacceiiHe ceguMeHTaumm, 6asunpy-
IOLLMXCS HA MCCNeAOBaHUM MUKPOINEMEHTHOIo
coCTaBa CTPOMAaTOINTOB, MPOBEPSNACb CPaBHE-
HUEM TFeOXMMUYECKMX OaHHbIX C pedynbTatamu,
NOJSTYYEHHbIMW PaHEE NpW MPOBEAEHUN TIUTONONO-
daumanbHOro aHanmsa 0cafgoyHbiXx 06pa3oBaHNA.
MoaTomMy BbIBOAbI, OCHOBAHHbIE Ha BENMYMHAX
reoXMMUYecknux nokasaTtenen, COonoCTaBNsaAINCh
C reoniorM4eckuMm U INTONOrMYECKUMN AAHHBIMU
[OHexckasi..., 2011; Melezhik et al., 2013]. MNpwn nx
COBMaZEHUM Oenanochb 3akioyYeHne 0 BO3MOXHO-
CTU UCMOSIb30BAHUSA KOHKPETHOr0 reOXUMUYECKO-
ro nHavkatopa ajis paccMaTtpuBaemMoro paspesa.

PesynbTaTtbl U 06Ccy)XaeHue

Baprauun copoepxaHusi NeTPOreHHbIX U MUIK-
PO3/IEMEHTOB B MccenyeMbix o6pasuax no gaH-
HbIM LA-ICP-MS npuBegeHsbl B Tabn. 1 1 Ha puc. 3.

[ns cpaBHEHNS C BbIlLEyKa3aHHbIMU JAHHBIMUA
npueenemM cogepxaHus Fe u Mn, paccymTtaHHble
Nno AaHHbIM CUIMKATHOro aHannaa (Tabn. 2).

[Mpy nepecyeTte coaepxaHUn OKCUOOB B CO-
JepXaHue aneMeHTa B Nopose nosyyvyaemslie Lng-
pbl NONagalT B MHTEpPBasn 3HavyeHnin Tabn. 1 nmbo
0Ka3bIBATCHA 3aHMXXEHHbIMW OTHOCUTESIbHO 3Ha-
YeHUn, nonyyeHHbix metogom LA-ICP-MS. TMpwu-
4yMHa NogoBHOro HecoBMNaAeHNs KOHLEHTpauwii Fe
n Mn B cTpomaTonutax, onpeneneHHbIX pasHbiMU
MeToaamu, TpebyeT B AasibHEelLeM CBOEro BbIsiC-
HEeHUs, KaK 1 A0MNOSIHUTENBHON NMPOBEPKM NO ApY-
MM 3N1EMEHTaM.

CpaBHeHMe coaep>XaHUM NEeTPOreHHbIX OK-
cuaoB (B mMac. %), NMOMAyYeHHbIX NPV nepecyeTe
naHHbIx LA-ICP-MS, ¢ pe3ynbTaTtamMum pPeHTreHo-
dnyopecueHTHOro aHanusa (gaHHole FAR DEEP)
kapboHaTOB C TeX Xe YPOBHeW pa3pesa, 4To U 1c-
cnenyemble 06pasubl, Takke nokasbiBaeT HECOB-
nageHune pesynbtaTtos (Tabn. 3).

Mo OaHHLIM  MUWKPO3OHOOBbLIX OMpeaeeHunin
B Mccnenyembix CTpoMaTonuTtax cogepxaHus Mg
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Tabauvya 1. Bapnauym cogepxaHus NeTporeHHbIX (%) 1 MUKPO3SeMEHTOB (Ppm) B C/0oiKax CTPOMaTOIMTOB
Table 1. Variations in the content of petrogenic (%) and trace elements (ppm) in stromatolite laminae

6236 6245A 6255 6258 6260 *
Li 0-23,35 1,59-77,76 3,75-78,06 0-24,36 0-4,84 15
Be 0-2,57 0-14,9 0-1,24 0-5,27 0-2,79 0,8
Na (%) 0,06-0,23 0,22-0,73 0,02-0,18 0,22-0,52 0,06-0,14 0,19
Mg (%) 0,01-18,55 4,42-8,09 1,87-11,64 7,50-28,27 3,16-6,92 8,09
K (%) 0,08-0,27 0,17-2,26 0,04-0,73 0,06-0,08 0,07-0,11 0,34
Ca (%) 1,70-47,62 10-26,84 4,74-38,46 41,25-80,88 19,99-39,26 22,62
Sc 15,59-41,16 14,08-48,26 11,52-31,26 28,06-50,07 19,49-52,63 1,8
Ti 0-107,8 0-180,3 54,1-37930 3,07-31,21 10,4-36,41 480
Vv 11,99-49,43 32,56-57,22 8,81-219,1 28,19-51,21 21,65-58,02 31
Cr 25,87-50,77 32,93-40,71 16,79-1113 25,86-33,95 30,47-40,53 43
Mn 39,42-190,6 57,1-101,8 90,74-525,7 42,02-64,74 51,46-190,2 1300
Fe 10,79-2329 178,3-3499 2075-59670 12,47-286,1 13,39-811,1 15600
Co 6,26-21,28 17,19-28,65 3,63-10,77 11,56-24,16 9,14-22,04 6,9
Ni 19,61-38,03 32,05-48,77 5,54-19,59 20,57-44,21 21,37-31,19 12
Cu 38,98-83,69 39,91-56,76 29,98-295,9 32,82-81,76 42,89-151,7 21
Zn 40,22-101,3 46,48-73,57 54,81-108,3 38,24-43,08 45,87-80,93 59
Ga 18,50-35,68 31,67-51,92 6,56-12,54 25,47-37,03 21,11-33,44 6
Ge 16,03-30,37 20,64-47,68 6,46-13,73 20,54-35,38 17,29-31,53 0,39
As 18,23-36,44 20,99-44,15 9,41-18,01 24,73-43,15 20,7-36,53 4
Rb 1,97-21,62 13,3-111,9 0,84-12,92 4,21-10,28 2,25-5,63 26
Sr 2,96-832,1 41,41-299,9 27,21-189,5 109,5-410,3 27,25-173,1 580
Y 1,38-6,48 4,01-15,23 1,02-66,87 2,99-12,32 2,36-6,21 4
Zr 1,18-29,66 3,97-44,76 1,54-2455 3,78-14,66 1,62-6,90 32
Nb 3,09-11,84 7,18-13,75 0,64-71,78 8,64-18,38 3,3-6,76 1,4
Cd 1,07-22,65 0-16,55 0,43-5,19 5,76-25,03 1,57-15,71 0,6
Sn 0-5,04 0,71-7,08 0,79-6,48 0,90-8,91 0,35-3,12 41
Sb 0,15-3,78 0-5,37 0-3,47 0-27,95 0,2-2,59 0,25
Te 0-34,26 0-18,3 0-2,89 0-31,54 0-21,96 He onp.
ND
Cs 0-1,87 0,26-2,82 0-0,36 0-1,76 0,08-0,47 2
Ba 1,26-20,98 10,96-228,5 3,66-30,12 0-24,49 1,22-10,96 360
La 0,10-22,93 0,44-4,85 0,24-14,62 0,21-1,86 0,11-2,18 26
Hf 0-0,42 0-2,68 0-71,06 0-1,37 0-0,27 He onp.
ND
Ta 0-0,10 0-0,18 0-7,92 0-0,24 0-0 0,3
W 0-0,34 0-0,43 0-3,07 0-0,72 0-0,15 1,7
Pb 0,08-59,08 0-3,88 0,87-24,13 1,26-9,6 0,22-9,31 13
Bi 0-0,18 0-0,21 0-0,64 0-0,48 0-1,26 0,13
Th 0-0,88 0-1,32 0,14-145,5 0-0,86 0-0,26 1,7
U 0-0,24 0-1,39 0,21-31,79 0-4,31 0-0,55 0,7

lMpumeyaHme. * — cpenHee coaepXaHme XMMMUYEeCKNX 31eMeHTOB B KapOoHaTHbIX nopoaax no: [[puropbes, 2009].

Note. * — average content of chemical elements in carbonate rocks after [Grigor’ev, 2009].

nonagatoT B uHTepean 11,06-12,35 %. Copepxa-
Hua Ca mameHsoTca ot 20,94 no 21,88 % B no-
nomutax, ot 37,06 no 38,65 % B kanbumTax, 4To
cornacyeTcsd CO 3HayeHMaMW, MpuBeOEHHbIMU
B Tabn. 1. lanee B TekCTe MCMNOJIb3YIOTCH AaHHbIE
LA-ICP-MS.

CTpomMaTonmTbl OHEXCKOrO rOpPM30HTa HMXKHE-
ro noaropmsoHTa xapakTepuayloTcsa konedaHus-

Mu B cogepxanusx K, Ca, Fe, Ti, Zr, Ba, Cd, U, Th,
aTakxe K (06p. 6245 a, on,°) n Mg, Sr (06p. 6236,
on,%) 1 cTabunbHLIM pacnpeaeneHnemM ocTaslbHbIX
3NEeMEHTOB (puc. 3).

CTpoMaTONUTbl BEPXHErO NOArOPU30HTA OHEX-
CKOI0 ropM30HTa XapakTepusyTcs KonebaHnsamm
B cogepxaHusax Na, Fe, Zr, Ba, Y, U, Th, a Takxe Ti
(06p. 6260, on,?), Sr, Ba, U, Th, Fe, Ti, Mn, n He-
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Tabnuua 2. CopepxaHus Fe n Mn B cTpoMaTonnTax aTyiMickoro HaaropndoHta OHeXCKOM CTPYKTYpPbI, onpeaeneH-
Hble MeToaoM LA-ICP-MS n paccunTaHHble N0 AaHHbIM CUIMKATHOIO aHanmaa

Table 2. Fe and Mn content in stromatolites of the Jatulian group from the Onego paleobasin determined by LA-ICP-

MS method and calculated by silicate analysis data

Fe,0, (mMac. %) Fe (mac. %) Fe (mac. %) MnO (mac. %) Mn (mac. %) Mn (mac. %)
Fe,0, (wt. %) Fe (wt. %) Fe (wt. %) MnO (wt. %) Mn (wt. %) Mn (wt. %)
CUSINKATHbIN paccymMTaHHoe LA-ICP-MS* CUIMKaTHbIN paccyuTaHHoe LA-ICP-MS*
aHanm3 copepxaHue aHanm3 coaepxaHue
silicate analysis anemMeHTa silicate analysis anemMeHTa
calculated calculated
element content element content
6245a | 0,47 3287 972,84 0,052 403 75,44
6236 |0,92 6435 277,56 0,024 186 100,64
6260 (0,2 1399 138,61 0,014 108 100,26
6258 |0,3 2098 256,52 0,018 139 67,21
6255 1,34 9372 10443,8 0,051 395 250,26

lMpumeyaHme. * — cpefHee 3HaYeHne No BCEM TOYKaM N3MepPEeHUs (puc. 2).

Note. * — average value for all measurement spots (Fig. 2)

Tabnvuya 3. CopepxaHus NeTPOreHHbIX OKCUA0B B CTPOMATONNTAX ATYINIACKOr0 HaaropndoHTa OHEXCKOM CTPYKTY-

pbl, pacCcYMUTaHHbIE MO AaHHbiM LA-ICP-MS

Table 3. Content of petrogenic oxides in stromatolites of the Jatulian group from the Onego paleobasin, calculated

according to LA-ICP-MS

PaccuntaHo no paHHbim LA-ICP-MS PeHTreHohNyopecLEeHTHbIN aHann3

Calculated according to LA-ICP-MS X-ray fluorescence analysis

CaO MgO Na,O K,0 CaO MgO Na,O K,O
6245a 22,56 10,11 0,4 0,66 22,80 17,40 <0,1 1,26
6236 38,16 9,05 0,13 0,13 20,13 20,13 <0,1 0,64
6260 36,02 8,09 0,12 0,12 13,70 13,70 <0,1 0,32
6258 68,25 15,58 0,36 0,1 19,60 19,60 <0,1 0,35
6255 22,92 9,57 0,08 0,23 - - - -
lMpumedaHue. «-» — HET OaHHbIX.
Note. “ - “ — no data.

3HAYUTENBHLIMM BapmauusaMmn B cogepxanuax Mg,
Ca, Zr (06p. 6258, on,?). Bonbluas 4acTb /eMeH-
TOoB, 3a ucknodeHrem Na, K, Ca, B obpasue 6255
(on,°) xapakTepnayeTca HecTabWilbHbIM pacnpe-
aeneHvewm (puc. 4).

Mpexpe 4eM wmcnonb3oBatb 06pasubl CTPO-
MaToONNTOB ANS ONpPeneneHns BENYNH reoXMun-
YECKUX MHOWNKATOPOB N OLEHUTb MO HUM nasneo-
reorpaduyeckme ycnoBusi 0OCaAKOHAKOMEHUS,
HeobX0AMMO ONpenennTb CTeneHb NOCTCeaMMEH-
TaLUMOHHbIX M3BMEHEHUIN KapOOHAaTHbIX NopoA. Ans
9TOWN Uenu B cneunanbHON nutepaType WUCMOoJSb-
3yl0T cogepxaHma Mn — Sr [Brand, Veizer, 1980;
Banner, Hanson, 1990], Mn — Sr n Fe — Mn [Bar-
naby, Read, 1992], Na [Land, 1980; Nielsen et al.,
1998], 8’Sr/%Sr [Kuznetsov et al., 2010].

CornacHO paHHbIM YyKa3aHHbIX aBTOPOB, ANs
HEVU3MEHEHHbIX OIOMUTOB BENNYMHA OTHOLLEHMS
Mn/Sr He npeBbiwaeT 2. CpegHasa BennydmHa Mn/
Sr-oTHOLWeHNs B Uccneayemblix o6pasLuax ctpoma-
TOJINTOB 3HAYNTENIBHO MeHbLUe 2. Jnwb B 06pasue
6255 Mn/Sr-oTHoweHne pasHo 2,81. Ecnu npo-

CrneguTb N3MEHEeHMe 3TOro nokasaressd no Cron-
KamM CTpOMaToJINTOB, TO BenuynHa Mn/Sr 6onbLue
2 — B WeCTK cnolikax obpasua 6260 1 B YeTbipex
cnolikax B o6pasue 6236. B o6pa3sue 6255 TonbKo
B YETbIPEX TOYKAX BENMNYMHA UHONKATOPHOrO OTHO-
WweHns MeHblue 2. OgHako TpyaHO NpPeacTaBuUThb,
4TO B OOHOM M TOM e 00pa3ue pasHble CIIONKU
CTpOMaTtosiuTa MoryT ObITb NMO-pPa3HOMY M3MeHe-
Hbl AuareHeTUYeCKn unm rugpotepmMmanbHo. OCHo-
BbIBAsCb HA BE/IMYMHE AAHHOIO NoKas3aTens, MOX-
HO yTBepXaaTtb, YTO NcclenyemMble CTPOMAaTOoNNTbI
NOABEPrasiMCb HE3HAYUTENbHbIM AuareHeTnye-
CKUM U3MEHEHUAM, N 3TO MO3BOJISET UCMOJb30-
BaTb reOXMMMNYECKME AaHHbIE A5 X aHanu3a.

C Opyroii CTOPOHBI, B LLLENIOYHONM cpeae BO3MO-
XEH POCT KOHLEHTpaLUui MapraHua, 4To Hemaoex-
HO MPUBEAET K YBENMYEHUI0 OTHowweHus Mn/Sr.
MoBblWEHVE LWeNoYHOCTM B BacceliHe cenuMeH-
Tauum MOXHO CBSA3aTb C YCUJIEHMEM MOCTYMNIEHUS
B 6acceiiH npecHbIx BoA,. B Takmx ycnosusix 6yaet
NPONCXOANTb OOHOBPEMEHHOE YMEHbLUeHue Sr.
BbiBO4, KOTOPbLIA MOXHO cAenatb Ha OCHOBaHWUMU
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Fig. 3. Distribution of petrogenic and trace elements (LA-ICP-MS, ppm) in stromatolite laminae from the lower stati-

graphic unit — on1 (determination spots are shown in Fig. 2)

JaHHOro reoxXMMM4yeckoro Mmapkepa: B ATyIUU
Ha ypoBHe on ¢ 1 on,? MMesio MeCTO KpaTKoBpe-
MEHHOE yCuJieHMe NOCTYMNNEeHNS BOL C pa3MbiBae-
MOW cywin. N aTa TeHOeHUMS HapacTana K Hadany
noavkosus. CnenoBaTenbHO, B YKa3aHHOM Bpe-
MEHHOM HarnpasfeHUU W0 YCWIEHNEe MOPCKOM
TpaHcrpeccun. OTOT BbIBOA, HE MNPOTUBOPEYUT
reosiorm4ecknm gaHHolM [OHexckas..., 2011].
Cnenyet OTMETUTb, YTO HN3KNE KOHLUEHTPaLUn
CTPOHUMS, obycnosaMBalowme ymeHblieHe Mn/
Sr-oTHOWeHNs, MoryT OblTb BbI3BaHbl Mocneny-
owern nepekpuctanamsaymen nopogd [Coniglio,
2003]. Nepekpuctannmsaums, CyLLLECTBEHHO BN-
AI0WAa Ha MUKPO3NEMEHTHbLIA COCTaB MOPOAbI,
B UTOre NPMBOAUT K KOppensauum coaepxaHumn Fe
1 Mn, 4TO oNs paccMaTpuBaeMbIX CTPOMATOSINTOB
HexapakTepHo (puc. 5). CumtaeTcs, 4TO B NO34-
HeATYIMACKOM OKeaHe npeobnagan MaHTUHbLIN

Sr, @ KOHTUHEHTaNbHbBIN UCTOYHUK CTPOHLMS MMEN
nog4ynHeHHoe 3Ha4veHune [Fopoxos u ap., 1998].
KoadpduumeHntol koppensuum Mn u Fe pns
CTPOMATO/INTOB HE BbIXOAAT 3a Npeaesbl UHTepBa-
na 0,0003-0,3843. CnepoBatenbHO, 9TO CIYXUT
OOMNOSTHATENTbHLIM aPryMEHTOM NPaBUIIbHOCTU Bbl-
BOJA, 4YTO paccmaTpuBaemMble 00pasupl He Oblin
NOABEPXEHblI  3HAYUTENbHBIM  MOCTCEAMMEHTA-
LUMOHHBbIM W3MEHEHUSIM, MO3TOMY COLEPXKAHUS
MNKPOSIEMEHTOB B HMX MOXHO UCMNOJIb30BaTb A5
pacyeTa 1 aHanmaa reOXMMmn4eCkmnx Mapkepos.
BaxHenwuvm nokasatesieMm, UCNOSb3yeMbIM
0N PEKOHCTPYKUMM naneoreorpaduyeckon ob-
CTaAHOBKM, SIBASIETCS OKUCINTENbHO-BOCCTAHOBU-
TenbHas cpefa CeauMeHTaUMOHHOro GacceiHa.
CyLLeCcTBYET HECKONIbKO FEOXMMUNYECKUX NHAMKA-
TOPOB, MPUMEHSIOLLNXCA A5 BbIICHEHUS PefoKC-
ycnosuin, Takme kak: V/V+Ni [Hatch, Leventhal,

(72)
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Fig. 4. Distribution of petrogenic and trace elements (LA-ICP-MS, ppm) in stromatolite laminae from the upper stati-

graphic unit — on, (determination spots are shown in Fig. 2)

1992, 19971, U/Th, Ni/Co [Jones, Manning, 1994],
V/Cr [BQpHcT, 1976], Mo/Mn [Xonomos, Heoymos,
1991], BennunHa cogepxaHns ayTMreHHoro ypaHa
[Bond et al., 2004].

OcCHOBbIBaACb Ha aHanM3e BEINYUMH OTHOLLE-
Huin V/V+Ni, U/Th, MOXHO yTBEPXOaTb, YTO B ATY-
JINACKOE BpPEMS MNpu POCTE CTPOMATOINTOBbLIX
NOCTPOEK NMPOUNCXOANNO0 YepeaoBaHNE OKCUOHbIX,
OVNCOKCUOHbIX, penko 3BKCUOHbIX OOCTaHOBOK.
OpgHako gaHHble MO pa3HbiM reomMapkepam ans
OLHUX 1N TEX Xe TOYeK 0OQHOro 1 Toro xe obpasua

He BCerga rnokasblBaloT OAVHAKOBbIE Pe3ynbTaTthl
(puc. 6).

BennunHbl Takmx nokasaTtenem pemokc-ycro-
Buin, kak Ni/Co, V/Cr, cogepxaHne ayTUreHHoro
ypaHa, cornacyiTca ¢ gaHHbimui no V/V+Ni, 3a
NCKJIIOYEHMEM BEJINYMHbBI MHOMKATOPHbLIX OTHOLLE-
HWIA 9NEeMEHTOB B ABYX Clolkax 0op. 6255, Touku
KOTOPbIX Nonanu B 30HY C NPUCYTCTBMEM CEPOBO-
nopopa (puc. 6). B aTux cnonkax NOBbILLEHO CO-
nepxanune V, Ti, Fe, Sr (Touka 2 Ha puc. 2) n 'V, Ti,
Y, Zr, Nb (Touka 5 Ha puc. 2), a TaKkke OTMEYEHO

@)
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Fig. 6. Description of the redox conditions of carbonate sedimentation in the Jatulian time within the Onego paleo-
basin in accordance with the magnitude of the V/V+Ni, U/Th ratios. The boundaries of the zones are given according
to [Hatch, Leventhal, 1992; Jones, Manning, 1994].

The horizontal scale represents the numbers of spots (not shown) at which the content of the elements in a separate sample was
determined. The numbers of LA-ICP-MS analysis spots are shown in Fig. 2
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Tabavua 4. 3Ha4eHNs BeNNYMH reoXUMNYeCcKmx MapKepPOoB A5 CTPOMATONUTOB ATYIMNCKOrO HAArOpU30HTa Naneo-

npoTepo30st OHEXCKOW CTPYKTYPbI

Table 4. Values of geochemical markers for the Jatulian stromatolites from the Paleoproterozoic Onego basin

N2 06p. Ctpaturp. nogpasa. .
Sample no. | Stratigraphic unit Ni/Co Sr/Ba V/Cr Fe/Mn Nb/Zr Mn/Sr
14,99-36,37 B 4 TOoukax < 2
b o _ _ il 3 _
6255 on, 1,14-3,05 |2,54-18,75 |0,01-1,87 (311,27 72.2) 0,03-0,83 at 4 points < 2
6258 on,? 0,95-2,75 [9,03-91,37 |0,94-1,77 |0,3-4,73 0,66-2,53 <2
6260 on,? 1,26-2,70 |4,10-71,99 |0,68-1,45 |0,25-6,86 0,74-345 | 280 TOuKaX>2
2 at 6 points
0,21-6,6 >2B4 TO4uKax > 2
d . _ _ 3 ) _
6236 on, 1,77-4,51 |0,21-307,49 |0,46-1,28 (18,37} 0,48-2,9 at 4 points
R 0,32-5,77 2,72-12,05;
6245a on, 1,20-2,76 8.56-25.6 0,83-1,53 14,92-46 18 0,23-2,43 <2

lMpumedarme. B durypHbix ckoOkax NpuBEAEHbI 3HAYEHUS NoKa3aTeNns B OTAE/bHbIX TOYKax, He nonagatoLLme B MUHTEPBa OCHOB-
HbIX 3HAYEHNIN MO BOJNLLUNHCTBY TOYEK ONPeaeneHnsl. 3HaYeHNss HEKOTOPbIX MHAMKATOPHbIX NMokasdaTtenei, Takmx kak Sr/Ba v Fe/Mn,

rpynnupyloTcs B iBa MHTEpBana.

Note. The braces show the indicator values at individual points that do not fall within the interval of the main values for most definition
spots. The values of some indicators, such as Sr/Ba and Fe/Mn, are grouped in two intervals.

BblcOkOe cogepxaHune U (2,23 n 31,79 r/1) n Th
(10,03 n 145,5 r/T) cooTBeTCTBEHHO. B ocTanb-
HbIX UccneayemMblx obpasuax cogepxaHue U n Th
He npeBbllLaeT npeaensl obHapyxeHus. B cnoi-
Kax cTpomartonuTa 6245a (ypoBeHb on.°) coaep-
XaHue ypaHa Haxogutcs B npepenax 0-0,694
M 0OHO 3HavyeHue pasHo 1,388 r/T. Boiwe no pas-
pesy (06p. 6236, yposeHb on.°) KoHUeHTpaumsa U
cocTtaBngeTt 0,031-0,235 r/T. B Bepxax paspesa
aTynms (on,°) npu nepexoae K toAnKoBMio 6ob-
LUNHCTBO MoOKazaTener He BbIXOOAT 3a npeaenbl
0,208-0,903 r/T (ppm).

Feoxnmmyecknm GapbepoM pOas ypaHa siB-
NnseTcs BOCCTaHOBUTeNbHass obcTaHoBka B 6Gac-
ceriHe ceaguMeHTauumm, CnefoBaTesnbHO, YCOBMUS
B OHexckoMm naneobacceiHe Ha MNPOTSXEHUN
BCEro ATYNSA He MOrnM ObiTb dBKCUAHbIMU. Kak
MOXHO TOrga o6bSCHUTL NoKann3aumio OByX TO-
yek 00p. 6255 B aBKCUAHOW 30HE (puc. 6)? Cenae-
TENbCTBO M 3TO KPATKOBPEMEHHOIO JIOKASIbHOro
CcepoBoaopOaHOro 3apaxeHust OHeXCKOoro naneo-
OacceliHa B KOHLEe ATyaMs, Tak Kak nepexon U*®
B U™ 1 ero nocrnenyioliee ocaxaeHne BO3MOXHbI
B NPUAOHHbLIX YacTax GaccelHa ¢ cepoBOOOPOS-
HbIM 3apaXeHneM 1 OesTeNbHOCTbI0 aHa3pPOOHbIX
6akTepuin? MNpu 9TOM OaHHbIe MO TakKUM FreOXUMU-
yeckum mapkepam, kak Ni/Co, V/Cr (ncknioyeHve
V/Cr ona cnoiika 2, pasHoe 11,8), 10 onpoBepra-
0T (Tabn. 4). MMKPO3NEMEHTHbIN COCTaB C/IONKOB
2 n 5 (cMm. Bbllle) MOXET OblTb OOBACHEH YBENN-
4YeHVeM MOCTYrJIeHNss B BGacceiiH KiacTU4ecKkoro
MaTtepuana npu KpaTKOBPEMEHHbIX KoJiebaHusx
YPOBHSA BOAbI MPUY pacyieHeHHOM Tonorpadum gHa
GacceiHa 1/1nm anM3onmMyeckom yBemyeHnmn no-
CTYMNEeHNs BYNKaHMYEeCKOro marepuana. Hanpwu-
Mep, NOBbILLEHHbI U MOXEeT OblTb 06YCNIOBEH Kak
HakKornJjeHnemM B BOCCTAHOBUTENLHOM 0OCTaHOBKE,

Tak 1 NOCTyrnaeHnemM B 6acCelH C NMPOKIaCTUKOMN.
B0o3MOXHO, BEpPEH BTOPOM BapuaHT, Tak Kak OgHO-
BpemeHHo ¢ U, Th B cnolike 2 (06p. 6255) noBblI-
weHo cogepxaHme Co, Pb, Cu, Zn, a B cnomke 5
aToro xe obpasua — Nb, Pb, Zn, As, Zr, Hf, Ta, W,
KOTOPbIE YaCTUYHO MOrNN ObITb CBSA3aHbI C NNPO-
KnacTukon. Bo3amoxHo, CBOI Bkad BHECNA afieB-
PONNTO-NENNTOBAA TEPPUIreHHasd KOMIMOHEHTa,
MOCKOJIbKY COAEPXaHUE Takux 3JIEMEHTOB, Kak
Ti, Zr, V, Cu, B cnomkax 2 n 5 sHa4nTenbHO BbilLE
Knapka B kapboHatax. Ho B TO e Bpems B 9TuX
MPOC/IONKax He OTMEYEHO BbICOKMX KOHLLEHTPALMN
Na, Ba, Ni, Be, La, Ga. BepoaTHO, 3a0eCb Mbl cTan-
KMBAEMCHA C «Koonepauuen» OBYX MeXaHU3MOB
NOCTaBKM MUKPO3JIEMEHTOB B BacceliH ceanMeH-
Taumn.

OTO O3Ha4yaeT, YTO BbLIBOAbI O PEAoKC-YyCro-
Busix B OHeXckom bacceiHe, caoenaHHble Ha Oc-
HoBe 3HaveHuin V/V+Ni, 6yayT KOpPPEKTHbIMW,
a npu mMcnonb30oBaHUM B KadecTBe mapkepa U/
Th-OTHOWEHNS OHM CTaHOBATCS HEOOHO3HAYHbI-
Mn. BO3MOXHO, 9TO CBA3AHO C 60JIbLLION OLUNOKOW
onpeneneHuns cogepxanma U n Th B kapboHaTax
mMeTonom LA-ICP-MS, yto TpebyeT panbHenwero
BbIICHEHUS. Pe3ynbTaTbl, MOMyyYeHHble N0 Opy-
M rnokasaTensiM penoKC-yClloBUiA, COrnacytTcs
C BbIBOAAMM, NOJIYYEHHBLIMU MO BESINYMHE OTHOLLE-
Hus V/V+Ni (Tabn. 4).

Mo paHHbIM, NpUBeAEeHHBIM B paboTax [QpHCT,
1976; Jones, Manning, 1994], npn BenuynHe OT-
HoweHus Ni/Co <5 ycnoBusi ocagKkOHaKoMnneHus
MO>XHO CYMTaTb OKCUAOHbIMW. 1PN 3HAYEHUSX 3TO-
ro OTHOLWEHUS OT 5 O0 7 yCnoBUS ONpeaenstoT-
cs Kak amcokcuaHble. Mpun 3HadeHusx Ni/Co > 7
yCrnoBusi cumnTaloTca OEeCKUCNOPOAHbIMU C MpU-
CyTCTBMEM cepoBogopoaa (tabn. 4). Ecnm ocHo-
BblBATbCS Ha BENIMYMHE OAHHOIO reOXMMUYECKOro

(7)
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MHAMKATOPA, TO MOXHO YTBEPXAATb, YTO B Te-
yeHve Bcero ATynmnsi B GacceliHe cyliecTBoBasa
OKUCNNTENbHas cpeaa.

Ecnu ocHOBbIBaTbCS HA BENMYMHE NOKa3aTens
V/Cr, npeanioxeHHoro 9pHcTom [1976], v yunTbl-
BaTb, YTO B OKcuaHom 3oHe V/Cr < 2, a B aHOKCUA-
Hol V/Cr > 4,25 [Jones, Manning, 1994], To Takxe
MOXHO YTBEpXAaTb, 4TO GpOPMUPOBAHME LAAHHbIX
CTPOMATONINTOB MPOUCXOANI0 B OKCUOHOWN 30HE,
B 06CTaHOBKE XOpOLUei BOAHOW aspauun.

Ha ¢opmupoBaHme paccmaTpuBaemMbiX CTPO-
MaToO/IMTOB B YCJIOBUSIX MOBBILUEHHOW TMAPOAN-
HaAMN4YECKOW akKTUBHOCTU BOJA, YKa3blBAKOT TakxXe
HUXEKTapKOBble KOHLEeHTpauum Sr Bo Bcex 06pas-
Lax, 3a NCKIIIOYEHNEM HECKOJIbKMX CIIOEB B CTPO-
matonute 6236 (yposeHb on ?), rae KOHUEeHTpauus
Sr NpeBLILAET ero Knapk, paBHbI B KapOOHATHbIX
nopoaax 580 ppm [knapku no: Npuropees, 2009].
3TO 3HAYMT, 4YTO NP NEPexoe K YPOBHIO on, 6o
JuareHes ocafkoB NpPOTEKan B 3aMKHYTOWM CUCTe-
Me, FAe He NPOoMCXoauao BblIHOCA Sr, 4TO, B CBOIO
oyepenpb, [OMKHO ObINO NPUBOAUTL K BBICOKWM CO-
nepxaHuam Sr B kapboHaTtax, 1mbo nmena MecTto
ObICTpas ceaMMeHTaums, 4To Takke crnocobCcTBy-
€T COXPaHEHUIO Sr 1 NOBbLILLEHUIO €r0 KOHLLEHTpa-
LN B 0CAA04HbIX MOPOAAX.

Ona cyxpeHnss 06 ycnoBusix OTKPbITOCTU/3a-
KPbITOCTU CUCTEMbI MOXHO MCNONb30BaTh rpaduk
1000Sr/Ca — Mg (puc. 7), onpobOBaHHbIA Npu
aHanmze ponomntos KOxHoro MpaHa [Nokhbatol-
foghahaei et al., 2017].

OcHoOBLIBasiCb Ha MOJIOXEHUN TOYEK HA BUHap-
HOW omnarpamme (puc. 7), MOXHO yTBepXaaTtb, YTO
B PaHHEM SATYNIMM YCNOBUS KapOOHATOHaKOMIEHUS
NPONCXOAMNN B YCNOBUSIX 4epemsoBaHUS OTKPbI-
TOM M 4YaCTMYHO 3aKpbITON cucTembl. B no3gHem
ATYNMN N NPU NEPEXOAE K NMIOAVKOBUNCKOMY 3Ta-
ny crtpoMatonutbl GOPMMPOBANUCL B YCNOBUSIX
OTKPbITON CUCTEMbI, YTO MNOATBEPXAAET CAeNaH-
HbIi paHee Ha OCHOBAHUM aHanM3a reoMapKepoB
BbIBOA, O Pa3BUTUN TPAHCIPECCUMN K JIIOANKOBUN-
ckomy aTany pa3BuTtns OHEXCKOWM CTPYKTYPbl. TN

BbIBOAbl COrNAacCyTCs C reosiorm4eCkMMm AaHHbI-
Mun [OHexckas..., 2011].

Onsa onpepneneHus rnybuHHocTu 6acceiiHa ce-
OVIMEHTaLMN UCMONb3YIOT BENNYMHY OTHOLLEHUS
Fe/Mn. Mo pgaHHbiM . H. BatypuHa [1993], B oke-
aHMYeCcKOoM BoAe 3TOT nokasaTtesb paseH 2,1. Ta-
KUM 0Opa3oM Mpu HU3KNX 3HAYEHUSIX YKa3aHHOIro
OTHOLLEHUs AenaeTcs BblBOA, O ryOOKOBOAHOCTM
BacceiiHa 1 rugporeHHon npupoae Fe, Mn [AHK-
keeBa u gp., 2008].

Onsa ypoBHen on1°', on,? BENMYMHA AAHHOr O no-
KasaTena He npeBblllaeT 3HavyeHus 6,9, 4To no-
3BONIFET NPEANONOXUTb B 9TO BPEMSI OTHOCUTENb-
HO rnybOKOBOAHLIE (MEepBble OECATKM METPOB)
ycnoBu4a wenbda U MOPCKYI0 TpaHcrpeccuio. Ta-
KO Xe BbIBOA, YCTAHOBMEH U MO 3HAYEHUSIM OT-
OeJIbHbIX FeOXMMUYECKNX MaPKEPOB (CM. BbILLE).
B ob6pasue ctpomartonuta 6245a (on.°) 4epeny-
IOTCS TOYKM C HU3KMMU U BbICOKMMMW BEAUYMHAMU
Fe/Mn-oTHOLWweHnsA. MOXHO CBSi3aTb 3TO C LMKIIN-
4yeckMM MocTynjeHMem B 6HacceiiH NUMpoknacTu-
KM, 4TO MOrN0 NMPUBECTU K POCTY nokasarensa Fe/
Mn. B BepxHen 4acTtu paspesa ATynus npm nepe-
xofie K NOANKOBUIO (YPOBEHb On,°) HabnoaaloTcs
caMble BbICOKME 3HaveHus oTHoweHua Fe/Mn.
C Opyron CTOPOHbI, MOAOOHLIA POCT BENNYUHBI
DAHHOr0 OTHOLUEHUS MOXET ObITb CBA3aH U C YCU-
JIEHVEM TEKTOHMYECKOW aKTMBHOCTWU AHa Gacceli-
Ha, NpuBOAAWMM K GOPMUPOBAHMIO OCTPOBOB
N YBENMYEHMIO NOCTYN/IEHMS B BacceliH knactuye-
ckoro matepuana. lNMpu aTom Bo3pacTtaeT rnybuHa
(0o coTHM mMeTpoB) kapboHaToHakomneHus. Ons
NPOBEPKU MOXHO UCMOMb30BaTb AnarpaMmmy B KO-
opauHatax Mn — Ba. B pa6ote [lOpoBuy, lMy4kos,
1980] npuBeneHo ybeauTenbHoe 0OOCHOBaHME
MNCNosb30BaHUsA 6apua U MapraHua oJ1sl BbisiCHe-
HWUS rNyO6OKOBOAHOCTU KapPOOHATHbIX OT/IOXEHUI.

Ha puwarpamme B KoopguHatax Mn - Ba
(puc. 8) Bce To4kM aHann3a mnccrnenyembix obpas-
LOB (puc. 2) nonanu B none wenbdoBbix kKapbo-
HaTOB, 4YTO MOATBEPXOAET paHee BbiCKa3aHHOEe
NPeanonoXeHe O UMKINYECKOM MNOCTYMAEHUN

(7)



1000

=

00

Ba, riT

10

#6236
W6258
X6245a
X6260
@®6255

Mn, r/T

100 1000

Puc. 8. \ccnepyemble CTPOMATONUTLI HA GUHAPHON Anarpam-
Me Mn — Ba [lOgoBuy, Myykos, 1980]

Fig. 8. The studied stromatolites on the binary Mn - Ba dia-

gram [Yudovich, Puchkov, 1980]

NUPOKIACTUYECKOro Matepuana B 6acceliH cean-
MeHTauum.

Mo BeNMYMHE OTHOLLUEHUS B OCAA0YHbIX MOPO-
nax Sr/Ba onpenensaioT nepexod OT NpPeCHOBOA-
HbIX ocagkoB (Sr/Ba < 1) k mopckum (Sr/Ba > 1)
[MapTbiHOB, HapeHeHnko, 1980]. B oTOenbHbIX
cnorikax cTpomaTtonutoB 6236 m 6245a 3Have-
HWS 3TOro NnokasaTtens MeHblle eanHuubl. B obp.
6236 aTo ogHa Touka. B 06p. 6245a n3 22 cnoiikos
CTpOMAaTONMTa TONIbKO B NATU BENIMYMHA OTHOLLE-
Husa Sr/Ba > 1, B ocTanbHbIX OHA MO0 3HAYUTESb-
HO MeHbLUEe eanHuLbI, MO0 Bnn3ka K Her. Tak Kak
CTPOMaTOINTLI HGOPMUPYIOTCA B MOPCKOWN BOAE,
TO MOXHO MPEeAnofoXKUTb YCUIEHNE MOCTYMNIEHUS
NPEeCHbIX BOA BO BPEMSI POCTa CTPOMATONUTOBBIX
MOCTPOEK B 3TO Bpems (on °non ).

BennumHy uvHgukatopHoro otHoweHus Nb/Zr
(Tabn. 4) Ncnonb3yloT, YTOObLI YCTAHOBUTL MPeob-
nafgaHve B 06nacTM cHoca NpoaykTOB paspylule-
HUS1 BHYTPUMJIUTHBIX TPanmnoBbiX 6a3anbToB, T. K.
OHU OT/INYAIOTCS NOBbILWEHHBLIM cogepxaHnem Nb.
Hnakne Benn4mMHbl 3TOro OTHOLLEHUS HE MO3BONS-
0T yTBEPXAAaTb O 3HA4YMTENbHOM npeobnagaHnn
NOTOKOB/MOKPOBOB 6a3afnbToB B 06/1aCTU nuTato-
wen NnpoBMHUMKN OHEXCKOW CTPYKTYPbI. ITOT dakT
NPOTMBOPEYUT TOoUKe 3peHus [OHexckas..., 2011]
O CYLLECTBOBaHNU KPYMHOW N3BEPXEHHOM MPOBUH-
umm B npenenax KapenbCckoro kpatoHa B ATyuu.

Konnyectso HepacTBOPUMOro ocrtatka B AaH-
HbIX 06pa3uax He onpenensanocb. OgHaKo Mo KOH-
LeHTpauusam Takmx anemenToB, kak Cr, Ni, Co,
V, Zn, Pb, Cu, Nb, Sc, KoTopble xapakTepHbl 4ns
FMHUCTOrO BELLEeCTBa U KNAaCTUY4ECKOro MaTepu-
ana B kapboHaTax, MOXHO KOCBEHHO CYAUTb O Mo-
CTyniieHnn B 6acceiH TeppureHHoro matepuana
1 COCTaBe NUTAIOLLEN NPOBUHLIAN (pUC. 9).

[MocTynneHue TeppureHHOro Mmatepuana B paH-
HEOHEeXckoe BpeMsi (0n,°) OblI0 3HAYUTESIbHBIM,

NPaKkTU4ECKM BCE MUKPOINEMEHTbI BO MHOIMMX
crnorkax ctpomatonuta 6245a HaxoaosaTcs B Bbl-
LLEeKNapKOBbIX KOHLUEHTpaumsax. Beepx no paspesy
MOBbILLIEHHbIE KOHLEHTPALMX NOKa3bIBAIOT TOJIb-
ko Co, Ni, Cu, Sc, Nb. 310 KOCBEHHO yKa3biBaeT
Ha YMEHbLUEHME MOCTYMEHNS KNACTUYeCKOro
KOMMOHeHTa B 6acceliH ceaumeHTaumn. Obpatua-
eT Ha cebs BHMMaHWe OoTcyTCTBME OboralleHus
Cr, Nno3TOMYy MOXHO MPeanoNoXmTb MNOCTynie-
Hue Ni, Co He OT pa3mbIiBa Y/IbTPAOCHOBHbIX Mar-
MaTU4YeCKMX NopOoL, a CBA3aTb UX C CYbPULAHOM
MUHepanm3dauven. Ha BpeMeHHOM wuHTepBane
on,? npeanenbl konedaHnii KOHLLEHTPaLUMA MUKPO-
3N1IEMEHTOB B OTAE/bHbIX C/IONKAX CTPOMATONTOB
cokpallatoTcsa (06p. 6260 n 6258) u HaxogoaTca
B 67I1M3KNAPKOBbLIX KOHLEHTpauusx. 3To ykasbiBa-
€T, YTO OCHOBHbIM MOCTABLUMKOM MUKPOINEMEH-
TOB B TO Bpems Obla Mopckas Bofa, a obnactb
CHOCAa CYLLLECTBEHHO HE BNMSANA HA BELLLECTBEHHbIN
COCTaB cTpoMaTonmToB. [Npu nepexoae K NanKo-
BUIO (YPOBEHb ON,°) HE3HAYMTENbHO BbILIE Kap-
ka cogepxatcs Sr, Ba, Y, Rb, Zr. Ix ysennyeHne
MOXHO OOBSACHUTb POCTOM PACHIEHEHHOCTU AHa
6acceiiHa 1 pa3mbiBOM nopog dyHaameHTa npu
yBENMYEHUN Nnowanm camoro 6acceriHa.

Mpn xapakTepucTuke cocTaBa kapboHaToB
aKkTyaneH BOMPOC O BAUSIHUM FMAPOTEPM U MNO-
CTynneHnu nupoknactukm. CyulecTByeT MHOro
reoXMMUYECKUX MApPKEPOB ANs1 PEeLleHuss 3Toro
Bonpoca. B yacTHOCTW, MCMONBL3YIOT OTHOLLEHWNE
(Fe+Mn)/Ti [fOpoBuy, Ketpuc, 2011]. Mpwn Benu-
YnHE 9TOro mokasaTtensa MeHblie 13 genaioT Bbl-
Bog, 00 OTCYTCTBUM 3KCransiLMOHHOro matepua-
na B obnactn ocagkoHakonneHus. Ecnu cyamtb
NO BEJIMYMHE 3TOr0 OTHOLUEHUS, TO 3KCransuMOH-
Hbli MaTepunan B GaccelH nocTynan, ogHako ero
nocTynsieHme 6b10 UMKInyecknm. B o6p. 6245a
B [EBSATU Clolikax aTOT nokasartenb 6onbwe 13,

(1)
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Fig. 9. The content of trace elements in the Jatulian stromatolites from the Onego paleobasin.

The shaded area shows the limit of fluctuations in the concentration of trace elements in the sample. For comparison, the clarke
concentrations of trace elements in carbonate rocks are shown. Clarkes after [Grigor’ev, 2009].

B 00p. 6236 TONbko B 4YeTbipex, a B 0Op. 6260
M 6258 B WIECTM Cnomkax BennyMHa OTHOLUEHUS
(Fe+Mn)/Ti He3HauuTenbHO Gonbwe 13. N nuwb
npu nepexone K noaukosuio (0bp. 6255) aToT
rnokasaTteflb B YeTblpex Criorkax cTpomaTtonuta
MHOrokpaTHo npeBbiwaetr 13. B atom obpa3sue
B OLHOM M3 CTPOMATOJINTOBbLIX CJIONKOB 3aduK-
CMPOBaHbl @aHOMaJIbHble KOHLEHTpaumun (B r/T nnm
ppm) Ti (37930), Y (66,87), Zr (2455), Nb (71,78),
Th (145,5), U (31,79), Hf (71,06). Takne anemeH-
Thl, Kak Ti, Zr, Nb, Hf, Th, cnyxat nHgnkatopamm
NINTOreHHoro/knactmieckoro martepuana. MN36bl-
TOYHbIA ypaH MOXET HakanamBaTbCH B OcCafkax
B YCJIOBMSIX 3aCTOMHOrO rmapoanvHaMmn4eckoro
pexuma B NPUCYTCTBUM OPraHNYeckoro BeLLecCT-
Ba, YTO CBSI3aHO C €ro BOCCTAHOB/IEHMEM B TaKMX
YCNOBUSIX 00 4-BaIEHTHOrO COCTOsSAHUS. Bo3amMox-
HO 1 MexaHn4eckoe oboralleHne ypaHoM 3a cHeT
NPUCYTCTBUSA B kKapOoHaTax akueccopuesB (MOHa-
UWNT, UMPKOH), OAHAKO 3aMeTHOro npuCyTCTBUS
B MUHEPAJZIbHOM COCTaBe AaHHbIX CTPOMAaTOJINTOB
OHU He umetoT. Hanpumep, B 06p. 6255 nomumo
KpUCTanioB AONOMUTA, KabuyTa HE3HAYUTESNTbHO
NPUCYTCTBYIOT NLWb KBapL, MarHeTUT, KalneBbli
nosieBou wnat, GTop-anatut, peakmin Gaoronut.

MoaToMy BapuaHT MexaHW4Yeckoro oboralleHus
paccMmaTpuBaeMblX CTPOMATONIMTOB YPaHOM cie-
OyeT NCKITIoUNTb.

Ewe B 1975 r. H. BaTypuH oTmMe4an BbICOKOE
copepxaHue ypaHa (oo 10-20 r/T) B ocagkax 3a-
Pa>XeHHbIX CEPOBOAOPOAOM 30H HYepHoro n ban-
Turckoro mopen [batypuH, 1975]. Bo3moXHO,
aHoMaJslbHble KOHLIEeHTpauMM ypaHa B OOHOM
N3 CTPOMAaTOJINTOBLIX crnoeB 0bp. 6255 obycnos-
NeHbl ocnabfieHMeM CBS3U «jlaryHa — OTKPbITbIN
6acceiiH», Y4TO BbI3blBaSIO B BacceiiHe 3aCTOoliHbIe
ABNIEHVS N YBENMYEHNE COLEPXaHUS OpraHuye-
CKOro BellecTBa.

Taknm 06pas3om, faHHble Mo pacrnpeneneHunio
MWKPO3J/IEMEHTOB B [0JIOMUTOBbIX CTPOMAaTO/N-
Tax cornacylTcs C pesynbTatamu nMTonoro-da-
LManbHOro aHannaa 1 ¢ AaHHbIMU, NOJIyYeHHbIMN
npU UCMNOJNIb30BaHUM OTAENbHbIX FEOXUMUNYECKNX
MapKepoB.

3aknioyeHue
OCHOBbIBaﬂCb Ha BeJIM4nHe pacCMOTPEHHbIX Feo-

XUMNYECKNX NHOMKATOPHbLIX OTHOLLEHWI, 33 UCKJITIO-
yeHnem U/Th n copepxaHus ayTUreHHOro ypada,

(7s)



[eNCTBUTENIbHO, BO3MOXHO MPUATU K KOPPEKTHbLIM
BblBOJaM 00 06CTaHOBKE 0CaAKOHAKOMMIEHNs (OKMC-
NINTENbHbIE UM BOCCTAHOBUTENbHbBIE YCIOBUS BOA-
HOW cpeapl, FyouHa, BNMaHWE BynkaHuama). OgHa-
KO [Nsi KOHKPETHOM pernoHanbHoli obaactn He Bce
reoMapkepbl MO3BOJSIAOT cAenatb OAHO3HAYHbIe
BbIBOAbI. [109TOMY Npo6iiema COCTOUT B TOM, HTOObI
HaANTU TakOM rEOXMMUNYECKUIA NHAMKATOP, KOTOPbLIN
«paboTan» Obl A5 KOHKPETHOro pervoHa. MoxHO
npeaoXnTb NepBOHaYasibHO NCMOJIb30BaTb AAHHbIE
MO HECKONbKMM WHOVKATOPHLIM OTHOLUEHUSM (Ha-
npumep, Fe/Mn, Sr/Ba, Mn/Sr) n cpaBH1Tb BbIBOARI,
NnoJly4eHHbIE MO reoMapkepam, C UMELLUMNCS -
TONOrO-reonorM4eCckuMm JaHHbIMMU.

OcHoBHasa npobnemMma OTHOCUTCH K O0CTOBEp-
HOCTW pPe3ynbTaToB, Mosy4yaeMblx ons kapboHaT-
HbiX nopoa metogom LA-ICP-MS. Heobxoguma
MeToamyeckaa paboTta, 0OOCHOBbIBaKOLAA pe-
3yNbTaTUBHOCTb METOAA W OOCTOBEPHOCTb OaH-
HbIX, onpegensembix B LIKIM KapHL, PAH.

UccnenosaHusi BbIMOJIHEHBI B pamMkax TeMbl
HUP Ne 208 WHctutyTa reonorum KapHL] PAH
«ObLme 3aKOHOMEPHOCTU pPas3BUTUSI TEKTOHO-
cpepbl 1 bruocpepbl 3emnv B paHHEM AOKEMOPpuMN
(Ha npumepe BoctoyHoui deHHockaHauu): aHa-
JIN3 MarMaTu4eckux, MeTaMoppuUYeckmux CUCTEM,
MeTasI/IoreHun v PaHHEeV XU3HU» 1 4aCTUYHO ro4-
JepxaHsbl rpaHTom POOU N2 15-05-08705.
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KPATKUE COOBLLUEHNUA

Y/[IK 550.4 + 550.8.05 + 550.84

OPU3BNKO-XUMUYECKUE CBOUCTBA LUYHIUTOBbIX
NOoPO4 PA3JIMYHbIX CTPATUTPADUYECKUX
YPOBHEW 3AOHE)XCKOW CBUTDI

0. E. QeiHec, B. B. KoBanesckuin, U. B. KouHeBa, 1. A. MoLIHKKOB,
B. C. PoxkoBa

UHcTuTyT reonorvm KapHL PAH, ®UL| «Kapenbckuii HayuHbIv ueHTp PAH», MeTposaBosck, Poccus

MpoBeneHbl CCNELOBaHWSA LUYHIUTOBBIX MOPOA, MPUYPOYEHHBIX K 3anexam, Haxons-
LLMMCS Ha PasHbIX CTPaTUrpadUyeckmx YPOBHSIX 3a0HEXCKOM CBUTbI MaseonpoTepo30s
Kapenun. Mo peaynbTatamMm MCCNef0BaHMS YrnepoaucToro BewecTsa (LWyHrmta) ¢ no-
MOLLLbIO PaMaHOBCKOM CMEKTPOCKOMUM OLLEHEHbI MKOBbIE TEMMNEPATYpPbl METAMOPPU3-
Ma. [MokazaHo, 4To HauMeHbLure TemnepaTypbl (316-324 °C) xapakTepHbl AN WYHIN-
TOBbIX MOPOZ, LLECTOr0 rOPU30HTA, a HanbonbLune — st 06pPasLLOB BTOPOro ropusoHTa
(8356-379 °C), kak npu CyLLeCTBEHHOM Pa3NN4mn, Tak U NPU OTHOCUTENbHOM MOCTOSIH-
CTBE 3HA4YeHWin ITOro napameTpa AN PasHbIX Nopon O4HOro ropu3oHTa. MNposeneHo
n3yyeHrne PU3NKo-XMMNYECKMX CBOMCTB LUYHIMTOBBLIX NMOPOA, BaXHbIX 1S UX MPakTu-
4EeCKOro MCronb30BaHusi, COPOLMOHHOM aKTUBHOCTU U 3NEKTPOPU3NYECKNX CBOICTB.
HanmeHbLuyio COPOLMOHHYIO aKTUBHOCTb M 3NEKTPUYECKYIO NMPOBOAUMOCTb MMEIOT Mo-
poAbl LUECTOrO roOpn30oHTa, XOTA 3Ta 3aBUCMMOCTb HE SIBNSIETCS BMOJSIHE OLHO3HAYHOMN
N onpenenseTcs Takke CBOWCTBAMW YrnepoaucToro BELecTBa, ero coaepXXaHuem
N pacnpeneneHnem.

KniouyeBble CNOBa: LUYHINTOBbIE MOPOAbI; NETPOXMMUYECKMUE MOLYNU; CTpaTurpa-
dus; copOLUMOHHAA aKTUBHOCTb; 3P HEKTUBHOCTb SKPAHMPOBAHUS.

Yu. E. Deines, V. V. Kovalevski, I. V. Kochneva, I. A. Moshnikov, V. S. Rozh-
kova. PHYSICAL AND CHEMICAL PROPERTIES OF SHUNGITE ROCKS FROM
DIFFERENT STRATIGRAPHIC LEVELS OF THE ZAONEGA FORMATION

Shungite rocks confined to deposits located at different stratigraphic levels of the Zaonega
Formation of the Paleoproterozoic in Karelia have been studied. The peak metamorphism
temperatures were estimated using Raman spectroscopy to study the carbonaceous
matter (shungite). The lowest temperatures (316-324 °C) were shown for shungite rocks
in the sixth horizon, and the highest for samples in the second horizon (356-379 °C).
In some horizons peak temperatures were relatively uniform, while in others they varied
significantly among samples. The physical and chemical properties of shungite rocks im-
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portant for their applicability, sorption activity and electrophysical properties were stud-
ied. Sixth-horizon rocks have the lowest sorption activity and electrical conductivity, al-
though this correlation is not straightforward, and is determined also by the properties

of the carbonaceous matter, its content and distribution.

Keywords: shungite rocks; petrochemical modules; stratigraphy; sorption activity;

shielding effiectiveness.

BBepeHune

LLIyHruToBble nopoabl PeHHOCKaHAMHABCKOro
wuTta pas3sutbl B npegenax OHEXCKOW CUHKIU-
HOPHOW CTPYKTYpPbl B COCTaBe ABYX cTpaTurpadu-
YyeCckMx noapasfesieHnn HUXHEro npoTepo30s:
B JIIOOVKOBUMCKOM W KasieBUMCKOM HaArOpU30H-
Tax. OCHOBHas Mmacca yrnepoga npv 9ToM 3akio-
YyeHa B 3a0HEexXCKon cBuTe nogukosuda. Ceuta
nogpasgensieTcs Ha aBe nogcsutbl [[feonorus...,
1982]. HmxHasa (ocagoyHas) COCTOUT U3 ABYX Na-
Yyek 1 npeacTaBfieHa B OCHOBHOM KapOOoHaTHbIMU
nopoaamu, aneBponmMTamMm, apruaamTamMm n pexe
necyaHvkamu. BepxHaa (ocaLo4HO-BYJIKAHOIEH-
Had) BKOYAET TPU Mayku, Kaxanas u3 KOTOPbIX
XapakTepunayeTcss OCOOEHHOCTSIMU BHYTPEHHErO
CTpoeHunsa. B npenenax BepxHen noacBUThbl 3a0-
Hexckol ceuThl C. B. Kynpskosbim B 1988 r. 66110
BblAENIEHO [OEBSATb FOPU3OHTOB LUYHIMMTOHOCHbBIX
nopog (pwuc.): Tpy B NepBON navke M WecCTb BO
BTOPOW. [OpPU3OHTbLI BLIAENSIOTCS YCNIOBHO Kak
Hanbonee oboraueHHble C —y4acTKu C/OMUCTOW
Tonwwy. OHU COXPaHSIOT CBOE NEPBUYHO-CIONCTOE
CTpoeHve. MakcumaneHoe copepxanne C = —
B Hanbonee TOHKUX NENUTOBLIX U aneBpoNTOBbIX
KOMMOHEHTAax, Kak Npasuio, NepPBUYHO-FVHUCTO-
ro, rMMHUCTO-KPEMHUCTOrO cocTtasa. Hymepauma
LUYHIMTOHOCHbLIX FTOPU30OHTOB [aHa no cTpaTturpa-
dun (CHM3Y BBEPX B Npefenax BepxHen noacsu-
Tbl). N3yyeHme cocTaBa MUHepasibHOM OCHOBbI
nopoja, 3TMX rOPU30HTOB MOKa3bIBAET, YTO YacTb
M3 HUX MO NETPOXMMUYECKMM MPU3HAKaM MOXET
NCMOMb30BAaTLCS A1 KOPPENALMN OTAENbHbIX Na-
yek ceuthl [denHec, 2018]. B HacTosLiee Bpems
CYLLECTBYIOT pasHble npeacTtasBfieHns o0 mcxon-
HOM BELLECTBE LUYHIMTOBbLIX MOPOA W YCNOBUSX
ero npeobpasoBaHusi. MI3BeCTHO, 4TO MPOLLECCHI
GOPMUPOBAHNS LLUYHITMTOBLIX MNOPOA, NMPONUCXOAN-
NN B YC/IOBUSAX 3efieHOCNaHueBon dauum meta-
Mopdunama, npu temnepatype He 6onee 450 °C
1 gaBneHun He 6onee 7 kbap. OgHako B ykasaH-
HbIX Ananas3oHax TemrnepaTtyp v aBfieHnn B pas-
JINYHOWM CTEMNEHN NPOSIBASNIOCH TEPMAIbHOE U -
ApoTtepmMasnibHOE BO3AENCTBME. ITU MNPOLECCHI
LI KpaliHe HepaBHOMEPHO, YTO NMpuBeno K 60sb-
womy pa3bpocy B CBOWCTBax yrnepoaconepka-
WMX NOpoL He TOJNbKO Mo njowaau 3aneraHus,
HO 1 no rnybuHe. Mpu aTom ycnosus obpal3osa-
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HUS 1 NPeobpa3oBaHUs LYHIMTOBLIX NOPOA, BIN-
AN HA N3MEHEHUHA CTPYKTYPHbIX XapakTepucTuk
yrnepoamcToro BeLleCTBa LUYHIUTOBbLIX MOPOS,
[Chazhengina, Kovalevski, 2017] n, kak cneacrt-
BMe, Ha UX CBOMCTBa. B paboTe caenaHa nonbitka
BbISIBJIEHNST OCOOEHHOCTEN PUINKO-XUMNYECKNX
CBOMCTB LUYHIMTOBLIX NMOPOL, 3anexen, pa3BuTbIxX
NnO ropu3oHTaMm, HaxoOAWMMCSH Ha pas3HbIX CTpa-
TUrpauyecknx ypoBHSX.

XapakTepucTuka o6beKkTa nccrenoBaHus

OObekTOM UCCNeaoBaHUA ABASNNCL 4YeTblpe
3anexu WyHrnToBbiX nopon OHEXCKOro CUHKIN-
HOpUS, pPas3BUTble MO Pa3HbIM LYHIMTOHOCHbBIM
ropu3oHTaMm: ogHa no BTopomy (JlebelwimnHa), ogHa
no 4yetseptomy (KapHaBosiok) n gse rno wectomy
(Bepesosel, MupoHoBckas). OTobpaHO Mo Tpu
obpasua LWYHrMTOBbLIX NMOPOA C KaXaon 13 3ane-
xeri ¢ copepxxaHnem C_ o1 25 1o 50 %.

MaTtepunanbi u metoabl

OnpeneneHve cooep>XXaHust NETPOreHHbIX de-
MEHTOB B NMpo6ax BbIMOJHANOCL METOAAMWN KOJIN-
4eCTBEHHOro XMMmM4yeckoro aHanusa [[loHomapes,
1961]. PaboTbl nNpoBOAUMCL B AHanUTUYECKOMN
nabopatopumn UIN KapHL, PAH (r. MNeTpo3aBoack).
JaHHble XMMUYeCKNX aHann30B NeEPECUYNTLIBANIMCH
Ha 6e3yrnepoancTyto OCHOBY (MUHEPabHYO KOM-
MOHEHTY LUIYHIMTOBBIX MOPOL,).

PamaHoOBCKMe cnexkTpbl yrnepoamcToro BeLle-
cTBa (YB) Ob1 Nony4YeHbI C MOPOLUKOB Ha Ancnep-
cnoHHoM PamaH-cnektpomeTtpe Nicolet Almega
XR (onvHa BonHbl 532 Hm) B T KapHLL PAH. Konu-
YECTBEHHbIE XapPaKTEPUCTUKM CMEKTPOB pPacCyu-
TaHbl B nporpamme OMNIC. Onsa kaxporo obpas-
La CHATO 0kosio 20 CnNekTpoB, MOCTPOEHbI KPUBbIE
pacnpeneneHusi, paccynTaHbl CPeaHNE 3HAYEeHUs
MU CTaHAAPTHbIE OTKIIOHEHUS. [KOBbIE TemMnepa-
Typbl MeTamopdur3mMa mnccnegoBaHHbIX 06pa3uoB
oueHuBanucb no YB ¢ ncnonb3oBaHmeM ypaBHe-
Hus: T(°C) = 91,4(R2)? - 556,3(R2) + 676,3 [Aoya,
2010], koTopoe 6blS10 ONTUMN3NPOBAHO AJ1S YCI0-
BUIA permoHanbHoro metamopdurama n onpobosa-
HO, B YaCTHOCTU, HA MeTaMop@UYECKMX Nopoaax
AnoHum [Mori, 2019].

OueHka afcopOUMOHHOM aKTUBHOCTU  LUYH-
FMTOBbLIX MOPOA, Pa3fn4YHbIX CTpaTUrpadryeckmnx
YPOBHEW NpoBOAMIachk No ancopbLumMm MeTUneHo-
Boro cuHero (MC) u metaHnnosoro xentoro (M>X)
13 BOAHbIX PACTBOPOB. 3a Mepy aKTUBHOCTU Npu-
HMMaNOCb KOIMYECTBO KpacuTens, NoraoLWweHHOro
13 pacTBOpa HAaBECKOW nccnenyemMoro marepuana
(bpaxkuma > 1 MMm) B cTatnyeckmx ycnosusx. KoH-
LEeHTPaAUMIO KpacuTens B pacTBOpe onpenensnuv
C MNPUMEHEHMEM PAMaHOBCKOWM CMNEKTPOCKONUU

no MeToauke, NpensioxkeHHon B paboTe [Rozhko-
va, Kovalevski, 2019].

ODDEKTUBHOCTb IKPAHMPOBAHUS LLYHIUTOBbIX
nopof onpegensnacb Ha MOPOLIKOBbLIX 00pas-
Lax KoakcuasibHbIM METOAOM 3N1EeKTPOMarHUTHO-
ro CNekTpasbHOro aHann3a B Auana3oHe 4acToT
o1 100 kl'y, oo 1 Iy, (npnéopbl SMV11 1 SMV8.5).
OueHka 3nekTponpoBOAHOCTU OCYLLECTBASNACh
¢ nomoubio nameputena L, C, R E7-8 (4actoTa
1 kl'y) ABYX3NEKTPOLAHBIM METOLOM.

PesynbTaTtbl U 06Ccy)XaeHue

[na BeIABAEHNS PA3NUYNIA LUYHIMTOBLIX NOPOA,
OblIN  paccyMTaHbl MNeTPOXMMUYECKMe Mooy,
MHOrOJIETHAS NPaKTUKa MCMONIb30BaAHUS KOTOPbIX
nokasasna nx apeKTUBHOCTb NPU N3y4eHUn oca-
Do4HbIx nopog [FOposuy, KeTtpuc, 2000]. B Tabn. 1
npeacTaB/ieH CPegHni XMMNUYEeCKUA COCTaB LUYH-
FMTOBbLIX MOPOA, U NETPOXUMUYECKME MOLYIIN.

Copnepxatvie C B n3y4eHHbIX obpasuax us-
MEHSIeTCs B LWIMPOKUX npegenax (ot 25 mo 50
Mac. %), BCE OHM OTHOCATCS K TUMY KaxMTOINTOB
[lOpoBuny, KeTpuc, 2000]. Mo coctaBy MuHepanb-
HOM KOMMOHEHTbl UCCNeAyeMbl€ LUYHIUTOBbIE
nopoabl PasfensitoTCa Ha TpU rpynnbl: HOPMOCK-
antel (TM =0,11-0,20 — VI ropn3oHT), MUOCUNMn-

Tabauvuya 1. XMMMYECKNin COCTaB LLUYHIUTOBLIX MOPOS,
Table 1. Chemical composition of shungite rocks

KOMMNOHEHTBI [OPN3OHTBI LLYHTMTOHOCHBIX MOPOA,
n Moaynum Horizons of shungite rocks
Components
and modules vi vi v L
n 3 3 3 3
SiO, 82,51 86,04 | 72,62 68,58
TiO, 0,45 0,37 0,81 0,74
AlLO, 7,96 6,12 12,68 15,48
Fe,O, 3,78 3,44 4,85 6,12
MnO 0,06 0,02 0,02 0,04
MgO 1,37 0,88 1,93 1,73
CaO 1,05 0,18 0,81 0,21
Na,O 0,30 0,12 1,66 4,65
K,0 2,31 2,74 4,31 2,42
PO, 0,20 0,09 0,31 0,05
C,,.T0C 39,32 | 29,49 | 47,01 39,81
Cymma Sum 100,00 | 100,00 | 100,00 | 100,00
Na, O+ K,0 2,61 2,86 5,96 7,06
™ GM 0,15 0,12 0,25 0,33
AM 0,10 0,07 0,17 0,23

lMpumedaHmne. CocTaBbl nMepecuynTaHbl Ha 6e3yrnepoancTyio
COCTaBNSAOLLYIO (MUHEpPanbHYO KOMMOHEHTY LUYHIMTOBbIX MO-
pOA4). N — KOIMYECTBO 06pa3uoB. M — rMaponMsaTHblii MO4Y b
(TiO,+AlLO,+Fe,0,+Fe0+Mn0O) / Si0,), AM — anoMoKpeMHne-
BbI Moay”b (AlLO,/ SiO,).

Note. Compositions are recalculated to carbon-free component
(mineral component of shungite rocks). n — number of samples.
GM = (TiO,+Al0,+Fe,0,+Fe0+Mn0O) / Si0,, AM = Al,O, / SiO,.
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ol (TM =0,21-0,30 — IV rOpu30OHT) U CUANAUTBI
(M =0,31-0,55 - Il ropn30HT).

[Moctpous mMogynbHylO gunarpammy AM -
Na,0+K,0, koTopas sBnfeTca camoin MHPOpP-
MaTUBHOW ANs pa3fefieHns LYHIMTOBbIX MOPOS,
Ha rOPWU30HTbl, MOXHO BblOENNTb TPW FPYNMbl TO-
yek, COOTBeTCTBylOLME obpasLuamM, 0TOOpaHHbIM
n3 I, IV n VI ropnsoHta. MoXxHO 3aMeTuUTb, 4TO NO-
POAbl HMXKENEXALLErO LUYHIMTOHOCHOIrO FOPU30H-
Ta MeHee KPEMHUCTbIE 1 Bonee LWenoYyHble, C Mno-
BbILLIEHHBIM COAEPXAHNEM MMNHO3EMA.

Pesynbtatel NPOBEOEHHLIX  MCCNen0oBaHUN
OUBNKO-XMNYECKUX  CBOMCTB  MpencTaBfieHbl
B Tabn. 2. Noka3aHo, 4YTO HaMMeHbLUAs MMKOBas
TemnepaTtypa metamopdpuama (316-324 °C) xa-
pakTepHa A4ns LWYHrMTOBbIX NOPOS, LUECTOro ropu-
30HTa, a Hambonbluas — ons o0pasLoB BTOPOro
ropuadoHTa (356-379 °C). [na pasnmyHbiX Nopos,
O[HOro ropM3oHTa HabnaaeTcs Kak CyLLeCTBEH-
HOE pasnuyune, Tak 1 OTHOCUTENIbHOE MOCTOSIHCTBO
NMUKOBLIX TemrnepaTtyp MeTtamopodwmsma. Hanpwu-
Mep, 419 Nopoa Y4eTBepPTOro ropnsoHTa (KapHaso-
JI0K) N1KoBasi TemnepaTypa Mmetamopdmrama npak-
TUYECKN OAMHaKOBa, a Ans 06pasLoB BTOPOro ro-
pu3oHTa (JlebelumHa) CyLecTBeHHO pasnnyaeTcs.
OT1a 0CcOBEHHOCTL COXPaHSAETCS Aaxe B npenenax
ofHoro obpasua: 4ss Nopoz WeCToro ropusoHTa
nMKoBas Temrnepartypa metamopodusma daktnye-
CKW COOTBETCTBYET CpedHen, NpuBeLEHHON B Ta-
onuvue, a ans obpasua J113/1 MoxeT n3mMeHATLCS
oT 363 0o 393 °C, 4TO CBMAOETENbCTBYET O CYLUEe-
CTBEHHOW CTPYKTYPHOM HEOOHOPOOHOCTU yrie-
pPOANCTOro BewecTBa 3TOW LWYHIMTOBOM MOPOAbI.

Cnenyet Takke OTMETUTb, YTO A pa3HbIX rpymnn
obpa3uoB wectoro ropudoHta (MwupoHoBckas
n Bepesosel) HabNOAETCA CYLLECTBEHHOE pas-
nnymne B NUKOBLIX TeMNepartypax MmetamopounsmMa.
Mpu atom nopoabl MUPOHOBCKON 3asnexu O4eHb
6/1M3KM MO 3HAYEHMSIM 3TOro napameTpa K nopo-
Jam 4yeTBepToro ropmsoHta (KapHaBosok), 4To
CBUOETENBbCTBYET O HAJIMYUU HEYHTEHHbLIX Me0J10-
rmyeckux GakTopoB NpPu pasaesieHnm LYHIMTOBbIX
nopoa, no cTpaturpapu4eckum ypoBHSAM.
Pesynbtatbl uccnenoBaHns ©GU3UKO-XUMUYe-
CKUX CBOWCTB LUYHIMTOBLIX MOPOA, BaXHbIX OJ1A
MX MNPaKTUYeCKOro WCMoJIb30BaHUA, CBULOETESb-
CTBYIOT O Hannumm obLier TeHAeHUUN yBenuye-
HUS COPOUMOHHOM aKTUBHOCTM M MPOBOAMMOCTU
nopoga, npu yBeJIMY4EHUUN MUKOBOW TemMnepartypbl
MeTamopdmnama. HanmeHbLLyto COPOLIMOHHYIO aK-
TUBHOCTb N 3JIEKTPUYECKYIO NMPOBOAMMOCTbL UMe-
IOT MOPOAbI LUECTOr0 OPU3O0HTA, a A1 NOPOL YeT-
BEPTOro M BTOPOro ropu3oHTa Habnwgaetcs ux
obLLee yBeMYeHne, XOTs 3Ta 3aBMCMMOCTb He 5B~
ngeTcd BMOJSIHE OAHO3HA4YHOM U onpenenseTcs
Takxe CBOMCTBaAMU YrinepoancToro BewecTsa, ero
coaepxaHuem 1 pacnpeneneHvemM. B yactHocTy,
BbISIBJIEHO, YTO OJIF LUYHIUTOBbLIX MOPO4 U3 pas-
HbIX 3aNieXel xapakTepHa pasnuyHas ancopoum-
OHHasi EMKOCTb MO 3TUM MHAMKaTopaMm (Tabn. 2),
koTopasa uameHsetcsa ot 1,9 no 25 mr/r gna MC
not 3,1 0o 15 mr/r gna MX. Mpn aTomM He Habnto-
[aeTcs NPSMON KOPPEensauum Mexay nNpoueHTHbIM
copepXxaHnemM yrnepoga M afcopOUMOHHON ak-
TUBHOCTBIO LUYHIMUTOBbLIX MOPOA, KOTOpas pasnu-
YyaeTCd He TOJIbKO MO KOJIMYECTBEHHbIM Nnapame-

Tabnvuya 2. PU3NKO-XMMUYECKNE CBOMCTBA LLIYHIUTOBBIX MOPOL,
Table 2. Physical and chemical properties of shungite rocks

[OpV30HTHI . MC MX SE o

Vomctomangne | ©% | F |00 GO e | |
rocks (mg/q) (mg/g) 100MHz

n13/1 31 0,602 379 16,6 5,3 5,47 44,3 350

I 4 42 0,621 367 7,0 4,6 5,34 48,5 518

71 8/59 45 0,649 356 15,9 7,3 5,63 51,5 760

K1 49 0,649 354 25,0 15,0 5,8 449 390

I\ K2 42 0,651 353 11,5 5,8 5,95 48,0 530

K3 44 0,654 351 9,8 4,3 6,04 46,5 435

Mp1 25 0,665 347 11,9 7,5 6,4 40,2 230

Mp2 36 0,678 341 8,5 3,1 6,2 35,5 130

VI Mp3 11 0,658 350 15,2 10,4 6,8 45,3 385

B7 26 0,714 324 7,0 3,6 3,25 18,4 15

B10 31 0,737 316 1,9 3,1 3,23 20,1 22

B24 30 0,733 317 8,9 4,4 3,3 19,7 18

MpumeydarHme. R2 — napameTpbl paMaHOBCKMX CMNEKTPOB, T — NMKOBbIE TemnepaTypbl metamopduama (+ 7 °C), MC — copbuus
MEeTUIEHOBOIro cuHero, MXX — copbumsi MeTaHUIoBOro XenToro, pH — KUCNOTHOCTb BOAHbIX BbITsKEK, SE — adbdeKkTMBHOCTL akpa-

HUPOBAHWUA, O — 3NeKTpnyeckaa npoBoANMOCTb.

Note. R2 — parameters of Raman spectra, Tpeak— peak metamorphism temperatures (+ 7°C), MB — sorption of methylene blue, MY -
sorption of methanyl yellow, pH — acidity of water extracts, SE — screening effectiveness, o — electrical conductivity.
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Tpam, HO TakXe M MO COOTHOLUEHWUIO COPOLIMOH-
HOM akTuBHOCTU K MC 1 MK, T. €. N0 OTHOLLEHUIO
K MOBEPXHOCTHbLIM YHKUMOHAJIbHLIM  Fpyrnnam
KMCINIOTHOITO M OCHOBHOIO Xxapakrtepa. Takue Ba-
puauum no copOuUnoHHOM akTMBHOCTM K MC 1 M)XK
M NO NPOBOAMMOCTU BaXHbl OJIT MHOMMX TEeXHO-
JIOrMYECKMX MPOLECCOB 1 0OYCIIOB/IEHbI anpuopu
pasnuMunsmMu B yCnoBusix o6pa3oBaHusa (reHesu-
ca) yrnepogucToro BeLLecTBa BblOPaHHbIX LUYH-
rMTOBbLIX NOPOA,. OTO, B CBOK o4epedb, NO3BONS-
€T 1CNOoNb30BaTb BbISB/IEHHbIE 3aKOHOMEPHOCTU
He TOJIbKO YTOObI BbIAENNTbL NPOMBbILLIIEHHBIE TUMbI
LUYHIMTOBbLIX MOPOS, MO HarnpaBieHNsSM nx Hanbo-
nee 9POEKTUBHOIO UCMNONbL30BAHUSA, HO TaKXe
00paTnTb BHUMaHMe Ha ornpegenieHne TOHKUX 3a-
KOHOMEPHOCTEN NX reHe3unca.

3aknoyeHue

B uccnemoBaHHbIX LIYHMMTOBLIX MNOpPOAax Ha-
onogaeTcs npsmas 3aBUCUMOCTb MeXy CYMMO
weno4venn (Na,0+K,0) n anoMoKpeMHreBbIM MO-
aynewm (Al,O,/SiO,), a Takxe oT4eTnnBas obpaTHas
3aBNCMOCTb Mexay cofepxarusamm SiO, n AlO,.
Mopoapl 60nee BLICOKMX FOPU3OHTOB MEHEE Lie-
JI0YHblE, BoNlee KPEMHUCTBIE, YHEM HUXENeXallme.
BbiSiBNEHHbIE 3aKOHOMEPHOCTU MOFYT CIYXUTb
HaAEXHbIM MOWCKOBBIM MPU3HAKOM MpPWU pas3Bes-
K€ HOBbIX 3anexen WyHrnToBbix nopon OHEexXCcKo-
ro CUHKIVMHOPUS, a Takxke NO3BONSIOT NPOBOAUTL
KOPPENSLMIO CKBaXMH.

C nomoLLbio pamMaHOBCKOW CMNEKTPOCKOMUn
no yrnepoancTtoMy reoTepMOMETPY OLLEHEHbI M-
KOBble TemMnepaTypbl MeTamopdumnama. NokasaHo,
4YTO HammeHblune Temnepatypsbl (316-324 °C) xa-
pakTepHbl A5 LUYHIMTOBBIX MOPO/, LLECTOro ropu-
30HTa, a HaubonbluMe — ans 0bpasLoB BTOPOro
ropusoHTa (356-379 °C), kaK npu CyLLeCTBEHHOM
pasnuymn, Tak U NPY OTHOCUTESNIbHOM MOCTOSIHCT-
BE 3HAYEHWUI ON51 Pa3nNYHbIX NOPOA OAHOMO ropu-
30HTa. OnpeneneHbl napameTpbl GUINKO-XUMU-
4YEeCKMX CBONCTB LUYHIMMTOBbIX NOPOA, BAXHbIX ANs
NX NPakTUYECKOro NCNosib30BaHns, COPOLIMOHHOW
aKTUBHOCTU N 3/1eKTPOPU3NYeCcKnx CBOUCTB. Ha-
WMEHbLLYIO COPOLIMOHHYIO aKTUBHOCTb 1 9N1EKTPU-
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HOBbIE NEPCMNEKTUBbI TPUMEHEHUA OTXOA0B
roOPHOAOBbLIBAIOLWLNX MPON3BOACTB
KAPEJ10-KOJIbCKOIo PEFTMOHA

A. 10. LLinwikos

JenaptameHT ro Heapornosb30BaHuio o Cesepo-3anagHomy peneparbHOMY OKPYry,
Ha KOHTUHEHTAaJIbHOM Lesib¢e v B MpoBom okeaHe, npeacTaBuTesibcTeo B Pecriybnvke Kapenus,
lNeTposaBosck, Poccusi

O6cyxaaeTcs BONPOC PeopraHM3aLmm Heaponoib30BaHMs C y4eToM 6onee paunoHab-
HOro, KOMMIEKCHOrO OCBOEHUS MECTOPOXAEHUIN NOSIE3HbIX UCKOMaeMblX, OXpaHbl Heap
1 OKpYyXXatoLLen cpefbl B CBA3U C NPOOeMOI OTXOA0B rOPHOA00bLIBAKOLLMX MPON3BOACTB.
Ha ocHOBe CpaBHUTENBHOIO aHaNM3a nokasaHa 06beKTMBHAA HEOOXOAMMOCTb U3MEHE-
HUS OLLEHKN NPUPOOHBIX PECYPCOB OTBAJIOB M OTXOA0B C LLESIbIO PeLLeHUst 3KON0rMyYeCcKnx
3a4a4 U CTUMYIMPOBAHUS 9KOHOMMYECKOr0 pOCTa Yepesd Co34aHne MOLLHOCTEN BbICO-
KOTEXHOJOrMYHbIX MPOU3BOACTB. XapakTepmnayeTcsa COCTOSHME UCMOIb30BAHNS OTXOL0B
ropHonoObiBaowmx npeanpuatnini Kapeno-Konbckoro pervoHa. JOCTUXeHUs U npo-
Onembl 3TOV OeATEeNbHOCTM PAaCcCMOTPEHbI HA MPUMEPE LLUYHIUTOBbLIX MECTOPOXAEHMUI
3a0HexcKoro nonyocTpoBa Ha Tepputopun Kapenuu. BHeceHbl NpennoxeHns rno co-
3[2HNI0 Ha KaXAO0M NpeanpusaTUM MHHOBALMOHHOW NporpaMmmbel ONTUMKU3ALMN NPOU3-
BOZCTBA, a NoA arnaon PernoHanbHoro coseta bapeHuesa/EBpoapkTnyeckoro pernoHa
(CBEP) — mexBegoMCTBEHHOIO KOMUTETA AJ1s1 OTCNEXUBAHUS U NOAOEPXKM MHHOBALLN-
OHHO-MPOrPEeCCUBHbIX METOAO0B U OTKPbLITUIA, CNOCOOCTBYIOLLMX YYYLLIEHUIO 3KOJIOTN
B Halleln CTpaHe U KOHKPEeTHO B Kapeno-KonbCckom pernoHe.

KniouyeBble cnoBa: oTxoApl; ropHoaooObIBalOLLME MPOU3BOACTBA; ONTUMMU3ALMS
npouseoacTea; Kapeno-Konbckuin pervoH.

A. Yu. Shishkov. EMERGING PROSPECTS OF MINING WASTE UTILIZATION
IN THE KARELIAN-KOLA REGION

Re-organizing useful mineral utilization for a better management of useful mineral deposits
and environmental protection is discussed with an emphasis on mining waste utilization.
Comparative analysis was attempted to show the urgent need to re-assess natural resour-
ces in spoil heaps and waste with view to solving environmental problems and speeding
up economic growth by boosting high-tech industries. Current mining waste utilization
in the Karelian-Kola Region is described. Shungite deposits in Zaonezhsky Peninsula,
Russian Karelia, are discussed to assess progress and problems in mining waste utiliza-
tion. Proposals for making-up aninnovation-oriented production optimization programme
at each mining company were made. The establishing of the Interdepartmental Regional
Committee under the Barents-Euroarctic Council (BEAC) was proposed to monitor
and support innovative methods and advancements for a better management of mineral
resources in Russia and in the Karelian-Kola Region.

Keywords: waste; mining industries; production optimization; Karelian-Kola Region.
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BBepeHune

B HacTosiee BpeMs ocTpo obcyxpaeTcs BO-
NPOC, CBA3aHHbIN C NPMMEHEHNEM OTXOOOB rOp-
HoLOObIBAOLLMX MPOU3BOACTB. OTOT BOMPOC
BKJIOYEH B cepy akTyasbHbIX Npobem Hecnyyai-
HO, Tak Kak npoekT PenepanbHOro 3akoHa «O BHe-
CeHUN U3MeHeHuln B 3akoH P® «O Hempax» Ha-
NpaBfeH Ha COrnacoBaHMe B 3aUHTEPECOBAHHbIE
OpraHbl UCMOIHNTENBHOW BAACTU MO UHULMATUBE
npasutenscTea P®. B uenomMm ropHonpoMbILLIEH-
HUKM Poccumn cToAT Ha nopore peopraHn3aumnuv
HenponoJsib3oBaHUS ¢ ydyeTom Bonee paumoHanb-
HOro, KOMMAEKCHOr0 OCBOEHUSI MECTOPOXAEHUN
NMOJME3HbIX MCKOMAEMBbIX, OXPaHbl HEAP U OXPaHbl
oKpy>XatoLen cpepl B COOTBETCTBUN C TpeboBa-
HUAMU denepasnbHbiXx 3akoHoB PP 1 HopmaTuB-
HOW NPaBOBOMN JOKYMEHTaLMEN.

OTxoapl HEQPOMNONBb30BaHUS COCTABASIOT MO-
OABNSIOWYI0  4YacTb OTXO40B, 00Opa3oBaHHbIX
1 06pasyoLLNXCS B HACTOSILLEE BPEMS Ha Teppu-
TOopUK Poccun. NOPHONPOMBILLSIEHHbIM KOMMIEKC
Hakonun npumepHo 80-100 mnpa TOHH OTXOO0B
HeapOonoJib30BaHUS, U eXXerogHo aToT 06beM yBe-
nnumeaetcs Ha 1,5-2,0 mapa ToHH. MNpeanonoxm-
TenbHO, 0bLas nnowanb 3emMesb, 3aHATbIX OTXO-
JamMu 1 BbiBeAEHHbIX 13 060poTa, Npmbamaunach
k 2000 km2. Bonee 600 Km? 3aHATO LLIAKOHAKOMN-
TensaMm 1 xoctoxpaHmamamm, 6onee 1000 km? —
oTBanaMy rOpPHOPYAHOro MPOU3BOACTBA, Yrofb-
HbIMW  TEPPMKOHaMK,  30M0TOLUIAKOOTBaNaAMU
n gp. [Okonoruyeckad..., 2002; MoptoxmH, 2008;
OpobaneHko, bytos, 2017; bytos, OpnioBa, 2019].
Mpn 3TOM MHOrMe 0ObLEeKTbl XpaHeHUs OTXOLOB
He OTBEYalOT COBPEMEHHbIM 3KO0rMYECKUM Tpe-
OOBaHUAM.

Tekylwaa cuTyauus XxapakTepusyeTcsl OTCyT-
CTBMEM MOTMBALMW BOBMIEYEHUS OTXOOOB B XO-
39MCTBEHHbI 060pO0T. MpeonpuaTuamM BeirogHee
nnaTuTb 3a HeraTMBHOE BO3OENCTBME HA OKpPYy-
XKAKOLLY0 cpedy, YeM BHeOpsTb SKONOrmyecku
4YNCTblE TEXHONIOMK U NepepabaTtbiBaTb OTXOAb.
B TO € BpemMs OTXO4bl NPEACTaBASIOT peasbHylo
yrpo3y 6e30nacHOCTU CTpaHbl, HEraTUBHO BAUSIIOT
Ha OKPYXAaloLLYIO cpeny, HAHOCAT Bpen, 340P0BbI0
yenoseka. HoBble MNpennoXeHUs 3aknio4aTCs
B TOM, Y4TO NONb30BaTENAM HEAP NpeanaralT pas-
pewnTb Jo6bIBaTb NOJIE3HbIE NCKOMNAeMble U3 OT-
XO[OB, @ TakKXe MCMNOofb30BaTh 3TW OTXOAbl ANS
COOCTBEHHbIX MPOU3BOACTBEHHbIX HYX[, C LENblo
CTUMYNIMPOBAHUS MCMOJIb30BAHUSA OTXOO0B He-
apononb3oBaHus [ByTtos, Opnosa, 2019].

MpenonaraemMele N3MEHEHUs1 NO3BONAT PELUNTb
9KONIOrMyeckme 3agayv 1 CTUMYNIMPOBATb 9KO-
HOMUWYECKUI POCT Yepes3 COo34aHMe MOLLHOCTeN
BbICOKOTEXHOJIOMMYHbIX MNPOU3BOACTB. BBoautcs
HOBOE MOHATUE, K KOTOPOMY OMNPEeaenieHO OTHECTU

BCKPbILLUHbIE M BMELLAIOLLME NOPOAbI, LU1aMbl, XBO-
CTbl 0OoraleHns NoJsie3HbIX UCKOMaeMblX U UHbIe
OTXObl FEe0NI0rMYEeCKOro U3y4eHunst, pa3Beaku, oo-
Obl4M 1 NEepBUYHON NepepaboTkM MUHepasibHOro
cblpbsi [O6 aKonornyeckom..., 2016]. OTmevaeT-
CSl, 4TO KOMMaHUS Ha NePUoL AENCTBUS INLEH3UN
MoJsly4mT NPaBOo NU3BMEKAThb MNOSEe3HbIE UCKOMaeMble
1 NoJsIe3HbIE KOMMOHEHTLI U3 OTXOA0B HeAPOMNOJb-
30BaHus, 06pa30BaBLUMXCS BO BpeMs pa3paboTku
Heap, C NPaBOM WUCMOJIb30BaHUSA MX A4S COOCT-
BEHHbIX MPOU3BOACTBEHHbLIX WU TEXHOMOMMYEeCKNX
Hy>XA,. [Mpy ncumcneHnn nnaTel 3a HEraTMBHOE BO3-
DEeNCcTBME Ha OKPYXaloLLLYO cpeny NpensoxXeHo ee
0OHYNNTb C rofa Havyana oCcyLlecTBieHus Ao0bIum
NoJsIe3HbIX MCKOMAEMbIX U NMONE3HbIX KOMMOHEHTOB
N3 OTXO[0B HEOPOMOJIb30BAHUS U B TEYEHME CPO-
Ka ¢akTN4eckoro npoBeneHus aTon paboTbl. Ta-
KM 06pa3oM, He TOJIbKO YMEHbLUUTCH SKoslormye-
cKkas Harpyska Ha oKpy»KatoLLyto cpefy, Ho 1 ByaeT
pewlatbcsa npobsiema ocBOOOXAEHUS OTBEAEHHbIX
DJ1S COOPYXXEeHUs1 OTBaJIOB MioLanen Ha noBepx-
HOCTW, 4TO MO3BOJIUT CHU3UTb AHTPOMOreHHYIo
Harpysky. BaXHblIM MOMEHTOM SIBASIETCA TO, YTO
nosb3oBaTenn Heap AOJSKHbI obecneynBaTb CO-
XPaHHOCTb KOMMOHEHTOB, KOTOpbIE COAepXaT-
csl B OTX04ax, C NpefocTaBieHneM nHdopmaumm
00 3TNUX KOMMOHEHTaX B OpraHbl rocy4apCTBEHHOM
CTaTUCTUKN.

HeobxoaMMoCTb BOBJIEHEHUS OTXOA0B B MpO-
MBbILLJIEHHOE UCMNONIb30BaHWe 0O0yCroB/ieHa Bbl-
COKOW CTEeMneHbld WX 3KOSOMMYecKOn Harpyaku
Ha OKPYXKaloLLLyO Cpeay M NOTEHLMANTbHO LEHHBIMU
noTpebuTenbCKMMM  CBOMCTBAMM  COAEpPKaLLMX-
CS1 B HUX MOJIE3HbIX MCKOMAEMbIX 1 KOMMOHEHTOB,
He M3BJIEYEHHbLIX HA MOMEHT MEePBUYHON [00bLIYN
1 oboraleHns Nose3HbIX MCKOMNaeMbiX.

Takmm obpaszom, B 3akoHe P®dD «O Heppax»
3aKpennsTCcs TOJIbkO 00LiMe 3KOJIoro-npaBo-
Bble 3anpeTbl U OrpaHuYyeHus, npenbsieisemMble
K Monb3oBaTensiM Heap Ha aTane BeaeHus pabor,
CBSI3aHHbIX C MOSIb30BaHMEM HEepaMu B KOHTEKC-
Te obecrnevyeHnss pauMoHanbHOro UCMNoJsib30BaHUS
N OXpaHbl HeApP, @ OCHOBHbIE MPUHLMIMBI 1 NPUOPU-
TETHbIE HaNpaBeHUs roCy4apPCTBEHHOW MNOIUTUKN
B obnactn obpalleHns C 0TX04amMu ropHoao0bI-
BalOLWMX MNPEeanpusaTUii LOMXKHbI 3aKoHoJaTesNb-
HO MPUCYTCTBOBATb B [OOMOJIHAIOLMX 3aKoHOoOa-
TeNbHbIX AOKyMeHTax. [ns cokpalleHUs Macchl
0TX040B 0053aTesibHON SBASETCS MakCUMasbHO
BO3MOXHas nepepaboTka CcbipbeBbIx 3anacos. Co-
O6104eHNEe NONOXEHMIA 3akOHa MNO3BOJISIET YMEHb-
WNTb OTPULATENIbHOE BJIUSIHUE Ha MNPUPOLOHYIO
cpeny. CnepoBaHue 3akoHY CMocoOCTBYET MC-
MoJSIb30BaHUIO OTXOO0B Kak CblPbEBbLIX PECYPCOB
[O Heppax..., 1992].

Heppononb3oBaTenn [OO/MKHbI  MakCUManbHO
nosie3Ho MCMNoJsib30BaTb NMepexoaHbil nepuon oo

O,



01.01.2022 r. pna npoBefeHuUss MepPONPUATUN,
NMO3BOJIAOLLMX B AafibHELEeM 3HA4YUTEeNIbHO CHU-
3UTb, @ BO3MOXHO, MOJSIHOCTbLIO WUCKJIIOYUTL Bpen,
oKpyXatollein cpene M 3KOHOMMYECKUA yuiepO
[O6 akonormnyeckom..., 2016].

HenocpenctBeHHO TpeboBaHus K cbopy, Ha-
KOMMEHNo, MCMOoNb30BaHUIO, 006e3BpeEXMBaHNIO,
TPaHCMOPTMPOBaHMIO, Pa3MELLEHNIO OTXOA0B rop-
HOZO0ObLIBAIOLLLErO N CBA3AHHbIX C HUM nepepaba-
ThiBAIOLLMX MPOU3BOACTB, @ Takxke crneumanbHble
TpeboBaHMs K MPOEKTUPOBAHUIO, CTPOUTENBLCTBY,
PEKOHCTPYKLMM U NNKBUAALUMM OOBEKTOB pasme-
LLIeHMS TaKMX OTXOA0B (LL1aMOBbIX aMbapoB, Lia-
MOXpaHWANLL) creayeT 3akpenuTb B creuuvasb-
HoM pasgene PepepanbHoro 3akoHa «0O6 oTxogax
nponsesoAcTBa 1 notpebdneHus» [1998] n peta-
NM3npoBaTh B MOA3AKOHHBLIX akTax [JdKonorunye-
ckas..., 2002; O6 akonornyeckom..., 2016].

CocTOsiHMe UCMNOoJIb30BaHNS OTXOA0B
ropHoao6biBatowmnx npeanpuaTtuii Kapeno-
Konbckoro pernoHa

Hwxe paHHaa cutyauumss UnmioCTPUpPyeTcs Co-
CTOSIHMUEM UCMOBb30BaHUA OTXOLOB MPOU3BOA-
ctBa Kapeno-KonbCkoro ropHOMPOMBbILLAEHHOIO
komnnekca (Tabn.).

MypmaHckas ob6nacTtb. B HacTosiLee Bpems
B OCHOBHOM BCE OrpaHuyMBaeTcsi COOCTBEHHbLIMMN
NoTpPeBbHOCTAMU NPeanpuaTUiA Ana noanepxKaHus
aBTOO0pOr, CTpouTeNscTBa famb 1 3aknagku oT-
paboTaHHOrO NPOCTPAHCTBA FOPHbIX BbIPabOTOK.

BoBneyeHne B MNPOM3BOACTBO TEXHOMEHHbIX
MeCcTOpOXAeHn Ha 6a3e OTBaNIOB HEKOHAMLMOH-
HOrO CbIpbsi, XBOCTOB OOOralleHns 1 NpoayKTOB
rMopoMeTanypruyeckoro nepegena nmeet 60sb-
oe 3HavyeHue gna Bcen Tepputopun MypmaH-
CKOU 061aCTW C TOYKWN 3PEHUS KOO U NoJyye-
HUS AOMNONHUTENbHbIX NMPOMBbILLUAEHHbBIX NPOAYKTOB
npu pa3paboTke KOPEHHbLIX MECTOPOXAEHNN pe-
rmoHa. B cBA3M C 9TMM NPOrHO3UPYIOTCH HOBbIE
rOPU3OHTbI MPUMEHEHUS TOPHOA06bLIBAOLLNX MNPO-
M3BOACTB.

Pecny6nuka Kapenua. Paspab6otka KocTo-
MYKLLCKOro  >Xene3opygHoro  MeCTOpPOXAeHUs
Ha TeppuTopun Pecnybnuku Kapenus BepeTtcs
OTKPbITbIM crnocobom. Kpome fobbl4m MarHeTuTo-
BbIX KBApUWUTOB, SIBASIOLLMXCS OCHOBHbIM MOSE3-
HbIM MCKOMAaeMbIM MECTOPOXAEHUS, U3 HEeAp U3-
BfiekaeTcs B 2—3 pa3a 60/iblie pasnyHbIX Nopoa,
KOTOpbIE MOYTM MOMIHOCTbIO OTNPABASAIOTCS B OT-
Basibl, rae 6eCCUCTEMHO CMELLUNBAIOTCS U TEPSIOT
3Ha4YeHMEe Kak BOSMOXHOE MUHEPAsTbHOE ChIpbe.

OTBanbl 1 XBOCTOXpaHUmLLLa KOCTOMYKLLCKOrO
OKa 3aHuMatoT 0OLIMpPHbIE MAOLWAAN, Ha UX CO-
AepXaHue npenyCMOTPEHbI 3HAYUTENbHbIE CPe-
cTBa. KoMnnekcHoe reofiorm4eckoe n TEXHONOru-

yeckoe Mn3yyeHme BCKPbILWHbIX MOpOoA nokasasno,
4yTO 6OJbLLAA YACTb UX MOXET HANTUN MPUMEHEHNE
B KayeCcTBe CTPOUTEJIbHbIX MaTepuasoB U TeX-
HOJIOMMYECKOr0 ChipbA Pa3/IMYHOr0 Ha3Ha4yeHus
[BekpbiwHbie..., 1983; MuHepanbHO-CbipbeBasg. ..,
2006].

Hanbonbluyto LEHHOCTb M3 Mopond, OTHECEH-
HbIX K BCKPbILUHbIM, NMPEeacTaBnsioT renndnmHTbl
(kBapL-anbOUTOBbLIE MOPOAbI PUONNT-OALMUTOBO-
ro coctaBa) HaTpPMeBOW N KanneBON pas3HOBUA-
HoCcTen U nnarnonopdupsl. HaTpuesas pasHo-
BUOHOCTb cocTaBnseT 6onee 90 %. 3anackl aTnX
KBapLNOJSIEBOLUNATOBLIX MOPOA TOJSIbKO B npeae-
nlax KOHTypa LleHTpanbHOro kapbepa, No OpueHTU-
POBOYHOMY noacyeTy, npesbiwatoT 250 MAH TOHH
[MuHepanbHO-cbipbeBas..., 2006].

WHcTtutyTOoM reonorum KapHL, PAH u mHoru-
MU OPYrMU OpraHn3aumaMmn m npeanpuaTnsamm
Ha OCHOBaHUU MPOBELEHHbIX MOJSYNPOMbILLIEH-
HbIX 1 N1abopPaTOPHbIX TEXHOJIOMMYECKMX UCCneao-
BaHWI nokasaHo, 4To resnedpnnHTa 6es3 oboratie-
HUS 1 oboralleHHas MOXeT ObITb MUCMOoJsib30BaHa
BO MHOTIMX HanpaBneHMaX NPOMbILLIEHHbIX NPON3-
BOACTB [BckpbiwHbie..., 1983]. NennednuHThl Ka-
JIMEBbIE MOTYT MCMOJIb30BATLCS B MPOW3BOACTBE
TOHKOW KEPaMWUKN — XO3ANCTBEHHOI0, XyOO0XECT-
BEHHOro dapdopa, B 3/IeKTPOU30NIATOPaxX U opy-
rmx obnactax. FennednuHTLl HaTpUeBble NPUroa-
Hbl 019 CAHUTAPHO-TEXHNYECKOMN KepamMuku, cTe-
Kna, rnasypu, amanen, abpa3vBoB U T. 1.

B cooTtBeTcTBMN C TexHmnyeckmm 3agaHnem Ul
KapHL, PAH npoBen oOueHKY BAUAHUS Gusnye-
CKOr0 M XMMMYECKOrO BbIBETPMBAHUS HA CBOWCT-
Ba N COXPaAHHOCTb MUHEPAOB JiexasblX OTBaJIOB
YynnHO-J10yXCcKOro ropHOMPOMBbILLIEHHOIO paw-
OHa 1 gan TeXHOJNIONMYEeCKyo OLUeHKy oboratmmo-
CTW KPYNMHOKYCKOBOIO KBapLLEBOIro 1 rnosiesoLuna-
TOBOrO Cblpbsi C UCMOJIb3OBAHNEM COBPEMEHHbIX
MeToa0B 1 060pyaoBaHus, Bbinyckaemoro B Poc-
cun u 3a pybexxom. OgHMM 13 pe3yNbTaToB CTaso
Hay4YHoe 0OOCHOBaHMe noTeHumana reopecypcos
oTBanoB cnogsaHbix nermatutoB OKa «Kapen-
cnoga» ¢ pas3paboTkoi pekoMeHAaumin Mno ux
KOMIMJIEKCHOMY MCMONb30BaHMIO. Takasa paspa-
©0TKa BbIMOJIHEHA NPUMEHUTESIbHO B NEepPBYIO o4e-
penb K OTBasaM HblHE HEAENCTBYIOLLNX PYOHUKOB
«[lnotnHa» n «ManuHoBas Bapakka». dmMnmpuye-
ckon 6a30ii aTUX NccnenoBaHnii NOCNYXUNW OaH-
Hble OpUUMaNbHON CTAaTUCTUYECKOW OTYETHOCTMU
O COCTOSIHUMN N UCMONb30BAHUMN TEXHOIEHHbIX OT-
Banos OKa «Kapencnioga» npoMbILLNEHHOCTbIO,
a Takxke pakTn4eckmni matepuman o OesaTeNbHOCTU
npeanpuaTus M OaHHble MO OUEHKE PecypCHO-
ro noreHuymana oreanoB [MuHepanbHoe..., 1991;
LWunnuos v gp., 2014].

OTtBasnbl 0OTPaAbOTaHHbIX KPYMHbLIX MECTOPOXae-
HW 3TOrO pamoHa CkagmMpoBaHbl HA AHEBHYIO MNO-
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Cratnctmyeckme gaHHbIe Mo 0TX0AaM FOPHOMPOMBILLIEHHBIX MPON3BOACTB MypmaHCKom obnacTtu
Statistical data on the mining waste in the Murmansk Region

Mpennpuatne
Enterprise

O6beMbl 0TX040B, MNH M3
Waste volume,
min m?

Bcero
Total

B T.4.2018 rog
Including 2018

MaTepuan oTxon0B
Waste materials

OO6bEeMbI OTXO-
noB, MiH M®
Waste volume,
min m?

BT. 4.
2018 ron
Including
2018

Bcero
Total

MpumevaHve
Note

AO «Konbckas
TMK»
JSC Kola MMC

496,2 He pasmewanacb

Not located

BckpblLHbIE MOpoAab
Overburden

23,8 0,07

[na cOBCTBEHHbIX HYX]I,.

B kauyecTBe 3aknazkum otpa-
60TaHHOIO NPOCTPaHCTBa
For its own needs. For filling
the worked-out area

115,2 2,1

XBOCTbI 06orateHms
Concentration
tailings

9,2 0,6

[ns cTtpouTenscTea Aam-
Obl XBOCTOXpaHUMLLA
For building a tailing dam

AO «AnaTtut»
JSC Apatit

584 14,6

BcKpbILWHbBIE MOPOAbI
Overburden

16,4 0,091

[lna cobCTBEHHbIX HYX A, 3a-
CbiMnka KapbepoB (BHYTPEH-
HUI OTBan), NPON3BOACTBO
webHs. Npegnonaraetcs
panbHenLee ncnonb30BaHne
BCKPBbILLHbIX MOPOS, A5 MPO-
N3BOACTBA LLEOHS 1 OTChIMNKM
nambbl XBOCTOXpaHUANLLA
For its own needs. Back-
filling the quarries (internal
dump), crushed stone pro-
duction. The further use

of overburden for producing
crushed stone and dumping
a tailings dam is expected

480 9,4

XBOCTbI 06oraieHus
Concentration
tailings

9,5 1,25

Moaceinka popor n ong
COBCTBEHHbIX HYX[,
Filling the roads and for
its own needs

AO «OnKoH»
JSC Olkon

584 14,6

BckpbilwHble nopoapi
Overburden

16,4 0,091

[lna co6CTBEHHBIX HYXA,. 3a-
CblMNka KapbepoB (BHYTPEH-
HWI OTBaJ), NPON3BOACTBO
LwebHs. Npennonaraetcs
[anbHelilee NCnoJib30BaHne
BCKPbILLIHbIX MOPOS, A5 PO-
N3BOACTBA LLEOHS 1 OTChINKK
nambbl XBOCTOXpaHUANLLA
For its own needs. Back-
filling the quarries (internal
dump), crushed stone pro-
duction. The further use

of overburden for producing
crushed stone and dumping
a tailings dam is expected

480 9,4

XBOCThI 06oraieHus
Concentration
tailings

9,5 1,25

Moackinka gopor u ons
COBCTBEHHbIX HYX[,
Filling the roads and for
its own needs

AO «KoBpopckuii
OK>»
JSC Kovdor MPP

355,3 13,0

BckpblilHbIE NOpoabl
Overburden

33,4 0,5

Jna COBCTBEHHbIX HYX[, —
noacoinka gopor

For its own needs -

filling the roads

213,3 7,6

XBOCTbI 060ratLleHums
Concentration
tailings

CknagupytoTcs, B oOTOANEH-
HOW NepcrnekTuBe BO3MOXHO
MCMNOJ/Ib30BAHME KaK TEXHO-
rEHHOro MECTOPOXAEHUNS
Warehousing; in the long
term, possible use as

a technogenic deposit
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OkoH4aHue Tabi.
Table (continued)

AO «CeBepo-3a- 58 9,0 BckpbliwHble nopoab! | 2,3 0,4 Jns npon3BoacTea 3akna-
nagHas docdop- Overburden [OYHBIX MaTepuanos n 3aby-
Hasi KoMnaHus» TOBKM FOPHbIX BbIPAGOTOK
JSC North-Western For producing backfill materi-
Phosphorous als and backfilling the mines
Company 0,001 0 XBOCTbI 060raLLeHus | 0 0 -

Concentration

tailings
000 «JloBo- 0,9 0,01 BckpbiwHble nopoapl | 0 0 B HacTosiee Bpems
3epckuin FTOK» Overburden He MCMNosb3yoTCs
LC Lovozero MPP 94 002 XBOGTbI 0GorateHs | 0 0 Not currently used

Concentration

tailings

BEPXHOCTb, HeobxoammMbl KOHKPETHbIe OeNCTBUS
Nno aTanHom oTpaboTKe OTAEsbHbIX OTBa/IOB OblB-
wmnx pygHukos. B aTom cnydae npowsBogmTerb-
HOCTb NpeanpusaTUs NO rOpPHOM Macce paccma-
TpuBaeTca Ha ypoBHe 45-50 ThIC. T/roa.

AocTmkeHnsa n npo6semMbl MPUMEHEHNS
OTXOA,0B rOPHOMNPOMbILLIEHHOI0
npPon3BOACTBA Ha NPUMeEpPeE LYHMMTOBbIX
MEeCTOPOXAEHUN 3a0HEXCKOro NosyocTpoBsa
Ha Tepputopumn Kapenun

OTUMKM KOMMIEKCaMM CNOXEHbI HECKObKO Ae-
CATKOB MECTOPOXAEHUN  YrnepoaconepXxalimx
nopon OHeXCKOoM naneonpoTepoO30MCKON CTPYK-
Typbl C MPOrHO3HbIMK pecypcamn Bonee 4 Mmapg,
TOHH yrnepoaa, u NPMypoYeHbl OHY NPENMYLLECT-
BEHHO K 00pa30BaHNAM NIOANKOBUINCKOM CUCTEMBI
C HUXXHEN BO3PACTHOM rpaHuuen 2,1 mnpa ner.

LLyHrnToBble nopoabl — yrnepoacoaepxalime
obpasoBaHua Kapenuu, aBnsioTcs npupogHbIMU
KOMMO3WLUMOHHBLIMK  MaTepuanamu, copepxa-
WMMWN YrNepoancToe BELLEeCTBO U MUHepasbHble
KOMMOHEHTbI C COCTaBOM OT KPEMHUCTOro, asto-
MOCWJINKATHOro 1 KapOoHaTHOro A0 CMeELUaHHOo-
ro. OHM OTHOCATCS K KNaccy yrinepoacoaepxaLimx
nopoa, Pasin4yarLLmXcs No COAEPXaAHUIO yrnepo-
ha 1 pasHoobpasnto MuHepanoB. LLUyHruT (LwyH-
rMTOBOE BELLECTBO) Onpefensercs Kak yHuKasb-
HbI1 NPUPOLHbLIA YrNepon, HEKPUCTaIMYECKUNA,
HerpaduTnpyembiii, dynnepeHonogodHbin. YHU-
Ka/IbHOCTb LUYHIMTa MNPOSBISETCH Ha PassinyHbIX
CTPYKTYPHO-BELLECTBEHHbIX YPOBHAX: HaaMoOne-
KYNAPHOM, MOJIEKYNIAPHOM, 3JIEKTPOHHO-3HEpre-
TUYECKOM, CTPYKTYPHO-PUINYECKOM U Teosoro-
reHeTn4eckom (napareHetnyeckom) [KanuHuH,
Kosanesckuii, 2013].

B HacTosee BpeMsi 060CHOBaHO BblaefieHne
KpPYMHeWnLero B MMpe pyaHoro rnong ¢ Asyms oein-
CTBYOLWMMN Kapbepamun (3axormHo n MakcoBo)
[MuHepanbHO-cbipbeBas..., 2006].

B 3aBMCHMMOCTU OT NPUPOAHLIX TUMOB N COPTOB
LUYHIMTOBbLIX MOPOA onpenensTcs obnactn ux
npuMeHeHuns [KanuHuH n gp., 2008; Kovalevsky,
Shchiptsov, 2019].

CTpykTypa 1M CBOWCTBA B LEIOM LLUYHIUTOBOW
nopoAbl XxapakrepusytT 3PeKTUBHOCTb €e UC-
NOJSIb30BaHNA B OKUCJIUTENIbHO-BOCCTAHOBUTESIb-
HbIX Npoueccax: B JOMEHHOM MpPOou3BOACTBE JIN-
TelrHbIX (BbICOKOKPEMHUCTbIX) YYyryHOB; NPOU3BO/-
cTBe ¢peppocnnaBos, xentoro pocdopa, kapbuga
N HUTPULHOIO KPEMHUS; KakK YNPOYHAIOLWMA KOM-
MOHEHT XeNIOOHbIX MacC; Kak HaroJIHUTENb NPOTU-
BOMPUrapHbIX KPaCOK.

CopbLuUMOHHbIE, KaTalMTUYECKMEe N BOCCTaHO-
BUTEJIbHblE CBOWCTBA LUYHIMTOBbLIX MOPOS, NO3BO-
NFI0T UX UCMONIb30BaTb: B MNOATOTOBKE MUTHEBOW
BOAbl BbICOKOrO KayecTBa B MPOTO4YHbLIX CUCTe-
Max JSiobon NMpomn3BOAUTENBHOCTU, B KOJioAuax;
B OYUCTKE FOPOACKMX ObITOBBIX, MPOMbILLIEHHbIX
CTOKOB OT MHOIMX BPeHbIX BELLECTB; B NOArOTOB-
Ke BoApl 6accenHoB; B Noarotoske Boabl TOLL; npwu
M3roTOBJIEHUN 3NEKTPONPOBOAHOW KPACKW; 3seK-
TPOMNPOBOAHbLIX OETOHOB, KMPMUYEN; 3NEKTPOMNpPO-
BOAHbIX LUTYKATYPHbIX N KNaOO4HbIX PaCTBOPOB;
3JIEKTPONPOBOAHbLIX aCcPasibTOB; & TAKXe B LUYHIM-
TOBOW Tepanuu.

Ha wyHrMToBoM HanosHUTeNe co3naHbl CTPO-
uTenbHble Matepuanbl, N0 @U3NKO-MexaHnye-
CKMM CBOWCTBAM He ycTynatoLime TPpaanuLUMOHHbIM,
HO CMOCoOHbIE 3PPEKTUBHO 3KPAHMPOBATbL 3J1EK-
TPOMarHUTHbIE U3Ty4EHUSA BbICOKUX YAaCTOT, BpeL-
Hble 0N 34,0P0BbS YesloBeKa.

[Mpy TOHKOM MOMOJIE WYHIUTLI MOTYT UCMOJb-
30BaTbCs B MOPOLUKaAX-CMECsX C JIt0ObIMU CBA3Y-
IOLLIMMU OPraHNYeCKor 1 HeopraHn4Yeckom nNpupo-
[Obl, 4TO AaeT BO3MOXHOCTb UX MPUMEHEHUS B Ka-
yeCTBe: YEePHOro NUrMeHTa Kpacok Ha pasfiMyHOMn
OCHOBE (MachsiHbIX U BOLHbIX); HANOJIHUTENS MNO-
JIMMEPHbLIX MaTtepunanos (MNOAN3TUIEeHa, NONUMNPo-
nunexHa, groponnacTa v Np.); 3ameHuTens 6enon
caxu v Texyriepona B coctaBe pe3uH. [Nepepa-
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OOTaHHbIN (MOANDULMPOBAHHbLIN) LUIYHIUT ABNS-
eTcsa apPeKTMBHOM KOPMOBOM A0OaBKOW, KOTOpast
ynydwaeT nuviesapeHne y KOpoB, CeJIbCKOX03AM-
CTBEHHOV NTULbl N CBUHEN C MCMNOJIb30BAHWEM
npebuoTtmnyeckoro adpdpekta MoandULMPOBAHHO-
ro WyHrmTa n copbumm HenoNSIPHbIX N NOASPHbLIX
MUWKOTOKCVHOB.

JaH cTapT npoekTy B pamMkax nNpurpaHmuyHoro
cOoTpygHM4yecTBa no nporpamme «South-East Fin-
land — Russia CBC 2014-2020» «Innovative Natural
Solutions of Shungite & EM-technology for Water
Purification» (SHEM-WP). MapTHepamMn npoekTa
BbICTynalT Jkonornyeckoe Owpo r. Jlanneew-
paHTa (Beaywun napTtHep); JlanneeHpaHTCKuin
TexHosiormyeckmin yHueepcutet (LUT); TTYN CP
«MwuHepan» (r. Cankt-MNeTtepbypr) u Ul KapHL,
PAH (r. NeTtpo3asoack). Bazoson naeen anaeT-
Cs coeMHeHne OBYX KOMMOHEHTOB — TEXHOJI0MMMU
OYMCTKM Ha OCHOBE OENCTBUA MUKPOOPraHM3MOB
M LYHITMTOBBLIX MOPOL N TECTUPOBaHWE WX COB-
MeCTHOro agddekrta B pasHbIX YCIOBUAX. TecCTbl
HaMe4yeHbl B OBYX paroHax JlanneeHpaHTbl U ye-
Thipex panoHax CaHkT-lNeTepbypra. MIHHOBaLMOH-
Hble NPUPOAHbIE PELUEeHNd 19 O4NCTKU BOAbI OCY-
LLEeCTBASIOTCS HA OCHOBE TexHonornn SHEM-WP.
Bup 3arpssHutens onpegensieT Bolbop LYHIMTO-
BOM MopoAbl U MUKPOOPraHn3moB. LUyHruToBble
nopoabl copbupyoT MUKPOOPraHn3mbl, 06e3Bpe-
XMBAKOT U YTUNN3UPYIOT.

PesynbTaTbl NOMCKOBLIX M MOUCKOBO-OLLEHOY-
HblX PaboT Ha LWYHrMTOBbIE MOPOAbl MO3BONAT
Cco34aTb COBPEMEHHYIO Kiaccudukaumio reoso-
rO-MPOMBILLAIEHHBIX TUMOB LUYHIUTOBbLIX MOPOA,
onpenennte Hambonee nepcnekTuBHbIE Y4acT-
KW 3afieraHns LYHrMTOBbLIX MOPOL No4, KOHKPeT-
Hble Hanpas/ieHNs ero ucnonb3osaHus. Mo cytwy,
OCYLUECTB/IEHNE MNaHUpyeMbix paboT npuee-
net K 3pPEKTUBHOMY BJIOXEHUIO 3aTpavyeHHbIX
CpeacTB B CTOMMOCTb Oyaywmx MecTopoxnie-
HUA N Pa3BUTME MHHOBALMOHHBIX NOAXOA0B B UC-
NOJSIb30BAaHMN  YHUKASIbHOIO  Yrepoacoaepxa-
wero cbipbss Poccumn [Kovalevsky, Shchiptsov,
2019].

3aknioyeHue

Skonoruyeckas goktpuHa Poccuiickon depne-
paumn onpenenseT Luenu, HanpaenieHus, 3aaadu
1 NpuHUMNbl NnpoBeaeHus B Poccuiickoin depepa-
LMW1 eauHOW rocyaapCTBEHHOM NMonMTnkK B obna-
CTM 3KONOrMN Ha OONIrOCPOYHLIA nepuoa [OKono-
rnyeckas..., 2002].

KoHKpeTnsauus rnosoXxeHnn HacToswero no-
KyMEHTa MPUMEHUTENBbHO K OTAENbHbIM chepam
nesaTensHocTM obulecTsa M rocygapcrea U 0Co-
OEHHOCTSIM NPOBEAEHNSA TOCYAAPCTBEHHOW Non-
TUKM B 0061aCTN 3KOJIOMMN MO Pa3NyHbIM CyObek-

Tam Poccuiickoli @egepaumm MoOXeT OblTb OCY-
LecTBieHa Npu pa3paboTke NporpaMmm pPasBuUTUS
cybbekToB Poccuiickoit depepaumm n oTpachnen
3KOHOMUKMN.

B moKymMeHTe yka3blBaeTCcs Ha He0OXOAMMOCTb
OCYLLECTBJIEHNS CNeaylLmnX MeponpuaTmin [9ko-
normnyeckas..., 2002]: (1) cosepLueHCTBOBaHME
MexXaHM3MOB NPUPOAON0JIb30BaAHUS C YY4€TOM 3a-
[ay coxpaHeHusd 1 BOCNPOU3BOACTBA NPUPOLHOWN
cpenbl; (2) MakCMMasnbHO MOJIHOE NCMOJIb30BaHME
N3BJIEYEHHbIX MONE3HbIX MCKonaemsblx; (3) mMu-
HUMM3aLMa OTXOLOB NMpu ux gobblye 1 nepepa-
6oTke; (4) MmHMMM3auusa yuiepba, HaHOCUMOIO
npPUPOOHONM cpede npu passBenke M Oobblye Mno-
JNIe3HbIX UCKOMaeMmblx; (5) pekynbTueaunsa 3emenb,
HapyLleHHbIX B pe3ynbTaTe pa3paboTky MecTo-
POXAEHNN NONE3HbIX Uckonaemblx; (6) nukeuaa-
LM UK KOHCcepBauus 0ObekTOB BEAEHNS TOPHbIX
paboT MO UCTEeYEeHUM cpoka AEeNCTBUS NULLEH3UN
WM Npyv 4OCPOYHOM MNpeKpaLLeHUn Nosib30BaHUA
Hegpamu.

LLlarom Bnepen MOXeT cTaTb CO34aHue Ha Ka-
XO0M npegnpuatun «MIHHOBaLMOHHOW nporpam-
Mbl ONTUMU3ALUM MPOU3BOACTBA», KOTOpas npu-
3BaHa peWwuTb T[OPHOTEXHUYECKNE, SKOHOMMU-
yeckme, 3KOJIOrMYeckue, couuvasbHble 3aaayu,
NPOBECTU MOLEPHU3ALMIO MEHeOXMeHTa, ornpe-
0ennTbCsd C OTHEeCEHMEM [oJlydyaemMoro nonyr-
HOrO0 MMWHEPANIbHONO CbIPbA K MPOMMPOAYKTaAM
n oTxogam npomnssoactea. OHa JOSKHA BKIOYATh
OCHOBY MPUMEHEHUA KOMIJIEKCHBIX MHXEHEPHbIX
peLleHnin, KOTopble AOMOJIHAT, CKOPPEKTUPYIOT
TexHoornyeckme NpPoLeccsl, 4aayT BO3MOXHOCTb
BOBJIEYEHMS B NepepaboTky NPOMEXYTOYHbIX NPOo-
OYKTOB MPOMBbILLIEHHOIO NPOM3BOACTBA B LENAx
DOWV3BEYEHMS MONIe3HOro nckonaemoro 6e3 yse-
nnyeHus nnatexert no HAMNW (HopmaTuBHbIE NO-
Tepwn), KOMMAEKCHOro OCBOEHUSI MECTOPOXAEHWNN
NMosie3HbIX WUCKOMaeMbIX M y4TYyT HeoOX0OMMOCTb
CO30aHus Hagnexawen OesioBOr KynbTypbl Mpo-
M3BOACTBA.

BHenpeHve UMPKYNApHOM 3KOHOMUKKM — KOrga
0TX04bl OQHOr0 NMPOM3BOACTBA ABSIOTCH ChlpbeM
ON19 Apyroro — no3sosinT pauroHanibHO OTHOCUTb-
CSl K JaHHbIM Npupoaor GoratcTeam 1M NpuBeaeT
K YJTY4LLEHUIO 9KOJIOrMYECKON CUTyaumu.

Mop armpon PermoHanbHoro coseta bapeH-
uesa/EBpoapktnyeckoro pernoHa (CBEP) Takum
opraHuzaumam, kak HIN «fopHONpOMbILNEHHNKN
Poccun», UL, KHL, PAH, ®ULL KapHL, PAH, a Tak-
Xe BCeEM NPOPUIIbHLIM Hay4YHO-uUCClefoBaTe b-
CKUM MHCTUTYTaM Mpuv nognep>xke rnpaBuUTesbCTB
MypmaHckoin obnactm n Pecnybnukn Kapenus
N COOENCTBUN KPYMHbIX NPEeanpUAaTUin MUHepasb-
HO-CbIPbEBOr0 KoMriekca HeobXxoaMMO co3aaTb
MeXBELOMCTBEHHbIN KOMUTET A1 OTCIEXUBAHUSA
1 Noanep>XKu MHHOBALMOHHO-MNPOrPeCcCUBHbIX Me-
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TOOOB N OTKPbITUIA, CNOCOBCTBYIOLLMX YIYHLLIEHUIO
39KONOrvn B HaLLEN CTPaHe U KOHKPeTHO B Kapeno-
Konbckom pervoxe.
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XPOHUKA

MEXAOYHAPOOHAA KOH®EPEHLUNA MO 3KJIOFTUTAM
BMEPBbIE NMPOLUJIA B POCCUN
(NMeTpo3aBoack, 24—27 uioHa 2019r.)

Netom 2019 r. B lNeTposaBoacke (Kapenus)
cocTtosnack 13- mexayHapoaHas KOHdepeHums
no aknorutam (13-1EC). KoHdepeHuua Bxoaut
B YNCNO PEryNspHbIX MEXAYHAPOAHbIX MEPONPUS-
TUIA, KOTOPbIE COOMPAatOT BEAYLLMX CMEeLmanmcToB,

M3yyamwmx MeTamopduU3M BbICOKMX WU CBEpX-
BbICOKMX [OaBfIeHW, U OHa BrepBble npoxoawna
B Poccuun. Ee nposeneHmne B Hallem pervoHe 03-
HayaeT MnpuU3HaHME OTKPbITUS [AOKEMOPUNCKNX
aknorntoB B bBbenomopckoin npoBuHUMK DeH-
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Ynenbl OpraHusaumoHHoro komuteta 13-IEC (cnesa HanpaBo): npod. A.J1.Mepuyk, akagemuk B. C. LUauknii,
npod. A. . CnabyHoB. CnpaBa — cteHp, ¢ ambnemoit 13-1EC, npuaymaHHon yyeHbiM cekpeTapem A. B. MNMunuvubiHOM

HOCKaHOMHABCKOro wmta' n npopomxkarwmincs
OONbLLON MHTEpPEeC CneumanncToB K 3TOMY YHU-
KasibHOMY OO BLEKTY.

MpaBo nposeneHns 13-IEC B Poccuum 6bino
noareepxaeHo KoopAvHaUMOHHBIM - KOMUTETOM
Nno opraHmM3auunm KOHMEepeHUUA Mo 3KIormtam
(International Eclogite Conference Coordination
Committee (IECCC)) B 2017 roay B LLBeunu, no-
cne o0CyXaeHUs 3asBKM, NMOArOTOBJIEHHOW u4ne-
Hamu Oyayuwero OpraHM3auMOHHOrO KOMMUTETA.
Ha noarotoBky 3TOr0 BaXXHOrO MEPONPUATUSA OT-
BOAMNOCH ABa roga. OpraHn3auyoHHbIA KOMUTET
13-IEC, B cocTtaB KOTOpPOro BXOOAMAN aKagemumk
PAH (c Hosi6ps 2019 r.) B. C. Wauxuin (Hoeocu-
oupck) — npeacenartenb, npodeccopa A. J1. MNMep-
yyk (MockBa) 1 A. V. CnabyHoB ([NeTpo3aBoack) —
3amecTtutenn npepcepartend, A. B. MNMunvubiHa

" Bonognues O. W., CnabyHoB A. U., Bubukosa E. B., KoHu-
nos A. H., KyseHko T. N. Apxeickne aknorntel Benomopckoro
noaguxHoro nosica, bantuitckuii wmt // Metponorus. 2004.
T.12, N2 6. C. 609-631.

Lnnanckuin A. A., KoHnnos A. H., MuHu, M. B., OokykuHa K. A.,
Cokonukosa C. lO. N'eognHammka GOpPMUPOBaHNS PaHHE KOH-
TUHEHTaNIbHOM KOpbl B CBETE OTKPbITUS apXeMCKMUX 3KIOrnToB
B Benomopckom nogsuxHom nosice, Konbckuin nonyoctpos //
TekToHMKa 3eMHOM Kopbl 1 MaHTun: Matepuasbl XXXVIII TeKToHu-
yeckoro cosellarHma. T. 2. M.: TEOC, 2005. C. 389-392.

(MockBa) — y4yeHbIn cekpeTapb, a Takxke CO34aH-
Hbl/i 9KCKYPCWOHHbIA komuteT (A. U. CnabyHoB
(MeTtpozaBoack), B.B. BbanaraHckuin (AnaTtuTbl)
n A.A. lLlmnaHckuin (MockBa)) coenanu 3a 3ToT
nepuog Bce Heobxoaumoe AN NPOBeAeHUs ero
Ha BbICOKOM YypOBHe. Paboyunm A3bIkoM KOHbe-
peHunn Obln aHrnuncknii. PrHaHCOBYIO 1 opra-
HU3ALMOHHYIO NMOAAEPXKKY KOHDEePEeHUNN oKkasanu
MUWHMCTEPCTBO Haykum M BbiCLIEro o0OpasoBaHus
PD, ®UL, «Kapenbckuin HayyHbln LeHTp PAH»,
WHcTuTyT reonorum KapHU, PAH, "'eonoruyecknii
MHCTUTYT KONbCKOro Hay4yHoro ueHtpa PAH, eo-
nornyeckmin UHCTUTYT PAH.

B 13-1EC npuHanu ydactue 117 yyeHbix 3 bpa-
3unun, BenukobputaHun, [epmaHun, Wtanuu,
Kutaa, Hupepnangos, lMonbwn, Poccuun, CLUA,
dpaHumn, Yexmn, Leeuun, AnoHnn. Ha nneHap-
HbIX 3acefaHunsIX 3aCyLaHo 55 YCTHbIX J0OK1a40B,
cpean KOTopbiX LWecTb — 0630pHbIe, caefaHHble
NPU3HaHHLIMW B MUpPE 3kcnepTamu B 061acTtu
M3y4yeHna NopoL 3KIOrMToBon dauum meTamop-
dmnama. Kpome T0ro, y4aCTHUKM UMENN BO3MOX-
HOCTb 06CcyauTb 38 cTeHO0BbIX AoknanoB. OaHako
B KOH®EpPEeHUMIO OblI0 BOBIEYEHO 3HAYUNTESIBHO
6osbLLIE YyYeHbIX, Tak Kak aBTopaMu JoKNafoB, 3a-
CNYLUAHHbIX HA HEW, ABASnMCb 264 nccneposare-
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naBHble nomouHukn OprkomuTeTa 13-1EC Ha cTeHnoBoi ceccum koHdepeHummn (cnesa Hanpaso): U. A. TopbyHoB
(T KHL, PAH, AnatuTbl), O. A. Makcumos, H. C. Hecteposa (L' KapHL, PAH, MeTtposasoack), M. 0. Cnagopos,
T. B. KaptywwuHckaa (T’ KHL, PAH, AnatnTtbl)

Nexumsa npod. B. B. banaraHckoro (' KHL, PAH, AnatuTbl) Ha aknorutax o. Ctonéuxa
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A. A. WunaHcknii (TMH PAH, Mocksa) oTBeyaeT Ha Bonpoc npod. B. LLeHka (FTepmaHns) BO BpeMS 3KCKypPCUn Ha Ka-
pbep Kypy-Baapa

nsa u3 24 ctpaH mupa. Mo pedynbtatam ¢popyma
NOAroTOBJIEHbl U N3JaHbI MaTepuasibl KOHOEPEeH-
uMn (Te3ncbl A0KNaA0B)!, 3a 4TO OTBEYas HAay4YHbIN
KOMUTET KOHpEpeHUMU, BOIrNaBnsembii npood.
L. Ménnep (Charlotte Moéller) us Leeuun — Mpe-
3upgeHToMm IECCC (go 27 niona 2019 r.).

BaxHoOn 4acTblo KOHMEpeHUUn SABNSIUCL Ha-
y4Hble 3KCKypcuu Ha cesep Kapenuu (c. Npuan-
HO) 1 tor MypmaHckoi obnactu (p-Hel Canmbl, Ky-
py-Baapa), roe HaxogaTca Hamboriee M3y4eHHble
B HacTosilLee BpemMs O0KeMOpuinckme 3KIornTbl.
B akckypcusix npuHsann ydactue 88 uccnepoa-
Tenen, KOTOpble Ha MNPOTSXEHUN 4YeTblpex OHen
nobeiBann Ha octpoBax Ctonbuxa, W3bHas Jlyna
n BopoTtHas Jlyna Benoro mops, Ha kapbepe Kypy-
Baapa n B p-He Canmsbl (03. BabuHckas Mimanapa),
roe CMOrivM no3HakoOMUTbCH C aknorutamm beno-
MOpbsi. OKCKYpPCUM OblNn OpraHnM3oBaHbl 1 NpoBe-

" Abstract Volume of the 13th International Eclogite Conference
/ C. Mattinson, D. Castelli, S. W. Faryad, J. Gilotti, G. Godard,
A. Perchuk, D. Rubatto, H.-P. Schertl, T. Tsujimori, Y.-F. Zheng
(Eds.). Petrozavodsk: KarRC RAS, 2019. 104 p.

OeHbl ydeHbiMu NHcTuTtyTa reonorum KapHLU, PAH
(MeTpo3aBoack), Meonornyeckoro nHctutyTa KHL,
PAH (Anatutbl) 1 'eonornyeckoro nHctutyta PAH
(Mocksa). Bnarogaps nx ycunmsam m nog, arngom
9KCKYPCUOHHOIr0 KOMUTETA ObIN MOArOTOBJIEH NyTE-
BOOMUTE/Ib Hay4HbIX 3KCKypcuin «Early Precambrian
Eclogites of the Belomorian Province, Fennoscan-
dian Shield»2. Kpome Toro, cotpyaHuku U KapHL],
PAH (C. A.CgeToB, [1.B. MegseneB) no npocbbe
yyacTHuKkoB 13-1EC opraHmsoBanu 1 npoBENn O4HO-
OHEBHYIO Hay4HYl0 3KCKypcuio «Precambrian rocks
of the Karelian Craton, Fennoscandian Shield».
MHororpaHHyo opraHvM3auyoOHHY0 NOAAEPXKKY IKC-
KypCuin 1 KOHDEPEHLMN B LLESIOM OKasasa TypuUcTu-
yeckas pupma «Karelika» (MeTposaBoack), kotopas
obecneunna Tennbli npuem ydactHukoB 13-IEC
Ha BCex mMapLupyTtax ux cnegosaHusa ot CaHkT-le-
Tepbypra oo MNMeTtposasoacka, MpuanHo v ganee.

2 Early Precambrian Eclogites of the Belomorian Province,
Fennoscandian Shield. Field Guidebook / A.l. Slabunov,
V. V. Balagansky, A.A.Shchipansky (Eds.). Petrozavodsk:
KarRC RAS, 2019. 81 p.
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Ha uepemoHnn 3akpbitnsa 13-1EC maHTns Mpe-
3upgeHTa IECCC nepepana LWlapnotton Ménnep
npod. B. C. LLUaukomy, a actadeTty npoBeneHus
cnepywowen, 14-ii KOHpepeHunn Mo 3KIoru-
Tam npuHana dpaHuma. Meponpustue nponget
B 2022 rogy B lMapuxe. «Bienvenue a Paris en
2022», — ckasan B cBoen npeseHTaumn 14-1EC
npod. MactoH lNopap (Gaston Godard). Bbibop
BPEMEHM M MeCcTa cumBoaMYeH: B 1822 ropy
dpaHLy3CKMA  MUHEpPaNnor M OCHOBOMOMOXHUK

kpuctannorpadum PeHe Xioct lNaton (René-Just
Hally) BnepBble BBEN B Hay4Hbli 060POT TEPMUH
«3KNOrnT», 0003HAYNB MM HEOObLIYHYIO FOPHYIO MO~
poay, o koTopon Toraa, 200 neT Ha3ag, Mano yYTo
3HanM, HO yXe MOoHMManu, YTo oHa — n3bpaHHas,
BeOb MMEHHO Tak MOXHO NEPEBECTN CIIOBO «3KJ10-
FNT» C FPEYECKOro s3bIKa.

A. V. CnabyHoB
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IOBUJIEU U OATDI

K110-JIETUIO CO AHA POXXOEHUA
JIEOHUOA 9KOBJIEBUYA XAPUTOHOBA
(1910-1964)

B Hosbpe 2020 roma wucnonHsetca 110 net
CO [OHSA POXOEHUs OOHOr0 M3 JyYLIMX 3HATOKOB
reonormn OokemoOpuss BOCTOYHOM 4actn PeH-

HOCKaHOWHaABCKOro uwwurta, K.r.-M.H., Yy4aCTHU-

ka Benukoii OTeuyecTBeHHONM BOWHbI J1. . Xapu-
TOHOBa, BHeclwlero 60JbLION Bkiag B MNO3HAHWE
cTpaturpadum u TekToHnkn Kapeno-Konbckoro
pervoHa.

BungHbln nccneposatens reosnorun Kapenun
n Konbckoro nonyoctposa JleoHnn $AxkoBneBuy
XapuTOHOB MPOAO/IXWU Oesi0 CBOUX MNpeawecT-
BeHHuKOB [1. A. lNy3bipeBckoro, A.A. MIHocTpaH-
uesa, B. M. Tumodeera. Ha ocHoBe OrpoOMHOro
Konnyectea akTU4eCKoro marepuana MM Co-
CTaBsieHa cTpaTturpadumyeckasd cxema kapenupg
MU npensioxxeHa HOBas BepCUS TEKTOHUYECKOro
CTPOEHUs BOCTO4YHOM YacTn bantuinckoro wmra.
CornacHo JleoHnpy $kosneBudy, Kapenbckuii
n MypmMaHCKMA MacCuBbl BbICTyNann B KayecT-
BE CPeAWHHbIX MAacCWBOB B OOLUMPHOW obGnacTu
kapenug,. 9To ObI10 B TO BPEMS, KOraa B KavyecT-
BE CpPeaVHHOro mMaccuea, No MHEHWo GOJIbLUNH-
CTBa aBTOPUTETHbIX reosoros, B Kapenbckon
reocuHKIMHann BeicTynan benomopckuini 60k.
Hanpotus, no Jl. 4. XaputoHoBy, «benomopuapl
crniefnyeT paccmaTtpumBaTbh B LLEIOM Kak NepBUYHO
OPEBHIOK CTPYKTYPY C NMPUCYLLEN el TEKTOHUKOMN,
HO B MOCledyloleM OKa3aBLUYIOCH BOBJIEYEH-
HOI B KapenbCkuin oporeHes» [XaputoHos, 1966,
c. 346]. HblHe noHsATMEe «benomopcknin 610k» OT-
BEPrHyTO, @ OBLLENPUHATEIM CTan TepMUH «beno-
MOPCKMIA NOOBMXHbIM nosic». K coxaneHuto, npum
obcyxaeHumn aposnounn benomopckoro noasmk-
HOro nosica o JleoHnge $koBnesuye yrnomMuHaloT
penko, a, BEPOSiTHO, MMEHHO OH OblJl aBTOPOM
naoen o MobunbHocTn Benomopbsa. M yx To4yHO —
nepBbiM aBTOPUTETHLIM MNpOnaraHAuUCTOM 3TOM
naeu.
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CBuaeTenbcTBO 06 OKOHYAHUK JIEHVHIPaACKOro rOPHOro MHCTUTYTA

JleoHnp, AkoBneBny XapuTtoHOB poaunca 9 Ho-
A6ps 1910 ropga B oepeBHe CBATHABOMOK MaHay-
cesibrckon BonocTtu [loBeHeuKkoro yesga (HblHe
KoHponoxckuin panoH PK). Ero pogutenn, otel,
fkoB AnekcaHopoBu4, pogomM m3 CBATHABONOKA,
1 matb [Napackesa BacuneesHa, ¢ 1902 no 1926 r.
npenogasany B Ha4asibHOM CENbCKON LWKOJe, KO-
Topyto JleoHna okoHumn B 1923 rogy. 3atem oH
npogosixun y4eby B MNMeTpo3aBoacke, XUBS B UH-
TepHate. OkoH4mB geBaTuneTky B 1927 roay, Jleo-
HUA, PELUNBLUNI CTaTb reosorom, noctynun B Jle-
HUHIPAACKNA YHUBEPCUTET. BO3MOXHO, Ha BbIGOP
npodeccun NoBAMSNO0 TO OOCTOATENLCTBO, HTO
OpyromM ero otua 6bl1 Npodeccop yHMBepcuTeTa,
reosior Bnagummnp MakcumunuaHosud Tumoodees,
ypoxeHel, [NleTpo3aBoacka.

B 1929 rony CTyaeHTbl reonormyeckoro otae-
neHus 6b1n nepeBefeHbl B TOPHbLIA MHCTUTYT, KO-
TopbIn JleoHnp, Akosnesuny okoH4Ma B 1931 roay.

11 masa 1931 roga J1. 9. Xap1MTOHOB Obl1 NPUHAT
Ha paboTy B obpasoBaHHoe B 1929 roay JleHuH-
rpazckoe reonornyeckoe ynpasfieHUe Ha O0J1XK-
HOCTb nMpopaba Ha npaBax HadajbHMKa MNapPTUW.
[MepBble Wwarn ero TpyooBON AEATENbHOCTU NpU-
WIUCb Ha Ha4aso CUCTEMATUHECKOro reosiorun-
yeckoro uaydyeHus Ttepputopun CCCP. JleoHup
XapuToHOB HauyMHan paboTaTb Mo PYyKOBOACTBOM
Bnagnmmpa MakcumumnuaHoBuya TumodeeBa —
aBTOPUTETHENLIEro uccienoBartensd reonorum
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1 nosiesHblx nckonaemolix Kapenumn, coctaBmslle-
ro B 1934 rogy reonoruyeckytio kapTy Kapenuu,
Ha KOTOPOW BrepBble Obl/iv Moka3aHbl OCHOBHbIE
4yepTbl CTPYKTYpPbI Tepputopun Kapenumn.

15 anpena 1932 roga yvyeHuk Tumodeesa Mo-
nopont reonor J1. 9. XapuTOHOB Oblfl Ha3HAYeH Tex-
HopykoM KoHgonoxckon Cnacorybckoir napTtum,
a 26 mas Toro xe roga — yxe TexHopykom eTtposa-
BOACKOV reonoropa3ssenoyHont 6a3bl. Ntorm pabot
1931 1 1932 rogoB M3M0XEHbI B TPEX PYKOMUCHBIX
otyeTax o6bemom 120 cTpanuu, Bkaodaa 10 ctpa-
HUL, peKkoMeHJauun n 3anmcky «Yriamctble CnaHubl
Kak Cblpbe AJ151 NaKOKPACOYHON NPOMBILLIEHHOCTU>.

1 mona 1933 ropga JI1. 9. XapnToHOB Ha3Ha-
YyeH HadasibHUKOM LleHTpanbHO-Konbckown passe-
[Oo4YHOM cniogsHon naptum, a 13 Hos0pPS Toro xe
roga — HavdanbHUKoM OneHeoCTPOBCKOM NapTuu,
3aHMMaBLLENCA M3ydyeHnemMm KapOboHaTHbIX Mopof,
IOxHoro OneHbero ocTpoBa — Chipbs 418 MOAy-
YyeHust M3BecTu MeTomom obxura. MpousBoacT-
BEHHYIO pabOoTy OH MO CBOEW MHULMATMBE coYeTa
C Hay4YHbIMW NCCNeaoBaHNAMMN, Pe3ybTaTbl KOTO-
pbIX No3xe 6blIM onybnnkoBaHbl B Tpyaax JIeHUH-
rpagckoro reofiorM4eckoro yrnpasaeHus.

B 1934 roay JleoHng AkoBnesuy Obil HA3HAYEH
HavanbHMKOM Cero3epcko NoOMCKOBO-CbEMOYHOM
napTuun, NOay4YMn MHTEPECHbIA MaTtepuan rno reo-
normm OHexcko-Cerosepckoro Bogopasaena, co-
CTaBWJ reosiornyeckyto kapty KyMCMHCKOWM CTPYyK-




Ha nonesbix paboTtax ¢ B. M. TumodeeBbiM

Typbl (HYebuHo - lMokposckoe) n Kymuesepckomn
CTPYKTYpbI, K ceBepy oT CaTHaBonoka (1935 r.).
3a nepBble nonesble ce30Hbl JleoHna Xaputo-
HOB YCTaHOBWJI, YTO CEro3epckas U OHeXcKasi CuUcC-
TeMbl 3a5ieraloT He COrfiacHo, a pasaesieHbl CTpaTu-
rpaduyeckMM Hecornacmem, 03HaMeHOBaBLUMMCH
HaKOMJIEHNEM TOJILLM NOAVMUKTOBBLIX KOHFIOMepa-
ToB. B 1936 rogy oH Oblnl Ha3HAYeH Ha4YaNbHUKOM
TYHIyACKOM NOMCKOBO-CbEMOYHOM NapTun.

[MonyyeHHble B LleHTpansHom Kapenun matepu-
anbl Nernm B OCHOBY OMNMCaHUsS aKckKypcum Yebu-
HO — lMokpoBCKOe, NPOBEAEHHOWN A1 Y4aCTHUKOB
XVII ceccun MexayHapoOoHOro reosiorm4eckoro
KOHrpecca, npoxoauswero B8 CCCP B 1937 roay.
O71oT rop, Gbin TparuyHblM Ans ceMbu JleoHupa
flkoBneBmya: ero oTew, Obl1 apecToBaH WU CocnaH
(ymep B 1942 rony).

B mae 1937 ropa J1. . XaputoHoB paboTan Ha-
YanbHMKOM cHavana Kosposepckon, 3atem Boc-
TOo4yHO-KenBckor naptmum u 3anagHo-Kensckom
akcneouumn, OPUEHTUPOBAHHOW Ha peLleHue
npobnemMbl KMAaHUTOB — afitoMO-CUIMKATHOIO Chbl-
pbs. J1. 9. XapuToHOB nposiBna cebs Kak OnbITHbIN
M 3HEPrUYHbLINA reosior 1 OpraHM3aTtop reosioro-
CbEeMOYHbIX paboT.

Yxe B [O0BO€HHbIM nepuon J1. A. XapntoHoB
3aHANCA PacCMOTPeHVEM PyHOAMEHTalbHbIX BO-
NPOCoB cTpaturpadum U TEKTOHUKN KapPesibCKOoM
dopmaumn. Utorm npepnBoeHHbIXx paboT Obinun

cBefeHbl B ABYX MOHOrpadusx, nagaHHoix B 1938
n 1941 ropax.

B aBrycte 1941 ropa J1. 9. XapuToHOB 6bin
npu3BaH B apMUIO, FAe CIYXWU B KA4eCTBE BOEH-
HOro reosiora Ha JleHuHrpagckom n BonxosBckom
dpoHTax, a nocne nobeapl Hag epmaHunen —
Ha [JanbHeBOCTO4HOM dpoHTe. 3a yyacTue B Be-
nunkor OTe4yecTBEHHOW BOMHE OH HarpaxaeH me-
nansamm «3a 0060poHy JleHuHrpaga», «3a nobeay
Hap FepmaHuein», «3a nobeny Hag AnoHnen».

Mocne pemobunnaaumm B 1946 roay J1. A. Xa-
PUTOHOB MPUHAT HA OO/MKHOCTb CTapLUero reo-
nora B UeHTpanbHyio Kapenbckyio akcneomumio
JIeHMHrpaackoro reonorn4yeckoro  yrnpaBieHus.
B 1947-1949 rogax oH BO3rnaBnsgeT KOJJIEKTUBDI
reosioros, paboTawLmx Ha Tepputopmn Kapenuu
n Konbckoro nonyoctposa. B 1950 roay JleoHnp
FIKOBNEBMY 3alUTUA KaHAMAATCKYKD AuccepTa-
LMo No reonorum 3anagHbix Kens.

C 1953 ropa J1. 9. XapuTtoHoB paboTtan Bo BCE-
EWN B cocTtaBe TemaTmnyeckom napTum No Noaro-
ToBke XXVII Toma «MypmaHckass obnacTtb» cepumn
«["feonorna CCCP», nsganHoro B 1958 rogy. OgHo-
BPEMEHHO SBASNCSH AO0UEHTOM JIEHMHrpanckoro
YHMBEPCUTETA, CTAPLUMM HAY4YHbIM COTPYOHMKOM
MHCTUTYTa 3eMHOMN KOpbl reonorn4eckoro ¢a-
kyneteta JII'Y.

OOwupHble 3HaHUA JleoHmnaa YkoBneBuya no-
3BONMAM €MY CAENaTb MNPUHUUMMANBHO HOBbIE
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pervioHasnbHble 0000LLEHNS: OH NpULLEN K BbIBO-
Oy O TOM, YTO B Ka4eCTBEe CpPedMHHbIX MacCUBOB
B KapeJsibCKOW OpOoreHmnn BbiCTynanu Kapenbckui
1 MypmaHcKnii MmaccuBebl, a He Benomopckuii, Kak
nofnaranun gpyrune aBToOpuUTETHbIE Fe00or, pasBu-
BaBLUME TeKTOHMYeckue ngeun A. A. NonkaHosa.

B Havane 1964 ropa JleoHnp YkoBneBuy Xa-
pUTOHOB OGOPMUN  OOKTOPCKYIO AuccepTaumio
«CTpykTypa u crtpaturpadus BocToyHOM HacTtum
Bantuninckoro wurta», HO 3awuyTa He COCTOSAS1ach:
23 vioHa 1964 rona oH ymep.

3a caMOOTBEPXEHHYIO, HaMpPsXeHHy paboTy
J1. 9. XapuTOHOB 6blN1 HarpaxneH mepansamm «3a
TpyooBoe otandme» (1949 r.) n «3a Tpyaosyto oo-
6nectb» (1951 r.).

Ero vtoroebin Tpya, — MoHorpadusa «CTpyktypa
n ctpaturpadusa kapenng BoctoyHonm yactn ban-

TUIACKOrO WwmTa» Gbin 3aBeplueH Gnarogaps cra-
pPaHVsM ero YHEHMKOB U KOJIJIET YXKE MOCe CMepPTH
y4eHoro v nsgaH B 1966 roay.

B aBaH3ane My3ses reonoruu gokembpus, pac-
MoNoXXeHHoro B MIHCTUTyTe reonormn KapesnbcKko-
ro HayyHOro ueHTpa, pasMelleHa 3KCno3uums,
MOCBSILLEHHASA UCTOPUN FE0JSTIOMNMYECKOIro N3y4eHuns
Kapenuu. 3pecb npencraBneHbl HEKOTOPbIE Kap-
Tbl, OTpaxaioLme 3BOJIIOLMIO B3rNAL0B Ha reosio-
rmyeckoe CTpoeHune Tepputopun Kapennm, n nop-
TPEeThbl BbIAAIOLLMXCS reosioroB — UCcreaoBaTesiein
Kapenuu, cpegy KOTOPbLIX 3aC/ly>XeHHOe MeCTO
3aHUMaeT nopTpeT JleoHmnaa Akosnesmnya Xaputo-
HOBa.

M. A. Enncees, B. B. TpaBuH

CMUCOK OCHOBHbIX NYBJINKALUA J1. . XAPUTOHOBA
MO reoJIornn KAPEJINN
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NMPABUJIA 019 ABTOPOB

(TpeboBaHus kK paboTam, NpeacTaBAIEMbIM K MyOMKaLunm
B «Tpyaax KapenbCckoro Hay4Horo ueHTpa POCCUNCKOM akageMmnm Hayk»)

«Tpyaobl Kapenbckoro Hay4yHoro ueHTpa Poccuiickoin akagemumn Hayk» (ganee — Tpyabl KapHL, PAH) ny6nuky-
0T pe3ynbTaTbl 3aBEPLUEHHbIX OPUTMHANBHBIX UCCNEeN0BaHUI B Pa3nnyHbix 00NacTsX COBPEMEHHOW HayKu: Teope-
Tnyeckme 1 0630pHbIE CTaTbW, COOOLLEHUS, MaTepmasbl O HAY4YHbIX MEPOMNPUATUAX (CUMMNO3UYMax, KOHPEPEHLMAX
1 op.), nepcoHanuu (oéunen 1 gatbl, NOTEPU HAYKN), CTaTbl NO UCTOPUK Hayku. [peacTaBnsiemMble PaboTbl A0SKHbI
cozepXxaTtb HOBble, paHee He NyOMKOBaBLUMECS OaHHbIE.

Ctatbu npoxonaTt obga3aTenbHOe pelLeH3MpoBaHue. PeweHne o nybnukaumm npuHMMaeTcs
penakLMOoHHOW Konnernem cepmmn nnu Tematn4eckoro soinycka Tpynos KapHL, PAH nocne peueH3npoBaHus, C yye-
TOM Hay4yHOW 3HAYMMOCTU U aKTyaNbHOCTU NPEACTAaB/IEHHbLIX MaTepuanos. Peakonnerum cepuii U OTAENbHbIX Bbl-
nyckoB Tpynoe KapHL, PAH ocTaBnsatoT 3a coboi npaBo Bo3BpaLlaTb 6€3 perncrpaumm pykonmcu, He oTeedvatoLime
HaCTOSLUMM NPaBUIaM.

Mpn nonyvyeHnn penakumen pykonnucb PErMCTPUPYETCH (B Cly4ae BbINMOSHEHNS @BTOPaMU OCHOBHbIX MPaBu ee
0dOopMNEeHNS) N HaNpaBnsieTcs Ha OT3bIB peLeH3eHTaMm. OT3bIB COCTOUT U3 OTBETOB HA TUMOBbIE BOMPOCH! aHKEThI
N MOXET COAepXaTb AOMNONHUTENbHbIE PACLUMPEHHbIE KOMMEHTapun. Kpome Toro, peueH3eHT MOXET BHOCUTb 3a-
MeYaHUs 1 NpaBKn B TEKCT PyKOnMcu. ABTOpPaM BbICbIIAETCS 3NIEKTPOHHAS BEPCUSA aHKETbI 1 KOMMEHTapPUX PeLeH-
3eHTOB. [lopaboTaHHbI 9K3eMMASP aBTOP AOJIKEH BEPHYTb B PEAAKLMI0O BMECTE C MEPBOHAYAbHBLIM 3K3EMMIIPOM
1 OTBETOM Ha BCE BOMPOCHI PELIEH3EHTA HE MO3AHEE YEM HYEPES MECSL, MOCIE NOoNy4YeHnst peueH3un. Mepen onybnum-
KOBaHMeM aBTOPaM BbICbIIAeTCS pacnevyaTaHHas BEpPCUs CTaTbW, KOTOPas BblYUTLIBAETCSH, MOONVUCHIBAETCS aBTopa-
MW 1 BO3BPALLLAETCH B PeAaKuMIo.

KypHan uMeeT NONHOLLEHHYIO 3NEeKTPOHHYlO Bepcuio Ha 6asze Open Journal System
(OJS), no3BongioLLyto NepeBecTn NpenocTaBeHre U pegakTupoBaHue pykonmcu, obLeHne aBTopa ¢ peakonnern-
MU CEPUI U PELLEH3EeHTaMM B 3N1EKTPOHHbIN dopmMaT 1 o6ecneymBaioLLyto NPO3paYyHOCTb NPOLLECCa PELLEH3MPOoBa-
HUS NPY COXPaHeHN aHOHUMHOCTU peueH3eHToB (http://journals.krc.karelia.ru/).

PenakunoHHbIN coBeT xypHana «Tpyabl Kapenbckoro Hay4yHoro ueHTpa PAH» (Tpyabl KapHLL PAH) onpenenun
ons cebsa B Ka4eCTBE OAHOMO M3 MPUOPUTETOB MOJIHYIO OTKPLITOCTb M3AaHus. OTO O3HA4YaeT, YTO NOb30BaTENSAM
Ha YyCNoBUsSIX CBOOOAHOr0 A0CTYNa PaspeLLaeTcs: Yntarb, CKaunmBaTth, KOMMPOBATb, PACMPOCTPaHATL, NevaTaTb, UC-
KaTb UM HAXOAWTb MOJIHbIE TEKCTLI CTATEN XypHasna no ccbinike 6e3 npeasapuTesibHOro paspeLleHns oT n3gaTens
n aBTopa. Yupeoutenu xypHana 6epyT Ha cebs Bce pacxobl Mo peaakuMoHHO-N3aaTeIbCkol NOAroToBKe cTaTein
N UX ONyBIIMKOBAHMIO.

CopepxaHne Homepos Tpynos KapHLU, PAH, aHHOTaumMm 1 NOAHOTEKCTOBbLIE 3NIEKTPOHHbBIE BapUaHTbl CTaTew,
a Takxke gpyras nonesHas nHpopmaumsa, Bkaovas HactToswme MNpasuna, AOCTynHbl Ha canTax — http://transactions.
krc.karelia.ru; http://journals.krc.karelia.ru

MoutoBbIN agpec pepakumm: 185000, r. MNeTtpo3daBoack, yn. MywkuHckas, 11, KapHL, PAH, pegakuys Tpyoos
KapHL, PAH. TenedoH: (8142) 762018.

NPABUJIA ODPOPMJIEHUSA PYKOMUCHU

CrtaTtby Ny6nnkyoTCs Ha PYCCKOM MU @HMIMMCKOM a3blke. Pykonucu AomkHbl 6bITb TWATebHO BbIBEPEHLI 1 OT-
penakTMpoBaHbl aBTOPAMMU.

O6BbemM pykonucu (BkoYasa Tabnuubl, CMUCOK NUTEPATYPbI, MOANMUCU K PUCYHKAM, PUCYHKN) HE OO/MKEH MNPEBbI-
waTtbk: ans 0630pHbIX cTatenn — 30 cTpaHuL, AN OpPUrMHanbHbIX — 25, Ang coobueHnn — 15, ans XPOHUKM N PeLeH-
3uni — 5-6. O6beM PUCYHKOB HE A0JKEH NpeBbIlWaTh 1/4 o6bema cTaTbu. Pykonmcu 6onbLuero o6bema (B UCKI4M-
TENbHbIX CJly4asix) NPUHUMAOTCS NPY A0CTAaTOYHOM 06OCHOBAHMM MO COM1aCOBaHMIO C OTBETCTBEHHBIM PEAAKTOPOM.

[Mpy odopmneHnn pykonmcm NPUMEHSIETCS NOJSTYTOPHbIM MEXCTPO4HbIN nHTepsan, wpudT Times New Roman,
kernb 12, BblpaBHMBaHWE No 06ovM kpasm. Paamep nonei ctpaHuubl — 2,5 cM Cco BCex CTOPOH. Bce cTpaHuubl,
BKJIOHAsA CNUCOK NnTepaTypbl M NOANUCU K PUCYHKAM, OO/MKHbI UMETb CMJIOLLHYIO HYMEepPauMiO B HUXXHEM MPaBOM
yray. CTpaHuubl C pUCYHKaMU HE HYMEPYIOTCS.

Pykonvcu nopatoTcs B anekTpoHHOM Buae B ¢dopmate MS Word Ha caite http://journals.krc.karelia.ru nnéo
Ha e-mail: trudy@krc.karelia.ru nnn npencrasngaTca B pegakumio nnyHo (r. Netpodasoack, yn. MNywknHekas, 11,
kab. 502).
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OBLUUA NOPAAOK PACIMOJIOXXEHUS YACTEW CTATbU

OnemeHTbl CTaTbM AOJKHbI pacnonaratbCa B cregyowem nopsaake: YK KkypCuUBOM Ha NepBON CTpaHu-
ue, B JIEBOM BEPXHEM YrJly; 3arfiaBue CTaTby Ha PYCCKOM $3blke 3arnaBHbIMU OGyKBaMU MONYXUPHbBIM
wpunodToM; nHmumansl, amMmanm BCeEX aBTOPOB Ha PYCCKOM A3bIKE MONTYXUPHBLIM WP KO TO M; NOJHOE Ha-
3BaHWe opraHmM3aummn — MecTa paboTbl KaXka0ro aBTopa B UMEHUTENIbHOM MNaZlexXe Ha PYCCKOM Si3blke KYP CUBOM
(ecnn aBTOPOB HECKOJIbKO 1 PabOTaT OHM B Pa3HbIX YUPEXAEHUSX, ClieayeT OTMeTUTb apabckumn umdpamm co-
OTBETCTBUE DaMUINIA aBTOPOB YYPEXAEHMSM, B KOTOPbIX OHM paboTaloT; ecnv Bce aBTopbl CTaTbl paboTaloT B 04-
HOM Y4pEXIAEHNM, MOXHO He yKasblBaTb MECTO paboThl KaX40ro aBTopa OTAE/bHO); aHHOTaLMS HA PYCCKOM SI3bIKE;
KJII04YEBble CJI0BA Ha PYCCKOM fA3blKe; nHuumasbl, GaMuimm BCEX aBTOPOB Ha aHIMIMNCKOM A3bIKE MO JTY XU P HbIM
W pundTOoM; Ha3BaHME CTaTbW Ha aHMINNCKOM s3blke 3arfnaBHbIMU GyKBaMW MNONYXUPHBIM WpUod -
T 0 M; aHHOTaUMA Ha aHIJIMNCKOM A3bIKe; KJI0YEBbIE CI0BA Ha aHIJIMNCKOM A3blKe; TEKCT CTaTbW (CTaTbu 3KCNepu-
MEHTa/IbHOrO XapakTepa, Kak npaBwusio, OOMIXHbI UMeTb pasaesnbl: BBepeHne. MaTtepuansl u metoabl. Pe3ynb-
TaTbl 1 00cyxaeHue. BeiBogbl 60 3aknovyeHue); 61arogapHOCTU U ykasaHUe MCTOYHUKOB GUHAHCUPOBaHUS
BbINOJIHEHHbIX NUCCIEA0BaHNA; CNUCKN NUTepaTypbl: ¢ 6ubnnorpaduyeckumMmm onucaHusaMm Ha a3bike 1 andasuTte
opurvHana (Jiutepatypa) 1 TpaHCIUTEPUPOBAHHLIN B JTATUHULLY C NEPEBOLOM PYCCKOSA3bIYHbLIX NCTOYHUKOB Ha aH-
rnuiickunin a3bik (References); ABysA3blUHbIE TABNULbI (HA PYCCKOM W @HTJIMACKOM A3blKax); PUCYHKWN; MOAMNUCH K pU-
CYHKaM Ha PYCCKOM U @HIJINNCKOM A3bIKaX.

CeepeHus o6 aBToOpax: damMuinm, MMeHa, OTYECTBA BCEX aBTOPOB MOJIHOCTLIO HA PYCCKOM U @HMTIMACKOM
A3bIKe; MOJIHLIA MOYTOBLIN aapec KaXaom opraHm3aunmn (C ykasaHMem no4ToBOro MHAeKca) Ha PyCCKOM U aHrinim-
CKOM 413blKe; OOJ/HKHOCTU, YYEHble 3BaHWS, YYeHble CTerneHn aBToOpPOoB; aapec 3J1eKTPOHHOM NMOYThl KaX40ro aBTopa;
TenedoH A9 KOHTaKTOB C aBTopamMu CTatbh (MOXHO OOMH HA BCEX aBTOPOB).

SATTIABNE CTATbW fomkHO TOYHO OTpaxaTb COAEpPXaHMe CTaTbn™ 1 COCTOATb N3 8—10 3HAYMMBbIX CNOB.

AHHOTAUUA ponxHa 6biTb NnLLeHa BBOAHBLIX ¢hpas, co34aBaTb BO3MOXHO MOJIHOE NpeacTaBileHune
O cooepXaHUWN cTaTbu U KUMeTb 06beM He MeHee 200 cnoB. Pykonnuck ¢ HEA0CTAaTOYHO PackpbiBaOLLEN CO-
nepaHve aHHoTaumen MoXeT OblTb OTK/TOHEHA.

OtmenbHom cTpoko npusoanTcs nepederb KIKOYEBDBIX CJIOB (He meHee 5). KnoueBblie cnosa nunn CloBOCO-
yeTaHua OTOAENATCS APYr OT Apyra TOYKOW C 3ansTol, B KOHUE ¢pasbl cTaBuTca Touka. Cnosa, ¢purypupyoLime
B 3aroJIOBKe CTaTbl, K/TOYEBLIMU ABAATLCSH HE MOTYT.

Paspen «Matepuanbl 1 MeETOAbI» O0JIKEH coaepXaTb cBeaeHns 06 00bekTe UccnenoBaHus ¢ 06s3aTesbHbIM
yKasaHVeM NaTUHCKMX Ha3BaHUM 1 CBOOOK, MO KOTOPbLIM OHWU NPUBOAATCH, aBTOPOB Kiaccudukauuii u np. TpaHc-
Kpunuma reorpaduryecknx HasBaHUM A0JKHa COOTBETCTBOBATL aT/iacy nocniegHero roga nsgaHua. EanHuusl eu-
3M4EeCKMX BEeNNYMH npuBoaatcs no MexayHapoaHon cucteme CU. XenatenbHa ctatuctuieckas obpaboTka Bcex
KOJINYECTBEHHbIX AaHHbIX. HE0BX0AMMO BO3MOXHO TO4YHEE 0603HaYaTh MECTOHAXOXAEHMS (B uaeane — C TOYHbIM
yKkadaHnem reorpaduyeckmnx KOopamHar).

M3noxeHve pe3ynbLTaToB AO/MKHO 3akJl04aTbCs HE B Nepeckase comepxaHus Tabnuy, u rpadurkos, a B BbisiBie-
HUW CNenyLwmnx N3 HUX 3aKOHOMEPHOCTEN. ABTOP A0J/IKEH CPABHUTL MOJIYYEHHYIO UM MHPOPMALMIO C UMEIOLLLENCA
B IMTEpaType 1 nokasaTtb, B 4HeM 3ak/tloHaeTcs ee HoBU3HA. CrnefyeT ceblinatbCs Ha TabNNYHbIA U UNTIOCTPATUBHbIN
MaTepwuarn Tak: Ha pUCyHku, dotorpacdun n Tabnunusl B Tekcte (puc. 1, puc. 2, 1abn. 1, 1abn. 2 T. O.), dpotorpadun,
nomMetaemble Ha Bkelikax (puc. |, puc. ll). ObcyxaeHume 3aBepluaeTcs GOPMYIMPOBKO B pasaene «3akovyeHme»
OCHOBHOI0O BbIBOAA, KOTOpas LOJKHA coaepXaTb KOHKPETHbLIA OTBET Ha BOMPOC, NOCTaBJ/IEHHbIN BO «BBegeHum».
Ccbinkn Ha nuTepaTypy B TekcTe paloTtca damunmamu, Hanpumep: Kapxy, 1990 (oamH aBTOp); PameH-
ckasi, AHgpeeBa, 1982 (oBa astopa); Kpytos v ap., 2008 (Tpv aBTOpa unm 6onee) NMb0o HavasnbHbIM CJI0BOM 6UBMO-
rpadryeckoro onnMcaHus CTOYHUKA, NMPUBEAEHHOIO B CMUCKE NUTEPATYPbI, Y 3aK/04aOTCS B KBaApaTHbIE CKOOKN.
Mpy NepeyncneHnn HeCcKONbKMX UCTOYHMKOB paboThl pacrnosiaraloTcs B XPOHOJIOMMYECKOM MOPSAKE, Hanpumep:
[MBaHoB, Tonopos, 1965; YcneHcknia, 1982; Erwin et al., 1989; Atnac..., 1994; Longman, 2001].

TABJIMLbI HymepytloTCcs B Nopsiake yNoMUHaHWUS UX B TEKCTe, Kaxkaas Tabnuvua nMeeT CBOM 3arofioBOK. 3aro-
NOBKKM Tabnuu, 3aronoBKM U codepXaHue CTONOLOB, CTPOK, a Takke NMpuMeyaHust MPUBOAATCS Ha PYCCKOM U aH-
rMMACKOM a3blkax. Ha nonsax GymMaxHoro aksemnisipa pykonucu (crneea) kapaHaalloM yKasblBalOTCA MecTa pac-
NosioXkeHus Tabnuu, Npu NepBOM YNOMUHAHUM UX B TekcTe. lmarpamMMbl U rpadmukm He [LOJNXKHBbI
oybébnupoBaTtb Tabnuubl. Matepuan Tabnuu O0KeH ObiTb MOHATEH 6e3 OonOoJIHUTENbHOrO obpalleHus
K TekcTy. Bce cokpalleHusi, MCnosib3oBaHHblE B TabuLe, NOSCHSIOTCS B [pyMeyaHnn, pacrnonoXeHHOM Mof, HE.
Mpu noBTopeHun undp B cTonbuax Hy>XHO MX MOBTOPSTh, NPU MOBTOPEHMM CJIOB — B CTONIOLLAX CTABUTb KaBbIYKU.
Tabnuubl MOryT OblTb KHWUXHOM MnM anbOOMHOM opuveHTauuun (Npu cobMloOeHN Bbilleyka3aHHbIX NapamMeTpoB
CTpaHuLbl).

PNCYHKW npu nepBu4yHOl nopade martepuana B pefakumio BCTaBASIOTCA B OOLLMIA TeKCToBbIA daiin. Mpu
choaye mMaTtepuana, NpUHATOro B MeyaTb, BCE PUCYHKU OO/MKHbI ObiTb NpencTaBfieHbl B BUOE OTAENbHbIX dait-
noe B ¢opmatre TIFF (*.TIF) wnnun JPG. paduyeckne maTtepumanbl OOMKHbI OblTb CHabGXeHbl pacre-
yaTkaMn C YyKa3aHWEM >XenaTesbHOro pa3Mepa PUCYHKAa, MOXeNnaHwin n TpeboBaHU K KOHKPETHbIM WIo-
cTpaumaM. Ha kaxgblii pucyHOK [ofikHa OblTb Kak MUWHMMYM OfHa CCbinika B TekcTe. MnnwocTtpayuu
06bEeKTOB, MCCNEAOBaAHHbLIX C NOMOWbI GOTOCHBEMKUN, MUKPOCKONa (ONTUYECKOrO, 3Mek-

* HasBaHusa BMOOB NPUBOAATCS Ha natuHckoMm si3bike KYPCKMBOM, B ckobkax ykasblBalOTCS BbICLUME TakCOHbl (CEMENCTBA),
K KOTOPbIM OTHOCSATCS! 0ObEKTbI UCCIeA0BaHNS.
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TPOHHOTO TPaHCMUCCUMOHHOIO W CKaHWPYIOLLEro), OOSKHbI COMPOBOXAATHCA MacLITabHbIMU NIMHEKaMK, Mpu-
4YeM B MOAPUCYHOYUHbIX MOAMUCAX HaQO0 yKasaTb AJIMHY NIMHENKU. MprUBOAUTL OaHHbIE O KPATHOCTU YBEMYEHUS
Heobsi3aTeNbHO, MOCKOMbKY Npu NyGankaumm pucyHKoB pa3mMepbl nameHaTcs. KpynHomacwTabHble kap-
Thbl XenaTenbHO NPUBOAMTbL C KOOPAMHATHOM CETKOW, 0603HAYEHUSIMU HACENEHHbIX MYHKTOB W/UNN Ha3BaHWUS-
MU GU3NKO-reorpadunyecknx 06bEeKTOB 1 pa3HoM GakTypoi onsa Boapl U cylin. B yray kapTbl XxenaTtenbHa Bpe3ka
C MenkomMacLuTabHo kapToi, rae 6bin 6bl yKasaH y4acToK, YBENIMYEHHbIV B KPYNHOM Maclutabe B BUAE OCHOBHOM
KapTbl.

noAnMCU K PUCYHKAM nprBoaAaTCS HA PYCCKOM W aHIMIMACKOM s13blKax, AOXKHbI CoAepXKaTbh 4OCTATOYHO NOJ-
HYI0 MHOPMaLMIO, AJ1S TOro YTOObI MPUBOAMMbIE AAHHbLIE MOT I ObITb MOHATHLI 663 06paLLEeHMs K TEKCTY (ecnv aTa
nHdOpMaLMa yXe He AaHa B Apyroi unocTpauun). Abbpesranmm paclindpoBbiBaOTCS B NOAPUCYHOUHbIX NOA-
nucsx, JeTann Ha pUcyHkax cnegyet o603HavaTb undpamm nnm 6ykBamm, 3Ha4eHUE KOTOPbIX TakxKe NMPUBOANTCS
B NMOAMUCSIX.

NATUHCKUE HASBAHNA. B paclumMpeHHbIX NaTUHCKMX Ha3BaHUAX TaKCOHOB HE CTaBUTCS 3ansaTtasa mexay da-
MWIMEN aBTOPOB M rooM, 4ToObl Obla NMOHATHA pasHMLA MEXIy MOJIHbIM Ha3BaHMEM TakCOHA M CCbINKOW Ha ny-
OnvKaumio B CnMcke nutepatypbl. Ha3BaHMa TakKCOHOB pojga M BMAa nNevyaTakwTCcd KYPCUBOM.
BnvcbiBaTh naTUHCKME HA3BaHUS B TEKCT OT PYKU HeQonycTumo. Ona pnopmnctmiecknx, GayHMCTUHECKUX U TaKCo-
HOMMYECKMX paboT Npu NEpPBOM YNOMMHAHUKN B TEKCTE U Tabnunuax NpuBOAUTCS PYCCKOE Ha3BaHue B1aa (ecnu Ta-
KO€ Ha3BaHME MMEETCS) U NOSHOCTLIO — ITATUHCKOE, C aBTOPOM U XeNaTesbHO C FOA0M, HanpuMep: BOASHHOM OCVK
(Asellus aquaticus (L., 1758)). B panbHenweM MOXHO ynoTpebnaTb TONbKO PYCCKOE Ha3BaHWEe UM COKpalleHHoe
naTuHckoe 6e3 damunuu aBTopa M roga onybnnkoBaHus, HanpuMmep, Aas G6pioxoHororo Monniocka Margarites
groenlandicits (Gmelin, 1790) — M. groenlandicus vwnv pna nogsuaa M. g. umbilicalis.

COKPALLEHW4. PaspeluatoTcs nvilb 06LWENPUHATBIE COKPALLEHUS — HAa3BaHUS Mep, GU3NYECKNX, XMMUYECKNX
N MaTeMaTunyeckux BEIMHUH 1 TEPMUHOB 1 T. M. Bce cokpalleHmsa AoxkHbl ObiTb paclumMdppoBaHbl, 3a UCKIIIOYEHNEM
HeBOoNbLLOro Yncna obLeynoTpeduTeNbHbIX.

BNAFOOJAPHOCTW. B atoii pybpuke BbipaXaeTCs NPU3HATENbHOCTb YaCTHbIM NLAM, COTPYAHMKAM ydypexae-
HUI 1 PpoHAAM, OKa3aBLLUMM COAENCTBME B MPOBEAEHUN UCCNEA0BAHUI U NOATOTOBKE CTaTbW, a TakXe yKa3blBaoTCA
WNCTOYHUKN PUHAHCMPOBaHUS paboThbl.

CMNNCOK JMIMTEPATYPbI. MNpucTaTenHble CChIIKU U/UAN CANCKX MPUCTATENHOM nuTepaTtypbl cnenyet odpop-
mnaTe no FOCT P 7.0.5-2008. Bubnuorpadudeckas ccbiika. Obwme TpeboBaHMS 1 MNpaBuia COCTaB/IEHMUS
(http://www.bookchamber.ru/GOST_P_7.0.5.-2008). Cnucok paboT npeacrasnseTcs B andaBUTHOM nopsake. Bece
CCbINIKM JAI0TCH Ha A3blke OpuUrnHana (Ha3BaHus Ha ANOHCKOM, KUTANCKOM U APYrnx a93blkax, MCMOJb3YIOLLMX HeNa-
TUHCKWIA WPpUGT, NULLYTCA B PYCCKOM TpaHckpunumm). CHavana npuBoamMTCs CNUCOK paboT Ha PYCCKOM Si3bIKE U Ha
A3blkax ¢ 61n3kMM andaBuUToOM (YKpanHCKuiA, 6oarapckuii u gp.), a 3atem — paboTbl Ha A3blkax C NaTUHCKMM anda-
BUTOM. B cnncke nutepaTypbl MeXAy MHMupuanamm ctaButcs npoodern.

TPAHCJ/IMTEPUPOBAHHBIN CMUCOK JIUTEPATYPbI (REFERENCES). MpuBOANTCS OTAENBHBIM CAMCKOM, MO-
BTOPSIS BCE NMO3MLMM OCHOBHOIO Cnucka nvtepartypbl. Bubnuorpaduyieckme onvcaHns pycckossbldHbIX paboT aa-
I0TCS B TATUHCKOM TpaHcnaMTepauuu, PsSaoM B KBaApaTHbIX CKOOKax MOMeLLAEeTCs X NEePEBOS, HA aHMUIACKUIA A3bIK.
BbIxogHble AaHHbIE MPUBOOATCS HA @HIMUIACKOM 43bIKe (OOMYyCKaeTCcsa TPpaHCAMTepauus Ha3BaHUs N30aTenbCTea).
Mpwn HanM4YUKW NepeBOAHOM BEPCUN NCTOYHMKA MOXHO yka3aTtb ee. OnucaHms npo4ymx paboT NpUBOASATCS Ha A3blke
opuruHana. lnsa coctaBneHus cnncka peKoMeHAyeTCcsl MCNofib30BaHWe 6ecnnaTHbIX OHNaliH-CePBMCOB TPAHCIUTE-
pauuu, BapuaHT BSI.

Brumanne! C 2015 roga kaxaon ctatbe, nydnukyemon B «Tpyaax Kapenbckoro Hay4yHoro ueHTtpa PAH», pepak-
uven npuceamBaeTCs YHUKasIbHbIA MAEHTUDUKALNOHHBIN HOMepP LmdpoBoro obbekTa (DOI) n ctaThs BkAYaeTcs
B 6a3y AaHHbIX Crossref. 0693aTenbHbIM YCIOBUEM SIBNIIETCA YKa3aHue B cnuckax nutepartypol DOl png Tex
paboT, y KOTOPbIX OH €CTb.

OBPAS3EL, O®OPMJIEHUS 1-W CTPAHULLbI
Y/[IK 631.53.027.32:635.63

BJIUAHUE PA3JINYHBLIX PEXXMMOB NMPEAMNOCEBHOIO 3AKAJIMBAHUA CEMSAH
HA XOJ1040YCTONYUBOCTb PACTEHUM OT'YPLIA

E.T. Wepynuno', M. U. CbicoeBa', I'. H. Anekceiiuyk?, E. ®. MapkoBckas'

"UHcTUTYT 6Uonoruv Kapesbckoro Hay4Horo yeHTpa PAH

2NHCTUTYT akcnepumeHTaabHou 6otaHnkmn HAH Pecnybnvku Benapyck um. B. . Kynpesuya
AHHOTaLMA Ha PYCCKOM $13blKe

KniouyeBble cnoBa: Cucumis sativus L.; KpaTKOBPEMEHHOE CHUXEHME TeMNnepaTypbl; YCTONYMBOCTb.
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E. G. Sherudilo, M. I. Sysoeva, G. N. Alekseichuk, E. F. Markovskaya. EFFECTS
OF DIFFERENT REGIMES OF SEED HARDENING ON COLD RESISTANCE IN CUCUMBER PLANTS

AHHOTaLMS HA aHTNIMNCKOM A3bIKe

Keywords: Cucumis sativus L.; temperature drop; resistance.

OBPA3EL, OPOPMJIEHUA TABJIULbI

Tabnvua 2. YnbTpacTpykTypa KIeTok Me3odunna nucta B nocnegenctsmm 10-MuHyTHOro oxnaxaeHus (2 °C)
NMPOPOCTKOB UM KOPHEW MLLIEHWNLIbI
Table 2. Ultrastructure of leaf mesophyll cells after the exposure of wheat seedlings or roots to 10 min of chilling at 2 °C

NokasaTtenb KoHTponb OxnavkaeHme OXJ‘Ia)K.EI,el—! ne
Index Control NPOPOCTKOB KOpHel
Seedling chilling Root chilling

Mnowanpk cpesa xnoponnacTa, MKm? 10,0+0,7 13,5+1,1 12,7+0,5
Chloroplast cross-sectional area , um?
Mnowanb cpesa MUTOXOHAPUM, MKM? 0,4+0,03 0,5+0,03 0,6 £0,04
Mitochondria cross-sectional area, um?
Mnowaab cpesa nepokcncoMbl, MKM? 0,5+0,1 0,5+0,1 0,7+0,1
Peroxisome cross-sectional area, um?
Yucno xnoponnacTtoB Ha Cpese KNeTku, LWT. 9+1 8+1 10+1
Number of chloroplasts in cell cross-section
Yncno MUTOXOHAPWUIA Ha cpe3e KNeTKM, LWT. 8+1 8+1 10£1
Number of mytochondria in cell cross-section
Yncno NepokCMcoM Ha cpese KNeTKU, LWUT. 2+0,3 2+0,3 3+x0,4
Number of peroxisomes in cell cross-section

lNpumeyaHvie. 3aechb 1 B Tabi. 3: Bce napamMeTphbl ylbTPACTPYKTYPbl U3MEPSIN Yepe3 24 4 NOCe OXNaXAEHNS.
Note. Here and in Tab. 3 all ultrastructure parameters were measured 24 h after chilling.

OBPA3EL, O®OPMJIEHUA NOANMUCU K PUCYHKY

Puc. 1. CeBepHbIi TOunnbLUMK (Hadrobregmus confuses Kraaz.)
Fig. 1. Woodboring beetle Hadrobregmus confuses Kraaz.

Puc. 5. Pe3ynbTaThl U3y4eHUst KpUCTanIMToB 1 AemndepHbix 30H B 06pasue keapua ns dynsaypru:

(a) — anekTpoHHas MukpodoTorpadus keapua; (6) — kapTnuHa Mukpoandpakumm, NonydyeHHas ans ydactka 1 B o06nactu kpucran-
NINTOB; (B) — KapTMHa Mukpoaudpakumm, oTBevaioLlas y4acTky 2 B o6nactn geMndepHbIX 30H

Fig. 5. Results of the study of crystallites and damping zones in a quartz sample from Duldurga:

(a) — electron microphotograph of the quartz sample; (6) — microdiffraction image of site 1 in the crystallite area; (8) — microdiffrac-
tion image corresponding to site 2 in the damping area
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