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Complex geophysical investigations of the West Timan fault

A. Sh. Magomedova, V. V. Udoratin, Y. E. Ezimova

Institute of Geology FRC Komi SC UB RAS, Syktyvkar
asmagomedova@geo.komisc.ru; udoratin@geo.komisc.ru; yeezimova@geo.komisc.ru

In this paper we discuss results of complex geophysical works within the southern and middle segments of the West Timan fault.
In the study area, based on the nature of potential fields (magnetic, gravitational), various areas of the West Timan fault were identi-
fied: the southern part (Beloborsk block), the central part (Nivshera block), and the northern part (Sindor block). These areas were
studied by profile magnetometry on foot and express radon survey. The detailed magnetic survey revealed that the West Timan fault
was clearly visible in the gradient sections of the magnetic field, with some degree of conventionality it can be identified within the
regional maximum, and it is impossible to trace it in the zone of the regional minimum. Based on the interpretation of seismic data,
the location of the West Timan fault has been clarified. The nature of the seismic record does not always allow identifying the exact
location of the fold planes, only the difference in the record in individual blocks is clearly noted. The border area sometimes captures
5 km.The express emanation survey showed that the West Timan thrust, in general, was characterized by increased values of radon
volumetric activity, where they are further traced to the territory of Timan, while areas of different intensity are distinguished.

Thus, with insufficient seismic knowledge and low differentiation of potential fields, the emanation radon survey can be used
as an additional method for identifying and tracing tectonic dislocations. The complex of geophysical studies allowed clarifying the
location of the West Timan fault.

Keywords: West Timan fault, potential fields, seismic profiles, volume radon activity.

KomiiekcHbie reodusmueckme MccjaexoBaHus
3anmagHo-TuMaHCKOro pasjiomMa

A. Ill. MaromepoBa, B. B. YoopaTtus, I0. E. E3aumoBa
UncturyTt reonorun OUIL Komu HII YpO PAH, CeIkThIBKap

Ha TeppuTOpUM K0XXHOTO M CPEAHErO CErMEHTOB 3anafHO-TMMaHCKOro pa3noMa, OCHOBbIBAACh HA MaTepuanax noTeHUMUANbHbIX
nonen, BbILENSIOTCS pa3nunyHble obnacTu: ioxHas — benobopckuit 1ok, LeHTpanbHas — Huslepckuii 610k, cesepHas — CUHBOPCKM
6nok. benobopcknin 610K — oceBas YacCTb perMOHaNbHOTO MUHUMYMA FPAaBMTALMOHHOIO MO, 0CEBAS YaCTb MMHUMYMA MarHUTHOTO
nons. HuBLwepckuit 6ok — norpaHnyHas 061acTb Mex Ay ABYMS rPaBUTALMOHHBIMU MUHUMYMAMK, OCEBAS YaCTb MAaKCMMyMa MAarHUTHOTO
nons. CUHAOPCKMiA 6NOK — 30Ha nepernba NoNOXKMTENbHbIX 3HAYEHWI FPABUTALMOHHOIO NOAS, FPaAMEHTHAs 30Ha MEXAY NMONOXMTENbHBIMM
¥ OTPULATENbHbIMU 3HAYEHUSIMU MArHUTHOTO NOAS.

MccnepoBaHus, BKKYaOWME MAarHUTOPa3BeLoUHY M PaJOHOBYIO CbEMKM BbIMOJHAAMUCH NO ABEHAALATU NPOPUIAM, CEKYLLUM
3anagHo-TMMaHCKKI pasnom.

0606was fetanbHble MarHUTOPa3BeAoYHble PaboTbl, BbISCHWAW, YTO 3anafHO-TMMAHCKWUIA HAABUI B MAarHUTHOM Nose NpoCieanTb
YETKOM 30HOM HEBO3MOXHO KakK Ha rPaAMEHTHbIX Y4aCTKax Nons, Tak U B NpeAenax pernoHanbHbiX MakCMMyMOB M MUHUMYMOB. Kak
npaBuno, LUMPUHA rPaSMEHTHOM 30HbI MEHbLLE 30H MAaKCMMYMOB M MUHUMYMOB. B OTAENbHbIX CTy4asiX MOXHO /MLb TPAacCMPOBATb
Pa3noM Mo CepusaM Laek OCHOBHbIX U YIbTPAOCHOBHbIX NOPOL, KOTOPble MOTYT HAXOAUTLCS U HE BO (GPOHTANbHOW 30HE pa3noma.

Mo pe3ynbTaTaM 3KCNPEeCCHOW 3MAHALMOHHOW CbEMKM OTMEYAETCS, YTO KOXKHAS M LeHTPasbHas 4acTi 3anafHo-TMMaHCKOro pasnoma
XapaKTepu3ylTCs NOBbILLEHHbIMW 3HAYeHUSIMU 06beMHOM akTMBHOCTM pagoHa (OAP), koTopble n3meHstoTca B MHTepBane 400—
2150 Bk/M3, npu 3TOM BbIAENSAOTCS Pa3fnyHble MO MHTEHCMBHOCTM obnactu. CpeaHee 3HaueHne OAP benobopckoro 6noka cocrtasnser
670 bk/m3, Huwepckoro — 670 bk/mM3, CuHoopckoro — 600 bk/M3. CpenHuii oTHocuTenbHbl nokasaTtens OAP benobopckoro 6510ka
coctasnset Kg = 2.0, HuLepckoro 6n0ka — Ko = 5.4, Cuipopckoro 610ka — Koo = 2.0, Kgyeegep) = 6.0. To4BEHHBIN pafoH pacnpocTpaHsetcs
3a npeaenbl TEKTOHUYECKMX HapyLLEHMUIA U3-3a NOBbIWEHHOM TPELLMHOBATOCTA BEPXHUX TOPU3OHTOB 0CaJ04HOMO Yexna, B CBS3M C 3TUM
WMPUHA aHOMaNMM pafoHa BCeraa NPEeBbILIAET WUPUHY CaMOro pasnoma.

Takum 06pa3oM, 3MaHaLMOHHAs pafoHOBas CbeMKA MOXET UCMONb30BaTbCs KaK AOMONHUTENbHbIA METOA ANS BbISBIEHUS U
TPacCcMpOBaHMS TEKTOHMYECKMX HapyweHui. Ocoboe BHMMaHue cnepyeT 0bpatnTb Ha CMHAOPCKKIA 610K, rae B MarHUTHOM none
0TMEYAETCs pe3Kast rPagMeHTHas 061acTb, Ha GOHE KOTOPOM BbILENSETCS cepus Aaek. Takxke 3Ta 30Ha XapaKTepu3yeTcst BbICOKUM
nokasarenem Ko,

KnioueBble cnoBa: 3anadHo-TuMaHcKuli pasnom, NomeHyuaabHbIe Nos, celicMuyeckue npoguu, 06beMHas akmusHoOCMb padoHa.

Introduction

Initially, the faults were identified according to the (DSS), converted waves of earthquakes (ECWM), reflected
data of gravimetric and magnetic surveys, and then, by waves (RW), common depth point (CDP), correlation method
seismic surveys using the methods of deep seismic sounding of refracted waves (CMRW).

For citation: Magomedova A. Sh., Udoratin V. V., Ezimova Y. E. Complex geophysical investigations of the West Timan fault.
Vestnik of Geosciences, 2022, 3(327), pp. 3—15, doi: 10.19110/geov.2022.3.1.

Ona untupoBanus: Maromeposa A. LU., YoopatuH B. B., EaumoBa 0. E. KomnnekcHbie reodumsnyeckne nccnenoBaHms
3anagHo-TumaHckoro pasnomat // BectHuk reoHayk. 2022.3(327).C. 3—15.D01: 10.19110/geov.2022.3.1.




& Becainake reohage, MapT, 2022, Ne 3

In situ, their identification was confirmed by geological
surveys and drilling. The signs, on which the identification
of faults is based, using the analysis of maps of magnetic
and gravitational fields, are well known and are widely
covered in the literature. In this work, we used results of
studying the fault tectonics of the European North-East
of Russia [1—3, 5—7, 10, 11, 13, 14, 17, 18, 20, 21, 24, 28,
34—36 and etc.]. Numerous maps and schemes of tectonic
zoning of the Timan-Northern Ural region have been built
and published on the basis of materials of previous studies.
The maps and diagrams of the block structure and fault
tectonics of the region constructed by different authors,
despite their significant similarity, also have certain
differences, sometimes even fundamental ones both in the
genesis and in the location of the structures [18]. The
purpose of our research was to clarify the location of the
West Timan fault and detailing its tectonic activity using
available materials and additional studies.

Object of study

Tectonically the territory of the Komi Republic is
represented by a node of heteroaged structures of the East
European Platform: Volga-Ural anteclise, Mezen syneclise,
Timan, Pechora syneclise, Northern Urals. The boundary
of the Russian and Pechora plates is the West Timan deep
fault. The Timan Ridge is included in the Pechora Plate as
its southwestern structural boundary. The main difference
between the Russian and Pechora plates is the age of the
basement [28].

The West Timan fault was initially identified by a
change of magnetic field sign, predominantly positive of
the Pre-Timan foredeep of the Russian Plate, to the negative
magnetic field of Timan. At the same time, it was noted
that within the suture zone, the basement of the Russian
Plate sinks under the marginal folded structures, which
was expressed by NW oriented wide band anomalies. In
other words, we observe an overthrust of the Timan Ridge
on the basement of the Russian Plate [6, 9, 25].

The West Timan fault — a boundary structure
(“marginal suture” according to [6, 12]) between the
epikarelian Russian and epibaikalian Timan-Pechora plates,
over 800 km long. It is traced from the Kanin Peninsula of
the Pechora Sea to the Northern Urals, where it passes into
the overthrust of the Polyudova Ridge, and further to the
south, into the system of disjunctives of the West Ural
megazone of the Middle Urals. In the extreme northwest
of the region, the role of the “marginal suture” passes to
the Kola-Kanin fault with a suture with a submeridional
closure in this part of the Timan-Pechora plate of the West
Timan fault. Stretching northwestward, the fault marks
the western boundary of the Timan Ridge [34].

The West Timan fault is a thrust fault, where the
basement of the Timan-Pechora plate is thrusted over the
basement of the Russian plate. According to seismic data,
it has been determined that the suture occurs along a fold-
thrust zone confined by the West Timan and Central Timan
faults, the distance between which varies widely. It has the
greatest width, up to 75—80 km, in the area of Chetlas
Kamen. The width of the zone is significantly reduced
northwestward and southeastward, to 10—20 km at the
Kanin Peninsula and further northwestward, the junction
of the Lower and Upper Precambrian complexes has
a pattern of a marginal suture [4, 23, 28—30].

The entire complex of rocks that compose the Timan
Ridge is divided by a sharp angular disconformity into two
structural stages: the lower one is the Riphean-Vendian,
which is a consolidated basement, and the upper one is
the Phanerozoic platform nappe, which is composed mainly
of Paleozoic deposits from the Silurian (in Northern Timan)
to the Upper Permian inclusively. Granitized Archean —
Lower Proterozoic crystalline rocks withrelatively unknown
composition underlaythe Riphean — Vendian sedimentary-
metamorphic formations [7, 28].

The structures of the Timan Ridge are composed of
Paleozoic formations up to Upper Permian. The Mesozoic
rocks, represented generally by the Lower Triassic and
Middle Jurassic rocks, are developed on the slopes of
the ridge. In its arched part, there are only remnants of
an earlier, probably, continuous cover of the Middle —
Upper Jurassic deposits. On a much larger area of Timan,
as well as in the Pechora syneclise, Devonian deposits
are widespread. They are represented by gravelites, white
sandstones with clay members, on which tuffites and
basalts occur; basalt nappes are known in the northern
Timan. Variegated clays, sands, sandstones, and Devonian
marls occur upward the section. Carboniferous deposits
are distributed mainly on the eastern slope of the Timan.
They include Lower Carboniferous limestone, dolomite,
sandstone and sands. The Middle and Upper Carboniferous
beds transgressively overlay the Proterozoic deposits of
the entire Timan Ridge. Permian and Mesozoic deposits
are developed in the margins of the Timan Ridge.
Westward of Timan, Permian deposits include limestone,
dolomite, clay, sandstone and dolomite, anhydrite,
gypsum and rock salt sequences. Eastward Permian
deposits are represented by limestone, gypsum, and
dolomite, and closer to the Urals — by coal-bearing layers
[28] (Fig. 1).

In this paper we consider the southern and middle
segments of the West Timan fault (Fig. 2—4). The research
has been carried out since 2018 and was accompanied by
publications at some stages [33].

Research results and discussion

The research was carried out to clarify the location of
the West Timan fault and to assess its activity. We solved
the following tasks:

1) qualitative interpretation of magnetic and
gravimetric fields and determination of the location of
fault zones in the first approximation;

2) study of the geological and geophysical section
based on seismic data and specification of the projection
of faults and fault zones on the surface;

3) detailed magnetometric cross-strike works;

4) measurement of the volumetric activity of radon,
as a factor in the presence of increased fracturing in the
section [33].

Traditional geophysical methods (gravimetric,
magnetometric, seismic, electrical prospecting) are always
used to study the deep structure. The measurement of
radon volumetric activity and use of microseismic fields
have recently become popular due to their effectiveness
[19, 22, 26 and etc.]. This set of geophysical works was
previously successfully applied to study the deep structure
of the Kirov-Kazhim and Pechora-Kolva aulacogens and
Vychegda depression [31—33].
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Researches, including magnetic and radon surveys,
were carried out on twelve profiles crossing the West Timan
fault: “Obdyr”, “Sediudor”, “Meshchura”, “Sindor”, “Nivshera”,
“Troitsk”, “Ozyag”, “Parma”, “Sheryag”, “Smolyanka”, “Yn”,
“Beloborsk” (from north to south) (Fig. 2).

Potential fields

Gravity and magnetic surveys on scales of 1:1,000,000
and 1:200,000 cover the entire area of the Timan-Northern
Ural region. Based on the performed works, maps of the
anomalous magnetic field (isolines and ATa graphs) were
built and published. The interpretation of magnetic fields
resulted in revealing regional regularities in the structure

50°0 °00°

00 e e e S T
52°00"

49°00" 5000 51°00°

of the sedimentary cover and basement, its material
composition, as well as fault tectonics. Maps of the
anomalous gravimetric field and its various transformations
on a scale of 1:200000 and 1:50000 are widely used to
study the basement, its depth, and to identify zones of
tectonic faults. The maps and schemes of tectonic zoning
were generally constructed on the basis of these materials,
further detailing of the maps and schemes was made after
seismic works. However, the degree of study by seismic
methods of individual structures of the Timan Ridge is
very different, and on the whole where the territory has
been studied extremely poorly [32, 33].

The gravitational field of the boundary area of two
plates is represented in its southeastern part by anomalies

54°0° 55000 ___S6.00°

53°00° 54°00°

0 10 20 30 40 50 km
T —i—

Fig. 1. Geological map of the study area (Atlas of the Komi Republic. Geological structure of the territory. Moscow, 2011.
Composed by D. B. Sobolev, N. I. Timonin)

Puc. 1. Teonormnyeckast Kapra paiioHa uccienoBanuii (Atnac Pecrry6mku Komu. [eonormyeckoe crpoeHme tepputopun. Mocksa,
2011 r. CoctaBuu: [I. B. Co6ones, H. Y. TUMOHMH)
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Fig. 2. Fault tectonics and seismic scheme studies of the study area (composed by V. V. Udoratin).

1 — faults: SK — Syktyvkar, VL — Vychegda-Lokchim, PT — Predtimanskiy, KT — Keltmenskiy, VSh — Vishera, ZT — West Timan,

CZT — Central West Timan, CVT Central East Timan, CT — Central Timan PZ — Puzlinskiy, VT — East Timan; 2 — outcrops

of bedrock; 3 — sections of work: “Obdyr”, “Sedyudor”, “Meshchura”, “Sindor”, “Nivshera”, “Troitsk”, ”Ozyag”, “Parma”, “Sheryag”,

“Smolyanka”, “Yn”, “Beloborsk” (from north to south), filled rectangle — magnetometric survey and radon works performed, empty
rectangle — radon works performed; 4 — seismic profiles

Puc. 2. Cxema pa3ioOMHO¥ TeKTOHUKM U CeIICMIMUUYECKOi M3yUeHHOCTH paiioHa uccienoBauuit (cocrasui B. B. Yoopatus).

1 — pasnomsi: SK — CoIkTbIBKapcKuii, VL — Borueromcko-Jlokunmckmii, PT — Iputumanckuii, KT — KenbrmeHnckuit, VSh — Buiepckuii,

ZT — 3anagHo-Tumanckuii, CZT — LleTpanbHo-3anagHo-Tumanckuii, CVT — LieHTpanbHO-BocTouHo-TumaHckmii, CT — LleHTpanbHO-

Tumanckuit, PZ — ITysmunckuit, VT — BocTouHO-TMMaHCKMIt; 2 — BBIXObI KOPEHHBIX ITOPOL,; 3 — yuacTKM pabort: «O6abIp», «CembIofop»,

«Meiypa», «CuHIop», «<HuBIiepa», « Tpoutik», «O3bsir», «[lapmar, «Illepbsr», «CMoisiHKa», «blH», «<Be1o6opck» (c ceBepa Ha 10T),

3JTUTBIN PSIMOYTOIBHMK — BBITIOMTHEHBI MATHUTOPA3BEIOYHbIE VI PAZOHOBbIE PAGOTHI, ITyCTO MPSIMOYTOTBHMK — BBITIOTHEHBI Pai0-
HOBBIE paboThl; 4 — celicMuuecKue mpohuan
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Fig. 3. Fragment of the gravity field map of the study area [16]:
1—3 — see Fig. 2; 4 — block boundaries

Puc. 3. ®parMeHT KapThl TpaBUMETPUYECKOTO OIS palioHa uccaesoBanmii [16]:

1—3 — yci1. 0603H. CM. Ha puC. 2; 4 — TpaHuIlbl 6IIOKOB

of NW-strike minima, and in the northeastern part — by
an extended gradient step indicating transition to positive
anomalies also of NW strike. In the study area, outlining
of the fault in the south passes through the zone of the
regional gravity Timan minimum with size of 200 by 100
km, the western part of which corresponds to the
southeast of the Vychegda depression, and the eastern
part corresponds to the southern end of the Timan Ridge
(Fig. 3). Further, this minimum breaks up into two minima
close in size (150 by 70 km), where the western one
corresponds to the northwestern part of the Vychegda

depression, and the eastern one corresponds to the part
of the southern Timan. The West Timan Fault runs along
their section. Further northwestward, the fault is traced
through the zone of positive values and the axial part of
the next minimum, 90 by 50 km in size. The width of the
axial part of the described minima is about 15-20 km,
which indicates a very approximate fault tracing [33].
In the magnetic field, the West Timan fault is
reflected along its entire length by a gradient of ATa
values, which fixes the transition from the Timan regional
minimum on the territory of the Timan Ridge and the

1
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Fig. 4. Fragment of the anomalous magnetic field map of the study area [15]:

1—3 — see Fig. 2; 4 — block boundaries

Puc. 4. ®parMeHT KapThl aHOMaJbHOTO MAaTHUTHOTO T0JIsE pajioHa uccieqoBaumii [15]:

1—3 — yci1. 0603H. CM. Ha puC. 2; 4 — TpaHuIlbl 6IIOKOB

Pechora syneclise to the band of regional maxima of the
Pre-Timan structures — the Safonov and Vychegda
depressions. The anomalies of this band are generally
NW oriented, but in some areas they have a sublatitudinal
strike caused by a stepped “angular” form of an orthogonal
combination of faults of the general NW “Timan” and a
less pronounced NE direction in the suture zone of the
Russian and Timan-Pechora plates. Apparently, it can
consist of en echelon segments with a single displacement
plane with depth. The width of this “suture” reaches 10—
12 km considering the steps of the gravitational and
magnetic fields [33, 34].

However, the confinement of the West Timan Fault
to the gradient zone described above is very conditional
(Fig. 4). The southern segment of the fault is practically not
expressed in the magnetic field, being in the region of the
regional minimum, covering the south of the Timan and the
southeastern part of the Vychegda depression. Further, the
West Timan fault is traced along the axial part of the Nivshera
maximum, with a size of 75 by 30 km, and only further north
west ward the fault can be somewhere related to the gradient
zone and to the axial parts of the maxima. This nature of the
physical fields indicates the complex structure of the thrust
zone with heterogeneous internal content [33].




Vestucts of Geosecences, March, 2022, No. 3 &'

In the study area, based on the materials of potential
fields, we distinguish various areas of the West Timan
fault: the southern part (Beloborsk block), the central
part (Nivshera block), and the northern part (Sindor
block). Beloborsk block: axial part of the regional
minimum of the gravitational field, axial part of the
minimum of the magnetic field. Nivshera block: boundary
area between two gravitational minima, axial part of the
magnetic field maximum. Sindor block: inflection zone
of positive values of the gravitational field, gradient zone
between positive and negative values of the magnetic
field (Fig. 3, 4) [33].

Seismic research

The seismic study of the territory under consideration
is insignificant, and the quality of the material does not always
allow confident conclusions. We have studied all possible
materials of seismic studies, the results of the interpretation
of which served as the basis for constructing a scheme of fault
tectonics. It was the CDP seismic survey data that allowed
confidently interpreting the West Timan deep fault as an
overthrust, while DSS [8] and ECWM data [4, 29, 30] allowed
tracing it to depths of 20—35 km or more [33].

Mezenskaya
syneclise

West-Timan structural zone

Timan ridge

On the geological and geophysical sections along the
seismic profiles 10393-33 PC, 10393-34 PC, 1392-22PC
and 11093-27PC, the first, second and thirdones crossing
the Middle Timan, respectively, and the fourth ones—the
South Timan, the fault is presented in the form of an
overthrust from “beam” of the fold planes, emanating from
one deep focus, where 2—3 planes are noted, and diverge
as a “fan” to the surface, reaching there already 7—9 planes
and a width of 10—15 km [34]. The vertical displacement
of the Upper Riphean rocks of the northeastern shoulder
of the fault in some of its areas (the Vadyavozh disjunctive
anticline of the Dzhedzhim-Parma swell) relative to the
age analogs of the southwestern foot shoulder can reach
4 km, and in others, 2.8 km (Obdyr structure). On the
northwestern flank, the fault amplitude decreases to 1—
2 km. In the sedimentary cover, it thins out to the first
hundreds and even several tens of meters. On the
southwestern foot shoulder of the West Timan Fault,
Paleozoic-Riphean deposits are uplifted to the fault planes,
and older Lower Proterozoic and Archean complexes sink
under the thrust [34].

As can be seen on the seismic scheme, the number of
profiles crossing the West Timan fault is insignificant
(Fig. 2). The profiles under study, if possible, were selected

Izhma-Pechorskaya

East-Timan structural zone depression
SR e

Fig. 5. Fragment of the temporary seismic section along the profile 4-01-III-RS across the West Timan fault [34]

Puc. 5. ®parmeHT BpeMeHHOTO0 celicMuueckoro paspesa mno npodumo 4-01-111-PC yepe3 3anagHo-TumaHCckuit pas3aiom [34]




& Becainake reohage, MapT, 2022, Ne 3

along the line of seismic profiles, or near them. In some
areas, our studies took place far enough from the seismic
profiles.

In the Sindor block, not far from the work area,
regional seismic profiles 10393-34 RS and 10393-33 RS,
4-01-III-RS were completed. In the Nivshera block, seismic
profile 11491-13 is the closest to the “Nivshera” and
“Troitsk” profiles. In the Beloborsk block near the village
of Smolyanka seismic profiles 12185-05 and 11093-27
RS intersect the Smolyanka profile, 11093-03 and 11094—
01 pass next to it; “Sheryag” and “Parma” — correspond
to seismic profiles 12185-07 and 12185-03; profile
“Ozyag” coincides with a fragment of seismic profile
12185-01. Fault tracing is not in doubt according to
seismic data, although the nature of the seismic record
does not always allow identifying the exact location of
the fault planes, only the difference in the record is clearly
notedin some blocks. The boundary area sometimes covers
5 km (Fig. 5).

Profile magnetometric studies

For almost 400 km, within the blocks we have
identified, in their various sections, we have worked out
the magnetic prospecting profiles “Obdyr”, “Sedudor”,
“Meshchura”, “Nivshera”, “Troitsk”, “Ozyag”, “Parma”,
Sheryag”, “Yn”, “Beloborsk”. The distance between the
profiles was determined by the accessibility to the sites
and ranged from 20 to 65 km (Fig. 2—4).

Magnetometric studies were carried out with MINIMAG
pedestrian devices, which are designed to measure the
modulus of the geomagnetic field. The limit of the main
systematic error of the magnetometer when measuring
the magnetic induction does not exceed *2 nT. The step
between the observation points was 50 m. The length of
the profiles ranged from 10 to 23 km. Simultaneously with
ordinary observations, variations of the magnetic field
were taken. The magnetometric station was installed in a
quiet magnetic field and recorded variations with an interval
of 1 minute. Topographic referencing was performed using
a GPS Garmin 628, the referencing accuracy at full visibility
of the horizon reaches 3 m. The referencing was performed
in 100 m increments. Time referencing between
magnetometers was performed using a GPS Garmin 628,
referencing accuracy was *1 second. All profiles started
from the Vychegda trough [33].

The task of the research was to study in detail the
anomalous magnetic field within the fault. The research
results are shown in Figure 6.

The Sindor block of the West Timan fault is represen-
ted by the “Obdyr”, “Sedyudor”, and “Meshchura” profiles
(Fig. 4). The “Obdyr” profile, 23 km long, crosses the West
Timan and Central West Timan faults. The profile passes
through a quiet positive magnetic field (Fig. 4, 6, A). The
West Timan fault is not distinguished on the AT plot, while
the Central West Timan fault corresponds to a sharp stepwise
drop in the magnetic field PN360-PN370 (Fig. 6, A). On the
“Sedyudor” profile, passing through the gradient zone, the
West Timan fault is not traced in the magnetic field by any
clear area (Fig. 6, B). On the “Meshchura” profile, the West
Timan fault is distinguished by a confidently sharp drop in
the magnetic field, which is against the background of the
general gradient PN15-PN55 (Fig. 6, C). We carried out
detailed work in this area, the results of which made it clear

that a series of local dikes can be traced here, located in
the Timan thrust zone.

Within the Nivshera block of the West Timan fault,
the “Nivshera” and “Troitsk” profiles were mined (Fig. 4).
According to the “Nivschera” profile, on the plot of the
positive gradient magnetic field in the fault zone, its slight
drop PN100-PN140 is traced (Fig. 6, D). On the “Troitsky”
profile in the region of PN30-PN70, magnetic field
fluctuations are observed, which can be associated with
dikes located in the fault zone (Fig. 6, E). A magnetic
anomaly is traced at the end of the profile (PN195-PN205).

The “Ozyag”, “Parma”, “Sheryag”, “Yn”, and “Beloborsk”
profiles pass along the Beloborsky block of the West Timan
fault (Fig. 4). On the graphs of anomalous magnetic fields,
the West Timan fault is not reflected (Fig. 6, W, Z, I, L, M).
Attention should be paid to the “Sheryag” profile, where
jumps of the anomalous magnetic field (PN170-PN230)
are noted after the frontal fault zone (Fig. 6, I). In the AT
plot along the “Beloborsk” profile in the area of PN100-
PN120, already within the Timan thrust zone, an anomaly
associated with a mafic rock dike was traced (Fig. 6, M).

Detailed magnetic surveys have shown that it is
impossible to clearly trace the West Timan Fault in a
magnetic field, both in the gradient areas of the field and
within the regional maxima and minima. It can be only
noted that the width of the gradient zone is generally less
than the zones of maxima and minima. In some cases, it
can only be traced along a series of dikes of basic and
ultrabasic rocks, but they may not be in the frontal fault
zone [33].

Radon monitoring

Emanation survey is one of the available, express, and
cost-effective methods to identify and trace fault zones
within platform areas, where faults are covered by a thick
nappe [26, 31, 32].

Radon is generated through uranium-238 decay chain
producing several isotopes with a long half-life
(uranium-234, thorium-230, radium-226) usually found
in granitic, igneous, sedimentary, metamorphic rocks, so
radon is produced by almost all types of rocks and soils at
different depths [37]. In addition, radon-222 is characterized
by the longest half-life relative to other isotopes (thoron,
actinon), which makes it an optimal indicator for detecting
and tracing tectonic faults.

Express radon survey in the West Timan fault was
carried out on twelve profiles (Fig. 2—4), which are
combined with magnetometricsurvey. A portable radiometer
RRA-01M was used to measure the volumetric activity of
radon (RVA) in the soil air. At each observation point, a
well was drilled with a depth of 50 cm and a diameter of
10 cm. The measurements were express and began
immediately after drilling the well. Before each
measurement, the system was pumped with ambient air
for 4 minutes. The time for sampling soil air with a pump
was 4 minutes and 20 minutes for the natural measurement
of RVA. A flask with CaCl, silica gel was used to dry the
soil air. Atmospheric pressure, humidity, temperature, and
gamma radiation readings were recorded simultaneously
with RVA measurements [33].

For a qualitative assessment of RVA, we drew a middle
line on the profile graph. For a quantitative assessment,
we used the relative indicator of the volumetric activity
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of radon Kg = Qpnax/Omin, Ie Qmax — the intensity of the
near-fault anomaly, Q;, is the minimum value of Q directly
outside (Qpin = Omint + Qminz)/2. According to the value
of Ky, discontinuities of ultra-high (Ko > 10), high
(10 > Kq > 5), increased (5 > K > 3), medium (3 > Kg > 2),
low (Kq, < 2) radon activity are distinguished [27].

It should be noted that the measurements on the
profiles or their parts were carried out several times (in
different years), the average values are given in the paper.

In the Sindor block, located in the north of the work
area, radon surveys were carried out along four profiles:
“Obdyr”, “Sedyudor”, “Meshchura” and “Sindor” (Fig. 2).

18 measurements were made along the Obdyr profile.
The data range is from 70 to 2074 Bg/m3. In the western
part of the profile, there is a maximum of RVA plot with a
value of 1386 Bg/m3, 2 km east of the supposed location of
the fault. In the eastern part, there is also RVA maximum
with a value of 2074 Bg/m3, which corresponds on the ground
to the Central West Timan Fault (Kq = 5.7) (Fig. 6, A).

10 measurements were carried out along the “Sedyudor”
profile. The range of RVA values is 70—580 Bg/m3. The zone
of the West Timan fault corresponds to increased RVA values
of 480—580 Bg/m3, (K = 6.3) (Fig. 6, B).

12 observation points were worked out along the
“Meshchura” profile. RSA values are in the range of 157—
914 Bg/m3. The fault zone corresponds to the first maximum
of RVA values with a value of 559 Bg/m3, (Kq = 2.6). Further
along the profile, two more maxima are observed, which
are already in the Timan thrust zone (Fig. 6, C).

On the “Sindor” profile, against the background of
the average line of RVA plot of 245 Bg/m3, a wide maximum
of RVA with values of 500—700 Bg/m3, K = 1.4 is clearly
distinguished, in the eastern part corresponding to the
West Timan fault (Fig. 6, G).

In the Nivshera block, which corresponds to the central
segment of the fault in the study area, two profiles were
worked out, with 11 observation points each.

In the northern part of the block along the “Nivshera”
profile, the average line of RVA graph is 180 Bg/m3, the
fault corresponds to RVA peak with a maximum value along
the profile of 407 Bqg/m3, Ky = 2 (Fig. 6, D).

Along the line of the “Troitsk” profile, against the
background of rather high values along the middle line of
RVA of 600 Bg/m3, a peak of radon activity with a value of
2144 Bg/m3 is distinguished, located near the fault zone
(Fig. 6, E).

In the Beloborsk block, radon surveys were carried
out along six profiles.

The “Ozyag” profile crosses two faults — the Vishera,
located within the Vychegda depression, and the West
Timan. Both dislocations are clearly manifested in the
radon field as increased values with an average line on the
RVA graph of 400 Bg/m3 and maximum values of 949 and
925 Bg/m3, respectively (Ko sy = 2.6, Koy = 2.5). In the
area between the faults, there is an area with reduced
values of radon concentration (Fig. 6, W).

Within the “Parma” profile, the fault is fixed along
the middle line of the RVA plot of 500 Bg/m3 with
a maximum value of 1177 Bg/m3, Ky=2.6. To the left of the
main peak corresponding to the fault, there is another area
of increased RVA values 1.5—2 km wide (Fig. 6, Z).

On the “Sheryag” profile, 9 observation points were
worked out, the RVA chart is very similar in shape to the
Parma profile chart, with RVA maximum of 2010 Bg/m3

(Ko=2.1) in the fault zone and a previous increase in RVA
values (Fig. 6, I).

On the graph, which corresponds to the “Smolyanka”
profile, there is a chaotic change in the concentration of
radon in the soil air, where the values vary from 75 to
763 Bg/m3. This is explained by the fact that most of the
profile runs along the fault zone. For this reason, the
specification of the location of West-Timan fault turned
out to be difficult in this area (Fig. 6, K).

The RVA plot along the “Yn” profile line is characterized
by two RVA maxima with values of 1217 and 1590 Bg/m3,
the first of which corresponds to the fault zone, the second
is already in the Timan thrust zone (Fig. 6, L). Here the
largest value of K = 14.4 is observed.

According to the “Beloborsk” profile in the radon field,
the boundary between the Vychegda depression, which is
characterized by RVA values reaching only 150 Bg/m3, and
Timan, where differences in radon activity are observed
in the range of 380—745 Bg/m3, Ky = 2.8 (Fig. 6, M).

Based on the analysis of the express emanation survey
data, the following conclusions were obtained:

1. The southern and central parts of the West Timan
fault are generally characterized by increased RVA values
within 400—2150 Bg/m3. The RVA plots clearly show an
increase in values from the Timan troughs to the Timan
thrust, where the radon volumetric activity remains stably
high.

2. RVA values for the Sindor block are 70—2074 Bg/m3,
average RVA values are 600 Bg/m3; Nivshera block — 46—
2144 Bg/m3, average — 670 Bg/m3; Beloborsk block — 23—
2010 Bg/m3, average — 670 Bg/m3. The average relative
indicator of the volumetric activity of radon in the Beloborsk
block is Kq = 2.0, in the Nivshera block — Ky = 5.4, in the
Sindor block — Kosouth) = 2-0, Koenorthy = 6-0.

3. Considering sections along separate profiles, without
being tied to blocks, three areas of increased values are
distinguished — 1-Obdyr; 2-Troitsk, Ozyag, Parma, Sheryag;
3-Yn.

4. Soil radon spread beyond the boundaries of tectonic
faults due to increased fracturing of the upper horizons of
the sedimentary cover; therefore, the width of the radon
anomaly always exceeds the width of the fault itself.

Thus, with insufficient seismic knowledge and low
differentiation of potential fields, emanation radon survey
can be used as an additional method for identifying and
tracing tectonic faults.

Conclusion

To solve the tasks, we used a set of standard geophysical
surveys, involving detailed magnetic surveys, and also
express radon measurements.

Interpretation of these potential fields allowed
identifying blocks of different nature of the fields:
Beloborsk, Nivshera and Sindor, and the analysis of seismic
data — a fault zone with a relatively small error.

Detailed magnetic surveys have shown that it is
impossible to trace the West Timan Fault in a magnetic
field, both in the gradient areas of the field and within the
regional maxima and minima. It can be only noted that
the width of the gradient zone is generally less than the
zones of maxima and minima. In some cases, it can only
be traced along a series of dikes of basic and ultrabasic
rocks, but they may not be located in the frontal fault zone.
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Express emanation survey showed that the West Timan
thrust, in general, is characterized by increased values of
radon volumetric activity, where they are further traced
to the territory of Timan, while areas of different intensity
are distinguished. The survey results allow applying this
method as an addition to a set of standard methods for
identifying and tracing faults, as well as to judge their
activity, and even more in the case of insufficient seismic
knowledge and low differentiation of potential fields.

Particular attention should be paid to the Sindor block,
where a sharp gradient region is noted in the magnetic
field, against which a series of dikes stand out. Also, this
zone is characterized by a high K.
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IIpocTpaHcTBeHHbIE 3aKOHOMEPHOCTH MO3IHEIIPOTEePO30iiCKO-KeMOPUIICKUX
3HJ0reHHbIX npoueccoB KanmHno-TumaHo-Ileuopckoro permoHa

|B. n. CTer[aHeHKo*|

TeppuTopuaabHblii POHI MHGOPMALIMY 110 IPUPOIHBIM pecypcam
" OxXpaHe oKpykaroleit cpensl Pecrry6miky Komu, ChIKTbIBKAP

MpoBeneHbl 0606LWeHMe dhakTUyeckoro MaTepuana no MarMaTuaMy U Mmetamopdusmy KanmHo-TumaHo-lleyopckoro permoHa u
MPOCTPAHCTBEHHbIV aHaNMU3 pa3MelLeHns NPoAYKTOB SHAOTEHHbIX NPOLLECCOB B NO34HEM NpoTepo30e — paHHeM KeMbpwuu. BoiseneHa
KOHLeHTpMpOBaHHas IOKan13aLmns NpoAyKTOB ABYX aBTOHOMHbIX MaHTUMHbIX MIKOMOB, A3BaBLUMX HAYan0 MarMaTMyecknuM Kommnaekcam
M OTHOCUTENIbHO BbICOKOTEMMEPATYpHOMY pernoHanbHOMy MeTamMopdu3My B ABYX 060COBNEHHbIX ApYr OT Apyra NPOCTPaHCTBaX —
«CeBepHOM» U «HOxkHOM». OHM pa3peneHbl aMarMaTM4HOM TeppuTopuent NpoTsXKeHHoCTblo 250—300 KM C OTHOCUTENBHO HU3KMM
YPOBHEM pernoHasbHbIX MeTaMoppuyecknx npeobpasoBaHuii 0CaL0UHbIX MOPOL.

KnioueBble cnoBa: Mazmamu3sm, Memamopgusm, TuMaHckuli me2abok, no30Huli dokembpul, MGHMULHbIL NAOM.

Spatial regularities of the Late Proterozoic-Cambrian endogenous processes
in the Kanin-Timan-Pechora region

| V. 1. Stepanenko* |

Territorial Information Fund of Natural Resources and Environmental Protection of the Komi Republic, Syktyvkar

The article presents data summarization on magmatism and metamorphism of the Kanin-Timan-Pechora region and spatial
analysis of the distribution of endogenous processes products in Late Proterozoic — Early Cambrian. A concentrated localization of
the products of two mantle plumes, which gave rise to igneous complexes and relatively high-temperature regional metamorphism,
was revealed in “Northern” and “Southern” areas separated from each other by an amagmatic area 250—300 km long with a rela-

tively low level of regional metamorphic transformation of sedimentary rocks.
Keywords: magmatism, metamorphism, Timan megablock, Late Precambrian, mantle plume.

BeepeHune

Kannno-Tumano-ITeuopckuii pernoH (KTIIP) Bkito-
yaert B cebs xp. Kanuu Kamenb, TuMaHCKMIT KpsoK, Vkma-
ITeyopcKyio BIaguHy U COOTBETCTBYeT TUMMaHCKOMY Me-
ra6moky pynnamenTa [ledopckoii TNIUTBI, KOTOPBIN Hapa-
LIMBaeT C CeBepO-BOCTOKA 3MMKaPeIbCKMiA 0CTOB BOCTOUHO-
EBpormneiickoro kpatoHa. OT OCTa/JIbHOM YaCTU MJIMNTHI
(Bosbiie3eMesibCKOTO MeraboKka) oH oTaesneH YapKkaio-
[Te1emernikoit u Unpru-YmKImMHCKOM 30HAMU pa3jioMOB
(puc. 1). 9T 30HbI GUKCUPYIOT MECTOIIOJIOKEHME PUDTO-
BBIX 30H ¥ 00Pa30BaBIIMXCS BCJIEICTBYE UX 3aMbIKAHUS
30H CYOOYKIIMM BOCTOUHBIX YacTeit [IeuopcKoit IInUThI U
TumaHckoro merabsioka [3—5].

B oTinune oT BHYTpeHHMUX (BOCTOUHBIX B COBpEMEH-
HbIX KOOPAMHATAX) YacTeil MnThl, TMMaHCKNI Merabiok
dbopmupoBasics Ha Kope KOHTMHEHTaIbHOTO THMa [5]. Ero

CTaHOBJIEHME COMPOBOXKIAI0Ch 0COOBIM HAG0POM M ITO-
C/1e10BaTe/IbHOCThIO SH/IOT€HHBIX IIeTPOreHeTUUYeCKUX
MPOIECCOB, KOTOPbIE TEHEPUPOBATIMChH IITYOMHHBIMU I10-
TOKaMM BellleCTBa ¥ SHepPTUM, BbI3bIBABIIMMM IIJIaBIeHME
1 Ipeo6pa3oBaHue CyOCTPATOB KaK B 3eMHOJ KOpe, Tak U
B MaHTUM.

CBUIETEbCTBOM TaKMX ITPeobpa3oBaHMii HA YPOBHE
MaHTUU SIBJISIETCST OOHAPY)KEHVE KCEHOIMTOB (WIOTOIIUTU3M -
POBaHHBIX SKJIOTUTOB B KuMbepnuTax Ha CpenHeM TumaHe.
ITo 0CO6EHHOCTSIM XMMUUECKOTO COCTaBa ITePBUYHBIX MUHE-
paJoB (TIMpora ¥ oMQanuTa) SKIOTUThI IIPUHAJIEKAT K MaH-
TUITHBIM MOpoAaM rpaduT-mMponoBoi ¢auuy ryouHHO-
ctu. OIOTONMUT 3aMelaeT ¥ 00pacTaeT MUHEPAJIbl SKIOIU-
TOB. Bo3pacTHbIe xapaKTepuUCTUKH, oripee/ieHHble K-Ar-
MeToZoM, cocTaBiastioT 1130 + 45 MUIH JIeT /151 SKJIOTUTa
(mopopa B tesom) 1 980 * 34 mutH JsieT nst utoromnuTa [16].

* 6 nekabdbps 2021 rofa 3aKOHYMN CBOW 3€MHOM NyTb Butanuii MBaHoBuY CTenaHeHKO — M3BECTHbIN UCCNeAoBaTeNb TUMaHa,
npopaboTaBLumMin B MIHCTUTYTE reonormMm yetBepTb Beka. M xots ¢ 1996 roaa ero aestenbHOCTb He Oblna CBSA3aHa C HAyKOM,
BOMpoCaMu reoniornun TuMaHa 1 conpepenbHbIX TEPPUTOPUIA OH NPOAOXaN MHTEpecoBaTbCs. CBMAETENbCTBOM TOMY SBSIOTCS
ny6amKaumm, NOCBSLWEHHbIE MIKOMOBOMY MarMaTM3My CeBepo-BOCTOUHOro obpamnenuns BoctouHo-EBponerickoii nnatdopmsl.

3a ABe Hedenu A0 KOHYMHbI Butanuii MiBaHoBMY nonpocun NocMOTpeTb MaTtepuassl, KOTOpble cobupan ans cratby,
W, 0CO3HaBas, YTO He YCMeeT ee 3aKOHYUTb, N0 BO3MOXHOCTM fopaboTatb M onybankoBaTb B coaBTopcTBe. O3HaKOMMBLUMCD
C PyKOMMCbIO, Mbl MOHANN, YTO OHA NPAKTUYECKM FOTOBA, NO3TOMY CAENANMN MWL HE3HAYMTENbHbIE UCNPABEHNS, COXPAaHUB BCe
€ro npencTaBaeHns U BbIBOAbI MO paccMaTpuBaeMoi npobneme.

. 2.-m. v, B. JI. Anopeuues, k. e.-m. 1. A. A. Cobonesa

Ona untupoBanua: CtenaHeHko B. WM. NpocTpaHCTBEHHbIE 3aKOHOMEPHOCTM MO34HENPOTEPO30MCKO-KEMOPUMCKNX
3HAOreHHbIX npoueccoB KaHuHo-TumaHo-INevopckoro pernoHa // BectHuk reoHayk. 2022.3(327).C. 16—24.D0I: 10.19110/geov.2022.3.2.

For citation: Stepanenko V. |. Spatial regularities of the Late Proterozoic-Cambrian endogenous processes
in the Kanin-Timan-Pechora region. Vestnik of Geosciences, 2022, 3 (327), pp. 16—24, doi: 10.19110/geov.2022.3.2.
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Puc. 1. Teonormnueckasi cxema dpyHgameHTa [leqopckoii IanTsel 1o: [bensikoBa u ap., 2008] ¢ omnoaHeHUIMU

1—4 — ropoBble 6;0ku byHmameHTa Iledopckoit wimtel: 1—2 — TumaHckuit Mmera6mok: 1 — TumaHckast M 2 — MskemMcKast 30HbI,
3—4 — Bonble3emMenbckuit Merabiok: 3 — ITeuopckasi u 4 — Bosnbliie3eMenbcKast 30HbI; 5 — 3anagHo-Ypaibckas Merasosa u Iaii-
Xoit; 6 — BocTouHO-Ypasbckas MerasoHa; 7 — Pycckast u 3anagHo-CrOupcKast INTAThI; 8 — MeCTa BbIXOA0B Ha ITIOBEPXHOCTD AOIO3/I-
HEKReMOPUIICKMX Mopox; 9—12 — HeonpoTePO30¥icKIe Ty TOHNYECKIME TTOPObI, BCKPHIThIE CKBAKMHAMM WJIV BHIXOASIIVE Ha TTOBEPX-
HOCTb: 9 — I'DaHUTBI U TPAHOAMOPUTHI, 10 — rab6pOIMOPUTHI, AMOPUTHI U IIATMOTPaHUTRI, 11 — ra66po, 12 — ra66po, rpaHocue-
HUTBI, CUEHUTBI M MOHUOHUTHI; 13 — [Ipuneyopckas cucrema pasnoMmoB: Yapkaw-IIeuiemenxas (UIT) n Unsiu-Unkmmuckas (MY)
30HbI pa3/ioM0B; 14 — 3anagHo-Tumanckuii (3T) u Boctouno-Tumanckuii (BT) pasnombl; 15 — [aBHbBIN YpalbCKuUil HAOBUT;
16—17 — y4acTKM IpOsIBJIeHNSI SHOOT€HHOV aKTMBHOCTU B IIpefienax MpoCTpaHCTB: 16 — «CeBepHoro» u 17 — «lOxHOro»; 18 — mecra
pacronokeHust Ty6oKux cKBaskuH. LIudpsl B Kpyskkax: 1 — xpeber Kanun Kamens, 2 — Mbichl JTymoBaTsie, 3 — CeBepHbIii TumaH,
4 — Innemckuii Baji, 5 — Yemtacckoe nomHsiTve, 6 — Kucimopyueiickuit Bait, 7 — O6abIpckoe ToaHsITHe, 8 — BbIMcKas Tpsaa,
9 — Ounapma, 10 — [IxkemxumMmapma

Fig. 1. Geological scheme of the basement of the Pechora plate according to [5] with additions

1—4 — crustal blocks of the basement of the Pechora Plate: 1—2 — Timan megablock: 1 — Timan and 2 — Izhma zones;
3—4 — Bolshezemelskii megablock: 3 — Pechora and 4 — Bolshezemelskaya zones; 5 — West Uralian megazone and Pay-Khoy;
6 — East Uralian megazone; 7 — Russian and West Siberian plates; 8 — outcrops of pre-Late Cambrian rocks; 9—12 — Neoproterozoic
plutonic rocks drilled by boreholes or exposed to the surface: 9 — granites and granodiorites; 10 — gabbrodiorites, diorites, and
plagiogranites; 11 — gabbro; 12 — gabbro, granosyenites, syenites, and monzonites; 13 — Pripechora fault system: Charkayu-
Pylemetskaya (YIT) and Ilych-Chikshinskaya (1Y) fault zones; 14 — West Timan (3T) and East Timan (BT) faults; 15 — Main Uralian
thrust fault; 16—17 — sites of endogenous activity display within the areas: 16 — “Northern” and 17 — “Southern”; 18 — locations
of deep boreholes. Numbers in circles: 1 — Kanin Kamen’ ridge, 2 — Ludovatye capes, 3 — Northern Timan, 4 — Tsil’ma uplift,
5 — Chetlas uplift, 6 — Kisloruchey uplift, 7 — Obdyr uplift, 8 — Vym’ ridge, 9 — Ochparma, 10 — Dzhedzhimparma
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B moHorpadumu [12] 1o MMeBIIMMCS Ha TO BpeMsI Teo-
JIOTMYECKUM Y F€0XPOHOIOTMYECKMM JaHHbIM ObLIa TTPO-
c/iexkeHa Moc/ieJ0BaTeTbHOCTD SHAOTEHHbIX ITPOIIeCCOB B
MMO3JHEM MpPOTepo30e — paHHeM KeMOpun KaHMHO-
TuMaHCKOTO permoHa, KoTopas MpecTaB/siach CJieIyio-
M 06pa3om:

* TOJIEUTOBBII MarMaTu3M;

* PErMOHAJIbHBIN MEeTaMOPGU3M U MMaJIMHIE€HHOE Ipa-
HUTOOOpasoBaHye B 30HaX MeTamopdusma ambubdosu-
TOBOJ daiuu;

* Pa3HOOYArOBbIi rabOPO-CHEeHUT-TPAaHUTOBBI Mar-
MaTU3M ¥ CONPSIKEHHBI C HUM IIeJIOUYHOI (QIIOUAHBIN
MOTOK;

* 1I€JIOYHOJ Oa3UTOBBIN U YABTPaMadUTOBBI Marma-
TU3M ¥ CONPSTKEHHBIN ¢ HUM IIeJI0OUHOi (IIOVIHBIN ITOTOK.

HaxkoruteHHbIl K HAaCTOSIIIEMY BpeMeHU (aKkTuye-
CKMi1 MaTepyaJ U IJIaBHbIM 00pa30M JTaHHbIe OypeHus 110
BEPXHEMPOTEPO30IiCKOMY (PYHAAMEHTY K BOCTOKY OT
TuMaHCKOT0 Kpsixka M03BOJIMIN BBITTOJHUTDb MPOCTPAH-
CTBEHHbII aHa/IN3 pasMelleHMS TPOAYKTOB SHIOT€HHBIX
npoiieccoB. [Tpy 3ToM 06HapykeHa KOHIIEHTPMUPOBAHHAST
JIOKaaM3alus MpoAyKTOB IIIOMOB, laBaBUIMX Haya/Io Mar-
MaTMUeCKUM KoMIIeKcaM [18] M OTHOCUTENbHO BbICOKO-
TeMIepPaTypPHOMY PErMOHAIbHOMY MeTaMop(duU3My B IBYX
060CO6JIEHHBIX IPYT OT ApyTa MPOCTpaHCTBaxX. «CeBepHOe»
MIPOCTPaHCTBO BKouaeT Xp. Kanuu Kamens u CeBepHbIit
TumaH, a Takke IIPUJIETaIOIIYI0 K HUM C BOCTOKA Teppu-
Topuio 10 Yapkato-IIbuiemerkoi 30Hb1 pa3iomoB. «KOxxkHOoe»
MIPOCTPAHCTBO OXBAThIBAET I3KHYIO YacTh CpenHero TumaHa,
ceBepHYI0 yacThb IOkHOTro TrMaHa 1 pacnoaoKeHHYIO K
BOCTOKY TeppUTOPUIO 40 Viblu-UNMKIIMHCKOM 30HBI pa3-
JioMOB (puc. 1). 9T mpocTpaHCTBa pasjeieHbl aMarma-
TUYHOI TeppUTOPUEI C OTHOCUTENbHO HU3KUM YPOBHEM
PEerMoHaIbHbIX METaMOPGhMUECKMX ITPpeoObpa30BaHMit Oca-
JIOYHBIX TIOPOZ,

TonentoBbl MarMaTusm

Haubosee mosHoe orycaHue TOTEUTOBBIX MarMaTy -
TOB JIaHO B paboTe [12], B KOTOPOI1 BbIe/I€HO YeThIpe Mar-
MaTuyeCcKux KoMILIeKca.

Ha CeBepHoM TuMaHe JIOKa/I130BaH OapMMUHCKO-Uep-
HOpeIKuii rabopo-A0/IepUTOBBIN KOMILJIEKC, ITPEACTaB-
JIEeHHbI}1 OTHOCUTEIbHO KPYITHBIMM UHTPY3MBaMM, acCO-
UIMMPYEeMbIMU C TPaHUTaMM MacCcMBOB bosnbioit Kamernex
n Conky KameHHbIe. X pasmepbl BApbUPYIOT OT ITEPBbIX
TBICSIY KBaZPaTHBIX METPOB 10 HECKOIbKUX KBaZpaTHbIX
KujoMeTpoB. B ByrpoBckoit 30He pa3/ioMOB PSIIOM CKBa-
SKMH BCKPBITHI TeJIa 6a3UTOB, COAEPXKAIMX MEIHO-HUKe-
JeByIo cynbGuUIHYI0 MyuHepaau3anuio [7, 19]. [lepBuyHbIii
MUHepaIbHbI COCTaB, YCTAaHOBJIEHHBI 110 PeJIMKTAM Mar-
MaTOTE€HHBIX MMHEPAJIOB, XapaKTepMU3yeTCss KOMOMHAI-
eif I1arnokasa, KIMHOIMPOKCeHa ¥ MHTePCTULIMOHAb-
HOT'O0 MMKpPOIErMaTuTa. B pegkux ciydasix M B He60/Ib-
IIOM KOJIMYeCTBe K HUM MIPUCOeANHSIETCS KOpUUHeBas po-
roBasi obMaHKa Turia 6apkeBuKuTa. [IBETOBOI MHAEKC
6a3uTOB, BapbMpYIOIIMii B MHTPY3UBax Cormok KameHHBIX
u Bonbinoro Kamerika ot 40 5o 50 %, 06paTHO IIpoIop-
LIMOHAJIEH cofepskaHuio Mukpomnermarura (0-5 %). s
JIaifkooOpa3HOro MHTPY3MBa Mbica BapMMH 11BETOBOJ MH-
IIeKC CHMsKaeTcs Ao 25 %, a cogepskaHue MUKPOIIerMmaTu-
Ta yBeJnueHo a0 12—14.5 %. 3to Hanboee neiikoKpaTo-
Bble Pa3HOCTM 6a3UTOB KOMILIEKCA. [TOpobI IpeTepriesin
pernoHanbHbIit MeTamopdusm. COBpeMeHHbI MUHEPaJTb-

HBIIi COCTaB MHTPY3MUBHBIX 0a3UTOB, KaK MPaBUJIO, COOT-
BETCTBYeT IapareHe31cy 3eJeHOWIaHLeBoit danum meTa-
Mopdu3Ma: KU IUIarMOK/Ia3 + ypaauToBasi poroBast
obmMaHKa M (WIM) aKTUHOJIUT + SMUIOT + TUTAHUT + 610-
TUT * XJIOPUT.

CeBepOTMMaHCKO-KaHMHCKU JOJIEPUTOBBII KOM-
TJIEKC TIPeICTaB/IeH MaJIOMOUTHBIMM 10 1-2, pexke 1o 5 M
JIaitkamMu ¥ CUJIIaMU TIPOTSDKEHHOCTBIO OT HECKOJIBKUX Jie-
CSITKOB METPOB 10 2 KM, PaclIpOCTPaHEHHBIMM KaK Ha
CeBepHom Tumane, Tak 1 Ha xp. KaHnH KameHs. basnuTsl
MeTaMopbr30BaHbl M30(danuaabHO C BMEIIAIMM TOJ-
mamu. B yciioBusix 3esieHoc/IaHIeBoi dhauuy mpeobpaso-
BaHMSI MMHEDPAJIbHOIO COCTaBa JOJIEPUTOB BbIPAKAIOTCS
B JleaHOPTU3alMy IIaruoKaasa, pa3BUTUM YPaaUTOBO
pPOToBOJt 06MaHKM, aKTUHOINTA, STUA0TA Y MHOTAA 6MO0-
TUTA U XJIOpUTA. B 6ONBIIMHCTBE CIyyaeB Py 3TOM COXpa-
HSeTCSI BO3MOXXHOCTD OIlpeie/ieHMs IePpBUYHbBIX Marma-
TOTE@HHBIX CTPYKTYD. BasuTel, mpeobpa3oBaHHbIE B YCIIO-
BUSIX aMdUOOIMUTOBOI dalyu, IIpeCTaBIsIIOT cO00i op-
TOaM@MO0IMUTHI COCTaBa: poropasi o6MaHKa + aHIe3uH +
+ KIIMHOIIOM3UT, Pa3BUBAIOIMIACS 10 TUIArMOKIIa3y, + 610-
TUT, pa3BUBAIOLIMIACS IO POTOBO1 06MaHKe, + rpaHat. OHu
BbISIBJIEHBI B MUKY/JIKMHCKO aHTUKIMHAIN, PACTIOIOXKEH-
HOI1 B I0r0-BOCTOYHOI yactu xp. Kannu Kamens, a Takke
B parioHe ycTbs p. b. [Ingepuenxa Ha ceBepo-3armnane
xp. Kannu KameHns.

BapMuMHCKO-YepHOPEeIKMit KOMILJIEKC Toj1arasucs 60-
Jiee IpeBHUM, ITIOTOMY YTO M3BECTHbI [lepeceueHnst ero
MHTPY3UBOB JlalikaMy LOJIEPUTOB CeBepOTMMaHCKO-Ka-
HMHCKOTO KoMIuiekca. OfHaKo IIIOoaaM paciipocTpaHe-
HMS 9TUX KOMILJIEKCOB COBMellleHbl. VI3BeCTHO Takke, UTO
JIIUTeNbHOCTD AeiCTBUS TOIEUTOBBIX IJIIOMOB COCTaBJISI-
eT 06bIYHO HECKOJIbBKO MITIMOHOB JieT [14]. Tena nonepu-
TOBOTO KOMIIJIeKCa YacTO MPOMMINTU3UPOBAHBI, UTO BbI-
3BaHO MX KOHTAKTaMM CO C1aGOMMTUDULIMPOBAHHBIMU
BMeEIIAONIMMM 0CaJOYHbIMM ITOopoaaMu. [Ijist Ten 6a3u-
TOB, BCKPBITBIX CKBaXXMHaMM B ByrpoBckoit 30He pasio-
MOB, YCTAaHOBJIEHO, YTO OHM BHEAPSUTUCH B CI1a60OMUTUDM-
LMpoBaHHbIe Tonu [19].

IMopopb! cpefHETUMAHCKOTO AOEPUTOBOTO KOMILIEK-
ca BBISIBJIEHBI B I0TO-BOCTOYHOI1 yacTy YeTnacckoro Kamus.
OtpenbHbIe Tena 3adUKCUPOBAHBI CKBasKVHAMM, BCKPBIB-
mvMy GyHAAMEHT B rpeaenax Mxkemckoit 3oHbI. KomIniekc
Mpe/iCTaB/IeH JaiikaMy M CU/JIAMM MOILTHOCTBIO 10 5 M, HO
06b1yHO MeHee 1 M. [loepuThl Ipeo6pa3oBaHbl, YacTo
MIPONMINTU3UPOBAHbBI U M3MeHeHbl perMOHaIbHBIM Me-
TamMopdu3MoM u3odanmaabHO ¢ BMEIlalouMMKU 0Camou-
HbIMM nopogamu. CiiabomeramMmopdu3oBaHHbIE LOTEPU-
Thl 0OHAPYKEHBI K 3amany ot LleHTpasbHO-TUMaHCKOTO
pasyiioma. OHM 06/1aIaI0T TTePBUYHOI HOPHUPOBUAHOMN
CTPYKTYPOIJi C XOPOIIIO BbIpaykeHHbIMM BKpaIlJIeHHUKaMU
I1aruokiasa (Ansg_sg) ¥ NIoMeporopGUpPOBLIMYU CPOCT-
KaM¥ aBruTa. Bo BHyTpeHHMX YaCTSIX Tell OTHOCUTETbHO
60JBIIOM (~5 M) MOITHOCTY (DUKCUPYETCST pa3BUTHE VH-
TepPCTULIMATLHOTO MUKPOIIerMaTuTa. B OTAe/NbHbBIX Tenax
OTMEUEHO ITPUCYTCTBME KOPUUHEBOI POTOBOI 0OMAaHKM,
dhopmupyloleit y3kyue KaiiMbl BOKPYT KPUCTAJLJIOB KJIMHO-
nupokceHa. K BocToky ot LleHTpanbHO-TuMaHCKOT0 pas-
JIoMa [OoJepUThI CJI0KeHbl (G1uOpPo6IacTOBBIM arperaTom
aKTMHOJINTA, KUCIBIM IIJIarMOKIa30M, STIUI0TOM, XJIOPU-
TOM. B 3aBMCMMOCTM OT 06CTAHOBKM MOXKET ITPUCYTCTBO-
BaTh OMOTUT. [I0 MYMHEPATbHOMY COCTaBY OHM aHAJIOTUY-
HbI 6a3MTaM CeBepOTUMaHCKO-KaHMHCKOTO JI0/IepPUTOBO-
rO KOMILJIeKca.
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K cpemHeTMMaHCKOMY KOMILJIEKCY 11e/1Ieco0bpasHo
Takke OTHOCUTD BCKPBITYIO CKB. 810 Ha IOckHOM Tumane
MHTPY3UIO KBapLIEeBbIX rabOpO-10/1epUTOB (BbIAEISIBIIY-
10CS1 B CAMOCTOSITE/IbHBIN I0KHOTUMAaHCKIi1 rab6po-mgose-
PUTOBBIBIN KOMITIEKC). [IOpOzIbI MMEIOT 11aba30BYIO0 CTPYK-
Typy. VIX COCTaB: COCCIOpPUTU3UPOBAHHBIN IJIarMoksias (aH-
IesuH-n1abpamop) — mo 30 %, KIMHOIMMPOKCEH, 3aMellleH-
HbII ypamuTom, — 10 30 %, ximoput — no 10 %, kap6oHaThbI
— 1o 10 %, pynHbple MyuHepasbl 1 annatut — 10 10 %. Bo
BHYTPEHHEI YacTy TeJIa MOSIBISIIOTCSI OOM/IbHbIE YUaCTKU
MMKpOIerMaTUTOB. Jlajiee Ha I0r0-BOCTOK, a Takke Ha
Oumnapme u [IkeIskMMIIapMe 10JIePUTOB He 0OHAPYKEHO.

CpenHeTMMaHCKUI TOIePUTOBBIN KOMIIJIEKC OTAe-
JIeH OT CeBepOTUMAaHCKO-KaHMHCKOr'0 KOMILJIeKca amar-
MaTU4YeCKUM IPOCTPAHCTBOM, TPOTSXKEHHOCTh KOTOPOTO
B OOLLETMMAaHCKOJ OpMEHTUPOBKe cocTasisgeT 250—300 k.
Takum ob6pa3om, B TMaHCKOM Mera6JioKe B [TO3AHEM PU-
(hbee cy6CMHXPOHHO COCTOSIUCH ABA ITPOCTPAHCTBEHHO
0060Cc006/IeHHBIX aKTa TOJIEMTOBOTO MarMaTu3ma, BbI3BaH-
HbI€ TIPOCTPAHCTBEHHO Pa3006IeHHbIMY TUTIOMaMNA.

PernoHanbHbIi MeTaMopdusM
M NaJIMHreHHoe rPaHMTO06pa3oBaHMue

WccnemoBaHust perMOHaIbHOrO MeTaMopdusma B
KTTIIP BBINOMHSANUCH paHee IIPeUMYILECTBEHHO I10 IIJI0-
IaAsIM BBIXOJ]a BEPXHEIIPOTEPO30ICKUX ITOPO]I, IO/, UeT-
BepTUUYHbIe OTIOKeHMs. OmHAKO CyMMapHasi IJIOIa b Ta-
KUX BBIXOA,0B COCTaB/seT 0Koio 20 % OT Iiomanu perm-
OHa, YTO 3aTPYIHSIET BO3MOXXHOCTb 0ObEKTUBHO CYIUTh O
MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTSIX ITPOTEKAHMUS Me-
tamopdusma. Tem He MeHee 000061eHMe, BHITTOTHEHHOE
B.T.TeuenbIM ¢ coaBTOpaMu [6], a TakKe JaHHbIE I'e0sI0-
TMYECKUX Ch€MOK TOKa3aiu, YTO CTeleHb Mpeobpa3oBa-
HMIT 0CaZKOB BapbMpPYeT OT KaTareHesa n0 aM(puOoInUTO-
BO#1 atiym. [Ipy 3TOM perMoHaabHbI MeTaMOP(MU3M Ipo-
SIBJISITICSI HepaBHOMEPHO JIaske B Ipefesiax OTAeNbHbIX I10-
mazei. DTOT BbIBOJ IMOATBEPXOAIOT AaHHbIEe TIO
nerporpaduu nmopon, GyHIaMeHTa M3 KepHa [TyOOKMX
CKBaXXVH, MPOOYPEHHBIX K BOCTOKY OT TMaHa.

Ha xp. Kauun KaMeHb BbISIBJIEHO IOCTEIIEHHOE 30-
Ha/IbHOE CHIKEeHMe CTelleHy MeTaMOopP(GUIecKux peoo-
pa3oBaHMif, B 0OIIMX YEPTaX COBMAJAIOIIEE CO CTPATUTPA-
(budeckoit mocaen0BaTeIbHOCTBIO.

Hanbosnee npeBHSIS MUKYJIKMHCKAsI CEpUS, CIaraloiast
MMKYIKMHCKYIO aHTUK/IVHAIb B I0TO-BOCTOUYHOJ YacTu
XpebTa, MpecTaB/ieHa KPUCTA/UTMYECKUMM CJIaHIIAMM, T1a-
parHejicamu ¥ ampuboIUTaMM, CTEIIEHb ITPeodpasoBaHMii
KOTOPBIX OTBEUAET KMAaHUT-CYJUIMMAaHUTOBO ¥ KUAHUT-
MYCKOBUT-O6MOTUTOBOI cybdarysam metamopdusma am-
bubonuTOBOI paiyu. B 30He KMaHUT-CUIMMAaHUTOBO
cyO6daiuy moIyInau pasBuUTHe MPOLIECChl yabTpaMeTa-
Mopdu3Ma 1 aHaTekcuca ¢ GopMUPOBaHMEM TPAHUTHBIX
IerMaTUTOB MUKYJIKMHCKOIo KoMIuiekca [10, 12].

Bolmesiexkaiast TapxaHOBCKas cepysi B HUKHE TOJ-
11Ie TIpeicTaB/IeHa CTIOAYICTBIMM KBapLMTAMU U TpaHob/1a-
CTOBBIMM KBapII-IOJIEBOILIIAT-TPaHaT-CITFOIVUCTHIMMU TTOPO-
IaMM; B CpeHe YacTy — CIaHLIaMM KBapil-MyCKOBUT-
OMOTUTOBBIMMU U aIbMaHIMH-KBapI-OMOTUTOBBIMU, CTE-
MeHb MpeoO6pa3oBaHMUil KOTOPBIX CHMUKAETCS OT
KMaHUT-MYCKOBUT-6MOTUTOBOI cyOdauyy amdpubonmuTo-
BOJi aliuy 10 3eJIeHOCIaHIeBoi dauun. BepxHsas Tomia
CJIOKeHa T0oJIeBoIITaT-KBapieBbIMU ¥ apKO30BbIMU TeC-
YaHMKAaMU, B KOTOPBIX (QUKCUPYETCST [JIMHUCTDIN €MEHT,

T. €. CTelleHb IIPeo6pa30BaHMil ITUX TIOPOJ, CHIKAETCS 10
MeTareHesa.

3aBepiawiras paspes TabyeBcKasi cepusi CJIosKeHa
CJIaHIaMM KBapll-MYyCKOBUTOBBIMM, KBAPI-MyCKOBUT
(CepUIIUT)-XTOPUTOBBIMM 3€JI€HOCIAaHIIEeBOI (aiumu.

B ceBepo-3anagHoii yactu xp. KaHuH KameHns, B ycTbe
p. B. [Iuzepiienxa Ha MTOBEPXHOCTY OOHAKEH OJIOK BEpPXHE-
MPOTEPO30JCKMX 00PA30BaAHMIA, TPEICTABIEHHbBIX CTaBPO-
JIUT-TPaHAT-OMOTUTOBBIMM CJIAHIIAMU U aMmdubomTamu,
IyahTOPUPOBAHHBIMMU IO YPOBHS MYCKOBUT-GMOTUTOBOW
" MyCKOBUT-XJIOPUTOBOII cybdarinii 3ejieHOCIaH1eBoi da-
uyu. C HUMM KOHTaKTUPYIOT aHATeKTUUeCcKye IBYCTIONs-
Hble IPAaHUTBI CeBePOKaHMHCKOr0 KoMIuiekca [12].

Hameuatomiasicst 3mech BepTuKaabHas MmeTaMopdu-
yecKkasl 30HaJIbHOCTb, COBIaAAomas co crpatTurpaduue-
CKOJ1 IIOC/IeIoBaTe/IbHOCTbIO, HapyllleHa Pe3KMUM CHIDKe-
HMEM CTeIleHM MeTaMopdu3Ma B BEpXHE TOJIIIe Tapxa-
HOBCKOJ1 CepuM ¥ pe3KMM POCTOM B ITOPOJax TaOyeBCKOIi
cepuiu. ITO MO3BOJISIET CUUTATD, UTO TETVIOBOI ITOTOK, BbI-
3BIBAIOLINI MUHEpaIbHbIE TPeo6pa30BaHMsI 0CaJKOB, ObLT
BeCcbMa HepaBHO3HAUYHbIM 110 TeMIlepaType U BbISIBJI€H-
Hasl 30HAJIbHOCTb SIBJISIETCS] HE TOJIbKO [TTYOMHHOI, HO U
JlaTepaJbHOIA.

Oo6HaskaroImecs K 3anany ot xp. Kaunu KameHs B
pajiioHe MbIcOB JIymoBaThIX pudeiickye KapboHATHbIE TO-
POJIbI COXPAHSIOT 0Caf0UHbIe CTPYKTYPHO-TEKCTYpPHBIE Xa-
PaKTEPUCTUKY U He OOHAPYKMBAIOT 3HAUMTEIHHOTO BJIU-
SHUS MeTaMopdu3ma.

Ha CeBepHoMm TuMaHe BepXHENpPOTepO30iicKue 06-
pa30BaHMs BCKPBITHI 5p031eil Ha TOKAJIbHBIX yUacTKax, a
TaKKe CKBaXMHAMU O[] JeBOHCKMMM ocagkamu. B oca-
JIIOYHOM KOMIIJIeKCe MOPO/I Bble/IeHbl UEICKASI CBUTA U
6apMuHCcKas cepusi. KOHTaKTbI MeXAy cTpaTurpaguye-
CKMMMU TejlaMy He YCTaHOBJIeHBI.

Yenickast cBUTa BCKpbITA CKBaKMHOM N2 112 B HUK-
HeM TeueHUM p. [lecyaHKM 1O, BepxXHENEeBOHCKUMMU OT/IO-
SKEHUSIMU, B MHTepBase youH 378.2—404.2 m. [Topoabl
TpeACcTaB/eHbl ABYCAIOISIHBIMY I'PaHAT-CTaBPOJUTOBBI-
MU CJIaHIlaM M, aHaJIOTMYHBIMY 110 MUHEPaJIbHOMY COCTa-
By w1aHLam B pairioHe p. b. IIngepuenxa Ha xp. Kanun
Kamenb. ITo cTrerneHu Mmetamopdu3sMa UX MUHEPATbHbI
rapareHe3)C OTBEUaeT CTaBPOIUT-aJIbMaHIMHOBO Cy6-
banum amdpubonnToBOM dauyu [8]. B oTHOIEHUM BO3-
pacrta cBuThl HeT egyiHoro MHeHu4. 10. I1. Epmornenko [9]
TojiaraeT, YTO YEIICKasl CBMUTA IIpeCTaB/sIeT MPUIIOIHS -
ThIIi 6JI0K KapesbcKkoro GpyHaaMmeHTa. Ho MajoBeposSITHO,
4TO6BI HEGOJIBINION 610K «ITPOTKHY/I» MHOTOKMIOMETPO-
BYIO TOJIIY pudeiickux ocagkos. [ToaTomy 3T1 06pa3oBa-
HMSI OTHOCST K HIDKHEMY pUGEI0 ¥ CUMTAIOT BO3PACTHBI-
MM aHaJIoOTaMM MUKYJAKMHCKOM cepum xp. KanmH KameHs.

B cocraBe 6apMMHCKOi cepuy CHM3Y BBEPX Bbiese-
HbI pyMSIHUYHasl, MaJIoue pHOpPeIKast 1 IMO603epcKast CBU-
TbL. PyMstHMYHasI cBUTa 0OHAkeHa T0 obepeXxpio YENICKoii
ryObI OT YCThS p. PyMSIHMUHOII 10 MbIca b. PyMSTHUYHBI
U MpeACTaBieHa OUOTUT-KBAPLIEBBIMU U aIbMaHAWH-0MO-
TUT-KBaplieBbIMM CjIaHIIaMM. MajiouepHopelkasi CBUTa
HauboJIee TIOJTHO BCKPbITa 1o pekaM M. UepHast u UepHasi.
B ee cocTaBe GpUKCUPYIOTCST KaK OMOTUT-KBapIleBbIe, TAK
U XJIOPUT-CEPULIUT-KBapIleBble CJIaHIIbI. IMO603epcKast
CBUTA OOHAKeHA I10 Mobepeskbio YENICcKoii ryosbl 10ro-3a-
najiHee Mbica BapMuH 1 1o mobepeskbio bapeHiieBa Mopst
Mexny Mpicamu bapmuH n KanutaHckuii u ¢J105keHa XJ10-
PUT-CEPULIAT-KBAPLEBBIMU U CEPULIUT-KBapLIeBbIMMU CIaH-

HaMM, a TaKXKe KBapumuToIlieCiaHMKaMu.
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Ha tepputopun CeBepHoro Tumana u xp. KaHuH
KameHb 0OHapy>KMBaeTCsI HAIMYME 00JIaCTU C OTHOCH -
TEJIbHO BBICOKO CTEIIEHbI0 MeTaMOPGhUUECKMX Ipeobpa-
30BaHMI U C HECKOJIBKMMM JIOKAJbHBIMM IIPOCTPAHCTBA-
MU, B KOTOPBIX MOTYYMUIN Pa3BUTHE MeTaMOPhU3M aM-
pmbomTOBOI dhatuu u rpaHuTOoOOpa3oBaHMe. ITa 00-
JIaCTh IIPOCTPAHCTBEHHO COBMellleHa C 1ojieM pPa3BUTUS
TOJIEMTOBBIX Oa3uToB. HameTusiasics opma ee mpoek-
LM Ha TIOBEPXHOCTh XapaKTepu3yeTcsl BITIHYTOCTHIO B
ceBepo-3arafHoi OpUMeHTUPOBKe, Mapaljie/ibHOM MPOCTH-
panuio Yapkaro-IIblieMe1koi 30HbI pa3/ioMOB.

K 1oro-Boctoky ot CepepHoro TrmaHa 060cobssieTcst
06/1aCTh OTHOCUTEJIbHO c1aboro meraMmopdusma (MeTa-
mopdu3sm norpyxeuns). Ha linibmeHckom KaMmHe B 110-
pomax GbICTPUMHCKONM Cepuy MOBCEMECTHO GUKCUPYETCS
CepULINT-XTIOPUTOBBIN MTapareHe3uc. K BOCTOKy 1 ceBepo-
BOCTOKY OT LlmsibmeHckoro Kamus B npenennax V>kemckon
30HBI, B pUPEICKMX OTIOKEHMSIX, BCKPBITBIX PSIIOM CKBa-
SKVIH, TapaMeTaMOop@UThI TpeICTaB/IeHbI CIaHLIaMy U QuiI-
JIUTaMM KBapII-CePULIUT-XTOPUTOBBIMMU U Taske UX TUIIPO-
CTIOIMCTHIMM Y IMHUCTBIMU pasHOCTAMMU. [IpumeuaTesnbHo,
YTO 3Ta 06/IACTh COBMEIEHA C aMarMaTUYHbIM ITPOCTPaH-
CTBOM, Pa3AesioIM 06/1acT pa3BUTUSI TOJIEMTOBOTO
mMarmMaTusma.

K 10ro-BoCTOKY OT 06/1aCTV OTHOCUTEJIBHO C/1a60ro
MeTamopdu3Ma HabIIOAAeTCs MO3auvYHOe pa3MeleHne
MeTaMOp(UTOB Pa3HOii CTeIIeHy Tpeobpa3oBaHMIL.

B uemnacckoit cepun Ha Yetnacckom Kamue cHu3y
BBEPX BbIJeJIeHbI CBETJIMHCKAs, HOBOOOOPOBCKAS U BU-
3MHICKas CBUTBI, ITpeACTaBIeHHble KBapLUTaMI, KBapIiu-
TomnecyaHMKaMM, ajieBpOIUTaMM U CJIaHIIaMM B pasind-
HBIX COOTHOLIEHMSX. JIJIs1 CBETIIMHCKOI, HOBOOGOOPOBCKOI
Y HVDKHE TTOJICBUThI BUSMHICKOI CBUTHI 3a(MKCUPOBAH
CePULIUT-XTIOPUT-OMOTUTOBBIN MeTaMOp(OreHHbI rmapa-
reHesuc. C/iaH1bl BepXHeil MOACBUTBI BUSMHICKOM CBUTHI
MeTaMOpPGM30BaHbI B YCJIOBUX CEPUIIUT-XIIOPUTOBOI CY0-
dauum, a Ha ymameHuu, K 3anagy ot lleHTpanbHO-
TuMaHCKOTO pa3joMa, — B YCIOBUSIX MeTareHesa. Takke
c1abo MmeTaMopd30BaHbI pacpoCTpaHeHHbIe B 3amaj-
HoJi yactu Yetnacckoro KaMmHs1 mepekpbiBaoiiye ux oT-
JIOSKEHMSI aHbIOT'CKOJ CBUTbI, OTHOCHMMOJ K HM3aM ObI-
CTpUHCKOI cepun. TakuM 06pasom, IJIsI 0CaJOYHbBIX 00-
pa3oBaHMit YeT/IaCCKOI cepuy HameuaeTcsl BepTUKaIbHas
30HAJIBHOCTD, UTO BbIpa)XkaeTCs B HApacTaHMUM CTeIlleHU
Mpeobpa3oBaHUil C TyOUHOIA.

Ha Yetnacckom KamHe B TeppUreHHbIX 06pa30BaHM-
SIX OBICTPUHCKOV CEpUM MPUCYTCTBYET KaK CEPULIUT-XII0-
PUTOBBI, TaK ¥ CEPULIUT-XJIOPUT-OMOTUTOBBIN Mapare-
He3uchl. B 1oro-socrouHoi yactu Yernacckoro Kamus B
TaKoJi ke cTereHu MmeTaMop@u30BaHbl 1 00pa3oBaHMUs,
OTHOCMMBbIE K aHBIOTCKOJi CBUTE, 3aJIeralolye moj Kapoo-
HaTaMM MaBbIOTCKOI CBUTHL. [Ipy 3TOM HET CTPOroro KOH-
TPOJISl B OTHOLIIEHM M pa3MellleHN s MeTaMOP(UTOB CO CTO-
ponbl LlenTpanbHo-TUMaHCKoOro pasiaoma. Ha 1oro-Bocto-
Ke BosibCKO-BbIMCKOJ#4 Tpsifibl OBICTPMHCKIME KAPOOHATHI U
CJIAHIIBI METAaMOP(M30BAHbI B YCIOBUSIX CEPULIUT-XIOPU -
TOBOJI CyOdauyn.

Takum 06pa3oMm, B IOPOIax ObICTPUHCKON cepuy Ha-
MeyvaeTcs JlaTepasibHas 30HaTbHOCTb, BbIpa)KeHHas B CHU-
SKEHWUM CTerleHy Tpeobpa3oBaHuii B ceBepPO-3aIalHOM U
I0r0-BOCTOYHOM HallpaBjIeHUSIX OT I0T0-BOCTOYHOI 4YacTu
YeT/1aCCKOTO KaMHSI.

Ha BeimckoM Basty mOpoAbl KUCTIOPYYECKOM cepun
MOBCEMECTHO ITPe06pa3oBaHbl B YCIOBUSIX CEPUIIUT-OMO-

TUTOBO¥ cyb6daiyu 3eJIeHOCTaHIIeBOM Galyu, U, yUUTbI-
Basi BEPTUKAJIbHYIO0 30HAJIBHOCTh MeTaMopdu3ma, JIOTUY-
HO IojiaraTh Mx 60/iee APEBHUMM IO OTHOIIIEHUIO K 3aJj1e-
ralolei Boillle ObICTPUHCKOI cepum.

Jis1 mopof, BBIMCKOI Cepum XapakTepeH CepULIUT-
XJIODUTOBBIN NapareHesuc. [Ipu sTtom B ckB. Spera-700
BCKPBITbI OMOTUT-XJIOPUTOBBIE CJIAHIbI. MHOTMMM MCCITE-
IOBaTeJISIMM TTOJIATaeTCsI, YTO MOSIBJIEHME OMOTUTA B CO-
CTaBe MapaMeTaMop(dUTOB B 3TOi 061acTM 06YCIIOBIEHO
MpoiieccamMi JIOKaJIbHOTO AuHaMmoMmeTamopdusma [5].
OnHako 6MOTUT MPUCYTCTBYET U B TTIOPOJAaX OTHOCUTETh-
HO C1aboayMcIONMpOBaHHbIX. Hanbosee SIBCTBEHHO 3TO
BUIHO Ha Kuciopyueiickoii rpsige.

K BocTOKy oT 3toit yactu CpegHero TumasHa, B
V>keMCKOJi 30He, IT0 HabII0OeHUSIM B KepHe CKBaXXMH CTe-
neHb MeTaMopdu3mMa pudeiickux mopoj, BapbupyeT OT ce-
PULIUT-XJIOPUTOBOJ cyOdauyy 3eJIeHbIX CJIAHIIEB A0 aM-
dbubonuToBO Qauyn.

INepexombl MeKIY KBapIl-OMOTUT-XJTOPUTOBBIMU U
KBapIl-CepUIUT-XIOPUTOBBIMU CJIAHIIAMMU OCYIIeCTBIIS-
I0TCSl HA PACCTOSTHUSIX B HECKOJIbKO KMJIOMETPOB, U B UX
pasMelleHNy He 0OHaPY)XMBAETCsI 3aKOHOMEPHOCTEN U
CTPYKTYPHOT'O KOHTPOJIsL. PermoHanbHOII meTporpaduye-
CKOJ1 0COGEHHOCTBIO CIaHIIEB B MIskeMCKOJi 30He U K 3ara-
ny Ha CpegHem TumaHe sBiisteTcst 6iacronopdupoBast
cTpyKTypa. Biactonopduposbie BhifeeHMs ObIBAIOT MPe-
CTaBJIE€HbI:

* QJIIOTpMaMOpPGHBIMM arperaTaMu XJiopura (meH-
HMHA), YaCTO B CpaCTaHUM C CEPUIIUTOM, peke ¢ 6MoTu-
TOM;

* UAMOMOP(MHBIMMU [TAKETAMU OUOTUTA;

* UAMOMOP(HBIMU ITCEBAOMOPGHO3aMU XJIOPUTA 110
6MOTHUTY.

DTO CBUIETEIbCTBYET O HEPAaBHOMEPHOCTU TeIJIOBO-
ro 1 QoKuIHOrOo MeTaMOpP(dU3YIOIIETo MOTOKA, YTO IPU-
BOAWJIO K Pa3/IMYHBIM TeMIIepaTypHbIM peXMaM Ha paB-
HBIX TUTICOMETPUYeCKUX YPOBHSX.

HepaBHOMEPHOCTb MOTOKA OOHAPYKMBAETCS M HA pe-
TMIOHAJIbHOM YpOBHE. B BOCTOYHOI YacTu TaHHOI 06/1acT
BbISIBJIEHbI KPYITHbIE MaCCUBBI ABYCIIOASHBIX aHATEeKTHYe-
CKUX TPAHUTOB, 0ObeAVHEHHbIE B HVYKHEOMPUHCKIIT KOM-
TIJIEKC ABYCTIONSIHBIX IPAHUTOB [3, 4]. 9TU MaccuBbI HUK-
CUPYIOTCS B (GM3UUYECKUX TIOMSIX KaK IPaBUTAILMOHHbIE M-
HUMYMbI ¥ OTpUIlaTe/IbHble MAarHUTHbIE aHOMAJIUN.
CkBaXkMHaMM BCKPBITbI MacCuBbl HUKHEOMPUHCKMIA
(ckB. 1-10kHbIM IKbEp, 1-3ananHas [Tokua, 1-HyokHss
Owmpa) u IIpurykckmii (cks. 1-TTpunykckas, 11-u 12-Cpennsist
MbuiBa). B ux o6pamiieH M BCKPBIThI KPUCTAINYECKIE U
THeJicOBUAHbIE CIaHLIbI aM(pMO0IUTOBOI daluy U OpTO-
amdubonuTel (ckB. 1-IIpmnykckast, 12-Cpengusis MbliBa,
12-BepxHss UyTs). [lo neTporeHeTMYECKUM IIpU3HAKaM,
3a(UKCHMPOBAaHHBIM B X COCTaBe, 00pa30BaHMST HUKHE-
OMPUHCKOTO 1 CeBepOKAaHMHCKOTO KOMIIJIEKCOB ABYCIIIO-
JISTHBIX TPAHUTOB, @ TAK)Ke MUKYIKMHCKOTO KOMILJIeKca rpa-
HUTHBIX ITETMAaTUTOB OTHOCSITCS K Me30abMCCaTbHOM —
abuccanbHoit dauun [4, 12].

Takum 06pasom, 060cobsIeTC elle ogHa 06/1acTh OT-
HOCUTEIbHO BbICOKMX MeTaMop(uuecKkux rnpeobpasoBa-
HMI, KOTOpasi COBMellleHa C TI0JIeM Pa3BUTHS TOIEUTOBBIX
MarMaTUTOB. B ouepTaHusIx 3TO¥ 06/1aCTM M PaCIIONOKEeH-
HOJi ceBepHee 06/1aCcTy HM3KOTEMITEPATYPHbIX ITpeodpa-
30BaHU OTYETVINBO OOPMCOBBIBAETCS CYyOMEPUAVIOHAb-
Has (CoBpeMeHHasi) OpMeHTUPOBKA, IapaenbHas Viby-
YMKIIMHCKOI 30He pa3jioMoB (puc. 1).
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Ha 10ro-BoCTOK OT 3TO# 061acT Ha TMMaHe OTYeT-
JIMBO TIPOSIBJISIETCSI CHISKEHME CTelleHM perMoHaIbHbIX
MeTaMop(uUecKkuXx mpeobpasoBaHmii pudeirckux ocamoy-
HBIX [TOPOJ, ¥ OTCYTCTBME IIPOSIBIIEHMII TOJIEUTOBOTO Mar-
maTtusMa. Ha Oumapme metaMopdu3M IOPOJ POITUMH-
CKO¥1 KapOOHATHO-TEPPUTEHHOI U BbIIIEIesKalleii 0u-
MapMCKOit TeppUTeHHOM CBUT He MpPeBbIIIaeT CepUIIUT-
XJI0pUTOBOI cybdanym. Ha I>kemKkumMnapMe BepxHe-
MpOTepPO30¥ickue 06pa3oBaHMsI He HECYT MPU3HAKOB V-
HaMOTepMaJIbHOTo MeTamopdusma.

ITpoTeposoiickue 06pa3oBaHys, pacIIPOCTPaHEeHHbIE
BO/MM3M 3aTTagHO-TMMaHCKOTO pas3/ioMa M BCKPBIThIE CKBa-
skuHamu 1-Cungop, 1-BecnsHa, 183-, 184-HuBiepa,
1-Bonbuie ITopory, mpakTUUeCcKy He MeTaMop(130BaHBbI.

CrnemoBaTelbHO, IOJISI paCIpOCTpaHeHUS TOJEUTO-
BBIX 6a3UTOB M 00/1aCTV OTHOCUTEILHO BBICOKOTEMIIEpa-
TypPHOTO MeTaMopdy3Ma 00PUCOBBIBAIOT ITyTH MTOABEMA
IBYX Pa3/IMYHbBIX U IPOCTPAHCTBEHHO 000COBIEHHBIX TE-
TUTOBBIX ¥ (UTIOMIHBIX ITIOTOKOB M IIPOCTPAHCTB («CeBepHOe»
u «lOskHOe»), B KOTOPBIX peain30BbIBa/IaCh UX AesTeNb-
HOCTb. BHYTpM 060MX MPOCTPAHCTB MHTEHCUBHOCTD (TIOT-
HOCTb) MeTaMOP(GU3YIIINX ITOTOKOB BapbMpOBasIa, CO3-
IlaBast HECKOJIBKO 30H peodpa3oBaHmii B aMmPuOoaInTo-
BOJi (halluy ¥ aHATEKTUUYECKOro 'PaHUTOOOpa30BaHMsI.
DKCTEHCUBHOCTD IMOTOKOB IO JOCTUKEHUM MaKCUMyMa
TOCTeIIeHHO CHMXXalach, O UeM CBUIETEIbCTBYET OTUeT-
JIMBOE TIIPOSIBJIEHME TIPOolleccoB auadTopesa B 000MX MPo-
CTpaHCTBaX.

Pa3sHoou4aroBbiin ra66po-cMeHUT-rpaHUTOBbDIN
MarmMaTusM U CONPSIX)KEHHbIN C HUM LLESTIOMHOM
(dAOUAHbIA NOTOK

B nocnenytoiem 3HIOTeHHbIe MPOLeCChl TOKAIN3Y-
IOTCS B 9TUX JKe IIPOCTPAHCTBaX. 30ech GOPMUPYIOTCS He-
6oJIbIlINE 110 06beMaM KOMILIEKChI MarMaTUTOB, COITPO-
BOXXIAaeMbIX QIIOVIHO-MarMaTUUeCKUMM U TUIPOTEP-
MaJIbHO-MeTacoMaTMUYecKuMM oopasoBaumusamu. ClieHapun
Pa3sBUTHUS STUX IIPOLIECCOB CXOIHbI, HO He OIMHAKOBBI.

B «CeBepHOM» npocTpaHcTBe HAa CeBepHOM TuMaHe
BbISIBJIEH BeCbMa IeCTPbIii 10 COCTaBY CeBepOTMMAaHCKUIt
rab6po-CUeHUT-TPaHUTOBLIN KoMIieKc. OH MpeacTaBjieH
OJIMBUH-KEPCYTUTOBBIMMU CYOIII€IOUHBIMY TabOpO B paii-
OHe yCTbs p. PyMSIHMYHAS; CYOIIEIOUHBIMM, IETOYHbIMU
U He(eJIMHOBBIMU CHEHUTAMMU, CUEHUT-MUTMaTUTaMMU,
CUEeHUT-TIIerMaTUTaMu, aIbOUTUTAaMU ¥ GeHuTamMu Mac-
cuBa Mbica bospiroro PyMsHMYHOTO, CYOIIeI0UHBIMY CH -
eHuTamu MaccuBoB Kpaitauit Kamerek u Manbiit Kameriek,
JIEIKOKPATOBBIMMY OMOTUTOBBIMY IPAHUTAMMU U TPAHOCH -
eHuTamu maccuBoB bonbiioit Kameniek u Conku KameHHbie.

O6benyuHeHlMe B eIMHOM MarMaTuecKoOM KOMILIEeK-
ce 3TUX pa3sHOO06pas3HbIX TOPHBIX ITOPOJ OBLIO IPOM3Be-
JIeHO Ha OCHOBAaHUM UX TECHOJ IPOCTPAHCTBEHHO JIOKa-
JIM3alyy, a TaKKe 6/IM30CTU BpeMeH (GOpMUPOBaHMSI.
DTo moATBepKAaeTcs gaHHbIiMu U-Pb-maTupoBaHus uyp-
KOHOB, «IIOTHO YJIOX€HHBIMU» B MHTepBal 614—
600 mutH niet [1, 21, 22]. ITo reosornyeckum gaHHbIM, Cy6-
IIeJI0UHbIe rab0opo ObLIM OTUETIMBO 60jiee paHHUMU IO
OTHOIIEHUIO K CMEHUTAM ¥ TPaHUTaM, a CUeHUThI — 60-
Jiee paHHMMM [0 OTHOIIIeHMIO K rpaHnuTtam. ITo M. H.
Kocrioxuny [12], nepeunciieHHble IIOPOIbI SBJISIOTCS I1PO-
IYKTaMy KpUCTa//IM3alMy MarM pa3HbIX YpOBHe mMar-
MoOreHepaluu, T. €. pPa3HOOYaroBbIMM. DTO OOBSICHMMO
MoI’beMOM IITIOMA, BbI3bIBAIOIIETO MTOC/IeI0BaTeIbHO TJIaB-

JieHue cyb6ecTpaTa, HauMHasl C MAHTUM BBEPX I10 pa3pesy B
3eMHOJ1 Kope. [I1IoM conmpoBoKAAICS (QIIOUIHBIM IOTO-
KOM, KOTOPbI} CITOCOGCTBOBA MarMmoreHepalum, Ho Tak-
5Ke ObUT ¥ CAMOCTOSITE/IbHBIM areHTOM Iopo006pa3oBa-
HUS B 3eMHOJ Kope. B maccuBe mMmbica bosnbiioro
PYMSTHMYHOTO 3TO BBIPAa3mUIOCh B 0(hOpMIIEHMM T10JIEH CH-
€HUT-MUTMaTUTOB U (eHnTOB. B MaccuBe Bosbiioii
Kamemrek yuactue quitona B peakI[MOHHOM B3auMOeli-
CTBUM TPAaHUTHOTO paciiaBa C TOJEUTOBbIMU 6a3UTaMu
MIPUBEJIO K GOPMUPOBAHMIO PSIA TOPOI, COCTaB KOTOPBIX
M3MEHSIJICS TI0 Mepe yAaJieHUsI OT KOHTaKTa OT KBapiie-
BbIX CMEHUTOB JI0 COOCTBEHHO I'PAaHUTOB.

Ha xp. Kanuu KameHb ¢pparMeHTapHO 0OHaKeH Mac-
CUB IBYCJTIOJASIHBIX T'PAHUTOB ¥ MOHIIOHMTOB B yCThe
p-. b. [Inzgepuenxa, OTHOCSIIMIACS K CEBEPOKAHMHCKOMY
KOMILJIEKCY — (POPMAaLMOHHBIMY aHAJIOTy CeBEPOTUMAaH-
CKoro koMIuekca [12]. OmHaKko 3TOT KOMIIIEKC SIBJISITICS
MIPOAYKTOM CaMOCTOSITe/IbHOTO TITI0Ma, 8 BO3MOYKHO U JIBYX.
Ha ato yka3ssiBaloT pe3ynbraTsl U-Pb-gaTvpoBanust uup-
KOHOB 13 TpaHUTOB — 883 * 16 MJIH JIeT, MOHLIOrabbpo —
505 = 7 mutH et v tamnpodupos — 504 = 7 MuH et [2].

B «¥OskHOM» TTpoCTpaHCTBEe (GOPMALMOHHBIM aHAJIO-
TOM CeBepOTMMAaHCKOI0 KOMIIJIeKCa MOoJIaralTcs Jeiiko-
KpaToBble OMOTUTOBBIE TPAHUTHI, BCKPBITHIE
cKkB. 12-Bepx#nss UyTb, KBapLeBble CUEHUTBI CKB. 1-MI3KOCh-
l'opa 1 MOHLJOHUTHI CKB. 4-M3K0Cchb-T'opa [10]. UmeeTcsa
CBUJIETETBCTBO 00 yYacTUM CyOIe0YHbIX rabbpo, aHaIo-
IrMYHbIX ceBepoTuMaHckuM. Ha Cpegnem TumaHe B TOJI-
11Ie TeBOHCKMX Ty(POB 0OHAPYKEH KPYITHbIV KCEHOIUT STUX
ropop [13].

Llleno4HoI 6a3UTOBbIN U yNbTpaMaUTOBbIN
MarmMaTMsM M CONpsXKeHHbIN C HUMMU LLLeJSIoY-
HOM (PNOMAHBIN NOTOK

3aBepIIaloTCsl 9HA0TeHHbIe NTPOLecChl Ha TePPUTO-
pun «CeBepHOTO» IPOCTPAHCTBA BHEAPEHMEM I1IeJI0UHO-
6a3uTOBOM MarMbl. OHO ITPOMCXOIUT CTPOTO B 30HAX IVTY-
OMHHBIX Pa3/I0MOB CEBEPO-BOCTOUHOIO (COBPEMEHHOTO)
npoctupanusi. Ha xp. Kanmnd KameHs 3T0 gajikm 1amMmIpo-
¢bupoB, cekylye IBYCIIOASHbIE TPAHUTDI CeBEPOKAHNH-
ckoro koMminekca [10]. Ha CeBepHoMm Tumane 3TO faiiku
KaMIITOHUTOB, TPOPbIBAlOIie MacCUBbI Mbica bombiioro
PymsinnuHoro u Manbiit Kamenex [15].

dopmupoBaHye YeTIaCcCKOro KOMIUIEKCA 1e/I0YHbIX
MMKPUTOB, METACOMATUYECKMX KAPOOHATUTOB U (PeHUTOB
3aBepiaeT B «KO>kHOM» ITPOCTPAHCTBE LMK/ SHA0TeHHBIX
NpoLeccoB. [laiiku, peske IITOKY LIeTOYHbIX IIMKPUTOB JIO-
KaJM30BaHbI B 30HaX ITyOMHHBIX Pa3/IOMOB CeBePO-BOC-
TOYHOTO (COBPEMEHHOTO0) TPOCTUPAHMSI.

30HBI MeTacoMaTo3a 6bUTM KaK COBMEIeHHbIMMU C Te-
JIaM¥ L1eJIOYHBIX IMKPUTOB, TakK X CAMOCTOSITEIbHBIMU. B
UX BHYTPEHHMX YaCTIX HGOPMUPOBAIUCH TeJla MeTacoMa-
TUYECKUX J,0I0OMUTOBBIX, JOTOMUT-aHKEPUTOBBIX U CHUJIe-
PUTOBBIX KAPOOHATUTOB. BHeLTHME YacTy 30H MPeICTaB-
JIEHBI 1IeJIOUHBIMM MeTacOMaTUTaMy, COCTaB KOTOPBIX 3a-
BMCUT OT BMeIAI0IIMX MTOPOoZ,. B Tenax Ie0uHbIX TMKPHU-
TOB 3TO (GJIOTONUTOBBIE CIIOAUTHL. B ocamouHo-Me-
TaMopdUUecKMX MOPoJax 3To GeHUTHI, COCTOSIIIME U3 ITU-
puHa, aMbu60IOB psiga pubeKuT-apPBeICOHNUT, Kalaye-
BOTO I10JIEBOTO IIMaTta 1 anbbura. [Iporiecc cTaHOBIEHNS
KOMIUIeKca 3aBepiiaetcsi QopMmUpoBaHMEM TUIPOTEP-
MaJIbHbIX 06pa30BaHMIl: TeTUT-TI0JIeBOIIIATOBbIX Ha 3Ta-
Tle rlepexojia OT TPaHCKPUTUYECKOTO Mapa B IMAPOTepP-
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MaJIbHBII pacTBOP, 3aTeM KBapl|-reTUT-TeMaTUTOBbIX CO6-
CTBEHHO I'ipoTepMasbHOro aramna [12]. ['maporepmanbHo-
MeTacoMaTyuueckue o6pa3oBaHUsI HECYT pefKoMe-
TaJJIbHO-peJIko3eMeIbHOe OpyIeHeHMe, Haubosee Mmo-
HOe ero MyHepajJornyeckoe OnMcaHue 1aHo B pabore [11].
Bcst raMMa MeTacoMaTHUeCKMX I10PoJ, 3aKOHOMepHO (op-
MMPOBaJach BCAeCTBME KMCIOTHO-1IeJI0YHOr0 B3auMO-
JeiicTBuUs Quiouza ¢ BMelaomymy nopogamu. Ilpu atom
npoucxonuia u guddepeHnanys peako3eMenbHbIX Je-
MeHTOB: «jerkue» (Ce, La) dbopMupoBanyu CBOM MuHepa-
JIbI B Kap6OHATUTAX, a Y B opMe KCeHOTMMa KOHLIEHTPU-
pOBaJICs B IO3AHUX albOUT-3TMPUHOBBIX PeHNUTax, Jaxe
IIPOCTPaHCTBEHHO YIaJIeHHBIX OT MeCT GOpMIUPOBAHNS
kap6oHaTuTOB [17]. OBHAKO 11e7I0YHO MeTacoMaTo3 uMer
B OTIMUMeE OT MarmaTu3sma y 6osee MMPOKoe IUIOIaAHOe
pacrnipocTpaHeHue. DeHUTbI STMPUH-ATbOMTOBOTO COCTA-
Ba BbISIBJIEHBI B TeppUreHHO-KapOOHATHBIX IOPOJAX BO-
PBIKBMHCKOJ CBUTHI 1107, 6OKCUTaMy BepxHelyropckoro
mectopoxnenus [20]. A kanueBble 1 TOpMeBble aHOMaIUN
BBISIBJIEHBI re0(13114eCcKoit CbeMKOJi B I0T0-BOCTOUHOI!
yacty Yemiacckoro KamHs BHe 30H pa3/iOMOB ceBepO-BOC-
TOYHOTO IIPOCTUPAHUSI.

TpanchopmHbIe 30HbI Pa3/IOMOB CeBePO-BOCTOYHO-
rO IPOCTUPAHMS, B KOTOPBIX JIOKA/IIM30BAHbI JaiiK! JIaM-
npodupos Ha xp. Kanun KameHb, KaMIITOHUTOB Ha
CeBepHoM TumaHe ¥ LeJOYHBIX IMKPUTOB Ha CpefHeM
TumaHe, MMeIOT o611IMe xapaKkTepHble ocobeHHocTH. Tena
MarMaTUTOB B HUX He AUCIOLMPOBAaHBI, YTO CBUJETE/Ib-
CTBYeT 06 OTCYTCTBMM pa3HOHAIPaBIEHHBIX JIBVOKEHM !
10 HUM UM BO BpeMsI MarMaTyu3ma, ¥ B oc/IefyIollye Bpe-
MeHa. [Ipy BHegpeHMM Marmsl B fajikax peann3oBanach
IuddepeHIanys B MOTOKe C aKKyMYJIsiyeii GeHoKpu-
CTaJIJIOB B OCEBBIX yacTax Tes [12, 15], uTo yKaspIBaeT Ha
BHeJIpeHMe B OTKPBITbIe M1 OTKPbIBAIOLIMECS B YCIOBU-
SIX PacTsKeHUs TpelyuHbl. O6 3TOM ke TOBOPUT U TOT (axT,
YTO B 3a/1b06aHax faek Ha CpegHeM TuMaHe HabMIONAIOT-
cs 11eiibl KCeHOMMUTOB BMeILAoNIX OO, apasliesb-
Hble KOHTaKTaM, C He3HauMTe/IbHBIM IlepeMellleH/eM Kce-
HOJIUTOB OT UX NIEPBUYHOIO IOJIOKEHUS B paMe.

[To-BuayMoOMYy, aHHbIE 30HBI BO3HMKaIM Ha (poHe
06111ero rnogbemMa TeppUTOPUM, KOTOPBIN He ObLI cylle-
CTBEHHO AMddepeHIMPOBaH 10 CKOPOCTSM B pa3HbIX Ya-
CTSX perMoHa. IIpy 3TOM Ha IOBEPXHOCTY 3PO3MOHHOIO
cpesa He IIPOMCXOAWIO KPYITHOMAacCUITabHbIX TOpoo6pa-
3YIOILMX NIPOLIECCOB.

BbiBOAbI

V3nokeHHbIe (GaKTMUeCKMe JaHHbIe TIO3BOJISIOT IPeJI-
TIOJIOXKUTD CJIeIYIONLYIO FTeHEeTUYECKYI0 MOJeb.

IMox reppurtopueii coBpemenHoro KTIIP (Tumanckoro
Mera6JioKa) B TO3JHEM ITPOTepo30e MOSHMMAaNCh Ba aB-
TOHOMHBIX BELEeCTBEHHBIX ((QUIIOMIHBIX) TEIIJIOBBIX ITOTO-
Ka. Ha ux myt odopmiisinch npoctpaHcTBa («CeBepHOE»
1 «}OskHOE»), B KOTOPBIX MOTyYaayu pa3BUTHeE SHIOTeHHbIe
MIPOLIECChI:

* MeTacoOMaTHUeCcKye IMpeodpa3oBaHMsI IOPOA, MAHTUU
Ha ypOBHe rpaduT-IMpPOIIoBO¥ dhauyy y6MHHOCTH, (QUK-
CUPYIOLIMECS IBIEHUSMY (PIIOTOMUTU3aLUN SKJIOTUTOB;

* TIJIaBJI€EHME MAaHTUITHOTO cyocTpaTa ¢ hopMupoBa-
HJEM U OBICTPBIM MObEMOM TOJIEUTOBOI MarMmbi;

* PErvMOHAIbHbBIN MeTaMOopGhM3M O3 THEITPOTEPO30ii-
CKMX 00pa30oBaHMii B MHTepBaje P-T-ycyioBuii OT 3ey1eHo-
CJIaHLIEBO 10 aMbuOOIUTOBOI halnii;

* aHaTEeKTMYeCKoe IIaBeHMe MM03IHEePOTePO30MCKIUX
1mopoz, B 30HaxX aM(pum60mmuToBOoI dhauyy ¢ hGopMUpoOBaHM-
€M I'DaHUTHbIX TIETMAaTUTOB U ABYCIIOSIHbIX TDAHUTOB;

* [UIaBJI€HME HMKHEKOPOBOTO cyocTpaTa ¢ hopmu-
pOBaHMEM CaMOCTOSITe/IbHbIX MOHIIOHUTOBBIX, CUEHUTO-
BbIX U «CYXUX» 'PAHUTHBIX PACIIaBOB, CITOCOOHBIX K TTOMb-
eMy Ha rMabuccaabHblii YypOBEHD;

* (IIOMAHO-MarMmaTu4ecKkue Mmporeccsr ¢ GopmMmpo-
BaHMEM CUEHUT-MUTMATUTOB U He(eJIMHOBBIX CMEHUTOB
MIpU peakisIX CMEHUTOBBIX Marm ¢ 6a3uTamu;

* BHEpEHMeE 110 ITyOMHHBIM pa3jioMaM CeBepo-BOC-
TOYHOTO MPOCTUPAHMS HIE€IOYHO-6a3UTOBOI MarmMbl U
dbopmupoBaHme 1aMIIpo@UPOB U IIETOUYHBIX TUKPUTOB;

* MeTacoMaTH4ecKue Mporecchl ¢ GOpMUPOBAHMEM
IIeJIOYHBIX METACOMATUTOB ((PEHUTOB) M MeTacoOMaTHUye -
CKMX JOJIOMUT-aHKEPUT-CUAEPUTOBBIX KAPOOHATUTOB;

* pa3HOOOpa3Hble TUAPOTEPMAIbHbIE ITPOLIECCHI.

@JTIOUAHO-TEIJIOBOJ TOTOK OMHO3HAYHO ObLT HEOJ -
HOPOJIeH 10 CBOMM IlapaMeTpaM B IIPOCTPaHCTBe, UTO 3a-
(OUKCHMPOBAHO B MO3aMYHOCTY pa3MenieHust MeTaMopgu-
TOB pa3HbIX (anuii. Ho, BUOMMO, OH 6bUT HEOTHOPOAEH U
BO BpeMeHM. Habiomaembie clieHapuUy pa3sBUTUS IHI0-
TeHHbIX IpoleccoB B «CeBepHOM» U «HO>KHOM» IPOCTpaH-
CTBax OBLIM CXOMHBI, HO HE OOMHAKOBBI. [loaTOMY He cie-
IyeT IpeAIonaraThb OAMHAKOBBI BO3pacT y1st popmManm-
OHHO-OJHOTUITHBIX MOPOJHBIX KOMIIJIEKCOB.

3ameueHO, UTO JJIMHHbIe OCY OUepTaHMi ITPOeKLMM T10-
TOKOB Ha 3eMHYIO ITOBEPXHOCTh CyOmnapauiebHbl OJIsT
«CeBepHoro» nmpocTtpaHcrBa Yapkat-IIbiieMeikoit, a ajisi
«lOskHOr0» — Vnbl4-UMKIIMHCKOI 30HaM Pa3ioMOoB (puc. 1).
OTO MO3BOJISET NoJaraTh, uTo «CeBepHoe» u «kHOkHOe» mpo-
CTPaHCTBA MOI/IM ObITh JINIIb «3alIaTHBIMMU» (B COBPEMEH-
HOM IOJIOKeHUM) pparMeHTamMmu 60jiee OOIMPHBIX ITOTO-
KOB, BbI3BaBIIIMX PACKOJIbI KAPETbCKOTO OCHOBaHMS C (op-
MMPOBaHMEM 30H pudTOTreHe3a, CIIPeaVHTa U TOCIeIyI0-
MMX CyOmyKIuit ¢ obopMIeHMeM OCTPOBHBIX AYT [4, 5].

Hanuuue nByX aBTOHOMHBIX (DIIOMIHO-MarMmaTmye-
CKMX IOTOKOB Ha Tepputopumu coppemeHHoro KTTIP no-
3BOJISIET IOMYCKATh HAJIMYME MTOJOOHBIX MM ITOTOKOB U K
BOCTOKY OT Yapkato-IIbumemenkoii u Unbry-UnMKIMHCKON
30H. VX meiicTBMe U MOIJIO IPUBECTU K BOSHUKHOBEHUIO
HEeCKOJIbKMX MUKPOKOHTMHEHTOB, pa3feleHHbIX 30HaMU
CIIpeAVHTA ¥ CYOMYyKLMM HA OOLIVMPHONM TEPPUTOPUM CO-
BpeMeHHoOro EBporneiickoro CeBepo-BocToka.
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«Hespesnblit sHTapb» — KpaHUUT — Ha CpegHem Ypaie

O. B. MapTupocsia

l'eonormueckuit uuctutyT PAH, Mocksa
mov@ginras.ru

CTaTbs NOCBALLEHA aHANU3Y CBUAETENBCTB O HAX0AKE «saHTaps» 6au3 c. KonyepaH Ha CpepHeMm Ypane. [laHHas cMona He SBnseTcs
SHTapeM-CYKLMHUTOM, @ NpeAcTaBnseT coboi peakyt pasHOBMUAHOCTb MCKOMAeMbIX CMONT — KpaHLMT. [1oKa3aHo, YTo nepBble MUCbMEHHbIE
yKa3aHus 0 CMone CO CBOWCTBaMM KpaHLMTa Oblnv MHOTO paHblue, YeM OH Bbln BblAeneH Kak caMocTosTeNbHbIM Bua. [laHa KpaTkas
XapaKTEPUCTMKA U OLLEHKA ero M3y4eHHOCTH. OTMEYEHO, YTO «KONYEeAHCKMIA SHTapby» NPeAcTaBnseT 6oratblil U MHTEPECHbIA MaTepuan,
KOTOpbIV ele OXUAAeT Hay4YHoM 06paboTKu.

KnioueBble cnoBa: uckonaemsie cMonsl, KpaHuyum, CpedHul Ypan.

“Immature amber” — krantzite — in the Middle Urals
0. V. Martirosyan

Geological Institute, Russian Academy of Sciences, Moscow
The article is devoted to the analysis of the evidence of finding “amber” near the village of Kolchedan in the Middle Urals. This

resin is not amber-succinite, but a rare type of fossil resin — krantzite. It is shown that the first written references to resin with prop-
erties of krantzite were much earlier than it was singled out as an independent species. A brief characteristic and assessment of its

study is given. It is noted that “Kolchedan amber” is a rich and interesting material, which still awaits scientific processing.

Keywords: fossil resin, krantzite, Middle Urals.

BeepeHune

Ha BocTOouHOM CK/IOHe CpenHero Ypasna usgaBHa
BCTPEYalOTCs MCKOIaeMble CMOJIbl, KOTOpbIe paHee aBTO-
paMy IPUHUMAJINCD 38 HACTOSILIMIA SHTaph (B COBpEMEH -
HOM IIOHVMMaHMUM — CYKUMHMUT) [7]. OBHUM 13 TaKUX 006b-
€KTOB SIBJISIETCSI CMOJIa, HalimeHHas 6ym3 c. Komuegan
(CBepgyoBckas 0671., Poccust) v B Hay4HOI IuTEpaType
YyacTo MMeHyeMas Kak «KomueJaHCKuii sHTapb». [loceneHne
Konuenman, Haxonsieecst B 18 km or KameHcKkoro 3aBoga
Ha p. iceTu, BO3HMKIIO B 1673 I. Kak KoyiuemaHCKMIt OCTpOT
(puc. 1). CaMbIMM TTepBbIMM Ha Ypasie ObUIM IPeuMylie-
CTBEHHO yUYeHble-ITyTellleCTBeHHUKY, Teorpadsbl, 60TaHMU -
K1, 00BIYHO Toceraonme Cpequuii Ypaa Ha Iy TH CIeI0-
BaHus B Cnbups. B aBrycre 1770 1. akagemuk I1.-C. ITaymtac
(P. S. Pallas), Bo3BpauiaBiumiicst u3 myremectsust o Cubupu
yepe3 ceno KonuenaH, OTMeTU B OTUETe TEMHO-CepYIo
[JIMHY, TIepeMelllaHHYI0 C KyCKaMu JiepeBa, «<KOTopoe Moy-
TU B YTOJIb IIPEBPATWIOCH U CEPHBIM G6OraThIM KOUea-
HOM Ipopocio» [21, c. 359]. MecsilieM paHee I10 3TOJi Tep-
pUTOPUM TIpOe3sKaj IPYyroit yuyeHbli-MyTellleCTBeHHUK —
akagemuk U. U. JlennexuH. B. . TeHHMH BriepBble puBes
reorpaduueckoe onmcanue KomuegaHckoit ciobonsi [1].
K coskajieHuI0, HUKTO M3 HUX He COOOIIMI O HaXOmKax UC-
KoraeMoit cMoJIbl. VICTOpUIO U3yUeHUS «KOTuedaHCKOTo
SIHTapsi» MOXXHO HauaTb ¢ KoH1ia XVIII B. B 1798 r. akazne-
muK W. T. Teopru npuBses repsble CBeLeHMs O IPUCYTCTBUNA
«siHTapst» 6113 Komuenanckoii cio6ost [15].

Llenb cTaThby — MIPOAHAIN3UPOBATD CBUIETEIHCTBA O
KOJTYeaHCKOM STHTape, KpaTKO 0XapaKTepu30BaTh, 1aTh
OI[eHKY eT0 M3YUeHHOCT! U BO3MOKHOCTY MPaKTUIeCKO-
ro NMpuMeHeHMs.

PesynbTaTthbl MU 06CY)KAEHUE

ITepBbie Mccaem0BaHUSA IO «STHTApIO» Ha CpemHeM
Vpaine. 22 asrycra 1802 r. ropHblii uaxkenep U. ®©. l'epman
(B. Herrmann) moctaBwuit Kycku cMosibl B CaHKT-ITeTepOypr
akagemuky T. E. Jlosuny (J. T. Lowitz), KoTopslit 19 ceH-
T6ps 1802 1. mOI0KMII Ha 3acegaHuy MiMmepaTopcKoit
akaJeMuy Hayk u xymoxkectB B CaHKT-IleTepOypre pe-
3yJIbTAThI UCCITENOBAHMS CMOJIMCTOTO BelllecTBa. Omupasch
TOJIbKO Ha TO, UTO IIPY HarpeBaHMM OHO CUJIBHO Habyxa-
€T, IVIAaBUTCS C Pa3JIokeHeM 1 06J1aJaeT CBOMCTBOM IpU-
TSITMBAThH JIeTKMe TeJia Ioc/ie TpeHus, OH cIeJial BbIBO[I,
yTO, 6€3 COMHEHMSI, 3TO HACTOSIIMIA SKeJIThIi STHTaph
[20].

Crycts 6osee 30 net H. P. Mambimes (1777—1840),
MPOYNTAB 3aMETKY 00 OTKPBITUM SIHTapsI B BUIeHCKOI Ty-
OepHMM, BCTIOMHIJI 0 Haxo[Kke «sHTaps» B 1802 r. 6113 ce-
neHus KomuenaH Ha eBoM 6epery p. MiceTh, B TO BpeMst
KOT/Ia OH ObUT yIIPaBASIONMM KaMeHCKMM 3aBOJOM U OITy-
6/MKoBas 3TU cBefeHus. OH Mycast, YTo MPU pacKarbiBa-
HUM TIIOIAAY ObIBIIETO TTOCETeHMS «KHAXOAVIIV VUCTIIEB-
1Iye gepeBssHHbIe 00JIOMKM, ITOJIEHbBS, eIl U Tp. 6ypo-
ro LIBeTa, yHM3aHHbIE KyOMKaMy CEPHOTO KojueaaHa, u
elle Ha HUX U OKOJIO HUX KyCOUKM STHTaps» [6, c¢. 181].

B 1834 r. ipencenarenemM yueHOro komurera Kopmyca
ropHbIx MHkeHepoB E. B. KapHeeBbIM ObLIO JaHO ITOpyYe-
HJ€e HaYaJIbCTBY eKaTePUMHOYPrCKMUX 3aBOJOB COOPATh MO -
pOOHBIe CBeleHMsI 0 MEeCTOPOXKIeHUM «SIHTaps» [6]. Ha ToT
MOMEHT ympas/siomuM KaMeHCKOTo YyTyHOIIJIaBUTeTb-
HOTO 3aBofa ObII TOPHbIL MHKeHep U. A. Bapounu ge 9mbc
(Barozzi de Elsa), KoTopblii OITy6/JIMKOBa/I Ha HEMEI[KOM
SI3BIKE 3aMETKY O MEeCTOHAXOXIEHUU «STHTapsI» 0JIn3
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Puc. 1. l'eorpadmueckoe MoMOKEHME HAXOIKY «KOTIETaH-
CKOT'O STHTapsI»

Fig. 1. The geographical location of the “Kolchedan amber”

KameHckoro 3aBoza [13]. Bonee momHast nHGopmauus co-
IEepP>XKUTCS B ero paropre, npuBegeHHoM H. P. MaMbiiiieBbIM
[6], Tme oH meTanbHO omnucas 6epera p. MceThb 1 mogpo6HO
M3JIOKWUJI TaKMe CBeIeHMsI O «THTape», Kak IBeT, IoBee-
HMe IpY HarpeBaHMM, 1, YTO camoe BaskHOe, OTMEeTWI ero
3JIaCTUYHOCTD. B myiacTe «cepoit BSI3KOM INIMHBI, IIepeme-
IIaHHO C pa3pylIeHHbIM 6YPbIM YITIeM», ObLIM 00HApPY-
SKEeHbI «HeOOJIbIINe Kycku stHTapsi. Huoke cero miacra cie-
IyeT Majaopa3pylleHHbI JIUTHUT <...> B ceM IUTHUTE STH-
Tapb MOIMAagaeTcs: B 60bIEM KOJTMYECTBE U KYCKU €ro
KpyIiHee» [6, c. 184]. [lanee cieoBano noxpobHoe onuca-
HMe Haxonku: «HalimeHHbIl 3[1ech STHTaph 110 BHIHYTUM Ha
JIIHEeBHYIO TTOBEPXHOCTb He MMeeT TOi TBepAOoCTH, KaKyio
MoJTy4aeT BIIOCIEICTBUM, TTO/IeXKaB Ha BO3QyXe; TOIbKO
JIUIIb BBIHYTHIN U3 HEJp 3eMJIM MMeeT 3araxX ApeBecHOi
¥ B OCOOEHHOCTU COCHOBOJ CMOJIbI, KOTOPBIii BITOC/IE -
CcTBUM TepsieT. HekoTopble KyCcKyu ero 06/1aialoT BSI3KO-
CTbhIO, HAIIPOTMB XKe, APYTHe, TOJ0OHO PE3UHUTY, BOBCE HE
MMEIOT OHO. I3710M paKOBUCTBIN; SIHTAph Celi Ha OTHE
TOPUT, IIPYU TOPeHUM TIAaBUTCS, HO He KallieT, M BO BpeMs
CropaHus, u3gaBas apoMaTuueckuit 3amax, CMJIbHO KOII-
TUT, OCTaBJISISI TIO0 CTOPaHUM pa3pylleHHYI0 MaccCy YIs.
LIBeTOB BCTpeuyaeTcs pasaMUHbIX: BOCKOBAro MenoBaro,
SKEJITO- ¥ KpaCcHO-0yparo 1 skeJTo-6earo; 6;J1eck ero Mac-
JISHBI. BcTpeuaeTcs KpyIysikaMu, 3epHaMM, TYTIOYTOJIb-
HBIMM MaccamMu C HepOBHOJI IOBEPXHOCTbIO, a TAKKe B BU-
Ile KameJabHMKOB. HeKoTopbie KyCcKy MIaBaloT, a pyrue
B BOZIE TOHYT» [6, c. 185—186].

To 6bl1a Bcs MHGOpPMaLus K Tomy Bpemenn. Ha mo-
MEHT HaXOAKU «KOT4eNaHCKOTOo STHTaps» B HAy4YHOI JN-
TepaType OTCYyTCTBOBaJa MHMOOPMAIMS O YETKUX AMArHO-
CTMYECKMX IIPU3HAKaX, KOTOPbIE MO3BOIM/IN ObI OTINYATH
SIHTapb OT APYTUX, BHEIIHEe TIOX0XUX Ha Hero cCMoJ. JTu
OINMCaHMS MTOSIBUIMCH BO BTOPOM mnojioBuHe XIX B.
HepocraTouHoe pa3BuTye XMMMUUECKUX METOJIOB MCCIie-
JIOBaHMS MICKOTIA€MbIX CMOJT BIUIOTh A0 Havuasa XIX B. ObI-
JIO IPUYMHOI TOTO, YTO B TeUeHMe MHOTUX CTOJIeTUI e UH-
CTBEHHBIM METOJOM aHa/I13a STHTAps ObLIO M3YUYeHMe MPOo-
JIYKTOB €ro CyX0¥i [IeperOHKM (SHTapHOM KMUCJIOThI U SH-
TapHOTo Macja). ITO He JaBaio JOCTaTOYHOI MHpOpMaIm
0 COCTaBe U XMMUYECKOM CTPOeHMM BeliecTBa. Takum 06-
pa3omM, OUeHb I0JITOe BpeMs CMOJTY, HalileHHYI0 Tpu

KameHcKoM 3aBofie, IpMHMUMAJIM 32 HACTOSIILINIL SHTAPh-
CYKLMHUT [2, 5, 11].

HUccnepoBanusa cepeannabl XIX — koHua XX B.
B 1859 r. K. B. Bepremanom (C.W. Bergemann) 6b1;1a OIu-
caHa BTOpasi HaxXoJKa CMOJIbI C ITOLO0OHBIMY CBOICTBAMM
n3 mecreuka Jlatrtropd (Bepxusis Cakconmst, lepmanus).
OH TIIaTeIbHO OMMCAJT LIBET, pa3Mepbl U (hOPMbI KyCOU-
KOB MCCIeyeMoJt CMOJIbI, IPUBEJI JaHHbIE 110 YAeIbHOMY
BeCy, 37leMeHTHOMY aHaju3y, IToBefeHMI0 IPpU Harpesa-
HUU Y OTHOILIEHUIO K PaCTBOPUTEIIM. ABTOP CUMTAJ, UTO
IaHHasI CMoJjIa He OblIa OIMMCaHa paHee, U BhIIEIWII ee KaK
CaMOCTOSITe/IbHBIN By, OCHOBAHMEM K 3TOMY HOCTYKM-
JIY TIOJTyUYeHHbIe MM JIaHHbIe, a TAKOKe CBOJCTBO 3/1aCTUY-
HOCTU: «CBE3KeBBIKOTIAHHbIE KyCKM HeCKOIbKO MSTKMeE, Ha
BO3/yXe OHU OTBepreBawT» [14, c. 65]. K. B. Bepremann
TIpeJIOKIUI Ha3BaTh ero «KPaHIUT», B UeCTb HeMeI[KOTO
Toprosua muHepanamu A. A. Kpanua (A. A. Kranz), nepe-
JlaBIlIeT0 eMy KYCKM CMOJIbI JiJIs1 MCCIe0BaHMUSI.

Tperbs Haxonka matupyetcs 1870 r. Kycouku kpaH-
1MTa 6T OOHAPYKEHbI COBMECTHO C CYKIIMHUTOM Ha
OcT3eiickoM mobepeskbe 6113 Masika bprocTepopT (HbIHE
Kamuurpagckas o6nacts, Poceus) [22].

Bosee Beka cniycts nmocie nepBoii nonbsIiTku J1. E. JIo-
BUIlA UAEHTU(GULMPOBATD «KOJUYETAHCKUI STHTAPb»
H. A. OpsoB u B. A. YcrieHcKkuit IpoBey peBusuio bonee
30 BMA,0B MCKOIIaeMBbIX CMOJI IIPU TTOMBITKE CO3OaHUS UX
Kinaccudukauym. Ha ocHOBe MOMyYeHHBIX YHUKAIbHBIX
IaHHBIX B 1936 I. Obly1a ONTyGIMKOBaHa MepBas U 10 CUX
TIOp eAVHCTBeHHAas CBOZKa M0 MCKOTIaeMbIM CMOJIaM BCe-
ro MMpa C yKazaHueM Ux GU3NIeCcKux M XMMUUECKUX
CBOJICTB, BO3pacTa, MecTa 1 BpeMeH! MepBbIX HAX0I0K
[9]. C BBIXOZOM €e B CBeT re0JIOTM, MUHEPaJIOry, IajieoH-
TOJIOTM 0OpEIM He TOIbKO PYKOBOACTBO JIJIS CBOMX MCCIIe-
IIOBaHMIi, aKTyaJbHOE J10 CUX MOP, HO M YHUKAJbHBIN 1Ty-
TEBOIUTENb B MUP HayKU O sTHTape. B MmoHorpaduu npu-
BefeHa MH(OPMAIINS U O «KOJTUeJaHCKOM siHTape». OH
ObLT MpoaHaaM3MpoBaH B 1935 r. B mabopatopunu BHUTU
uM. A. I1. KapnimHckoro o o6pa3siam 13 F'opHoTO My3est
npy JIeHMHrpagCKOM rOpHOM MHCTUTYTe. OTpenesieHbl
yI.eJIbHBI BeC U 37IeMeHTHbII COCTaB, UCC/IeIOBaHbI Tep-
MMUecKye CBOMCTBA, paCTBOPMMOCTDb B Pa3MUHbIX pac-
TBOpUTENAX (Tabi. 1.). B pe3yabTaTe yCTaHOBIEHO, YTO ITU
06pasiibl MpefCcTaBIsIoT co60 KpaHuT [9]. KpaHuut ot-
HOCUTCSI K CBOEOOPAa3HOIi IpyIIIe MCKOIaeMbIX CMOJI, KO-
TOpbIE, MMesT BBICOKYIO CTEMEeHb ITpeoOpa3oBaHmsl, IOKa-
3bIBAIOT CBOICTBA, TOBOPSIIIIME O «HE3PETIOCTU» CMOJ.
K TakmMM CBOICTBAM OTHOCST MSTKOCTb U 3JIaCTUYHOCTb,
0COOEHHO 3aMeTHbIE TIPU CBEKEM COCTOSIHUM 00pasiioB.
Ha Bo3myxe Takue cCMOJIbI OBICTPO OTBEPAEBAIOT, MUMEHHO
Ha 9TO IepBbIM 06paTI BHMMaHue U. A. Bapouiy me Jibc.
Kpome TOro, MSTKUI, 371aCTUUHBIM KPaHLUT IIPU Harpe-
BaHMY oKkoiio 100 °C cTaHOBUTCS XPYIIKUM, II03TOMY OH
OTHOCHUTCS K TpyTIle XpynKux cMoj. [1o cocTaBy KpaHIIUT
TOYTHU UAHTUYEH CYKUMHUTY, HO TIPU 3TOM a30T U SH-
TapHYI0 KUCIOTY HE CONIEePSKUT.

Bornee Beka He 6bIJI0 MHGOPMALMY O HAXOAKAX CMOJ
CO CBOJMCTBaMM, XapaKTepHbIMM 151 KpaHuuTa. B 1980-x
1 1990-x IT. BO BpeMst pa3paboTKy 30LIEHOBOTO OYpOro
YIJII MHOTOYMC/IEHHbIE CKOTIEHMS KpaHIIMTA ObLIV OOHA-
pykeHbl B MecTeukax Hoii-Kénursaya, [Ipodena, MroxenbH,
Hwutie6eH 1 IMTHUTOBBIX Kapbepax XenbMilTenTa (BepxHsist
u Huknaa Cakconus, 'epmanus). B ominume oT npyrux
HaXOAOK KPaHI[MTa, YHUKAIBHOCTb 3TUX 00pasIoB COCTO-
UT B TOM, YTO OHY MMEIOT HOBbINIeHHOe (4.13—5.91 %) co-
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IepykaHue cepbl [17]. I3SMeHUMBOCTD 37IeMEHTHOI'O COCTa-
Ba TaK’Ke BeChbMa 3HauMTeIbHA (Tabnniia). OMHAKO 3TO He
SIBJISIETCSI OCHOBaHMEM JIJIs1 KAKOH -160 CUCTeMaTUKY, I10-
CKOJIBKY MCC/IefOBaTeNIM y3Ke TaBHO MPUIIUIM K BBIBOLY,
YTO JaHHbIe 3JIeMeHTHOTO aHajIM3a He SIB/ISIOTCS AMarHo-
CTUYeCKUM Kputepuem [9, 10].

[TpumeuaTenbHO, YTO re0IOrMYeckuit BO3pacT OTJIO-
SKEHUIA, Tie BCTPeyasics «KOIMYeqaHCKUi SHTapb» [3] u Apy-
rve npencraBuTeny 3Toro suaa [17—19, 23], opuHakos
U OTHOCUTCS K CpefHeMY 3011eHY. [JaHHbIe CMOJIbl IPU-
YpOUYEeHbI IJIaBHBIM 06pa30M K OCaJOYHBIM IOPOIAM.
BcTpeyatoTcs, Kak MpaBuio, B MPOMjiacTKax IMH, Cpean
MeCKOB, COBMECTHO C OYPBIM yIJIEM, YACTO C YIIehULIpo-
BaHBIMM OCTaTKaMM MCKOTIaeMO¥i IpeBeCcuHbl, Y MeJIeH-
HO TeKyIux pek. KpoMe Toro, HaxonsTcsi OHM Ha OLHOM
reorpaduyeckoii mmpore. Bo3MOXXHO, 3TO CXOZCTBO He
CJTy4yaiiHO U MPEeJICTaB/sIeT MHTEpeC I najsieoreorpadun
TeppuTOpuUil coBpemenHoi Cakcounu u CpegHero Ypaia.

HccnemoBanus koHua XX — Havyana XXI B. [Tporpecc
B M3y4YeHUM UCKOITaeMbIX CMOJI OSIBUJICS C UCITO/Ib30Ba-
HyeM 6oJiee COBEPIIEHHBIX METOJOB UCCIeIOBAHMS, Ta-
kux kak UK-cmekTpockonuss M XpomaTO-Macc-
criekTpoMeTpust. OHU SIBJISTIOTCS Hauboee BOCTpeOOBaH-
HBIMM Kak [AJIs1 UCC/IeA0BaHUS PsAia TOHKUX JleTaneil ux
CTPOEHMSI, TaK U IJISI AMAarHOCTUKU 3TUX 0OBEKTOB.
Marepuas o KpaHIUTY 3HAUUTETbHO 000raTuICs pas-
JIMYHOV MHpOopMauyeii. [Ipy 3TOM JaHHbIe, TOTyYeHHbIE
C TIOMOIIbI0 3TUX METOIOB, OTHOCSTCS TOMbKO K CMOJIO-
nposiBieHusIM KpaHuuTa u3 HuskHeit u Bepxnaeit CakcoHumn
(Tepmanus).

ITo panubIM UK-CcrieKTpOoCKONIUM YCTaHOBJIEHO, UTO
KpaHIUT (PUC. 2) UMEET B CBOEI CTPYKTYpe AOBOIbHO 3Ha-
yuTesibHOe cogep>kaHue cBsg3eit CH = CH ¢ nuc-
KoHGuUrypaimei mpu gBoiHoit ces3u (700 cm-1), 3ame-
IeHHble Kak 3¢upHbiMM rpymnamu CH = CH — COOR
(mosoca mipu 825 cm~1), Tak 1 METUJIOM B o.-TTOJIOKEHUM
(750 cm~1). CooTHOIIEHVIE IHTEHCUBHOCTEI! TOJIOC MOTIO-
meHus Tpymn C = O KapOOKCUMIIbHBIX U CJIOXKHOI(MUPHBIX

TPYTIIMPOBOK — KaK Y MHOTMX XPYIIKUX MCKOTIaeMbIX CMOJI
(1700 > 1730 cm~1). [Tpu 3TOM cooTHotmenme C—O Kap-
OOKCMIIBHBIX M CJIOKHO3(DMPHOI IPYIIN SIBJSIeTCS Xapak-
TEPHBIM /15T BI3KMX cmoi (1250 < 1160 cm~1). d1u rpyn-
TIbI TOPOJt HESIPKO BBIPasKEHBI WIIM OTCYTCTBYIOT B APYTUX
JICKOIIaeMbIX cMoiiax [8, 16—19].

JlaHHBIE XpPOMAaTO-Macc-CIeKTpOMeTpuM NoKa3ann,
YTO XMMMUYeCcKasl COCTaBIsIoNIasl KpaHIUTa MpefcTaBie-
Ha U3 MOJMMEPOB OUIIMKINYECKUX CECKBUTEPIIEHOB Ka-
OVHEHOBOT'O TUIIA U CBA3aHHBIX C HUM M30MepoB [12].
Boranuueckoe NpouUCXokAeHNe KpaHIMUTa ellle He yCTa-
HOBJIeHO. [Ipu cpaBHeHUn UK-crieKTpoB COBpeMeHHbIX
XBOWHBIX paCTeHMiT ¥ KpaHLMTa ObUIM CHeaHbl TPeIIo-
JIO)KeHUSI, YTO eTr0 TeHe3MC MOXKHO CBSI3aTh C BbIMEPIIHU-
MU IIpeACTaBUTEeNSIMU CTUPAKCOBLIX (Styrax argentea) [16]
WIN IPeACTaBUTENSIMU XBOVIHBIX €BPOIIEMCKOTO Iajeore-
Ha popxa Doliostrobus taxiformis [23].

3akloueHue

W3 npuBegeHHOro 0630pa CIeyeT, UTO MCKoTaemast
CMoOJIa CO CBOJCTBAMM KpaHILMTA, HalimeHHass 613
c. Konmuenan (Cpeguuit Ypast), 6bu1a 0OHapysKeHa U OTIM-
CaHa 3HAUUTEbHO PaHbllle, UeM JIpyTHe ee MpeJCTaBUTe-
Jiu (Tabi. 1), HO He 6bUIA BbIIEIEHA KaK CAMOCTOSITETbHBIN
BUJI 13-3a OTCYTCTBUSI HA MOMEHT ee HaXOKIeHUS Crely-
aJIbHBIX 3HAHUI 0 pa3HOBUAHOCTSIX MCKOTIaeMbIX CMOJ,
KOTOPbIE MOSIBUIMCH MHOTO TT03XKe.

IMocnegHMe crienyaaM3upoBaHHbIe PAbOTHI IO U3Y-
YeHUIO «KOJTYeJaHCKOTO STHTapsi» JaTUPYIOTCS CepeanHOI
XX B. OTO pe3y/bTaThl TEpPMUUYECKOTO aHa/IN3a, cAaeaaH-
Hble C. C. CaBkeBuueM [10] 1 monTBepAmBIIMe, UTO «KOJI-
YyeJaHCKMIT THTapb» OTHOCUTCS K XPYIIKUM CMoJiaM (He-
CMOTPS Ha IePBUYHYIO 3/71aCTUYHOCTH). OgHAKO 40 CUX
TIOp JJIsT «KOJTUeIAHCKOTO SIHTapsI» O0JIbIle H/MKaK/e aHa-
JIMTUYECKMe TaHHbIe He TPUBeIeHbI.

Kpanuut 3 n. Konuenan (CpegHunii Ypain), Kak U gpy-
rMe HaXOIKM KpaHIIUTa, OUeHb lieHeH C HAayYHO TOUKU

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

100 398505

[Tpomyckanue, %
D
[w]

Puc. 2. VK-criextp KpanuuTa. O6pasen b. KocmoBckoii-1llepanosuu 13 Mysest 3emiin B BapiaBe

Fig. 2. IR spectrum of krantzite. Sample by B. Kosmowska-Ceranowicz from the Museum of the Earth in Warsaw
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3peHus], MOCKOJIbKY Ba>KHOM U 1O CUX [10P HE pelleHHOMI
Mpo6/IEMOi1 SIBJISIETCS CTEIIeHb UX TeHEeTUYEeCKOro, 60Ta-
HMUYECKOTO U XMMMUYECKOT0 POACTBA, U M3ydeHMe ero C I0-
Mmom b0 MK-CrmekKTpoCKONIMMU M XpOMaTO-Macc-
CIIEKTPOMETPHUIM MOKET ITOMOYb B PEIIEHUM ITOi1 Ipobiie-
Mbl. KpoMe TOTO, CXOXeCTh reoJIorMueckoro Bo3pacra u
YCJI0BMIA 3a1eTaHysI BMeIalouX MOpoJ, TaksKe MpeCTaB-
JIIET MIHTEepeC [IJIs CpaBHEHMSI TTajieoreorpaduy TeppuTo-
puit coBpemeHnHol CakcoHuu u CpepHero Ypaja.
HNccnenoBaHye XMMUUECKOTO CTPOEHMSI, a TakyKe reosIory-
YeCKUX M TeOXMMUYECKUX YCJIOBUIT 0O0pa3oBaHMsI KpaH-
LMTa U «KOTUEeJaHCKOTO SHTapsI» B YaCTHOCTM TO3BOJIUT
YTOUHUTD U Pa3BUTh HbIHE CYIleCTBYIOIIME JaleKo He CO-
BepIIEHHbIE KJIaCCUpMKAIMY MCKOTIaeMbIX CMOJI. [TOCKOTbKY
KpaHUUT 13 1. KomuegaH OTHOCUTCS K XPYIIKUM pa3HO-
BUIHOCTSIM CMOJI, TO IIpeJCTaBJIsIeT MHTepeC Kak ChIpbe
IJIST XUMUYeCKOi MTPOMBIIIJIEHHOCTY, OJJHAKO Kak loBe-
JIUPHOE ChIPbE HE MOXXET ObITh MCIIOb30BaH. YKa3aHHOE
00OCTOSITENTLCTBO CJIEAYET MMETDb B BUJLY ITPU OI[€HKE Tep-
CMeKTUB sHTapeHocHocTu CpegHero Ypana.

Takum 06pa3oM, «KOTUETAHCKUIL THTApb» IPeACTaB-
JisseT co60¥t 60TaThlii M MHTEPECHBI MaTepuas, KOTOPbIi
elie OXXuaaeT HayvyHol 06paboTKMA.

Aemop uckpeHHe npusHameneH U. I'. Manaxosoti 3a
UeHHble 3aMeuaHusl npu n0020moske pyKonucu.

Paboma svinonHeHa 8 pamkax memsl N AAAA-A20-
-120030490104-4 zocyoapcmeenHozo 3adanus [eonozuueckozo
uHcmumyma PAH.
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IIlnaky U3 pacKOIIOK apXxeoJIOornyecKkoro rnamMsiTHuKa —
ropoauiie Koosmxa (HeHerkuit aBTOHOMHBIV OKPYT)

A. M. Mypsirunl, 1. C. Acraxosa2

IMHCcTUTYT s13bIKa, InuTEpaTypsl 1 ucropuu Komu HII VpO PAH, CeikThiBKap; alek-murygin@yandex.ru
2WucturyT reonoruu Komu HIL YpO PAH, CeikTbiBKap; astakhova@geo.komisc.ru

MpuBoAATCS pe3ynbTaThl MCCNELOBAHMM WAAKOB M3 PACKOMOK apXeonorMyeckoro namMmaTHuka — ropoguie Koboiinxa (HeHeukui
QBTOHOMHbIV OKPYr). AHANUTUYECKME UCCNELOBAHMS MPOBOAMIUCH C MOMOLLBK) ONTUYECKOTO M CKAaHUPYHOLLErO 3N1EKTPOHHOTO MUKPOCKOMOB
U CNEeKTPOCKOMUYECKMMU METOLAMM.

B pesynbrate npoBeaeHWs AeTaNbHOr0 MUHEPANOr0-XMMUYECKOTr0 MCCIEA0BaHMS Obl YCTAHOBNEH KPEMHUCTO-XXENE3UCTbI COCTaB
LUNAKOB C NPUMECSMM ANIIOMUHMS, Kanbums, pocdopa u kanus. KoHueHTpauum anemeHToB-npumecen — Cu, Pb, Mg, Ni, Ti, Cr, V — He
Benunku. 1o xmmMmnyeckomy coctaBy NpoBeAeHbl OLLEHKM BSA3KOCTM M OCHOBHOCTM pacnnaBa. [loka3aTenb BA3KOCTM yKa3biBaeT Ha
KMAKOTEKYYeCTb pacniasa. KoadduuMeHT OCHOBHOCTM LUNAKOB NMO3BONSIET OTHECTU MX K rpynne KUCbIX. MMKPO30OHLOBbIE UCCNEN0BaHMS
ycTaHoBWAM npeobnagaHve GasnunTa, BIOCTUTA, KeNe30-KPeMHUCTOrO CTeKa U BOCCTaHOBNEHHOTO xene3a. [lpoBeaeHHble nccneaoBaHms
NO3BONSAKT CAENaTh BbiBOAbI 00 MCNOAb30BAHMM pyabl U3 OAHOM0 UCTOYHMKA. MOXHO NPeanonoXmTb MCNOIb30BAHME OKUCHBIX
nerkop06biBaeMbIx xene3Hblx pya,. MnaBka ocywecTsnsnach B ne4un npu SOBOSbHO BbICOKMX TeMnepaTypax (B npegenax 1200-1400 oC)
n C ucnonb3oBaHueM dntocos. LLnak ocTbiBan AOCTaTOMHO MeANEHHO HENOCPeACTBEHHO B neun. BeposTHo, niaBka Npoaoixanach
AnuTenbHoe Bpems. Ha ropoauue Kobbinnxa Metannypruyeckoe nponsBoACTBO MMENOo CpeaHne MacwTabbl C MCNOAb30BaHMEM NPOCTbIX
TEXHOMOTMYECKMX CXEM.

KnioueBble cnoBa: apxeomemarsnnypeus, Widk, npou3600cmeo Menesa, cpeOHue seka, bonbwesemensckas myHOpa.

Slags from excavations of the archaeological monument —
of the settlement of Kobylikha (Nenets Autonomous District)

A. M. Muryginl, I. S. Astakhova 2

lInstitute of Language, Literature and History of Komi SC UB RAS, Syktyvkar,
2Institute of Geology of Komi SC UB RAS, Syktyvkar

The results of studies of slag from excavations of the archaeological monument of the settlement of Kobylikha (Nenets
Autonomous District) are presented. The analytical studies were based on optical and scanning electron microscopy and spectro-
scopic methods.

Our detailed mineralogical and geochemical studies resulted in determining siliceous-ferruginous composition of slags with
impurities of aluminum, calcium, phosphorus, and potassium. Concentrations of Cu, Pb, Mg, Ni, Ti, Cr, V impurity elements are not
large.According to the chemical composition, the viscosity and basicity of the melt were evaluated. The viscosity index indicates the
fluidity of the melt. The basicity coefficient in the studied slags can be attributed to the group of acidic slags. Microprobe studies
revealed the predominance of fayalite, wustite, iron-siliceous glass and reduced iron. The conducted studies allowed concluding on
the use of a single ore from a single source. It is possible to assume the use of oxide easy-to-mine iron ores. Melting was carried
out in a furnace at fairly high temperatures in the range of 1200—1400 °C and using fluxes. The slag cooled down rather slowly and
directly in the furnace. Probably, the melting lasted for a long time. In the settlement of Kobylikha, metallurgical production had an
average scale using simple technological schemes.

Keywords: archaeometallurgy, slag, iron production, Middle Ages, Bolshezemelskaya tundra.

Bormpoc pa3BuTus MeTatypruym Ha ceBepo-BOCTOKe y KaHnHCKOro neuepHsix ceatwiny [9, 10]. B 2001—
EBpomeiickoit yactu Poccuy ocraeTcst c1abo M3y4e HHbIM. 2005 rr. B. W. 3aBbsisioBbIM U A. B. BUPIOKOBBIM ITPOA0JI-
BriepBbie K mpobiieMe MPOUCXOKIEHMST UCTOUHMKOB Uep- SKEHBI apxeoMeTaiorpaduuecKkie UCCaea0BaHMUs CPe/I-
HbIX METa/IIOB B [Te4opCcKOM Kpae 06paTUINCh B MPOLIEC- HEBEKOBOI'0 Ky3HEUHOI'0 IPOU3BOJCTBA Ha CeBePO-BOC-
ce U3y4eHUs apXeoloTM4YeCcKux HaXoLOK U3 YHbMHCKOTO ToKe EBpornerickoit yactu Poccun [3, 8.

Lnsa uutupoBanua: Mypoirnd A, M., Actaxosa W. C. LUnakn M3 packonok apxeonornyeckoro namsaTHuka — ropogmile Kobbiimnxa
(HeHewukmn aBTOHOMHBIM OKpyr) // BectHuk reoHayk. 2022.3(327).C.31-41.D0I:10.19110/geov.2022.3 4.

For citation: Murygin A. M., Astakhova I. S. Slags from excavations of the archaeological monument - of the settlement of
Kobylikha (Nenets Autonomous District), 2022, 3 (327), pp. 31—41, doi: 10.19110/geov.2022.3.4.

31



W

Becainake reohage, MapT, 2022, Ne 3

Apxeosnormnueckye 1 apxeomMeTaTypruueckme uccie-
IIOBaHMS CIIOCOOCTBYIOT BHISICHEHUIO MICTOPUYECKIUX B3a-
MMOCBSI3€li MeXIy TaKMMM 3TariaMu IIPOM3BOACTBA Kak
TOMCKY U 00BIUA PY[IbI, ITOJTyUeHMe 1 06paboTKa MeTal-
Jia ¥ U3rOTOBJIEHME 13 HEero npeamMeToB. MaTepuajlbHbIM
CBUIETEIbCTBOM JIpeBHE MeTa/TypTuM JKejie3a SBJSIoT-
€S UICXOIHOE ChIpbe, OCTATKM JKejie30/ie/1aTe/bHbIX ITeYeii,
OTXO[bI TPOU3BOACTBA [4, 5]. HecmoTps Ha To, UTO IUIAK
SIBJISIETCSI LIEHHE MMM MCTOUHMKOM JJISI PEKOHCTPYKLIUM
sKeJjie30/e/1aTeIbHbIX TEXHOJIOTHI, BOIIPOC UCITONIb30Ba-
HUS eCTeCTBeHHBIX METOA0B UX U3YUeHUs OCTaeTCsl Ma-
JiopacIpocTpaHeHHbIM.

O6Lwag xapakrepucrTmka ropoauile Koébiimxa
(packonku 2019 r.)

Topoauie KoGblayuxa paciiojiokeHOo Ha 3amaje
BosnbIie3eMesibCKOI TYHIPBI, Ha PaBOOEPEKbE MOTMHbI
p- Ileyopsl, B ipenenax 3anoisipHOro paiioHa HeHelikoro
aBTOHOMHOTO OKpyra. OHO 6bUIO YCTPOEHO B I03KHOI Ua-
ctu 03. l'opogenkoro, B 400 M K BOCTOKY OT 3aJMBa
Kob6buixa, Ha MbICOBUAHOM BBICTYIIE TIEPBOJi TEPPACHI
BBICOTOI OKOJIO 4—5 M OT ype3a Boabl o3epa (puc. 1).
OTtkpeiTo U. B. bappiessim B 2001 r. [1, 2], uccienoBaHo
uM xe B 2004, 2006, 2008 rr. B 2019 r. packonku mmpoBse-
neHbl A. M. MypbITMHBIM.

[ToBepxHOCTb MaMSITHMKA 1 0OPBIB K 03Py 3a/IepHO-
BaHbI, BUAMMBIX pa3pylieHuit He uMeloT. [Inomaaka ro-
pomuiia (50 x17 M) yaCTMYHO CHeceHa 6eperoBoii 3po-
3ueii. Bas v poB ynupaloTcst KOHIIaMu B 6eperoBoii CKJIOH
¥ OTPaHMYMBAIOT IUIOIIAAKY TOPOAMIIA ITOTYKPY>KbEM.
BricoTa BasioB OT ypoBH# ruiomaaku — g0 0.5 m; rry6rHa
pBa — 10 0.5 m, mupuna — go 1.5 m. Kynberypocomepskaryit
CJ10¥1, BKJIIOUAIO it BCe MpOC/ieskeHHbIe 10 YPOBHS I10-
IrpedeHHOro MoA30J1a U MOACTUIAIIINX KeJIThIX ITeCKOB
IIOYBEHHbI€ TOPU3OHTHI, MMeJ MOIITHOCTD 10 105 cM.
[IpencraBieH TyMUQUIIMPOBAHHBIMY CYIIECUaHbBIMU OT-
JIOSKEHUSIMU KOPUUHEBATOTO ¥ CEPOBATOTO IIBETA.

KynbTypocomepskaiiiyie OT/IOXeHUSI BCKPhIBAJIUCH YC-
JIOBHbIMM TOpU30oHTamMu 110 20 cM. [TepBblii TOPU3OHT ObLT
BCKPBIT Ha TUIoIIazu 48 M2, M3-3a pe3Koro yXyIIeHust mo-
TOAHBIX YCOBUIA, COTTPOBOXKIABIIMXCS AOKIAIMU U Taze-
HMeM TeMIlepaTyphbl, ITOC/Ie BCKPBITHS ITIepPBOTO TOPU30HTA

yuacTok B packona (24 mM2) 6bUT 3aKOHCEPBUPOBAH, U pac-
KOTIKY JI0 YPOBHSI MOACTUIAIONIVX OTIOKEHUI 6bUIM cocpe-
JIOTOYEHBI Ha yUacTKe A (24 m%). Ha BCIO TOMIIVHY KY/IbTY-
pocofepskaliye rIoYBeHHbIe CI0M ObUIM HaCBIIEHbI TIPO-
IYKTaMy TOpeHMs, CyllleCTBeHHO repeMelllaHbl, Pa3MbIThI
M MO3aMYHbI 13-32 Ype3BbIUaiiHO CUIIbHOM TypOMpPOBaH-
HOCTY KOPHSIMU pacTeHuii 1 HopaMu 3eMjiepoeB, 10 KOTO-
PBIM B KYJIBTYPOCOZepsKalliyie TOYBEHHbIE OTIIOKEHUSI PO~
HUKaJIU TIorpebeHHbI 03071, MeJIKO3epPHUCTBIN CBEeTIO-
SKEJITBIN U PbIKUIA (O>Ke/Ie3HEHHBI) MaTePUKOBBIN ITECOK.

B packorie yaCTMUHO pacuyuIieHbl OCTATKM MTOCTPOIi-
KU B BUJIe OOYITIEHHBIX TOCOK VI T1JIaX (4aCTh CKIaIbIBa-
J1aCh B KOHCTPYKLMIO IIPSIMOYTOIbHO (POPMBI), CTOI60-
Bas IMKa, a TaKKe Be HesICHbIE 110 (GYHKIMOHAITbHOMY
Ha3HaueHMIO U TPOUCXOKAEHMIO BrIaAyHbl. Haxonku rpep-
CTaBJIeHbI IPEMMYII[eCTBEHHO ChIPBIMM KOCTSIMU KUBOT-
HBIX (YaCTh CO CJIeflaMy HaJpe30B WM 3aCTPYTOB), KpeM-
HeBbIM MHBEHTapeM (OTILEeNbl M OCKOIKY, peKO — Opy-
IIUSI CO CKPeOKOBBIM KpaeMm), IJIakamMy, B TOM YucIie ¢ BKpa-
TJIEHMUSIMY BOCCTAHOBJIEHHOTO KeJie3a, MMeBIIUMY GopMy
OCHOBaHMS KaKoii-To eMKOCTU. KepaMyka HEMHOTOUMC-
JIEHHA, TUIIOJIOTMYECKM OAHOPOAHA ¥ MOXKET OBITh OXa-
pPaKTepu30BaHa KaK SMOYHO-IpebeHYaTast ¢ BKIIOUEHM-
€M B OpHAMeHT QUTYPHBIX IITaMIIOB. Boigensiercs ¢par-
MEHT CTEHKM COCyia C TOPU30HTAIbHO-TMHENHBIM y30-
pOM, NIPeNOI0XKUTEIbHO OT IPEBHEPYCCKOI KepaMUKU
XII—XIII BB. (?). Taxke B uMcIe HAXOLOK — OCEJIKU U3 He-
KPeMHeBOJ IOPOAbI, KeJle3Hble U3/ eNsl HeyCTaHOBJIEH -
HOTO Ha3HAUYEeHMSI U KeJle3Hble 00JIOMKH, YIIKO OT KOT/Ia
Y TUTACTMHKMY U3 LIBeTHOTO MeTasljia, BUCOYHOE KOJbLIO U3
MIPOBOJIOKY POMOUYECKOTO ceueHMsl, KOHLIbI KPYIJIOTo ce-
yeHus (6enblit MeTasu), Xeje3Hble Me3aPSIKK, GparMeHT
HeO6OJIbIIOro TUTeNbKa C MIPUCTaBIIell Karjieit BeTHOTO
MeTasna. KpoMe 3TOro B KO/IEKLMY NIPeCTaBIeHbI KO-
CTSIHbIE M3IeNusi: HOXU, JeTajlb YIPSIKU, «ITeCTUK».
He3aBucumo oT KaTeropuu BellleBOi MHBEHTaphb 3a1erasn
Ha BCI0 MOLTHOCTb IOYBEHHBIX OTJIOXKEHUI — OT OCHOBA-
HMS J€PHOBOTO CJI0S1 ¥ BIUIOTH JI0 MO CTU/IAIOIIMX [1€CKOB.
SIBHOIt 3aKOHOMEPHOCTM B pa3MelleHUM 10 [MyOuHe 3a-
JIeraHUsI U IJIaHy He IIPOC/IeXXNBAeTCs.

Toponuie Ko6puinxa BXOOUT B COCTAB HeZABHO BbI-
JeJIeHHOM JIOKQJIbHOM I'PYIIIbI apXeOoJI0TnYeCKUX naMsIT-
HUKOB HO8000PCK020 (HUMIHENEUOPCK020) KYNbMypPHO20 mu-
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na, TOKaJa130BaHHBIX B 00/1eCeHHOI fonMHe 3anosIpHO
ITevopsr [13]. ITo TpaguLMsM KepaMU4eCKOIo IIPOU3BOL, -
CTBA 3TU 0OBEKTHI PE3KO OTANYAIOTCS OT CylLeCTBOBAB-
VX B OGHO BpeMsl C HUMMU M PACIIONIOKEHHbIX B KOHTU-
HeHTaJIbHOJ TyHApe. HabmonaeTcs CXOCTBO C HUXKHEeO00-
CKO-SIMaJIbCKUM ¥ II€UOPCKUM (YTOPCKUM MJIN CAMOIMI-
CKMM I10 STHOKY/IbTYPHOJ IIPMHAIJIESKHOCTM) Kpyramu
apXxeoJIorM4eckux KyabTyp.

Ha sTom sTarie mcciesoBaHus, IO MOMTyYeHUS pafuo-
YIJIEPOLHBIX ATUPOBOK Y JalbHEMIINX PACKOIIOK MaMsIT-
HVUK MOeT JaTMPOBaTbCs 3II0X0¥ CpeHeBEeKOBbS B JOCTa-
TOYHO LIMPOKOM BpeMEeHHOM Jyana3oHe (BTopas mnoi. [ —
nepsas 1no. Il Teic. H. 3.).

MeToabl UccnepoBaHus

VccnepoBaHus OTXOO0B MET/LTypPrun (IIIJIaKOB) M3
packoriok 2019 r. mpoBoauaoch B LleHTpe KOMIeKTMBHOTO
nosb3oBanus «['eoHayka» HcTuTyTa reosmoruy Komu HIJ
VpO PAH. ®a30BbIit cocTaB 5 06pa31[0B 13 pa3HbIX TOPU-
30HTOB OIPEEISICS M0 AU paKTOrpaMMaM HEOPUEHTH -
POBaHHbBIX 00pa31oB. CbeMKa ITPOBOAM/IACh Ha PEHTI€HOB-
ckoM gudpakromerpe Shimadzu XRD-6000. nsnyueHmue
CuKa., Ni duabtp, 30kV, 20 mA, o61acTb CKAHMPOBAHUS
20 2—65° (aHaymTHK 0. CuMakoBa). XMMu4ecKkuit CocTaB
(21 obpaselr) M3yvascs ¢ TOMOIIbIO MPUOIVKEHHO-KOJIM -
YeCTBEHHOT'0 PEeHTreHO(TyOpecIieHTHOTO aHaI3a MeTo-
noM (pyHIaMeHTaJbHBIX ITapaMeTpoB (aHAJUTUK
C. HeBepog). Pe3ybTaThl PUOIKEHHO-KOMYECTBEHHO-
IO SMMUCCMOHHOTO CITEKTPaJbHOrO aHaim3a 1o 21 obpas-
11aM CTaHIapTU3UPOBAHbI 110 ATLOUTU3MPOBAHHOMY T'pa-
Huty (CI-1A) (anamutuk JI. AHTOHOBA). MMHepa/IbHbIN CO-
CTaB MU3YyJaJICcs 110 8 06pasIaM C MTOMOIIbI0 CKAHVPYIOLIETO
3JIeKTPOHHOr0 MUKpockoria TescanVega3 LMH, o6opy-
noBaHHOro EDS-cucremoit myukpoaHannisa INCAX-MAX
50 mm ¢upmb «Oxford Instruments» (HarpstkeHne — 20 KB,
cwia Toka — 15 HA, Bakyym — 0.05 Ila, nyametp mmyuka
2 MKM). XMMMUYeCKUIi 371IeMeHT (3TaJIOH), [IOIPeIIHOCTb B
mac. %: Fe (Fe), 0.37; Bi (Bi), 1.04; Cu (Cu), 0.36; Si, O (SiO5),
0.14; Pb (PbTe), 0.27; As (InAs), 0.41; Sb (Sb), 0.25; Ni (Ni),
0.24; Ag (Ag), 0.69 (aHanmnuTuK E. TpOITHMUKOB).

XapaKrepucTuKa LWiaKkos

CoBpeMeHHbII SMIIMPUYECKUIA OTIBIT ITO3BOJISIET I'O-
BOPUTb, YTO MMHMUMAJIbHAS BHIOOPKA IIJIAKOB C OHOTO
rocesieHusI JOJKHA ObITh He MeHee 20 06pa31oB [6]. Bbut
0oT0o6paH 21 UTaK C pasaMYHbIX [JTyOMH packora (Tab. 1).

LIBeT 1JIaKOB — OT TEMHO-KOPUYHEBOTO C yUyacTKa-
MU pKaBUMHBI 4,0 YepHOT0. OTHOCKUTEIbHAS TOPUCTOCTD
yCTaHaBIMBAIACh BU3yaibHO. BOnbInas yacTs (45 %) uc-
CJlelyeMbIX 1IJIAKOB OTHeCeHa K TrpyIiie co cpemHeit mo-
PUCTOCTBIO, B KOTOPOJ YCTaHOBJIEHO pucyTcTBME 10 10 %
mop ¢ pasmepom 0.1—0.3 cm Ha 1 cm2. UyTh MeHbiire (40 %)
IIJIAKOB MMeIOT HU3KYI0 IIOPUCTOCTb, TAe YCTAaHOBIEHO /10
5 % mop ¢ pasmepom MeHee 0.3 cm Ha 1 cm2. B misatu 06-
pasiiax mopuUCTOCThb BbICOKAs, C pa3mMepom mop a0 0.5 cm.
[Nopasssioiiee 6OMBIIMHCTBO 06Pa310B MPeaCcTaBIeHO
JIETKMMM YILIOMIEHHBIMM KyCKaMM IIIJIaKa JIelmemKOBU -
HOJi hopmbl. HecKobKO 06pasiioB MIJIAKOB SIBJISTIOTCS OT-
IeJbHBIMY (hparMeHTaMM WJIM MMEIOT HeIPaBWIbHYIO,
amopduyo dopmy (puc. 2). PopMma IUIaKOB, UMEIOLIUX
OIIaB/IeHHbIe TTIOBEPXHOCTH, TTI03BOJISIET TOBOPUTD O XKUJ -
KoTekyuectu. Hekotopsie o6pasisl (I/13, 11/57,1/22,1/23,

11/20. 11/48, 11/62, 111/9, 111/10. I11/12) “MeIOT BOTHYTYIO POB-
HYI0 OKPYTJIYIO HYKHIOIO TTOBEPXHOCTD C IVIaAKUMMU yUacT-
KaMM ¥ MeTaJUTMIECKUM 0JIeCKOM. BepXHSISI TOBEPXHOCTh
Ha IITaKax 4ale Bcero 6yrpucTasi, MeJIKO3epHMUCTAs C Iia-
poobpasHBIMU MM YepBeoOpPasHbIMM 00pPa30BaHMUSIMMU
niaka. Ha eqMHMYHBIX 06pa3iiaX yCTaHOBJIEHBI METaJLIN -
YyecKue KOpOoJIbKM MeTajljia pasMepoM MeHee 1 mm. Ha
BepxHeil moBepxHocTy obpasios (I/38, IV/3) o6Hapyxke-
HbI TIeCYMHKY, OKaTaHHbIe 3epHAa KBapiia (TPyHT WM 06-
Ma3sKa reun) u Koctu. Kpast 60sbiieit yacTy IakoB KOJI-
JIEKIMMY OTIaBJIEHBI, MUHOTIA HEPOBHBIE. JINIIIb Y MSITU 00-
pasuos (I/13,11/48.11/62, 1V/4, IV/6) nipocieskeHbl KaBep-
HO3HbIe Kpas.

MuHepanoro-xMMmMUYeCKuii COCTaB LLJIAKOB

IIn1s1 BbISIBJIEHMS] OCOOEHHOCTEl MMHEPATIBHOTO COCTa-
Ba IIJIAKOB ObUIM M3yUeHbl 8 aHIIM(OB U3 Pa3HbIX TOPU-
30HTOB I10J, MMKPOCKOIIOM B OTPaskeHHOM CBeTe, UTO 10-
3BOJIWJIO AMArHOCTMPOBATh OCHOBHbBIE (ha3bl. BusyaabHO
YCTaHOBJIEHO, UYTO MUHEPaJIbHbII COCTaB UCC/IeAyeMBIX IIlIa-
KOB OZJHOOOPAa3€eH, HO Coflep>KaHye TOTO WJIM MHOTO MUHe-
pasia BapbupyeTcs. [IpeMyliieCTBeHHO IIJIAKY CJIOXKEHbI
KBap1eBbIM cTeksioM (10—60 %), omuBuHOM (10—40 %),
BroctuToM (10—30 %) u xpomumnuHeangamu (0—1 %).

PeHTreHOmM(pPaKIMOHHbIE UCCIENOBAHUST YTOUHWIIN
cocraB. Bo Bcex oO6pa3iiax MmpuUCyTCTBYIOT KaK PEHTTEHO-
aMopdHbIe coeIVHEHMS Keyle3a, Tak U pa3IMYHbIe MOV -
dbuKanyM OKCUMIOB Keje3a (TeMaTUT, MaTHETUT), a TaKkoKe
o6Hapy>keHbI QasuTUT ((OPCTEPUT), ITOJIEBBIE LIMATHI M KBAPLI,
B ogHoMm o6pasiie (IV/4 178) ycraHoB/ieH mupokceH (o 20 %)
Y PYTWI (DO TepBbIX IPOLIeHTOB). OCOObIi MHTEPEC Mpe/I-
CTaBJISIET KBAPII X BbISIBJIEHHbIE MOAV(DUKALIMM KpeMHe3e-
Ma — KpUCTOOATUT U TpUAMMUT. OHM BCTPEUAIOTCS BO BCEX
IIJIaKaX, Te comepskaHye KpMUcTodbananuTa ot 3 1o 29 % , Tpu-
mumurta — 8—10 %. O6HaApYKeHMe KPUCTOOAINTA YKa3bI-
BaeT, YTO IJIaBKa IOCTUTaIa BLICOKMX TeMIiepaTyp. Takke,
IaHHBIM METOAOM BO BceX 06pa3ijaX YCTaHOBJIEH MYJUTUT
oT 3 1o 13 %. Hannuue MysuinTa CBSI3bIBAIOT C TeMIIepaTyp-
HBIM PEXMMOM, KOTOPbI XapaKTepu3yeT TemMrepaTypy
KPUCTAJLTV3ALIVIN, TIPUOITVDKAIOIIYIOCS K 00/1aCTV 9BTEKTUKM
AHOPTUT — MYJTUT — TpuguMut (1345 °C) [14].

MMKpPO30HI0BbIE MCC/IeIOBAHMS BBISIBUIN CXOXKECTh
MMUHepaabHOTO COCTaBa IVIAKOB 13 Pa3IMYHbIX TOPU30H-
TOB, OJHaKO HEKOTOPbIe MMHEePasbl, yCTAHOBJIEHHbIE PEHT-
reHo(a30BbIM aHAIM30M, He ObUIM 0OHapYKeHbI. Bo Bcex
I1aKax mpeobsagaet GasiuT pasHbIX MOPQOIOTUYECKUX
dopm. Tax, B nutakax 1/38, IV/7 dhasgnut npeacraBjieH
XOpOIIO OorpaHeHHbIMM 3epHaMu cocrtaBa (Fej ggx
*Mg0.08)1.97510.990 4 ¥ 06pasyeT ob1IyI0 Maccy (puc. 3, a).
B HMX MPUCYTCTBYIOT HE3HAUUTENbHBIE ITpUMecH docdo-
pa (mo 0.25 mac. %), kanbius (0.68 mac. %) u mapraHia
(0.38 mac. %). B cocraBe miaka I1/48 dasaut npeacras-
JIeH yAJIMHeHHbBIMM TTPU3MaTUYeCKUMU KPUCTAIJIaMU pas-
MepoM 10 5 MM. [Ipy aTOM uro/ibUaThie 1 6oee MeIKue
BBIJIEJIEHMST TI0 TPaHUIIaM (asyIMTOBBIX 3€pPEH CO3HAI0T
OEeHAPUTOBBIE U pelleTyarble CTPYKTYPHI (puUc. 3, C).
[TpocTpaHCTBO MEXIYy (GasyIMTOBBIMY 3€PHAMY WJIU YaCTh
uiaka Ha 30 % cJI0KeHbI sKejie30-KPEMHUCTBIM CTEKJIOM.
Bo Bcex 1i1akax CTek/10 HeOJHOPOIHO IO CTPyKType. CocTaB
OCHOBHOJt MacChl COOTBETCTBYET cofepkaHusIM (Mac. %):
Si0, (38.24); FeO (23.95); CaO (12.77); Al,Oz (9.18);
K,0 (8.67); P,05 (5.13); Na,O (2.28). B crexie 3aduKcupo-
BaHO MPUCYTCTBYE ATIOMUHMS, Kaaus, KaJblMs, HaTMUIne
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Puc. 2. Ocob6eHHOCTH IIVIAKOB M3 packorna ropouia Kobpuimxa: a — ¢ HU3KO¥ MOPUCTOCTHIO, BOTHYTO JIENeIKOBUIHOM HOpMbI

C HepOBHBIMM Kpasimy, 11/48; b — ¢ BbICOKOJI CTeNleHbI0 IOPUCTOCTH, aMOP(HOIL JieTIeIKOBMIHOM GOPMBI C OIIaBIeHHBIMU

Kpasmu, I1I/14; ¢ — 06;I0MOK CpefiHel MOPUCTOCTH C OIIABJIEHHBIMM Y4aCTKaMM, HEPOBHBIMY KpasiMy ¢ HAJIMITIIEH KBaplie-

BOJ1 OKaTaHHO rajabKoi, 1/38; d — yIuioleHHbI HelpaBuUIbHO JeneKkoBUIHO HOpMbI ¢ KaBepHO3HBIMU KpasiMi, Ha TIOBEPX-
HOCTY YepBeo6pa3Hble (pparmMeHThl ¥ OCTATKYU KOCTEN

Fig. 2. Features of slag from the excavation of the settlement of Kobylikha: a — slag with low porosity of a concave flat-shaped

shape with uneven edges, 11/48; b — slag with a high degree of porosity of an amorphous flat-shaped shape with melted edges,

11I/14; c — a fragment of slag of medium porosity with melted, uneven edges with stuck quartz rounded pebbles, I/38; d — flattened
flat-shaped irregular shape with cavernous edges, on the surface fragments of worm-like slag and the remains of bones

KOTODBIX CBSI3bIBAIOT C MCIIOIb30BaHMEM KOCTEN KUBOT-
HbIX B Buze ¢iroca [6]. CocTaB 6osiee CBETI00KpAIIeHHbBIX
Y4aCTKOB OT/IMYAETCS cofepkaHueM xenesa (o 40 %), Ha-
nuueM cepsl (0.7 %) ¥ CHMKeHMEeM COepsKaHys OCTallb-
HbIX 3JIEMEHTOB (puc. 3, a).

B nutake 11/48 crekino, ciararmniee OCHOBHYIO Maccy,
MMeeT OoJiee Kee3UCThbIl cocTaB ¢ conepkanueM Fe (1o
42 %) c npyuMecsIMy Maruus 1 Kaabuus (8o 7 %), anomu-
Hus (mo 2 %), kanus (1 %), hocdopa 1 mapranna (1 %). B
CTeKkJie HepaBHOMEPHO pacrpezesieHbl ITIOpbl OKPYITION
¢dbopmbl pasMepoM 10 1 MM M IPUCYTCTBYIOT KBapiieBbie
3epHa OKpymioi ¢popmbl 1o 0.5 MM, B OITHOM 13 KOTOPBIX
06Hapy>keHO BKJIIOUEHME OKPYIJIOTO 3epHa MPKOHA
(Zrg 9oHf( 31)Sig.9904. B cocTaBe 3TOrO Xe II1aKa TEMHO-
cepoe CTeKJIO C cofepkaHueM sxenesa (Io 14 %) u samer-
HBIM yBemuyeHueM npumeceii (qo 10 %) o6pasyet OKpy-
I7ble BbifiesieHus1 pa3MepoM oT 1 1o 10 MKM MM CKoILie-
HMS, LIeTIOYKY B KpucTaiax asuinra. K aTum ckoreHn-
sIM IPUYpOUYeHbl BbiAeneHus rematura Fe,O yriiosaToit
¢dopmbl pasmepom 10 10 MKM € IPUMeECSIMU TUTaHA U XPO-
Ma 1o 1 %. Takke B cTeksie 1uiaka I/38 oOHapykKeHO OTIIaB-
JieHHOe 3epHo anatuTa Cay s7P5 93014(F, Cl) pasmepom oko-
70 50 mkm (puc. 3, d). B cocTaBe anatuTa npucyTCTBYIOT
npumecu (Mac. %): Fe (1.10); Sr (0.94); Na (0.50); Mg (0.21).

B nutakax u3 I, III u IV ropu30HTOB 06HAPY>KEH BIO-
CTUT C COpep>KaHMeM xese3a (0o 76 %) u npumecsMu ajiko-
MMHMS M KpeMHUS (50 1 %). OH 06pa3yeT CKOIIeHusI pas-
MepoM OT 2 0 4 MM, HO IIpu 6oJiee AeTaJlbHOM MCCIeH0-
BaHMM CKOILJIEHMSI TIPEICTABISIIOT COO0I OIIaB/IeHHbIe
BbllesieH!s] BIOCTUTA pa3MepoM 1o 100 MKM, KOTOpbIe CO3-
JlaloT pelieTyaTyio ¥ JeHAPUTOBYIO CTPYKTYPY. B camoit
(basnnTOoBOIt MaTpulie IaKa IIEPBOTO TOPM30HTA OOHA-
PY>KeHBI yIJIOBaThle HeMPaBUIbHO GOPMBI 3epHA BIOCTU-
Ta ¢ MUKporpumecsimu kpemuesema (0.59 %), cepsi (0.65 %)
u mblilbsika (0.68 %).

B cocTaBe Bcex IJIaKOB BbISIBJIEHbI BOCCTAHOBJIEHHbIE
yacTUlbl XXeje3a pasmepom ot 20 go 100 mxm (puc. 3, b).
Tak, B IlIJIaKe TIeEPBOTr0 FOPMU30HTA B asuinTe 0OHapyKe-
HbI €AV HUYHbIE BKJIIOUEHMST OKPYI/IOi (POpMBI € comepska-
HMEM CaMOpOAHOro Xeje3a 10 97 mac. %, ¢ IpuMecsiMU U
MbIIIbsiKA (2.54 %), u nukens (0.57 %). OTopouka 3epeH
MOIITHOCTBIO 10 15 MKM mpe[cTaB/sieT co60ii OKUCTIEHHOe
>KeJle30 CO CHYDKeHMeM copepskaHus 4o 69.81 %, npucyrt-
CTBMEM KpPeMHMS 0 2 % ¥ KaJblUs J0 40Jieli TPOLIeHTOB.

PaHee yCTaHOBJIEHO, UTO, HECMOTPS Ha OJHOOOpa3-
HbIi MMHepaIbHbI COCTaB, IIJIAK HETOMOT€HEeH, Y XUMMU-
YeCKMit COCTaB MOXKeT pasanuaThCs B pa3aMyHbIX YaCTSIX.
Bonee Toro, B pa3HbIX 30HaX JpeBHEN MeTalTypruyeckoii
1eyy MoryT (OPMUPOBATHCS Pa3IMUHbIE TEMITEPATYPHBIE
YCII0BUS, BAMSIIONIME Ha YCJIOBUS TIJIABKY M KPUCTAIM3a-
M0 MUHepanoB. Takke Ha XMMMUUECKUIi COCTaB IIJIaka
MO3KeT OKa3bIBaTh BO3/eiCTBME UCII0/Ib30BaHMe pas3ny-
HbIX QUIIOCOB, IIMXTA U3 Pa3JIMIHOI PyIbl, 0OMa3Ka rmeun,
MeTajTypruueckue npoiecchbl. OnHaKo, apxeMeTaLyp-
TUYeCKUMU UCCIeJOBAHMSIMU YCTAHOBJIEHO, UTO KOMILIEKC-
HOe JCII0/Ib30BaHMe eCTeCTBeHHOHAYyUYHbIX MeTOA0B I10-
3BOJISIET MTOTYYaTh JOCTATOYHO a/leKBaTHbIE KAaPTUHBI JpeB-
Hero MeTauTyprumueckoro mpou3BoOACTBa [4, 6, 15]. s
BCEX MCCIeAyeMbIX IIIJIAKOB XapaKTepHbI BBICOKME COMlep-
SKaHMSI OKCUJIOB JKejle3a M KpeMHe3eMa, a UX KojebaHue
MOKET ObITh OOBSICHEHO OTO0POM HPOObI, MOITHOCTBIO
OKMCJIEHHO KOPKY, MMHEepaJornueckuM cOCTaBoM. B cBs-
31 C 9TUM Pe3yJIbTaThl HOCST OOIIMIT XapaKTep U ObLIn
TIpUBeeHbI K CpeJHUM 3HaUeHMSIM OTHOCUTEIbHO TOpu-
30HTOB OoTOOPa (TabII. 2).

CooTHoIIeHMe [TTaBHbIX KOMIIOHEeHTOB Si0,/Fe,03 Ba-
pbupyetcs B npegenax 1.00—1.22; 4yTo no3BossieT npef-
MMOJIOXKUTD TIOTyYeHMe IIJIaKOB M3 OOHOTO TUIIA PYIbI.
O6paiaet Ha cebst BHMMaHMe coiepkaHue Kaubiys, hoc-
dopa u kanus. ComepskaHue Kalblys B IIJIAKax pasiny-
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HBIX TOPM30HTOB BapbupyeTtcs oT 2.3 10 7.9, kanusg — 2.13—
3.99, pocdopa — 1.16—3.75 %. Haubosnbiue 3HaYEHUS
YCTaHOBJIEHBI B IIJTAKaX [TyOOKMX rOpM30HTOB. ComepkaHue
JIaHHBIX 37IeMEHTOB 0OBSICHSIETCSI TIEPEXOLOM X M3 307IbI,
MCIIOb30BaHMeM KaJ/IbLIUTa WJIK KOCTelt B KauecTBe iio-
ca [6]. ComepskaHMe rmMHO3eMa 10 4—5 % MOXKeT ObITh
CBSI3aHO KaK C MUCXOOHBIMU pyJaMMu, Tak 1 ¢ 06Ma3Koii Iie-
yy. Pe3Kko OTAMYAIOTCS IIJIaKyY 110 HAIMUMIO MeAy U LIVH-
Kka. Tak, B ropusoHTax I u Il He ycTaHOBJ/IEHHBI JaHHbIE
3JIeMeHTBHI, B OLHOM o6pa3siie 13 ropusoHTa Il comepxa-
Hue okcuga meau 0.06 %, a B [V ropu3oHTe B Tpex 006pas-

Si0,

CaO 10 30 50 70

%, eec.

30
Q 2Fe0Si0,

Puc. 3. MuHepanbHbiii cocTaB mjaakoB (COM-

cuuMKkn): FeO — Broctut; Fa — dasuint; Q — KBapii;

Fe, As, O — okcu[pbI 5Kejie3a C IPYMEeChI0 MbILIbSIKA;

Fe,O3; — remarut; Fe-Si cTex/o — skene3o-KpeMHU-
CTOEe CTEKIO; Ap — anaTur

Fig. 3. Mineral composition of slags (SEM images):

FeO — wustite; Fa — fayalite; Q — quartz; Fe, As,

O — iron oxides with an admixture of arsenic;

Fe,0z — gematite; Fe-Si glass — iron-siliceous glass;
Ap — apatite

nax cogepxkntcs 0.04—0.13%, npu 3TOM B HUX Ke yCTa-
HOBJIEHBI COTbIE 1O/IY MPOLIEHTOB IIMHKA.

ITo XMMMUUYECKOMY COCTaBY LIJIaKa PaCCIUTHIBAIOT IIPH-
6/M3UTEIbHYIO BI3KOCTDb paciuiaBa. TeM He MeHee, TaH-
HBI}1 TTOKa3aTesb MCIIONb3YIOT /IS OOIINX OLIeHOK U COIO-
CTaB/eHusI IUIakoB. PacueTsl mpou3sBeeHsl o hopmyiie,
npemyioxkeHHoi Bachmann U. A. (1987), yunTtbiBalomiein
COOTHOLIEHME CHYDKAIOUIUX BSI3KOCTh OKMCIOB K OKMC/IAM,
rnoBblIaIiee ee, mpu remneparype 1400 °C (tab6s. 2). B
uccileyeMbIX 1I7IaKax JaHHbIl [ToKa3aTeNlb yKas3blBaeT Ha
SKMAKOTEKYJYeCTb pacriaBa U 06bsiCHSIeTCS TOCTYTIeHN-
€M KOMITOHEHTOB, BAMSIIOIIUX Ha CHIMKEHME BSI3KOCTH.
CooTBeTCTBEHHO, K03 DULIMEeHT OCHOBHOCTH B 3TUX IUIa-
Kax M03BOJISIeT OTHECTM UX K TPYIINe KMUCIbIX IIJIaKOB, B
KOTOPBIX 0GHAPYKMBaeTCs 60JIbIOe ColepKaHMe CTeKa.

B apxeomeTanypruu npuMeHsIeTCs IOCTPOeHME Tep-
MaJbHBIX I/arpaMM Ha OCHOBE XMMMUUYECKMUX aHAIU30B.
[Togo6HbBIe guarpaMMbl, caelaHHbIe HA OCHOBe 0011ero
XMMMUUYECKOTO aHajaM3a, yallle yKa3blBaloT KaK Ha peab-
HbIii TeMIIepaTypHbIii AMana3oH, Tak 4 Ha 3aBbIUIEHHBbII,
MOCKOJIbKY XMMMUUECKUIi aHa/IN3 YIUTHIBAET U TYTOIIaB-
Kyie KOMIIOHEHTBI. VICIIONb3ys 3TOT METOf,, OLleHEH TeM-

NepaTypHbIii pesKMM MeTallTypTMUeCcKoro mpoiecca ¢
MOMOIIbI0 TTOCTpoeHMsI $Ha30Boit AuarpaMmbl CUCTe-
Mbl FeO—Si0,—CaO (puc. 4). I3 guarpaMmbl BULGHO,
YTO I1JIaBKa OCYIEeCTBJIS/IaCh B II€YM IIPY JOBOIBHO
BBICOKMX TeMIiepaTypax (B rpeapenax 1200—1400 °C).

C momMo1IbIo MPUOIMKEeHO-KOIMYECTBEHHO-

IO SMMCCHMOHHOTO CIIEKTPaJbHOTO aHaau3a pe-

Puc. 4. ®asosas nuarpamma FeO - SiO, - CaO
It y1akoB ropoauiia Ko6pumxa [12]

Fig. 4. FeO - SiO, — CaO phase diagram for the
slags of the Kobylikha settlement [12]
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Ta6mmua 2. Xumuueckuii cocras 1takoB / Table 2. Chemical composition of slags

I(n=5) II(n=5) III (n=5) IV(n=5) 06.N25
SiO, 46.48 42.30 48.71 40.49 43.60
TiO, 0.11 0.17 0.08 0.15 0.12
Al,O4 4.81 5.92 391 5.89 4.24
Fe,05 0611 39.26 42.10 39.90 34.45 39.45
MnO 0.31 0.31 0.26 0.99 0.58
MgO 0.83 1.11 0.82 2.05 1.46
CaO 3.02 3.07 2.30 797 4.46
Na,0 0.68 0.76 0.63 0.72 0.77
K,0 2.40 2.64 2.13 3.32 3.99
P,05 2.00 1.51 1.16 3.75 1.27
SOz 0.11 0.11 0.11 0.14 0.10
SrO 0.02 0.03 0.02 0.05 0.03
Zr0O, 0.02 0.02 0.01 0.02 0.02
ZnO - - - 0.02 -
CuO - 0.01 - 0.05 -
Cymma 100 100 100 100 100
Koadduumentsi / Coefficients
Kz 0.91 1.04 0.88 1.07 1.06
n 1400 (Pa-s) 4.93 4.25 5.13 4.11 4.15
OcHoBHOCTb / Basicity
(CaO + MgO + Fe,0z + 0.89 1.06 0.87 1.02 1.02
+ MnO)/(Si0, + P,0s + TiO,)

HIAIOT MPO06JIeMY TTepexosa MUKPOIIPMMeECE U3 PyIbl B
nuiak. OgHaKo, YCTaHOBJIEHO, UTO pe3y/IbTaThl JAHHOTO
aHaJM3a MOTYT IaBaTh 3HAUMTENbHBIN pa3opoc [6]. s
OPOH30/UTEIHOTO MPOMU3BOCTBA OCHOBHBIMM AMArHO-
CTUPYIOLMMMU 3jIeMeHTaMU, UCII0/Ib30BAaHHBIMMU JIJISI OT-
HeceHMsI MeTalla K TOV MU MHOM XUMMUKO-MeTaTypIi-
YyecKoii rpymrie, IBAsiIOTCS As, Sb, Sn, Pb, Ni, Ag, Bi [15].
K rpymmne ¢ Hu3kuM K03hQuineHTOM epexoaa aie-
MeHTOB B nuiak E. H. UepHsix [15] oTHec Ag, Sb, Au, As, Bi.
K neitrpanbHoit rpymnie — Ni, Pb, Sn, Zn, Co. K rpyrmre c
TTOBBIIIAIONIVM KO3 duiieHTOM oTHeceHbI Mn, Ti, V, Mo.
TeM He MeHee, 6a3MpPysICh HA TTPEABIAYIINX UCCIeN0BaHM-
SIX, MOXKHO J1aTh KaKKe-TO OlleHOUHble cy>kaeHus. Kak u
IIJIsS OLIEHKY O0IIero XMMm4IeCcKoro cocTaBa IjaaKkoB, JaH-
Hble CIIeKTPaJbHOr0 aHa/IM3a M0 OTAEeJIbHBIM 3JIEMEHTaM
CYMMMPOBaINCH U AeUINUCh Ha KOIMYeCTBO aHaan30B. B
pe3ysbTaTte GbLIN ITOTyYeHbl yCpeJHEHHbIe 3HAUEHUS 3JIe-
MEHTOB-TIpMMeCeii [0 TOPMU30HTAM OOHAPYKEHMS I1IJIa-
KOB. B uccieqyeMbix 1i1akax OCHOBHBIMM 37IeMeHTaMu
sasisorcs Fe, Si, Al u Mg, He o6HapyXeHbI As, Sb, Sn, Co,
Ag, Bi. KoHlLleHTpalIMsl OCTa/IbHBIX 27IeMEHTOB-TIpMMeceit
He BeJMKa, U CyIlleCTBeHHBIX MU3MeHEeHUi1 B CofepsKaHuUM
OTHOCUTEJIbHO TOPM30HTA OTOOpA HET, TO3TOMY MOKHO
CIlesIaTh BbIBOMbI 00 MCIIOIb30BaHMUY PYIbI M3 OMHOTO MUC-
TOYHMKA (puc. 5). Tak, KOHIIEHTpALVS MeA BapbuUpyeT-
cs1 o1 27 10 40 1/T ¢ MakcMyMOM B 1utake u3 III ropu3oH-
Ta. ComepskaHye CBMHIIA M3MeHsIeTCs B IIpenenax 25—
27 1/T, Ipy 3TOM HauboJbIIast KOHI[EHTPALIVST YCTaHOBJIE-
Ha B IV ropusoHTe. AHaJIOTMYHOE pacrpeqesieHne
YCTaHOBJIEHO J1J1S1 HUKeN U XpoMa. TuTaH ¢ MakCUMaib-
HbIM cofepkaHuem 0o 800 r/T yCTaHOBJIEH B IIJIAKax U3
BTOPOTO TOPM30HTA, KOHIIEHTPAIM} B IIEPBOM CJIO€ UyTh
HMKe. B 1J1akax BTOPOTO U TPEThero TOpM30HTOB 00Ha-
pYy’kKeHO Hanbosiee BbICOKOE comepykaHe BaHaaus ([0

35 r/T). Comepskanue Maprasiia Bapeupyetcs ot 1500 mo
3500 r/T ¢ MAKCMMYMOM B YE€TBEPTOM TOPU3OHTE.
CopepkaHue MoanbaeHa rpeumyinectBeHHO 0.25 r/T Bo
BCeX rOpPM30HTAaX, HO B IEPBOM CJI0€ KOHIIeHTpalys BO3-
pacraet 10 0.28 r/T.

06cyXKaeHMe pesynbLTaToB

B cuty HeMHOTOYMC/IEHHOTO apXe0/IoTMYeCcKoro Mare-
puasia ¥ OTCYTCTBMS HAKOTIJIEHHBIX TaHHBIX 10 MeTa/LJIO-
rpacduu [Tedyopckoro 3arossipbst CJIOKHO TOBOPUTH 06 YPOB-
He pa3BUTHUS TEXHOJIOTUI TIJIaBKM JKeJle3HbIX PYA, U O PYA-
HOi1 6a3e. K coskayieHn1o, y HaC HeT HUKaKMX JaHHBIX O ITOJ-
TOTOBKe pyAbl K Tu1aBke. 1o pe3yibTaTam MUCC/IeIoBaHMS
IIJIAKOB ropoauia Ko6suinxa MOXKHO TIPeAIIoNOKATh, UTO
MCIIOIb30BAIMCh OKMCHBIE JIETKOIOObIBa€MbIE pyabl. B Ka-
YyecTBe ChIpbsI UCII0Ib30Ba/INCh, CKOpPee BCero, KBaplieBbie
sKeyre3oconepskaliye nopopasl. IlonTeepxkaeHneM 3TOro CIy-
SKUT OOHapys>keHMe B KBapLieBOM CTeK/Ie BKIIOUEHMI 1IUP-
KOHa 1 anatuTa. LIMPKOH U araTUT reHeTUYeCKU MOTYT ObITh
CBSI3aHbI KaK C MarMaTOre HHbIMM, TaK M 0CaJ0YHbIMU TOP-
HbIMM TIOpofamu. Heirb3s1 MCK/TIOUaTh IIPUCYTCTBUE U KAKOTO-
TO KOJIMUECTBA CY/IbPUAHBIX MUHEPAJIOB, HATIPUMED, TIU-
PUTa, KOTOPbIE CITOCOOCTBYIOT MOAIEPKAHNIO BOCCTAHOBU-
TebHOM aTMocdepsl. [logTBEPKIEHMEM CTY>KAaT HEBBICO-
K1e KOHIEHTpaIUy MeI M MbIIIbsIKA B BOCCTAHOBJIEHHOM
skesese. [Ipyu 3TOM 3epHa KBaplia HETUIIMYHBI )18 IJIaKa,
TaK KaK 0ObIYHO OH PaCTBOPSIETCS B pacIuiaBe U 3aTeM Iie-
pexonuT B pasyinT. He McKIoUeHa BO3MOKHOCTb UCIIONb-
30BaHMs KBaplcomepskallyx Mopoz B KayecTse duiioca [7],
HO TIOATBEPIUTD UM OMPOBEPTHYTh 3TO 6€3 HaXOMOK MC-
XOJHO PyHbl JOCTATOYHO CIOXKHO. B CBSI3M C eIMHUYHBIM
0oOHapy>KeHMEeM reMaTuTa (TOIBKO B IIIJIaKe BTOPOTO TOPY-
30HTA) B KauecTBe aKieCCOPHOT0 MIMHepasia, IpUpozny Io-
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SIBJIEHUST MOSKHO OOBSICHUTD COCTABOM MCXOLHOM PYIbI U
TeXHOJIOTHMEN TIaBKNU.

@asnUTOBBIN COCTAB LIJIAKa SIBJSIETCS KJIaCCUYECKUM
MIpY MeTaTypTUM 5KeJjie3a, M ero o6pa3oBaHyie ONMChIBA-
eTCsI BO3MOKHBIMU (POpMyIaMMu:

1 stam: 2FeS + 30, — 2FeO + 250, — peakuus cy/b-
dbuna kenesa, c Kucaopomom u 06pazoBaHyue BIOCTUTA U
cepHucroro rasa uimm 2Fe;0:+CO — 2Fe0O+CO, — peaxk-
I[MsI reMaTMUTa C MOHOOKCUIOM yIieposa 1 o6pa3oBaHue
BIOCTMUTA U OMOKCHIA YTIIepOoaa;

2 sram: 2FeO + Si04 — 2Fe0-S8i0, — peakuus BIOCTU-
Ta C CWJIMKATHBIM KOMIIOHEHTOM C 06pa3oBaHueMm dasi-
JIUTOBOTO IIJIAKOBOTO pacIjiaBa.

OO6BIUHO TEMITEpATYPbl 00pa30BaHMsT Qas/IUTOBbIX
IIJIAKOB KosebsmioTest B rpenenax 1200—1300 °C, XoTs B OT-
JIeIbHBIX CTy4Jasix MCC/IeLOBaHMSMM YCTAHOBJIEHBI U 6osiee
BBICOKME TeMIlepaTypsl [7]. B uccneoBaHHbIX TaKax Kpy-
CTaJUIbI OJIMBMHA MMEIOT pa3Hble GOpPMBI BbIIeIeHNs, YTO
MOYKET yKa3bIBaTh Ha Pa3HbIe YCIAOBUS KPUCTAIU3ALUN.
VIIMHEeHHO-TIPU3MaTUIecKyo GopMy KPUCTALIOB OIN-
BJHA CBSI3bIBAIOT C JOCTATOYHO BbICOKOV CKOPOCTHIO OCTHI-
BaHMsI pacIuviaBa Wiy JAHHOTO KOHKpeTHOro pparmeHTa
m1aka. Takyio KapTMHY Mbl Hab/IogaemM B MUKPOCTPYKTY -
pe 1u1aka u3 BTOPOro TOPU30HTA. B 60MbIIMHCTBE 06pas3-
I[OB XOpo1IO 0OPMIMINCH TaGIUTUATbIE KPUCTAILIBI OV~
BMHA. Biaromaps no6asneHuto ¢uroca, pacruiab 6blT TEKY-
YMM ¥ KUC/IBIM. 3aTBepIeBaHye KUCIbIX IIaKOB IO TUI0-
X0, IO9TOMY OOpa3oBaHMe KPYITHBIX TabIAMTYATHIX
KPUCTAJIIOB 3aTPygHUTENbHO. OTHAKO B UCCIeA0BAHHBIX
1akax GasyiMT KPYyMHOKPUCTAIMYECKII, UTO TTO3BOJISI-
eT CieaTh BbIBOJ, UTO IIJIaK OCThIBAI JOCTATOUHO MeJ -
JIEHHO ¥ HEeTMTOCPpeICTBEHHO B Ieun. BeposiTHO, 1y1aBKa po-
JloyKanach AJMUTeNbHOe BpeMs. TeMnepaTypsl He BIIOTHE
SICHBI, HO JJOBOJIbHO BbICOKMe. OCHOBHAs 4acCTh IUIAKOB
dbopmupoBanach 3a cueT BOCCTAaHOBIEHMUS U3 KAKOTO-TO
KeJIe3MCTOro MmuHepasa. B pesynprare BIOCTUT, 00pa3ysich,

I II ur 1v I I

1000

pacriassuicsi. OmHAKO 4acTh ero GopMupoBasach 3a cueT
KPUCTLIM3aLMKY U3 paciiiaBa, 06pasysi KpyIHble OIUIaB-
JIeHHbIe neHApuThL. Cyas 1o BceMy, B MHTepBajie KpUCTasl-
ym3anym ¢astmita u Broctuta (1205—1360 °C) 1m1ak oCThI-
BaJI OUeHb MeJIJIEHHO IPY BOCCTaHOBUTENbHO aTMocde-
pe wiaBku. CiieqoBaTesibHO, GOPMUPOBAIUCH OHM, KOTIa
IIJIaK OPOTEK BHU3 M 60jbllle He MepemMeniasncs.
[IpennoskeHHbIN TeMIlepaTypHBbIi Ipefies MOATBEPKIAeT-
Csl I TeMIlepaTypHbIMM pacueTaMy, CIeJlaHHbIMM Ha OC-
HOBe 0011IeT0 XMMIYeCKOT0 aHaju3a ljaka. bonee BbICo-
K1e TeMIlepaTypbl YCTaHOBJIEHBI /1S 1IUIaKOB U3 BTOPOTO
TOPU30HTA, B KOTOPOM OOHAapysKeHbI elMHUYHbIE 3epHa re-
Matuta. TeMIiepaTypa IjiaB/ieHus rematura okoso 1539 °C,
pacIiaBsiICh, OH epexoquT B BIOCTUT. [Ipu Temmepary-
pax Bbinre 700 °C B IpUCYTCTBUM YITIEPOAA BIOCTUT OyaeT
BOCCTaHaBIMBAThCS 10 XKene3a. OqHaKo, 3TU pacCyKOeHUsI
CIIpaBeJIMBhI [JIs CTy4asi, KOraa cucTeMa HaXOOUTCS B
CTaHAAPTHBIX YCIOBYSAIX, T. €. IPU P,= 0.1 MIla [6]. Bo3MmOskHO
MI03TOMY BCe 00pasiibl IUIAKOB COZEePKaT BOCCTAHOBIIEH-
Hble, 4YaCTO OIJIaB/IeHHbIE YaCTUIIBI JKele3a.

3akiloueHue

Mo pe3ynbTaTaM MccaefOBaHMSI MOXKHO CIeJIaTh BbI-
BOI, uTO Ha ropozauine Kobplayxa MeTamTyprudeckoe mpo-
M3BOJCTBO MIMeEJIO, CKOpee BCero, CpelH1e MacITaobl, 1c-
M0JIb30BaJIMCh IIPOCThIE TEXHONIOTMYECKMEe CXEMBI, INPO-
KO UCIIO/Ib3yeMble B 3110XY CpeHeBeKOBbs. Ha ceromHsmi-
HUI IeHb MOXKHO TOJIBKO IIpeAIoaraTh UCIOAb30BaHMe
B UepHOJi MeTaJUTypIruy MECTHBIX OKMCHBIX PYA, U3 MECTO-
pokneHuit bonblie3emMenbCKOi TYHAPBI.

Paboma ebinonHeHa 8 pamkax memamuueckux niaHos
«OcobeHHOCMU popmMupo8aHus HaceleHUs cegepda
Esponeiickoti uacmu Poccuu 6 dpegHocmu u cpedHedeko8be
no 0aHHbIM apxeonozuu», «Pazeumue muHepanbHO-Cbipbe-
8020 komnaexkca Tumarno-Cesepoypanscko-bapeHyegomop-
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Fig. 5. Average values of the content of impurity elements in the slags of the settlement of Kobylikha on horizons I, I, III, IV (g/t)
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CK020 pe2uoHa Ha 0CHose 3d)d)e1<mu6Hoeo npoeHo3a, 2eono-
2udyeckozo MO@@JIUPOGGHM}I, 2€071020-9KOHOMUUECKOLL OUEH-
KU pecypCH020 nomeHyuaia u Hoevlx mexHoJsiozutl nepepa-
060mKU NONe3HbIX UCKONAEMbIX».

JinTepartypa

1. Bapwiwes U. b., bospckuii I1. B. Pa3Benka B paiioHe
ITycrosepckoro ropoauuia (o3epo l'oponenikoe) Henerkoro aB-
TOHOMHOTO OKpYyTa ApXaHTe/IbCKOii 06/1acT // ApXeonormueckue
otkpeiTus 2001. M.: UA PAH, 2002. C. 10.

2. Bapotwes U. b. CpemHeBekoBoe ropoauiie Kobbuinxa
Ha HukHeli [Tedope // MaTepuaiibl 110 UCTOPUM U apXe0IOTUN
Poccun. T.1. Pasanb: Anekcanapusi, 2010. C. 216—230.

3. Bupwkos A. B., 3asweanos B. U., Cagenvesa D. A.
TexHOIOTMSI Ky3HEUHOTO ITPOM3BOJICTBA IIEPMU BbIUETOfICKOIA
// Poccuiickast apxeonorus. 2009. N¢ 3. C. 42—49.

4. Booscos E. B., I'yces A. B. [IpeBHejilIie CBUAETEIbCTBA OC-
BOEHMSI U€JIOBEKOM 3kejie3a B HyskHeM [1probbe (110 MaTepuaiam
packornok Ycrb-ITonys B 2010—2012 rT.) // BecTHMK apxeonoruu,
aHTporonoruu 1 sTHorpadum. 2016. N2 4 (35). C. 58—68.

5. Bodscos E. B., 3atiyesa O. B. UYTo MOXeT paccKa3aTb ap-
XeOoJIOTy JKe/e3Hblii utak? // BectHuk ToMcKOTO rocyjapcTBeH-
Horo yHMBepcuTeTa. Mcropus. 2017. N2 47. C. 107—115.

6. I'puzopwves C. A. MeTa/Typruueckoe mpoM3BOACTBO B
CeBepHoit EBpasuu B a1oxy 6poussl. Yenstomuck: Liuiepo,
2013. 660 c.

7. I'puzopwes C. A. lllnakyu paHHEro >Keae3HOTo BeKa
Bamkupckoro [Ipuypainbst // YOUMCKHMit apxeonornyeckuit Bect-
HMK. Bt 16. 2016. C. 72—87.

8. 3aswvs106 B. 1., Po3anosa JI. C., Tepexosa H. H. VicTropus
Ky3HeYHOro peMmecia GMHHO-YTOPCKMX HApOoIoB [T0BOMTKbS 1
[pemypabsi: K MpobieMe STHOKYIbTYPHBIX B3aVIMOJIEiCTBIIA.
Mocksa: 3Hak, 2009. 262 c.

9. Kanueey B. U. TlepBble pe3yabTaThl PacKOIIOK B
VHBUHCKOIA ITemepe // MaTtepuainsl 1o apxeonoruu EBpomneiickoro
CeBepo-BocToxka. CpikTbiBKap, 1962. Beim. 1. C. 103—144.

10. Kanusey B. 1. KauuHckas neiepa. M.: Hayka, 1964.
135c.

11. Kydpur B. A. Teopuist ¥ Te€XHOJIOTHSI IPOM3BOACTBA CTa-
yin: YueGHUK 1715 By30B. M.: Mup, UsmarenbctBo ACT, 2003.
528 c.

12. Manviwesa T. 4., ITagnos P. M. BnusiHvie MUHepasoru-
YeCKOro COCTaBa CBSI30K Ha ITPOYHOCTHBIE CBOMCTBA arjiome-
PaToB PasIMYHOI OCHOBHOCTH // I3BECTUST BBHICIINX YU€OHBIX
3aBefeHuit. YepHasa metammyprus. 2012. N2 11. C. 6—10.

13. Mypsieun A. M. Kepamudeckoe NpoM3BOJCTBO Hace-
nenus LinpkymmnosnstpHoii 06mactu CeBepHOTO IIpuypasbst 91o-
XU Kejie3a — TpaauLuu 1 HoBaluu // Apxeonorus ApKTUKN:
I MexxpyHapoaHasi KoHpepeHuus. Te3uchl JOKIAI0B,
Exarepun6ypr, 2017. C. 136—137.

14. Canaxkynos K. C., Xacanos A. C. Ilepepa60oTKa IIJITaKOB
MemHoro rpousBoacTsa. TamkeHnTt: ®AH, 2007. 256 c.

15. Yepnuix E. H., Kyzvmunwix C. B. JIpeBHAS METAIUTyprys
Cesepnoii EBpa3uu (ceiiMuHcKo-TypOUHCKHIT heHOMeH). M.: Hayxa,
1989. 320 c.

References

1. Baryshev 1. B., Boyarskij P. V. Razvedka v rajone
Pustozerskogo gorodishcha (ozero Gorodeckoe) Neneckogo
avtonomnogo okruga Arhangel'skoj oblasti (Exploration in the
area of the Pustozersk settlement (Gorodetsky Lake) of the

Nenets Autonomous District of the Arkhangelsk Region).
Arheologicheskie otkrytiya 2001, Moscow: IA RAS, 2002,
p- 10.

2. Baryshev 1. B. Srednevekovoe gorodishche Kobyliha na
nizhnej Pechore. (The medieval settlement of Kobylikha on the
lower Pechora). Materialy po istorii i arheologii Rossii (Materials
on history of Russian archeology). V.1, Ryazan: Aleksandriya,
2010, pp. 216—230.

3.Biryukov A. V., Zav'yalov V. 1., Savel'eva E. A. Tekhnologiya
kuznechnogo proizvodstva permi vychegodskoj (The technology
of forging production of Perm Vychegodskaya). Russian
archeology, 2009, No. 3, pp. 42—49.

4. Vodyasov E. V., Gusev A. V. Drevnejshie svidetel'stva
osvoeniya chelovekom zheleza v nizhnem Priob'e (po materialam
raskopok Ust'-Poluya v 2010—2012 gg.) (The oldest evidence of
human development of iron in the lower Ob region). Vestnik
arheologii, antropologii i etnografii, 2016 No. 4 (35), pp. 58—68.

5. Vodyasov E. V., Zajceva O. V. Chto mozhet rasskazat'
arheologu zheleznyj shlak? (What can iron slag tell an
archaeologist?). Vestnik Tomskogo gosudarstvennogo
universiteta. Istoriya, 2017, No. 47, pp. 107—115.

6. Grigor'ev S. A. Metallurgicheskoe proizvodstvo v Severnoj
Evrazii v epohu bronzy (Metallurgical production in Northern
Eurasia in the Bronze Age.). Chelyabinsk: Cicero, 2013, 660 p.

7. Grigor'ev S. A. Shlaki rannego zheleznogo veka Bashkirskogo
Priuralya (Slags of the early Iron Age of the Bashkir Urals).
Ufimskij arheologicheskij vestnik (Ufa archeological bulletin),
V. 16, 2016, pp. 72—87.

8.Zav'yalov V. I., Rozanova L. S., Terekhova N. N. Istoriya
kuznechnogo remesla finno-ugorskih narodov Povolzh'ya i
Predural'ya: k probleme etnokul turnyh vzaimodejstvij (The history
of the blacksmithing craft of the Finno-Ugric peoples of the
Volga region and the Urals: on the problem of ethno-cultural
interactions). Moscow: Znak, 2009, 262 p.

9. Kanivec V. 1. Pervye rezul'taty raskopok v Un'inskoj
peshchere (The first results of excavations in the Unin cave).
Materialy po arheologii Evropejskogo Severo-Vostoka (Materials
on archeology of European North-East). Syktyvkar, 1962, V.1,
pp. 103—144.

10. Kanivec V. I. Kaninskaya peshchera (The Kaninsky Cave).
Moscow: Nauka, 1964, 135 p.

11. Kudrin V. A. Teoriya i tekhnologiya proizvodstva stali:
Uchebnik dlya vuzov (Theory and technology of steel production).
Moscow: Mir, Izdatelstvo ACT, 2003, 528 p.

12. Malysheva T. Ya., Pavlov R. M. Vliyanie mineralogicheskogo
sostava svyazok na prochnostnye svojstva aglomeratov razlichnoj
osnovnosti (The influence of the mineralogical composition of
bundles on the strength properties of agglomerates of different
basicity). Izvestiya vysshih uchebnyh zavedenij. Chernaya
metallurgiya. Moscow, 2012, No. 11, pp. 6—10.

13. Murygin A. M. Keramicheskoe proizvodstvo naseleniya
Cirkumpolyarnoj oblasti Severnogo Priural'ya epohi zheleza-
tradicii i novacii (Ceramic production of the population of the
Circumpolar region of the Northern Urals of the Iron Age —
traditions and innovations). I international conference «Arctic
Archeology»: abstracts (19—22 November, Salekhard).
Ekaterinburg, 2017, pp. 136—137.

14. Sanakulov K. S., Hasanov A. S. Pererabotka shlakov
mednogo proizvodstva (Processing of copper production slags).
Tashkent: FAN, 2007, 256 p.

15. Chernyh E. N., Kuz'minyh S. V. Drevnyaya metallurgiya
Severnoj Evrazii (sejminsko-turbinskij fenomen) (Ancient
metallurgy of Northern Eurasia). Moscow: Nauka, 1989, 320 p.

Received / ITocTynuna B pegakimio 31.01.2022

L



& Becainake reohaye, MapT, 2022, Ne 3

XpoHuka, cobbitug, paktol. Uctopus Hayku « Chronicle, events, facts. History of Science

PeHTtreHorpadg rnuH « Radiographer of clays

K 90-netuio co aHa poxxaeHus B. B. Xnbi6oea « To mark V. V. Khlybov’s 90th Anniversary
(1932-2008)

March 20, 2022, marks the 90th anniversary of the birth of Vladimir
Vasilyevich Khlybov, a well-known specialist in the field of X-ray studies of
mineral raw materials, Candidate of Geological and Mineralogical Sciences.
Vladimir Vasilyevich was one of those who organized X-ray diffraction studies
at the Institute of Geology. He was engaged in the study of clay minerals char-
acterized by fine dispersion, various structures, and a variable composition.
Vladimir Vasilyevich was the author of more than 70 scientific publications, in-
cluding the monographs “Clay minerals of the Triassic deposits in the North-
East of the European Part of the USSR” and “Clays, clay minerals of the south-
ern region of the Komi Republic and their importance”. He was awarded the
honorary title “Honored Worker of the National Economy of the Komi Republic”

and the medal “Veteran of Labour”.

20 mapra 2022 roma ucnonHmioch 90 jieT co AHS POXK-
nmeHus Bnagumupa BacuibeBuua Xiibi60Ba — M3BECTHOTO
CIeIMaNuCcTa B 00J1aCTY PEHTTEHOBCKUX MCC/IeJ0BaHM
MMUHepPaIbHOTO ChIPbsl, KAHIMIATa Te0IOTO-MUHEePAIOTH -
YyeCKMX HayK.

Brnagumup BacuiabeBud ObIT OTHMUM U3 TE€X, KTO Op-
raHM30BaJI PEHTTeHOCTPYKTYpPHbIE UCCIeTOBaHUS B
HHcTtutyTe reonorumn. OH 3aHMMAJICS UCC/IelOBaHMEM
IJIMHUCTBIX MUHEPA/IOB, XapaKTePU3YIOIINXCSI TOHKOM
IVCIIEPCHOCTBIO, pa3HOOOpa3meM CTPYKTYP, MepeMeH-
HBIM COCTaBOM.

B. B. Xs1p160B 060CHOBAJT BasKHOCTh PEHTT€HOCTPYK-
TYPHBIX METOIOB IIPU U3YUEeHUMU IJIMHUCTBIX MUHEPAIOB
B JIMTOJIOTMUECKM OJHOPOIHBIX TPMACOBBIX OTIOKEHUSIX
IIpenypanbs, Ileyopckoi cCMHEKAM3bI U 3anagHOro
IMpuTumanbsi. Ha ocHOBaHUM BBISIBJIEHHBIX TUIIOMODP Q-
HbIX 0COOEHHOCTEN IIMHUCTBIX MUHEPAJIOB, 3aKOHOMEP-
HOCTeli UX paclpoCTpaHeHMs B pa3pese U 10 Iiomagu
UM IIpeaJioKeHbl MUHEpaJorMueckme KpUTepmum pacumie-
HEeHMS U KOPPeIsSIU TPUACOBBIX OTI0XKEHMI, CII0co0-
CTBOBaBIIIME 3HAUUTETbHOMY Pa3BUTUIO Te0IOTMYeCKUX
3HaHMIi B 06/1aCTM JIMTOJIOTUM U CTpaTUTrpadmu Me3030ii-
CKMX OTVIOKeHMIT Pecrryoimky Komu. BriepBbie B ocamou-
HbIX TTOpoJax (MCKOIaeMoit MoUBe) OTAeIbHBIX CTPATO-
HOB Ha Tepputopum Poccuiickoit @emepauyn Bragumupom
BacunbeBuueM ObIT OTKPBIT OMOKTaSAPUUECKUI XTIOPUT,
YTO MTO3BOJISIET MCIO/b30BaTh JAHHBIV MUHepasl B Kaue-
CTBe HaJEeKHOIO CTPATUIPaduecKoro ¥ KOppesioH-
HOTO perepa 3TUX OTJI0KeHMIi. Pe3ynbTaToM paboT cTa-
Jla KaHauaaTcKas nuccepTaiius «[MTMHUCTbIe MUHePasIbl
TPMUACOBBIX OTIIOKEHMI CeBepO-BOCTOKA €BPOIIeiiCKOoli ua-
ctu CCCP», samnuinennas B. B. X1p160BbIM B Ka3aHCKOM
rocygapCTBeHHOM yHUBepcurere B 1982 .

[Mocnemyioniyie MccaeqoBaHMs O MOCBSIIEHBI ITPO-
61eMe pacIIpeHys] MMHEePaIbHO-ChIPbeBOJi 6a3bI /IS Psi-
Jla IPOMBIIIUIEHHBIX OTpaciei Pecrry6mmky Komu. YueHbIM
YCTaHOBJIEHO, YTO B HEKOTOPBIX HMKHETPMUACOBBIX NIMHAX
comepskaHMe MOHTMOPWIJIOHUTA cocTaBseT 6onee 60 %,
YTO MO3BOJISIET OTHECTU 3TU Pa3HOBUAHOCTYU 10 MUHE-
paJTbHOMY COCTaBY K 6eHTOHMUTaM. [To pesyabTaTam j1abo-
paTOPHbBIX UCIIBITAHMII TTOKAa3aHa MPUHIIUIIMAIbHAS BO3-
MOKHOCTb UCITO/Ib30BaHMS TaKUX IJIMH JIJIS1 U3TOTOBJIEHUS
OGEHTOMNOPOIIKOB, KEPaM3UTOBOI'O IPaBys ¥ KUPIIMYA.

V3yueHre MUHEPaIOTUM KaOJMHOB paHHEKaMeHHO-
yrosibHOro Bo3pacra (Buse) Ilysnmuackoro n JIomMcKoro
MeCTOPOXIeHMI TT03BOJINIO0 YCTAaHOBUTb BO3MOKHOCTD
MCIIONb30BaHMS KAO/MMHOB B ITPOU3BOACTBE He TOMBKO OT-
HeyIopOB pa3JIMUHbIX MapOK, HO ¥ pa3IMUHbIX KepaMu-
yecKux u3gennit — cauurapHoro dasHca, monydapdopa,
HaIoJbHOJ ¥ 0OJMIIOBOYHO IVIUTKM, a TAKKe B Kaue-
CTBe HaNOTHUTeNs (6e/10T0 MUIrMeHTa) B 6YMaskHOI OT-
paciu. Pabotsl Bragumupa BacwibeBuua B JaHHOM Ha-
TpaBjeHUY MTO3BOIUIN 3HAUUTETHbHO YBEJIMUUTD Pecypc-
HbI} oTeH1Man ora Pecrry6imku Komu.

Mo pe3ynbTaTaM MHOTOJIETHUX MCCIeA0BAaHMIA JIeTKO-
TJIaBKMX INIMH B. B. X/1b100BBIM pa3paboTaHbl U Ipenjio-
SKeHbl MUHepaJIoTUUYecKue KpUTepUM IIPOrHO3UPOBAHUS
KauecTBa KMPIMUYHOTO M KePaM3UTOBOTO ChIphsl. [TokasaHo,
YTO ONTUMAaJbHBIM ChIpbeM /ISl U3TOTOBIEHMS KepaM3u-
Ta SBISIOTCS TIONMMIMHepaibHble IJIMHBI C IPeUMYIleCTBeH-
HOJi KOHIIeHTpall/elt B IopoJie HOHTPOHUTA MJIYM MOHTMO-
PUJUTOHUTA, IPUOIU3UTEIBHO B PABHOM KOJIMYECTBEHHOM
COOTHOIIIEHUY C KAOJMHUTOM M He3HAUUTENbHOI TpuMe-
CbIO IPYTUX TIMHUCTBIX MUHEPAJIOB U CMeIllaHOC/TIOMHBIX
06pa3oBaHMii. YCTaHOBJIEHA BO3MOKHOCTb MOBBIIIIEHVST
KauecTBa KMPIIMYA U KepamM3UTa ITyTeM BBeJIeHMSI B ChIpbe
MpaBWIbHO MOAOOPAHHBIX OTOIIAIOIINX MY MHBIX 106a-
BOK. Ha ocHOBe THTIOMOPGHBIX 0COOEHHOCTE IJIMHUCTIX
MMHEpAJIOB MpeJIoKeHa HOBas TeOpust 00pa30BaHMS I10-
PUCTOI CTPYKTYPBI KepaM3UTa, ITOMTyUMBILIAs SKCIIepUMeH-
TaJIbHOE IO TBePXAeHME.

PesynbraThl uccnegoBanmii Bnagummpa BacunbeBnuua
Xsp160Ba HaNLIM OTpaxkeHMe 6ojiee yeM B 70 HAYUHBIX ITy-
6nMMKaMsx M 06001eHbl B MOHOTPadUsX «[JIMHUCTbIE MU-
HepaJsibl TPUACOBBIX OTIOXKEeHUIt CeBepO-BOCTOKA eBpoIIeli-
ckoii yactu CCCP» (1989) u «I'muHbBI, IIMHUCTBIE MUHEpa-
JIBI IO3KHOTO pernoHa Pecrry6yky KoMy 1 X mpuKiIagHoe
3HaueHue» (2003). OH yOOCTOEH ITOYeTHOI'O 3BaHUA
«3aCTy>)KEeHHbII IesiTe/Ib HAPOLHOTO X03s1iicTBa Pecryomiku
Komu» 1 HarpaxkzieH Mmezanbio «BetepaH Tpyga».

K. 2.-m. n. Jl. lllywikoe
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Akos dnbeBuY KOgoBuu - Yakov Elievich Yudovich
K 85-netuio co aHa poxaeHua « To mark the 85th Anniversary

Chief Researcher of the Laboratory of Lithology and Geochemistry of Sedimentary
Formations, Doctor of Geological and Mineralogical Sciences, Honored Worker of
the Komi Republic, Honored Scientist of the Russian Federation, Yakov Elievich
Yudovich celebrated his 85th Anniversary on March 6, 2022. He is an outstanding
representative of Russian science, whose works in the field of geochemistry of
black shales and fossil coals have already become classics, and lithochemistry - a
new direction in the geochemistry of rock-forming components of sedimentary
rocks. In the last decade and a half, such fundamental monographs as “Minerals-
indicators of lithogenesis”, “Geochemistry of lithogenesis”, “Geochemistry of man-
ganese”, “Geochemistry of phosphorus” and others were penned by him. Ya. E.
Yudovich takes an active part in public life. He was elected a People's Deputy of
the Supreme Council of the Komi Republic (1991—-1995). For successful scientific
and social work, he was awarded the Certificates of Honor of the Presidium of the
Supreme Soviet of the Komi ASSR and the Presidium of the Academy of Sciences
of the USSR, the medal “Veteran of Labour”. He was awarded the titles of Honored
Worker of the Komi Republic (1997), Honored Worker of Science of the Russian
Federation (2003) and Honored Worker of Science of the Komi Republic (2012).
For a series of works on Geochemistry and Geochemical ecology of fossil coals, Ya.
E. Yudovich was awarded the A. P. Vinogradov (2011) and L. D. Shevyakov (2015)

prizes. In 2018 he was awarded the Order of Friendship.

[1TaBHOMY HayYHOMY COTPYIHUKY J1a60paTopum Jin-
TOJIOTUU Y TEOXUMUM OCaAO0YHbIX (DOpMaIii, JOKTOPY
reoJioro-MyuHepaJornyeckux HayK, 3acTy>keHHOMY paboT-
HUKY Pecrry6imky Komu, 3acy>keHHOMY LesiTeT0 HayKu
PO fkoBy dnveBuuy I0goBuuy 6 mapra 2022 . UCIIONHU -
soch 85 Jier.

SIkoB dnbeBuY poauics B Mockse. B 1959 1. ¢ otin-
YyyieM OKOHYMJI reoyIornieckuit pakynbreT MOCKOBCKOTO
roCyZIapCTBEHHOIO0 YHMBEPCUTETA MO0 CIIenuaaibHOCTU
«Teoxumust». C 1959 no 1964 r. paboTran MHXKEHEePOM-XU-
MMKOM, T€0JIOTOM, CTapIINM reojioroM B SIKYTCKOM U
CeBepo-3anagHOM reoJIOTUYECKUX YIIPaBJIeHUSIX.
B 1965-1966 rT. yunicst B acmupaHType Bcecoio3Horo Ha-
YUHO-MCC/IeS0BaTENbCKOTO Te00TMIeCKOT0 MHCTUTYTA
(BCEI'EN). B 1967 r. TaM ke 3aIUUTWI KaHAUIATCKYIO IUC-
cepTauuio Ha TeMy «['€0XMMMS YTOMbHBIX TJIACTOB U YTOJb-
HbBIX BK/IIOYeHMI1 B [IpusKyTCKOM paiioHe JIeHCKOTO yriie-
HOCHoro 6acceitHa». C 1967 r. paboraet B VIHCTUTYTe Te-
onoruy Komum HII YpO PAH (Mmafiumit Hay4HbI COTPYL -

YecTBOBaHMe 106MIIpa

Anniversary celebration

HMK, CTapIUNA, BeAYIIMIA, [JITaBHbII HAYYHBI COTPYLHUK).
B 1984 r. B UHCTUTYTE TeOXMMUM U aHATTUTUYECKOM XU -
muun AH CCCP (TEOXW) 3amUTi1 LOKTOPCKYIO AuccepTa-
LMI0 Ha TeMy «PernoHa/sibHasl re0OXUMMUS 0CaOUHBIX T10-
pony.

SIkoB dnbeBuY KOmoBUY — BeIJAIOMIMIACS IpeICcTaBU-
TeJIb OTeUeCTBEHHO re0XMMMUM 0CaJOUHbIX TTIOPOJ, 3aHM -
MaloIIMii CBOe TOCTOTHOE MEeCTO B psIAy Kopudees 3TOii
CJIO’KHOIA, HO YBJIeKaTeIbHOM HayKu. VI3-1og, ero mepa BbI-
110 B cBeT 6osee 400 HAYYHBIX TPYIOB, B TOM uncie 60-
siee 90 MmoHOTpadmii, yueGHbIX TOCOOUIT U APYTUX OTHEb-
HBIX U3TaHUIA.

S. 2. I0moBuY — muaep B 0671aCTU TeOXMMUM MeTal-
JIOHOCHBIX YePHBIX CJIaHIEB U reOXMMMUU MCKOIIaeMbIX
yreii. Ero dyHnameHnTanbHble MOHOTpaduu B 3T0 06-
JIaCTU copep>kaT BCECTOPOHHMIT aHaIN3 reHeTUUeCKUX
Mpo6j1eM ¥ YKa3bIBAIOT ITePCIIEKTYUBHbIE HATIPABIEHMS
MPOTHO3a PYJHBIX MECTOPOXIEHUI B UepHOCTaHI[eBbIX
Tonmax. Cepust KHUT (a TakKe Psifi KPYITHBIX aHIVIOSI3bIU-
HbIX cTaTtei) 5. 3. I0moBuya 1o HeopraHMYeCckOMy Belle-
CTBY yIJI€i, a TAKXKe 10 9KOJI0TUYECKON reOXUMUU yIiein
npefcTaBiseT co60ii mepBoe 1 He UMelollee aHajora B
O0Te4YeCTBEHHOI 1 MUPOBOJi FeOXMMUUECKOI TuTepaType
CUCTEMATUYECKOE U3JIOKEHNME BCETr0 KOMILIEKca Mpobiiem,
Kacaronimuxcs comepskaHusi, pacipeneneHys, MuHepasb-
HOTO M XMMMUUECKOTO COCTaBa HeOPTraHMYeCKOro Bellle-
CTBa yIJein.

Kpome Toro, SIKOB D/ibeBUY SIB/ISIETCSI OCHOBOITO/IOXK-
HMKOM TeOXMMUU ITOPOA006PA3YIONIX KOMIIOHEHTOB 0Ca-
IOYHBIX IMOPOJ, — IMTOXMMMUU, B paMKax KOTOPO¥ OH pa3-
paboTas OPUTUMHAIBHYIO XMMUYECKYIO KIacCUPUKALINIO
0Ca/I0YHBIX TTOPOJ, METOAbI AMATrHOCTUKY BY/IKAHOT€HHOI
" 3JTI0BUAIbHO-TUAPOIM3ATHO ITPMMeCH B IIOpoJax U pe-
KOHCTPYKIMM cybcTpara MeTaMopduToB. DT paboThl MO-
JIVIMJIA BBICOKYIO OII€HKY Hay4YHOI OOIIeCTBEHHOCTN.
Crenytolieit CTyleHbI0 HAYYHOTO TPYya CTaao co3JaHue
6a3bl TaHHbIX 10 MY HEpaJaM-UHANKATOPAM U F€OXUMMU -
YyeCcKMM MHAMKATOpaM JIMTOreHesa, 0000IalolIie OrpoM-
HbIi MacCuB MHGOPMAaLMK B 06/1aCTV TeHeTUYeCKO MU -
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HEPaJIOTUM U JINTOJIOTUYECKOI reoXuMmn. 3a rociegHee
IecaTuaeTe 6MUISIPOM U3TaHbl KPYITHbIe 06001eHNs
10 TEOXMMMYM MapraHiia, TutaHa u gocdopa, cTaBlime «HU-
ThbI0 ApMaiHbI» B 6eCcKpaitHeM MOpe reOXMMMUYIeCKOoi -
TepaTyphl.
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ANbTCPHATUBHEA AMTOXHMMS
PMGOTEHKbIX TEPPUTERHBIX NOPOA

MHoroneTHMe noieBklie uccaegopanus 5. 3. Omosuua
MIpMHECIN He TOJIbKO HayuHble pe3yabTaThl; UM JIMUHO
VT COBMECTHO C IPYTMMM Te0JIOTaMy ObLIM CIoeIaHbl Ha-
XOJKM KaME@HHOYTOJIbHBIX OYPBIX JKeIe3HSIKOB, OpPAOBUK-
CKMX OOJIUTOBBIX IIaMO3UTOBBIX PYA, CUITYPUiicKuX (oc-

O6CyKIeHMe OCTPBIX FeOXUMMUUECKIUX IIPo6IeM

Discussing geochemical problems

(OpUTOB, JEBOHCKMX M KAMEHHOYTOIbHBIX MapTaHIeBbIX
PYI, CaMOPOSHOTO 30J10Ta, TOJIMMETaJIOB.

SIxoB OnbeBnY I0g0BMY IpUMHMMAaeT aKTUBHOE y4a-
cTHue B 00IIeCTBEHHOI ku3HM. OH U36MPaICs HAPOTHbBIM
nemyrarom BepxoBHoro Coeta Komu Pecrry6mmkm (1991—
1995 rr.). 3a ycremHyio HayYHy10 1 06IIeCTBEHHYIO pa-
60Ty HarpaxkzaeH [loueTHpIMYM TpaMoTaMu IIpesuanyma
BepxosHoro Cosera Komu ACCP u [Ipesuaunyma AH CCCP,
Menpanblo «BetepaH Tpyna». EMy npucBoeHsl 3BaHUS
«3acaykeHHbI paboTHUK Peciy6niku Komm» (1997 1.),
«3acay>KeHHbIN gesiTenb Hayku Pocceniickoit @epepanyum»
(2003 1.) u IToueTHslit mesTens Hayku Pecrry6imkyu Komn
(2012). 3a MK paboOT MO TEOXMMUU U TEOXUMUYECKOT
9KOJIOTUM UCKoMaeMbix yriaei §. 3. 0goBuu ynocroeH
npemuii umenu A. I1. Bunorpagosa (2011 r.) m JI. [I.
[IeBsikoBa (2015). B 2018 r. o HarpaxkaeH OpaeHOM
IO pyXOBbI.
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