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Complex geophysical investigations of the West Timan fault
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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
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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]
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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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