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ABSTRACT. Late Pleistocene evolution of Central European glacial landscapes is often narrowed down
to the impact of postglacial linear erosion. Yet extensive watersheds in the marginal zone of MIS6 glaci-
ation were protractedly affected by the postglacial flattening in periglacial and interglacial conditions.
Local sediment sinks such as kettle holes and dry valleys infilled throughout the postglacial stage can
serve not only as records of paleoenvironmental changes but also for assessing the scales of watershed
denudation and landscape transformation since the last glacial cover degradation. We attempted to use
electrical resistivity tomography for paleogeomorphological survey of a local flat-bottomed depression
previously studied by conventional lithological and stratigraphic approaches. The obtained geophysi-
cal profile showed a contrasting picture of the relatively higher-resistive glacial base embedded with
low-resistive lenses 3-25 m thick a top. The latter were correlated with the postglacial loamy deposits of
colluvial and lacustrine origin that infilled the lows of initial glacial topography. It was revealed that the
depression has a particularly complex inner structure embodying at least two buried kettle holes divided
by a large glacial ridge almost buried under the postglacial infill. They functioned as separate basins
during much of the Late Pleistocene and have probably merged only at its final stages. The geophysical
cross-section also showed a quite variable bottom relief of each kettle with significantly steeper slopes
than the modern sides of the depression. Thus, electrical resistivity tomography prospecting proved to
be useful for detecting the postglacial loamy infills of initial lows of the MIS6 glacial topography and can
be further employed to better understand the actual scales of the postglacial redeposition and landscape
modeling during the last 150-130 ka.
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1. Introduction

Late Pleistocene evolution of Central European
glacial landscapes is often narrowed down to the impact
of postglacial linear erosion. However, extensive water-
sheds widespread in the marginal zone of MIS6 glacia-
tion were protractedly affected by the postglacial flat-
tening due to the redeposition of glacial load by slope,
eolian, and other periglacial processes in local sediment
traps, i.a. in lacustrine environments, and their addi-
tional infill due to the biogenic accumulation of peat,
gyttja, or sapropel during the warmer climatic phases.
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However, occasionally mentioned as characteristic of
periglacial environments those agents are underesti-
mated as actual drivers of landscape transformation
(Garankina et al., 2019). The accurate assessment of
such contribution is possible through studying the infill
structure and volume of local sediment sinks. As facies
and stratigraphical research of postglacial sedimen-
tary sequences of kettle holes, larger glacial closed and
semi-closed depressions, and lake basins are quite com-
mon there are only a few investigations of the geomor-
phology of initial lows (e.g., Karasiewicz et al., 2017;
Forysiak et al., 2018; Woronko et al., 2018; Hosek et
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al., 2019; Hein et al., 2021; Mirostaw-Grabowska et al.,
2021). That considerably constrains the potential of
volumetric estimation of postglacial redeposition and
accumulation in the region.

Geophysical prospecting is one useful approach
for studying buried morphologies. As the area is domi-
nated by pronounced loamy cover above glacial sands,
loams, and diamicts, electrical resistivity tomography
(ERT) (Woronko et al., 2018; Hosek et al., 2019, etc.)
seems to be more effective than ground penetrating
radar profiling yet much more affordable than seismic
sounding (Hein et al., 2021). Thus, ERT was chosen
as a tool for paleogeomorphological survey of a local
flat-bottomed depression previously studied by con-
ventional lithological and stratigraphic approaches
(Garankina et al., 2023).

2. Materials and methods

Solovey Kettle is a local depression at the NE
Borisoglebsk Upland about 190 km NE of Moscow and
10 km WSW of Rostov (Yaroslavl Oblast) (Fig. 1a). Last
glaciated during the MIS6 (Astakhov et al., 2016), the
region since has experienced alternations of intergla-
cial (MIS5e, MIS1) and periglacial (MIS5d-MIS2) con-
ditions. Glacial topography of the area is dominated by
low-amplitude hilly plains alternating with pronounced
hills and shallow depressions. The latter are mostly ket-
tle holes filled with sediments reflected as gentle con-
cavities ranging from 0.5 to 4 km in diameter. Solovey

kettle belongs to the Puzhbol Gully catchment lying
beyond the upper reaches of its right tributary (Fig.
1b). From the north and west, the semi-round depres-
sion is canvased by two large hills elevated 25-50 m
while smaller knobs 5-7 m high are spread along its
southern and eastern margins. The dry, slightly con-
cave flat floor (1.0 km x 0.7 km) has semi-separated S
and NE hollows. The southern hollow is slightly soggy,
yet a distinct shallow waterbody persisted there until
the land reclamation and construction of an artificial
drainage system in 1984.

At the bottom and sides of the Solovey Kettle,
15 cores ranging in thickness from 4 to 21.5 m were
acquired with an impact hand corer, mechanized rotary
corer, and press-auger. The structure of the surround-
ing watersheds was explored in several quarry walls
supplemented by a couple of pits on the shoulders and
footslopes of hills. All geological exposures were pho-
tographed and provided with thorough field macro-
morphological and lithological descriptions, facies and
stratigraphic interpretations (Garankina et al., 2019;
2023). Geophysical prospecting was applied to further
investigate the structure of the basin’s sides and floor.
ERT was accomplished with 48-electrode electrical
prospecting equipment SKALA 48K12 (Siber 48K12)
(Electrometry Design Bureau LLC, Novosibirsk). Pole-
dipole array was chosen for achieving the maximal
sounding depth while with the dipole-dipole array, it
was possible to increase the sounding resolution in the
upper part of the cross-section (Loke, 2001). A subme-
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Fig.1. (a) Location of the key site (yellow star) at the Borisoglebsk Upland. (b) Topography of the Solovey depression (DEM

based on a digitized land-planning map of a 1:10000 scale) with po.

sitions of cores and pits. Yellow line A-B denotes the location

of ERT profile. (c) ERT cross-section. Bold black line designates the floor of buried kettle holes separating the more resistive
glacial base from the less resistive postglacial loamy infill. (d) Late Pleistocene geological and paleogeomorphological structure

of the depression (above the glacial base) reconstructed from the E

311

RT data coupled with the results of lithological correlation.
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ridional profile 1.2 km long was accomplished reaching
the maximal depth of sounding up to 70 m owing to the
5 m electrode spacing.

3. Results and discussion

The drilling depth closely corresponds to the
postglacial sedimentary thickness decreasing from 20
m in the deepest basin’s parts to the first meters on
the periphery (Fig. 1d). ERT profile crossed the kettle
from the top of a large hill at the north to the toeslope
of a smaller knob at the south (Fig. 1b) presenting a
rather contrasting picture (Fig. 1c). The major part
of the cross-section demonstrates relatively increased
electrical resistivity values (~40-60 Q*m) with even
higher localized anomalies of up to ~80-120 Q*m.
The top of the profile (upper 3 to 25 m) reflects notice-
ably lower resistivity values (~10-40 Q*m) distributed
much more homogeneously. The deepest parts of the
low-resistive layer correspond well with the thickest
lacustrine loamy strata reached by drilling while its
reduced thickness closer to the depression’s sides is
in good agreement with the decreased depth of the
low-resistive layer. However, the distribution of low
resistivity anomaly in-between the cores differs signifi-
cantly showing not one but, at least, two pronounced
hollows, each with an amplitude bottom topography,
divided by a large positive anomaly. That protrusion
of highly resistive matter from below matches with the
glacial reddish sandy loams coming to the surface of
the kettle floor with pebbles and small boulders fre-
quent in the plow horizon. In the modern landscape,
a smooth low-rising spur spreads out into the central
part of the kettle. A large and extremely low-resistive
anomaly (=10 Q*m) in the central part of the transect
appears to be caused by a buried electric cable.

In frames of the modern flat-bottomed Solovey
depression, geological coring indicated a pronounced
overdeepening of the glacial base. The northern slope
of paleodepression reached up to 17-20° while, at
present, it appears as a gentle hill footslope. And the
thickest exposed postglacial infill (20.55 m) is bound
to the toeslope of the modern depression. Geophysical
reconnaissance has confirmed an even greater thick-
ness of the postglacial infill reaching 25 m, yet revealed
a much more complicated buried topography (see Fig.
1c). At least, two waterbodies existed in the southern
and northern kettles of the initial glacial landscape
each with a rather differentiated bottom relief. They
persisted as separate basins during the major part of the
Late Pleistocene, which is sustained by findings of spe-
cific interglacial peats at significantly differing depths
(~9 and 15.5 m, correspondingly) (Garankina et al.,
2019; 2023). The upper parts of the infill also show
some considerable differences, such as a remarkable
sand input (>4 m in total) detected only in the north-
ern kettle. A sublatitudinal glacial ridge that divided
the kettles is highlighted by the increased electrical
resistivity values in the geophysical profile implying it
was at least 25 m high and > 200 m in width. Yet in the
modern topography, it is poorly visible as a very smooth
spur less than a couple of meters high. Such associa-
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tions of buried kettle holes and glacial highs jointed
into larger flat-bottomed depressions of the modern
landscape have been lately found in Poland (Woronko
et al., 2018; Mirostaw-Grabowska et al., 2021) and the
Czech Republic (Hosek et al., 2019) suggesting they
reflect a typical tendency of postglacial evolution of
initial glacial terrains in marginal zones of both MIS6
and MIS2 glaciations. Thus, local sediment sinks such
as kettle holes and dry valleys infilled throughout the
postglacial stage can serve not only as records of paleo-
environmental changes but also for assessing the scales
of watershed denudation and landscape transformation
since the last glacial cover degradation.

4. Conclusions

1. Modern smoothed flat-bottomed depressions in
paleoglacial landscapes have a rather complex
inner structure and may embody several overdeep-
ened kettle holes with much steeper slopes that
were completely infilled and merged into one
during the postglacial evolution.

Postglacial loamy infill is well-defined in the ERT
data by its low resistivity in contrast to the rather
higher resistive and strongly differentiated depos-
its of the underlying glacial complex.

Application of electrical resistivity tomography
in paleogeographic studies of the MIS6 glacia-
tion marginal zone proved to be a useful tool for
detecting the postglacial loamy infills of the ini-
tial lows of glacial topography. It can be further
employed to better understand the actual scales of
the postglacial redeposition and landscape model-
ing during the last 150-130 ka.
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AHHOTAIIUA. TTo3aHenIeicTOLeHOBYI0 SBOJIIOLNI0 [IEHTPAJIbHOEBPOIENCKUX Jie JHUKOBBIX JJaHAmad-
TOB 4aCTO CBOAT K BO3JEMCTBUIO IIOCJIEJeAHUKOBON JINHEWHON 5po3un. OAHaKo OOMINpHBIE MEXAY-
peubsa B KpaeBoil 30He MHUC6 oJsieieHeHUA MOABEPrajiiCh TakXe AJUTEJBHOMY IOCJiejie JHUKOBOMY
BBIDABHMBAHMIO B MEPUTJIALUAIBHBEIX U MEXJIEAHUKOBHIX yCJIOBUAX. JIOKaJbHEIE CeAUMEeHTAIMOHHEIE
JIOBYIIKM, TaKhe KaK MOpPEHHbIe 3amaguHbl, KOTJIOBUHBEI U JIOXOWHBI, BBIIIOJHABIINECA OTJIOKEHUAMU
Ha MPOTKEHUHU BCEro MocJjiejieJHUKOBOIO 3Tama, MOTyT CJIyXXHTh He TOJIbKO JIETONMCAMU IajieoJlaH -
madTHEIX U aJeOKJIMMaTHYeCKUX U3MeHEeHHU, HO U [JIA OlleHKH MacIITab0B AeHyAaluy MeXaypeuni
U TpaHchopmanuu peabeda co BpeMeHHU Aerpaganuu mocjieJHEero JeJHUKOBOro nokposa. Hamu mpen-
MPUHATA MOMBITKA UCIO0JIb30BaTh 3JIEKTPOTOMOrpadpriecKruii MeTo] Kak MHCTPYMEHT IajieoreoMopdo-
JIOTUYECKOT0 KCCJIeJOBAHUA JIOKAJBHOUN IJIOCKOOOHHON KOTJIOBHMHBI, CTPOEHHE KOTOpPOI paHee OBLIIO
U3y4YeHO TPaAULMOHHBIM JIUTOJIOTO-cTpaTurpadpruueckuM metoAoM. [lojiyuyeHHBIN TreopU3ndecKuil
npoduiib MoKa3ajJ AOBOJIBHO KOHTPACTHYI0 KapTUHy, rae Ha AuddepeHIMpOBaHHOM OTHOCHUTEJIBHO
BBICOKOOMHOM JIEJHMKOBOM IJOKOJIe JiekaT 0ojiee OAHOPOAHblE HU3KOOMHBIE JIMH3BI MOIHOCTHI0 3-25
M. IlocieaHue OBUIM COMOCTaBJIEHBI IOCJIEJIEAHUKOBBIM CKJIOHOBBIM M O3€PHBIM CYTJIMHKAaM, BBINOJI-
HAIUM TOHWXXEeHUA MCXOOHOTrO JIEAHMKOBOTO peibeda. YCTaHOBJIEHO, YTO AeNpeccrus UMeeT Cyllle-
CTBEHHO 00Jiee CJIOXKHOe BHyTPeHHee CTPOeHNe, BKJII0Yas Kak MUHUMYM JiBe ITorpe0eHHble KOTJIOBUHEI,
paszgejieHHble MOPEHHBIM BaJIOM, HbIHE MPaKTU4eCcK! MOrpe0eHHBIM IOJ MOCJiejieJHUKOBOM TOJIIIEH.
BoJipliy1o yacTh MO3JHEr0 IJIEHCTOLIEHA 03epa B KOTJIOBUHAX (DYHKIIMOHHMPOBAJIM OTAEJIbHO U, BEPO-
ATHO, 00BeJMHUJINCh B OOUH OaCCEelH JIMIIb Ha ero 3aK/IIUYMTEJIbHBIX cTaauax. ['eopusnieckuii pa3pes
TaKXxe IMoKa3aJjl BecbMa M3MEeHUUBHIN pejibed AHA KaXOOM KOTJIOBUHEI CO 3HAUMTEJIBHO O0jiee KPyTHIMU
CKJIOHaMH, 4YeM COBpeMeHHble O0opTa Aenpeccuu. TakuM 00pa3oM, 3j1eKTpoToMorpaduieckrie HUccie-
JoBaHUA nokasaau ceba 3dHeKTUBHBIMU AJIA BHIABJIEHUSA MOCJIEJeHUKOBBIX CYTJIMHUCTBIX BHIIIOJIHE-
HUI NEPBUYHBIX TOHWXEHUHN JIEAHUKOBOIO pejibeda 1 MOTyT OBITh B JaJIbHEMINEM HCIOJIb30BaHbI IJ1A
JIy4lllero MOHMMAaHUA peasIbHBIX MacliTab0B IOCJIeJIeJHUKOBOTO NePEO0TIIOXKEHNA BelleCcTBa M MOIeJIU-
poBKU pesibeda B TeueHue nocjaeqaux 150-130 Teic. JieT.

Kittouegsie csioga: jieNHUKOBEHIN pesibed, IpeBHUE 03epa, 3JieKTpoToMorpadus, panuaibHbI aHaJIU3, O3epHbIe
OTJIOXEHUA, TO3IHUH IIJIeHCTOLIeH
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OnHako OOIIMpHBIE MeXOypeubs, MIMPOKO Ppacipo-
cTpaHeHHBIe B KpaeBoill 30He MIMC6 osiefeHeHNsA, MOI-
BEpPrajiich TaKXe JIUTEJIBHOMY IOCJieJleJHUKOBOMY
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BBHIDaBHUBAHUIO, OOYCJIOBJICHHOMY IlepeoTJIOXKeHreM
JIeAHHMKOBOI'O MaTepuajia CKJIOHOBBIMU, 30JIOBBIMU U
APYTUMH NepUIJIANUaJIbHEIMU IIpolleccaMy B JIOKaJIb-
HBIX CeVIMEeHTalOHHBIX JIOBYIIKAaX, B T.4. B 03€pHBIX
YCJIOBUAX, W UX AONOJIHUTEJIbHBIM BHIIIOJHEHUEM 3a
c4eT OMOreHHOro OCAAKOHAKOIUIeHHA TOpQOB, TUT-
TUN WK camporeseli B 60Jiee Telible KJIMMaTUUecKre
¢asel. OgHako 3TU (AKTOPHL, XOTh 3a4acTyl U YIO-
MMHAIOTCA KaK XapaKTepHble [JIA MepUIJIALNaJIbHBIX
06CcTaHOBOK, OOBIYHO HEJIOOLIeHMBAIOTCA KaK peasibHble
areHTHl TpaHchopMmanuu Jjganamadra (Garankina et
al., 2019). KoppekTHas OlLleHKA WX BKJIaJla BO3MOXHA
IyTeM HU3y4eHus JIMTOJIOTNYeCKOro CTpoeHus U o0beMa
STHUX BBIIOJIHEHUH B JIOKAJIBHBIX JIOBYIIKaX HAaHOCOB.
danuanbHBle U cTpaTUrpaduyeckrde HcCcaefOBaHUA
IocJjiesIeJHUKOBBIX BBIIIOJIHEHUII MOpEHHBIX 3alaiuH,
3aMKHYTBIX U [I0JTy3aMKHYTHIX JIOXOWH U 6oJiee KpyII-
HBIX 03€pHBIX KOTJIOBUH AOCTAaTOYHO PaclpOCTPaHEeHHI,
OfHaKo reomMop@doJsiornyeckoe CTpoeHre caMux Iorpe-
OeHHBIX OTpUIaTeJIbHBIX (POpM HccIefyeTcs KpaliHe
penko (Hampumep, Karasiewicz et al., 2017; Forysiak
et al., 2018; Woronko et al., 2018; Hosek et al., 2019;
Hein et al., 2021; Mirostaw-Grabowska et al., 2021),
YTO CyIL[eCTBEHHO OrpaHN4MBaeT BO3MOXKHOCTH OLIeHKHU
00BbeMOB IOCJIeJIeAHUKOBOTO CHOCA U aKKyMYJIALIMU B
peruoHe.

leodpusnueckas pasBefka ABJIAETCA OOHUM U3
yJI0OHBIX cIOCO0OB M3ydeHUs norpebeHHOro pesbeda.

[TocKkoONIBKY Ha TEPPUTOPUU JIeJHUKOBBIE IIeCKH, CYyI-
JINHKY Y JUAMUKTOH NepeKPHITH CYyTJIMHUCTHIM IIOKPO-
BOM, 3JtekTpoToMorpadusa (Woronko et al., 2018; Hosek
et al., 2019 u gp.), no-BugUMoMy, 6osiee 3pdeKTrBHA,
4yeM reopaJroJIoKallioHHOe NpodUIpoBaHue, HO NIpU
TOM U ropaszio 6oJjiee JOCTYIIHA, YeM celicMOpa3BeiKa
(Hein et al., 2021). Takum o6pa3oM, 3JIEKTPOTOMOTpPa-
¢usa (OT) 6bs1a BeIOpaHa B KauecTBe MHCTPYMeHTa AJIA
najieoreoMop(doJIorHYeckoro KccjieJOBaHUs JIOKaJIb-
HOM IIJIOCKOAOHHOM KOTJIOBHHBI, CTpPOE€HHEe KOTOPOH
paHee OBUIO U3yYeHO TPAJAULIHMOHHBIM JIMTOJIOTO-CTPA-
turpaduyeckum Metozom (Garankina et al., 2023).

2. MeToAb!I M MaTepHManbl

CosoBreBcKas KOTJIOBHMHA — HeGOJIbIIAsA Jemnpec-
cusi Ha ceBepo-BocToke Bopucorsiebckoil BO3BHIIIEHHO-
cTU npuMepHO B 190 KM K ceBepo-BOCTOKY OT MOCKBHL U
B 10 kM K 3amaf-woro-3amnafgy ot Pocroa (fpociaBckas
0651.) (Puc. 1la). C pgerpamanuu nociaegHero MUC6
JieqHUKOBOTO MoKpoBa (Astakhov et al., 2016) pervon
HCHBITHIBAJI Yepe/ioBaHUe MexJieAHUKOBbIX (MUC5e,
MMUC1) u nepurisanuaabubeix (MUC5d-MUC2) obGcra-
HOBOK. B jlefHIKOBOM peJsibede TeppuTopuu npeobna-
JaloT MaJoaMILUTUTY/IHble BOJTHUICTBIE PaBHUHEI, Iepe-
Mexarolmuecs ¢ KPyIHbBIMUA XOJIMaMU U HerJIyOOKUMU
JenpeccusiMi. OTHU KOTJIOBUHBI B OCHOBHOM c(opMu-
poBajiich MpU BBITAaUBAHUU OJIOKOB MEPTBOIO JIbJla U
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Puc.1. (a) IMoJyioxeHre KJTIOUEBOrO yyacTka (kenras 3Be3fouka) Ha BoPuc.undefined. orsieGckoii Bo3BeieHHOCTH. (b)
Penped ConoBreBckoil KOTJI0BUHB (LIMP no maHHbIM onndpoBaHHON 3eMJieyCcTpOUTeIbHOM KapThl Macitada 1:10000) ¢ nosio-
)keHreM OypoBBIX CKBaXUH U wmypdoB. XKesnroil suHuellt A-B ormeued DT npoduib. (c) DiekTporoMorpaduieckuil paspes.
XKupHas yepHas JIMHUSA OTAEJAET HU3KOOMHOE CYTJIMHHCTOE BBIMIOJIHEHUE JPEBHUX MOHIDKEHUI OT 60Jiee BRICOKOOMHOTO JIe[-
HHUKOBOT'O LIOKOJIs, OTpakas CJIOKHBIN MorpeGeHHbIN JieJHUKOBHIHA pesibed. (d) [To3qHenIelCTOLeHOBOE re0JIOTHYECKOe U Tajie-
oreoMopd0JIOrMYecKoe CTpoeHue Aenpeccuu (BhIlIe JIEJHUKOBOTO I[OKOJIA), PEKOHCTPYUPOBAaHHOE MO AaHHBIM DT B coueTaHUU

C pe3yJabTaTaMU JIMTOJIOTMYeCKON KOppeJIALUHI.
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nosaHee OBUIM 3allOJIHEHBl OCaJKaMH, ceivyac Ipef-
cTaBJIsAA OO0l OUeHb M0JIOTHe MTOHMXeHNN JuaMeTpoM
oT 0.5 1o 4 xMm. CoJioBbeBcKasi KOTJIOBMHA OTHOCHUTCSA
k BogocOopy oBpara Ilyx00J1, HaxoAACh 3a NpefesiamMu
BepXOBbeB ero mpasoro mputoka (Puc. 1b). C ceepa
Y 3anaja noJiy3aMKHyTOe IOHIKeHe OKalMJIAIOT ABa
KPYIIHBIX X0JIMa BBICOTOH 25-50 M, a c 1ora 1 BOCTOKa
— HeOoJIbllIe XOJIMBI BBICOTOHN Bcero 5-7 M. Ha rore
U CeBepo-BOCTOKe CJIAOOBOTHYTOI'O BBIIIOJIOKEHHOIO
aauma (1.0 kM x 0.7 KM) KOTJIOBUHBI NIPOCJIEXUBA-
I0TCcA JBa HeOOJbIIMX NOHMXeHUA. IOxHaA BHaauHa
JIMIIb cJierka 3ab0Ji04eHa, X0Ts MeJIKOBOAHBIN BOJl0eM
COXpaHsAJICA BILIOTh 10 MeJIMOPaIiy C IOMOIIbIO UCKYC-
CTBEHHOI ApeHaXXHoi cuctemMa B 1984 r.

B muuine u Ha 6opTax CoJIOBEEBCKOM KOTJIOBUHEI
B XOAe yAapHOTO Py4YHOIO, KOJIOHKOBOTO U IIHEKO-
BO-CBaliHOro OypeHMsA OBLJIO HCCJIeJOBaHO 15 KepHOB
MOIIIHOCTBIO OT 4 A0 21.5 M, a CTpoeHre OKPYXKaIINX
MeXIypeuuii [ONOJIHUTEJbHO HN3yYeHO B KapbepHBIX
BhIpaboTKaxX, a Takxke mypdax Ha CKJIOHax U MOJHO-
JKUAX XOJIMOB. Bce kepHBI U oOHaxxeHU:A ObUIU cHOTO-
rpadupoBaHbl U CHa0XeHbl [eTaJbHBIMU I0JIEBEIMU
MakpoMOp®dOJIOTMYeCKUMU U JIMTOJOTUYECKUMU OIIU-
caHUAMY, a 3aTeM — (aluajbHON U cTpaTUrpaduye-
ckoii unrepnpetarnuei (Garankina et al., 2019; 2023).
l'eodpusnueckas pa3Beaka Obljla IpUMeHeHa JJIA JeTa-
Ju3anuy cTpoeHusa OopTroB M nHumA OacceiiHa. OT
npoGUINpOBaHUe BHIIOJIHEHO C NOMOIIBI0 48-KaHalb-
HOU DaJieKTpopa3BefjouHOM ammapaTypsl «CKAJIA
48K12» (OO0 «KB Snekrpomerpuu», I. HoBocubupck).
TpexajiekTpogHas ycTaHOBKa Oblyla BeOpaHa nJiAd
JOCTIXEHNUs MaKCMMaJIbHOM TJIyOMHBI 30HANPOBaHNUS,
TOrAa Kak C IIOMOIIbI0O JUIIOJIBHO-OCEBOH YCTaHOBKU
yAaJioCh MMOBLICUTH pa3pelleHne 30HANPOBaHUA B BepX-
Hel yactu paspesa (Loke, 2001). ITosydeH cyoMepuau-
OHaJIbHBIN MpOdUJIb JUIMHON 1.2 KM C MaKCHMaJIbHON
r1yOMHOM 30HAMpoBaHuA Ao 70 M 3a cueT NATUMETPO-
BOI pacCTaHOBKU 3JIEKTPOJOB.

3. Pe3ynbTatbl M 06Ccy)xpeHue

I'my6uHa OypeHus OJIM3KO COOTBETCTBYET MOIII-
HOCTH IIOCJIeJIeAHMKOBBIX OTJIOXKEHHI, KoTopasA u3Me-
HieTcs OoT Gosiee 20 M B Haubosiee rJIyOOKHX YacTAX
bacceiiHa O0 mepBBIX MeTpoB Ha mnepudepum (Puc.
1d). 3T mpodwip mepeceKk KOTJIOBUHY OT BEPIIUHBI
KpYyIIHOTO XOJIMa Ha ceBepe [0 MOOHOXHA HeOOJIb-
moro xoiMma Ha iore (Puc. 1b), mpomemoncTprposas
JOBOJIBHO KOHTpacTHyI0 kaptuHy (Puc. 1c). Bosbmiei
4yacTH pas3pe3a COOTBETCTBYIOT OTHOCHUTEJIbHO IIOBBHI-
IIeHHble 3Ha4YeHus yAeJbHOro conmpoTusieHus (~40-
60 OM*M) c JIOKQJIbHBIMU aHOMaJuaMu no ~80-120
Om*M. BepxHss xe gacTb npodus (ot 3 1o 25 M) oTpa-
’)kaeT 3aMeTHO MeHblllie 3HadyeHus yAeJIbHOI'O COIIPO-
tuByeHus (~10-40 Om*M) u ux 6GoJjiee OJHOPOJHOE
pacnpefenienre. HanOosbpmiasd MOIIHOCTb HU3KOOM-
HOT'O CJIOSA COTJIacyeTcs ¢ MaKCHMaJIbHBIMU BCKPBITHIMU
rIyOMHaMU 3aJjieraHusA NOJOMIBBE O3€PHBIX CyTJIMHKOB,
TOrAa Kak UX yMeHbllleHue Ojivke K OopTaM KOTJIO-
BUHBl COOTBETCTBYET MOHIKEHHOH MOUIHOCTH HU3KO-
oMHoOro cjod. OgHako pacipefesieHHe HU3KOOMHBIX
aHoMasiil MeXAy CKBaXWHaMH CyL[eCTBEHHO CJIOX-
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Hee, JEMOHCTPUPYA He OAHY, a, KaK MHUHUMYM, B
BhIpaXkeHHbIe BHaAuHbl. Kaxaas U3 HUX UMeeT aMILIN-
Ty[HbIEe Nlepenajibl NOAOLIBHI, TOrAa KaK APYr OT Apyra
UX OTAeJiAeT KpyHHas TMOJIOXUTebHAasA aHOMaJus.
DTOMY BBICTYIIy BHICOKOOMHOI'O BellleCcTBA K ITOBEPXHO-
CTU COOTBETCTBYIOT BBIXOJ[bl KDACHOBATHIX JIEJHUKOBBIX
cyneceii, BCKPBIBAIOIUXCA HEMOCPENCTBEHHO B JHUIIE
JleTIpeccuy, 4acTo ¢ MeOHUCTBIMU U MeJIKOBaJTyHHBIMU
BKJTIOUEHUSAMU B IaXOTHOM T'OpU30HTE. B coBpeMeHHOM
penbede 3TO NOBBIMIEHHBII Y4YacTOK QHUIA KOTJIO-
BUHBI, IPOCTUPAIOIIUICA B BUE IIJITABHOI'O HEBHICOKOT'O
OTpora OT BOCTOYHOro xosMa. KpynHas oueHb XOpOIIo
npoBofsas aHoMmasnus (<10 OM*M) B cepequHe Mpo-
¢uns, cynsa no Bcemy, BbI3BaHa 3arjTyOJIEHHBIM 3JI€K-
TPpUYeCKUM KabesieM.

B mpenmenax rmuiockogoHHOU —CoOJIOBREBCKOM
KOTJIOBUHHI TeoJiorndeckoe OypeHUe BBIIBUJIO 3Ha-
YuTeJbHOE IepeyriybjeHre KpPOBJIU JIeJHUKOBOTO
1[okoJisi. CeBepHBII CKJIOH TMajleofellpecCuyd [IOCTU-
ran 17-20°, Torma kak ceiidyac eMy COOTBETCTBYeET
ToJIOroe TMOHOXME CKJIOHA, a caMoe MOIIHOe TocJIe-
JleqHUKOBOe BhimosiHeHUe (20.55 M), BckphiTOoe Gype-
HHeM, [IPUYPOUYEHO K IMPUTHUIOBON YacTU KOTJIOBUHBI.
leodusnueckas paspefka NOATBepAuMsa Aaxe OOJIb-
IIyI0 MOIIHOCTh TOCJIeJIeJHUKOBOIO 3aloJjIHeHus (7o
25 M), HO BHIfIBUJIA U Topaszfio 6oJiee CJIOXKHBIN MOrpe-
6eHHbIN penbed (cM. Puc. 1c). ITo kpaliHeil Mepe ABa
OTJIeJIbHBIX BOJIOEMA CYI[eCTBOBAJIO B I0XKHOH U ceBep-
HOHM BIAAWHAX WCXOQHOTO JIeJHUKOBOrO pejibeda,
Kaxas U3 KOTOPHIX XapaKTepu3oBajach BecbMa qud-
(epeHIIDOBAaHHBIM JOHHBIM pesibedpoM. B pazobuieH-
HOM BuJle OaccelHBI COXpAHsINCh Ha MNPOTKEHUU
OOJIbIIIe YacTH IMO3IHEro IJIeHCcTolleHa, O YeM CBUe-
TEJbCTBYIOT HaXOAKU cHeludUUecKuX MeXJieqJHUKO-
BhIX TOP(OB Ha CYIeCTBEHHO pa3HAIUXCA TJIyOMHaX
(~8.5 u 15.5 M, coorBercTBeHHO) (Garankina et al.,
2019; 2023). B BepxHUX YacTsX UX BHIIIOJTHEHU TaKxe
BCKPBITHl CyIleCTBeHHble pa3jiMuusA Kak, HampuMmep,
3HAUUTEJIbHBI NPUBHOC TMecka (0Omiell MOI[HOCTHIO
>4 M), o6HapyXeHHBbIH JIUIIb B KepHaxX CeBEPHON KOT-
JoBUHBL. CyOIIMPOTHBIN MOpPEHHBIH BaJl, pa3e isaBIINi
BOAJIMHBI, BBIAEJIAETCA IO ITOBHIIIEHHBIM 3HAYEHUAM
YIeJbHOTO 3JIEKTPUYECKOro COMpPOTUBJIEHUA B reodu-
3uvyeckoM mnpoduse, UYTO IO3BOJIAET MPEANOJIOKUTD,
YTO OH AOCTUTraJ B BEICOTY 25 M, a B winupuHy >200 M.
OpHako B cOBpeMeHHOH Tomnorpaduul oH c¢jabo yura-
eTcsi Kak OYeHb CrjIaXXeHHBIN OTPOr BOCTOYHOI'O XOJIMa
BHICOTOI MeHee naphbl MeTpoB. [looGHbIe acconuanuu
norpebeHHbIX KOTJIOBUH BHITaUBaHMA MepPTBOTO Jib/ia U
JIe THUKOBHIX MOBBIIIEHN, O0beJUHEHHBIX B COBpEMEH-
Hble 6oJiee KPYIHbIE IJIOCKOJIOHHBIE Jlelpeccuu, ObLIN
HelaBHO oOHapyxeHbI Takxe B I[Mospme (Woronko et
al., 2018; Mirostaw-Grabowska et al., 2021) u Yexuu
(Hosek et al., 2019), 4TO MO3BOJIAET MPEIIOJIOXKUTS,
YTO OHU OTPAXAIOT TUNNYHYI0 TeHAEHI[UI0 MOCTIeJHU-
KOBOH 3BOJIIOLINY NUCXOAHBIX JIeJTHUKOBBIX JJaHAMA(TOB
B KpaeBBIX 30HaX oJiefleHeHUll kak Bpemenu MUC6, Tak
n MUC2. TakuMm o6pa3omM, JIOKajJbHBIE CeqUMeHTal-
OHHBIE JIOBYIIKU (MOpeHHBIe 3amnaguHbl, KOTJIOBUHBI U
JIOXXOUHBI CTOKA), 3allOJIHABIIMECA OTJIOXKEHUAMM Ha
MPOTSDKEHUHN BCero MocJiejieJHUKOBOTO 3Tara, MOTYT
CJIyXKUThb He TOJIBKO CBUETeJbCTBaMM I1aJIe03KO0JIO-
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TMYECKUX W3MEHEHHUil, HO U [JIA OLEHKU MacIiTaboB
JleHyJaluu Ha Bogocbopax u TpaHchopMaIuy Mexay-
pevHBIX JIaHAMAa(TOB CO BpeMeHU MOCJIeqHE Jerpaaa-
I[UU JIETHUKOBBIX TIOKPOBOB.

4. 3aknioueHue

1. CoBpeMeHHBIE BBINOJIOXEHHBIE IJIOCKOAOHHBIE
Jenpeccuy B 00JIacTAX [pEBHEro OJie[eHeHUs
MMEIOT [IOBOJIBHO CJIOXKHOE CTPOEHUE U MOTYT
MIPEJICTaBJIATh COO0T HECKOJIBKO CJIMBILIMXCS Tepe-
yrJIyGJIEHHBIX KOTJIOBUH € ropasfo Oojiee Kpy-
TBIMU CKJIOHAMH, ITPAKTUYECKU MOJIHOCTHIO 3am0JI-
HEHHBIX B X0/I€ TIOCJIeJIeJHUKOBOI 3BOJIIOLUU.

[TocyesleqHUKOBOE  CYTJIMHHCTOE  BBIIOJIHEHME
Xopouo Jemudpupyerca B AaHHBIX 3JIEKTPOTO-
Morauieckoi cbeMKHU 110 HU3KOMY COIpPOTUBJIE-
HUIO B OTJINYKE OT OTHOCUTEJIbHO BEHICOKOOMHBIX U
cutbHee AuddepeHINPOBAHHBIX OTJIOXEHUH MoJ-
CTHUJIAIOIEro JIeJHUKOBOTO KOMILIeKCa.

[IpuMmeHeHue syeKTpoTOMorpaduyu Ipu I[ajeo-
reorpauyecKkix MCCIeJOBAaHUAX KpaeBON 30HBI
MMHC6 orneneHeHUsA 0Ka3ajioCh IMOJIE3HBIM UHCTPY-
MEHTOM [JI BBIABJIEHUS MOIIHOCTEN IocJesief-
HUKOBBIX CYTJIMHUCTBIX BBINOJIHEHU! II€PBUYHBIX
TOHWXXEeHU JIeJHUKOBOro pejibeda. B manbHen-
I1eM ero MOXHO MCII0JIb30BaTh JJIs JIyUlllero oHu-
MaHHsA peasibHBIX MacmTaboB IOCJiesle JHUKOBOIO
[IepeoTJIOKEHUsA W MOJelupoBaHUsA peibeda B
TeueHue nocjaequux 150-130 Twic. jeT.
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