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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 However, occasionally mentioned as characteristic of

periglacial environments those agents are underesti-
mated as actual drivers of landscape transformation
glacial landscapes is often narrowed down to the impact (Garankina et al., 2019). The accurate assessment of
of postglacial linear erosion. However, extensive water- such contribution is possible through studying the infill
sheds widespread in the marginal zone of MIS6 glacia- structure and volume of local sediment sinks. As facies
tion were protractedly affected by the postglacial flat- and stratigraphical research of postglacial sedimen-
tening due to the redeposition of glacial load by slope, tary sequences of kettle holes, larger glacial closed and
eolian, and other periglacial processes in local sediment semi-closed depressions, and lake basins are quite com-
traps, i.a. in lacustrine environments, and their addi- mon there are only a few investigations of the geomor-
tional infill due to the biogenic accumulation of peat, phology of initial lows (e.g., Karasiewicz et al., 2017;
gyttja, or sapropel during the warmer climatic phases. 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 quairy 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 positions of cores and pits. Yellow line A-B denotes the location
of ERT profile. (¢) 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 ERT 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 coiresponds 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 swface 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. [To3qHen/1eiicTOLeHOBYIO 3BOJIIOLII0 [eHTPAIbHOEBPONEICKNX JIe JHUKOBEIX JJaHamad-
TOB YacTO CBOOAT K BO3JEICTBHIO NOCJIeleJHUKOBOI JIMHEeHO 3po3un. OOHAKO OOMMPHEIE MeXay-
peubs B KpaeBoil 30oHe MUC6 osefeHeHHA NOABEPrajlchk Takke AJINTEBHOMY IOCjesleJHHKOBOMY
BBIDABHHMBAHHI0 B MepHITIANHNAJIBHBIX M MeKIeJHHKOBBIX yCJIOBHUAX. JIoKasbHEIE cequMeHTallHOHHEBIE
JIOBYIIKH, TaKkHe KaKk MOpPeHHEIe 3alafHHbl, KOTJIOBHHBI M JIOJKOMHEI, BHIOJIHABIINECA OTJIOKeHHUAMHU
Ha NPOTSKeHUH BCero nocJjesieJHHKOBOTO 3Tana, MOTYT CIYKHATh He TOJIBKO JIeTONHCAMH NajleoaH/-
madTHEIX U MajleoKINMaTHYeCKUX N3MeHeHN], HO 1 /19 OLleHKH MacIITa00B JeHydaliy MesKaypedii
U TpaHcdopmMannu pesbeda co BpeMeHH Jerpafallli [oc/eJHero jJeJHUKOBOro nokposa. Hamu npen-
TIPHUHATA MONBITKA UCIIOJIE30BATh 3J/IeKTPOoTOMOrpaduieckiil MeTo Kak HHCTPYMeHT najieoreoMopdo-
JIOTHYeCKOro HCCJ/IeOBaHNA JIOKAJIbHOI IIJIOCKOJOHHOI KOTJIOBHHEI, CTPOEHHe KOTOPOIl paHee OBLIO
H3y4YeHO TPaOWUIHOHHBIM JHMTOJIOrOo-cTpaTUrpaduiIeckuM MeTodoM. [losydeHHBIT TeodU3MYecKHI
npoduaIb NoKasaa JOBOJIBHO KOHTPACTHYH KapTHHY, e Ha Au(depeHINPOBAHHOM OTHOCHUTEJIBHO
BBICOKOOMHOM JIeJHUKOBOM IIOKOJIe JiesKaT OoJlee OJHOPOHEIE HI3KOOMHEIE JIMH3BI MOMIHOCTBIO 3-25
M. TlocyieqHuie OBLIM COIOCTABJIEHB! MOC/e/IeJHUKOBBIM CKJIOHOBBIM M O3€pHEIM CYTJIMHKAM, BEBIIIOJ-
HAIIMM NOHMKeHHA HCXOOHOIO JeJHHKOBOro peabeda. YCTAaHOBJIEHO, UYTO Aelpeccls HMeeT Cylie-
CTBEHHO DoJlee CJIOKHOe BHYTPeHHee CTpoeHHe, BKIYad Kak MIHUMYM [Be orpedeHHble KOTJI0BHHEI,
pasaesleHHEIEe MOPEHHBIM BaJIOM, HBIHE IPAKTHYeCcKH NOrpebeHHBIM IIOJ IOc/Iejle JHUKOBOH TOJIIIEH.
Bospnryio 4acTe mos3fHero IieficTolleHa O3epa B KOT/JIOBHHAX (QYHKIMOHHPOBAIHM OTAEJIBHO H, BEpPO-
ATHO, 00BeAUHIIINCH B OJIMH DaccellH JIMIIb Ha ero 3aK/IIYUTeIbHEIX cTaauax. ['eodusndeckuil paspes
Takke I0Ka3asl BecbMa M3MEeHYNBHII pesbed JHA KaskO0il KOT/IOBUHEI CO 3HAYNTEIBHO 00jiee KPYTHIMHU
CKJIOHaMH, YeM COBpeMeHHEBle OopTa OenpeccHu. TakuM o0Opa3oM, 37eKTpoToMorpaduueckiie Hcce-
JOBaHHA NoKasaan cedd 3¢@eKTUBHBIMI A4 BBIABIeHHA NOC/e/ e JHUKOBBIX CYTJIMHHCTBIX BBIIOJIHE-
HHI IepBUYHEBIX ITOHIDKeHNI JIeJHUKOBOT0 pejbeda 1 MOTYT OBITh B JajbHeleM HCIOJIb30BaHE 719
JIy4lllero MOHHMAaHNSA peaslbHBEIX MacIITab0B IIOocjIe/le JHUKOBOTIO IlepeoT I0OKeHHA BelllecTBa 1 MO e IH-
POBKH pejlbeda B TeueHHe nocjaeqHux 150-130 Teic. j1eT.

Kmoueanle cytoga: e JHUKOBEHII pebed, IpeBHHE 03epa, 3/IeKTpoToMorpadus, daluaabHeI aHall3, 03epHble
OTJIOXKeHHd, NO3OHHUII IjIelicToleH
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cTpaHeHHEIe B kpaeBoil 30He MUC6 oneneHeHNd, NOI-
Beprajlich Takcke [JINTeJIbHOMY IOcJjlesleJHHUKOBOMY
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BHIPABHHBAHHIO, OOYCJIOBJIEHHOMY IlepeoTJIo)KeHHeM
JIeTHUKOBOTO MaTepHajla CKJIOHOBBIMH, 30JIOBRIMH U
OPYTHMH [epUTIANHATIBHEIMU IIpolleccaMU B JIOKab-
HBIX Cce[IMeHTAIOHHBIX JIOBYIIKAaX, B T.4. B O3€PHBIX
yCI0BUAX, 1 HX IONOJHHTESbHBIM BhHIINOTHEHHEM 3a
cdeT OMOTeHHOTO OCAJKOHAKOILUIeHHA TOpgoOB, THUT-
THI1 HJIN callpoliesleil B OoJlee Telljble KINMaTHUecKlie
¢asel. OgHako 3TH (aKTOPEl, XOTh 3a4acTyi0 M VIIO-
MHHATCA Kkak XapaKTepHble IJIA IepHIJIALNAaJIbHBIX
0DCTaHOBOK, OOBIYHO He0OLleHHBATCA Kak pealbHEIE
areHTH TpaHcdopMmanuu jgagamadTa (Garankina et
al., 2019). KoppekTHas olieHKa HX BKJIaJa BO3MOXKHA
IyTeM H3y4eHH JINTOJIOTHYeCKOro CTPOeHNA 1 obbeMa
3TUX BBHIOJIHEHHII B JIOKA/JbHBIX JIOBYIIKAX HAHOCOB.
@anuanpHBle U cTpaTUrpadHyeckile HccjleJOBaHUA
nocJlesleJHUKOBBIX BBIOJIHEHMII MOpPeHHBIX 3alailiH,
3aMKHYTBIX 1 IOJIY3aMKHYTHIX JIOXKOUH U OoJlee KpPyII-
HBIX 03ePHBIX KOTJIOBUH JOCTaTOYHO paclpocTpaHeHH,
ofHaKo reoMopgosornieckoe cTpoeHHe caMUX IoTrpe-
OeHHBIX OTpHIaTe/bHBIX GOpPM HccilefyeTcs KpailHe
penko (Hanpumep, 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 CyIleCTBEHHO OrpaHHYNBaeT BOSMOXXHOCTH OLIEHKH
00BeMOB NOCTIe/IeJHHKOBOIO CHOCA 1 aKKYMYJIALINH B
peruoHe.

leopusnueckas pasBefka fABJfAeTca OOHUM U3
YOOOHEIX CIIOCO0OB H3y4UeHHdA IIOTpedeHHOro peibeda.

INockospKky Ha TeppHTOPUM JIeJHHKOBBIE IIeCKH, CYT-
JIMHKH 1 JHAMHKTOH NepPeKPHITH CYTJIMHUCTHIM IIOKPO-
BOM, 3s1eKTpoTomorpadug (Woronko et al., 2018; Hosek
et al.,, 2019 u gp.), no-pugHUMOMYy, OoJlee 3 PeKTHBHA,
yeM reopaAHoJIoKallHOHHOe NpodIINpoBaHIe, HO IPH
TOM H ropasfo 0ojlee JOCTyIHa, YeM celicMopasBeKa
(Hein et al., 2021). Takum 0dpa3oM, 3JIeKTPOTOMOrpa-
¢dusa (3T) ObL1a BEIOpaHa B KadecTBe HHCTPYMeHTa JIg
Tia1eoreoMop@oJIOTHYECKOr0 HCC/IeJoOBaHNUA JIOKab-
HOIl IJIOCKOIOHHOI KOTJIOBHHEL, CTPOeHHe KOTOPOI
paHee OBLTIO M3yUeHO TPaAULHOHHBIM JIMTOJIOTO-CTPa-
Turpaduuecknm MetogoM (Garankina et al., 2023).

2. MeToAabl M MaTepHuanbl

CoJsioBbeBcKad KOTJ/IOBUHA — HeDoJIblIad Jerpec-
CHA Ha ceBepo-BOCTOKe Bopucoriedckoll BO3BHIIEHHO-
cTH npuMepHo B 190 kM K ceBepo-BOCTOKY OT MOCKBEI 1
B 10 xM k 3anaf-foro-sanaay ot Poctosa (ApociaBckas
0071.) (Puc. la). C pmerpagauuu nocienHero MIC6
JegHUKOBOrO nokposa (Astakhov et al., 2016) pernon
HUCIIBITEIBAJI depefioBaHUe MexleHHKOBEIX (MMCbSe,
MHC1) u nepurianuaapHex (MHUC5d-MUHC2) obcra-
HOBOK. B nemHHUKOBOM pesbede TeppUTOpPHH IIpeodia-
JalT MaJoaMILIMTYOHBIE BOJHHCTEE paBHUHEL, Iepe-
MeJKarmyecd ¢ KPYIHBIMH X0JIMaMH U HelJTyOOKHMH
JenpeccHAMH. JTH KOTJOBHHEI B OCHOBHOM CGHOPMH-
poBaich PN BEITAHWBAHUN OJIOKOB MepTBOTO JIbJa U
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Puc.1. (a) IMonoxeHue KIHOUEBOTO yuacTka (skenrTad 3pesgouka) Ha BoPuc.undefined. orsebekoft BosseimenHocTH. (b)
Pensed ConoBbeBckoii koT1oBHHE (LIMP 1o ganHbM onpdpoBaHHON 3eMIeyCTPOHUTETBHOH KapTel MaciuTada 1:10000) ¢ mosto-
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KiipHas yepHasa JHUHHNA OTOeIAeT HU3KOOMHOE CYTJIHHHCTOE BBINOJIHEeHHEe OPEBHUX IOHIDKEHHII OT DoJiee BRICOKOOMHOIO Jiemd-
HUKOBOTO IIOKOJIA, OTPaskas CJIOKHBII MorpebeHHblil e qHUKOBRI penbed. (d) [osguennelicToeHOBOE Te0JIOTHUECKOe H Tale-
oreoMopdhoIOTHYECKOe CTPOEHHE AeNpeccli (BhIIIe JeJHUKOBOTO IIOKOJIA), PEKOHCTPYUPOBAHHOE 0 JaHHEM JT B coueTaHUn

C pe3yabTaTaMH JIUTOJIOTHYECKOH KOppeJIAniH.
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no3[Hee OBLIM 3alOJHeHB OcagKaMH, ceifdac Ipef-
CTaBJIAA cOOO0I1 OUeHb MoJIoTHe TOHIDKeHUIT JHaMeTPOM
oT 0.5 1o 4 kM. CoJioBbeBCcKaA KOTJIOBHHA OTHOCHUTCHA
K Bogocoopy oBpara IIyxkooJ1, Haxo[Ach 3a IpeeaMi
BepXoBbeB ero npasoro npuroxa (Puc. 1b). C cesepa
U 3amajia MoJIy3aMKHYTOe IOoHIDKeHHe OKalMIIAKT ABa
KPYIHEIX X0JIMa BEICOTOI 25-50 M, a ¢ 1ora 1 BoCcTOKa
— HeOoJIbllIlle XOJIMBI BBICOTOH Bcero 5-7 M. Ha tore
H CeBepo-BOCTOKe CJIADOBOTHYTOIO BBIIOIOKEHHOIO
mganma (1.0 xv x 0.7 KM) KOTJIOBHHEI IIPOC/IEKHBA-
I0TcA [Ba HeOOJIbBIINX MNOHIDKeHWUA. IOxkHasA BnaguHa
JIMIIb cjleTKa 3a00J/1049eHa, X0TA MeIKOBOJHEI BOJOeM
COXpaHAJICA BIUIOTh 40 MeJIHOPaILHH C IOMOLIbIO HCKYC-
CTBEHHOII JpeHaXHOII cucTteMa B 1984 r.

B nrumnie u Ha dopTax COJI0BREBCKOI KOT/IOBUHEI
B Xofe yAapHOIro PYy4YHOIO, KOJOHKOBOIO M IIHeKO-
BO-CBAalHOTO OypeHHA OBLIO HCC/IedoBaHO 15 KepHOB
MOIIHOCTBIO OT 4 fo 21.5 M, a cTpoeHHe OKPYIKarIUX
MeXOypeunil JOMOJHUTENbHO M3YUeHO B KapbepHBIX
BEIpaDOTKaX, a Takxke IIypdax Ha CKJIOHAX MU MOIHO-
JKHAX XOJMOB. Bece KepHBI 1 0OHakeHIsA OBUIH CHOTO-
rpaupoBaHbl M CHaOXeHbl IeTaJbHBIMH I10JIeBBIMH
MaKpoMOp(}OJIOrH4eCKUMH U JIMTOJIOTHYeCKUMH OIH-
caHMAMH, a 3aTeM — QallajbHOI U cTpaTHUrpadude-
ckoil uHTepnpetanueii (Garankina et al., 2019; 2023).
l'eodpusnueckas pasbefKa ObLIa IIpHMeHeHa [/ JeTa-
JU3allid CTPOeHHUsA OOpTOB M JHMINA OacceiiHa, JT
npo@IINpOBaHNe BHIIOJJIHEeHO ¢ IOMOLIbI0 48-KaHallb-
HOIl 3JeKTpopasBefouHOIl anmapaTypel «CKAJIA
48K12» (00O «Kb DnexTpoMeTpun», I'. HoBocudupck).
TpexsnekTpooHad ycTaHOBKa ObUla BhIOpaHa [JIA
JOCTIDKeHHA MaKCHMAaJIbHOI TTyOHHEI 30HOHPOBaHIIA,
TOrJa Kak ¢ MOMOIIbI0 AHUIOIbHO-OCEBOIl YCTAHOBKH
yZAaJiock IIOBLICHTE pa3pelleHHe 30HIMPOBaHNA B BepX-
Hell yacTu paspe3sa (Loke, 2001). ITonyueH cyomMepuau-
OHAJIBHEIN NpodWIb MIHHONI 1.2 KM ¢ MaKCHMAaJIbHOI
IJIyOMHOI 30HANpPoBaHuA 10 70 M 3a cUeT IATUMEeTPO-
BOII pacCTaHOBKH 371€KTPOJIOB.

3. Pe3ynbTaTtbl U 06CY)XKAEHHE

I'yonHa oypeHHA OJIM3KO COOTBETCTBYeT MOII-
HOCTH IOcJIeJIeJHUKOBBIX OTJIOXKeH!I], KoTopasd H3Me-
HAeTca oT Doslee 20 M B HandoOJlee TJIYOOKHX 4acTAX
dacceiilHa A0 NepBEIX MeTpoB Ha Iepudepun (Puc.
1d). 3T mpoduns nepecek KOTJIOBUHY OT BepIIMHEI
KPYyIIHOTO XOJIMa Ha ceBepe IO IOJHOXKHA HeOOJb-
mroro xonMa Ha wore (Puc. 1b), mpomemoHCTpHpOBaB
JIOBOJIBHO KOHTpacTHYI kapTuHy (Puc. 1c). Bosbmiei
4acTH paspe3a COOTBeTCTBYIOT OTHOCHUTEbHO IIOBEHI-
IleHHBIe 3HAUeHUS yAe/lbHOIO CONpoTHBIIeHHA (~40-
60 OM*M) ¢ JIOKAJBHBIMH aHOMAaIUAMH 10 —80-120
Om*M. Bepxuad ke yacTs npodus (ot 3 10 25 M) oTpa-
’KaeT 3aMeTHO MeHbIIHe 3HauyeHHUS yOe/IbHOI'O COIpO-
TusieHnsa (—10-40 Om*M) u Ux Oojiee OOHOPOIHOE
pacnpefejienre. HanOompllagd MOIIHOCTE HH3KOOM-
HOTO CJIOSI COTJIacyeTcs C MaKCHMAaJIbHBIMH BCKPBITBIMHI
IJIyOMHaMH 3aJIeTaHHA NOOIIBEl O3ePHBIX CYIJINHKOB,
Torga Kak HMX yMeHbllleHHe OJIkKe K OOpTaM KOTJIO-
BUHBI COOTBETCTBYeT NOHIDKEHHOI MOIIHOCTH HH3KO-
oMHoro cjof. OmHako pacnpefesieHHe HH3KOOMHEIX
aHoMalauil MeXay CKBaKMHAMH CYIIeCTBEHHO CJIOXK-
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Hee, NeMOHCTPHPYA He OOHY, &, KaKk MHHHMYyM, IBe
BEIpakeHHbIe BIaauHBL. Kaxkmasa 3 HUX HMeeT aMIUIU-
TyOHEIe Nlepellafbl MOAOIIBEL, TOrAa Kak OPYr OT Opyra
HX OTAelfdeT KpylnHad M[OJIOXKHTe/IbHAsdA aHOMAsIHA.
STOMY BBICTYIIy BEICOKOOMHOIO BelllecTBa K IIOBEPXHO-
CTH COOTBeTCTBYIOT BEIXO/IbI KPaCHOBATHIX JIeJTHIKOBBIX
cymecell, BCKPHIBAIOIIIXCA HellocpedCcTBeHHO B JHUIIe
JemnpecchHy, 9acTo ¢ MeDHNUCTHIMH U MeJIKOBaJIyHHBIMHU
BKJIFOUEHHAMH B [IaXOTHOM I'OPH30HTe. B coBpeMeHHOM
penbede 3TO MOBBHIIIEHHBINI y4acTOK AHHUINA KOTJIO-
BIHBI, IPOCTHPAIOIIHIICA B BIe IUTaBHOTO HEBBICOKOTO
oTpora OT BOCTOYHOro XoiMa. KpylnHas o4eHb XOPOLIO
nposofdamag anoMannd (<10 OM*M) B cepefiiHe Ipo-
¢umnd, cyod no BceMy, BbI3BaHa 3arjlyOJIeHHEIM 3JIeK-
TPpHYeCKHM KabeJsleM.

B mpepmemax maockogoHHOII CoJIOBBEeBCKOIT
KOTJIOBHHEI TeoJIoTHYecKoe OypeHHe BBIABHJIO 3Ha-
4HUTesIbHOe IlepeyriyojleHHe KpPOBJIH JieJHHKOBOIO
nokosA. CeBepHBIIl CKJIOH Iajeofelpeccuy OOCTHU-
raax 17-20° Torga Kak ceildac eMy COOTBETCTBYET
M0JIOroe NMOJHOXKHe CKJ/IOHA, a caMoe MOIIHOe IocJe-
JleAHHKOBOe BhIosHeHHe (20.55 M), BCKpEITOe Dype-
HHeM, IPUYyPOUYeHO K MPUTHUIOBOI YacTH KOT/IOBHHEL
leopusnueckas pasbefka NOATBepIu/a [axe OOJIb-
LIy MOIIHOCTh IIOCjIeeJHHKOBOrO 3alojHeHHA (Jo
25 M), HO BBIABHJIA U TOpa3o OoJjiee CJIOKHEII Iorpe-
DenHelil penbed (cMm. Puc. 1c). Ilo kpaiiHell Mepe OBa
OT/IeJIbHBEIX BOJOeMa CyIleCcTBOBAJIO B HKHOII U ceBep-
HOIl BOAAMHAX NCXOOHOTO JIeJHHKOBOTO peibeda,
KaxkJasd U3 KOTOPBIX XapaKTepH3oBaslach BecbMa OU-
(pepeHIIpOBAHHBIM JOHHEIM pejbedoM. B pasooOlien-
HOM BHIe OaccellHBl COXpPAHAJNCh Ha NPOTHKEHHH
DoJIbIIell YacTH MO3HEro IlelicTolleHa, O UeM CBHe-
TelbCTBYIOT HaXOAKH CcHelU(HYecKHX MeKJIeJHHKO-
BEIX TOP(OB Ha CYILeCTBEHHO pasHAMMXCA IJIyOHHaX
(—8.5 u 15.5 M, cootBercTBeHHO) (Garankina et al.,
2019; 2023). B pepxHUX YacTAX HUX BHITOJIHEHUI Takke
BCKPHITEl CYIeCTBeHHBIE pas/IN4YiA Kak, HallpHMep,
3HAUYUTEJIbHEII MPUBHOC Iecka (00mell MOIIHOCTHIO
>4 M), 0DHApYKEHHEIII JIUIIE B KepHaX ceBepHOIl KOT-
JI0oBHHBL CyOMINpPOTHEINI MOPEHHBII Bajl, pa3fesIABIINil
BIAOMUHEB], BBIJe/IAeTCA IO MOBBIIIEHHEIM 3HaYeHHAM
yOeJIbHOTO 3JIeKTPHYecKOro CONPOTHBJIEHHUA B reodu-
31M4eCcKOM Mpoduie, 4TO MO3BOJIAeT IIPelloJIOXKHTh,
4YTO OH JOCTUTAJI B BEICOTY 25 M, a B IHpHUHY > 200 M.
OpHako B coBpeMeHHOIl Tonorpaduu OH c1ado 4HTa-
eTcsl Kak 04eHb CIJIa’KeHHBIIl OTPOr BOCTOYHOIO X0JIMa
BEICOTOII MeHee Napkl MeTpoB. [IofqoOHbEIe accoliuanu
norpedeHHEIX KOTJIOBHH BHITAaHBaHHA MePTBOTO JIbIa U
Jle THUKOBBIX ITOBBIIEHHI], 0ObeJUHEeHHBIX B COBpPeMeH-
HEIe OoJlee KpPYIHEBIe IUIOCKOJOHHEIe Jellpecchi, OBLIN
HelaBHO oOHapy:keHHI Takxke B [Tompme (Woronko et
al., 2018; Mirostaw-Grabowska et al., 2021) u Yexuu
(Hosek et al., 2019), uTo mo3poJifgeT IPedoJIOKHUTE,
4TO OHU OTpakarT TUIHYHYIO TeHIeHIUI0 IoCT/IeJHU-
KOBOI 3BOJIIOLIMH MCXOIHBIX JIeJHHKOBEIX JIAHAMAadTOB
B KpaeBhIX 30HaX oJlefleHeHUII kak BpemeHrn MUC6, Tak
1 MUC2. Takum odpasoM, JOKa/bHEE cearMeHTallll-
OHHEbIe JIOBYUIKU (MOpeHHbIe 3alagUHEL, KOTJIOBHUHE U
JIOKOMHBI CTOKa), 3aloJIHABIINecS OT/IOKeHHAMH Ha
NPOTSKeHUH BCero Iocjle/leJHHKOBOIoO >Tana, MOLYT
CIIyKHTb He TOJBKO CBHIOeTeJbCTBaMH IaleosK0JIO-
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THYecKUX HM3MeHeHHil, HO U A/ OlleHKH MacHTadoB
JeHyAallll Ha Bogocbopax U TpaHchopMalll MexXIy-
PeuHHIX JJaHAmAadTOB co BpeMeHH TNocJIeIHell Jerpaaa-
L1 JIeJHUKOBBIX IIOKPOBOB.

4. 3aKknoueHue

1. CoBpeMeHHEBIEe BHINOJIOKEHHEIE [LIOCKOJOHHEIE
JellpecCUl B 00JIacTAX JpeBHero oJjlelleHeHUA
HMeT [OBOJIBHO CJIOXKHOe CTpOeHHe M MOIYT
IIpeCTaBIATh CODOI HECKOIBKO CIMBIINXCA Nepe-
VIJIYOJIEHHBIX KOTJIOBUH C Topasfo Dojlee KPy-
TBIMH CKJIOHaMH, IIPaKTH4YecKH MOJIHOCTBIO 3aIloJl-
HEHHBIX B X0le Nocsle/le JHUKOBOII 3BOJTIOLIHH.

[locnenenHnKoBOoe  CYTJIMHHCTOE  BHINIOJHEHHe
Xopollo gemmpHpyeTca B AaHHBIX 3/1eKTPOTO-
Moraduieckoil cheMKH 110 HU3KOMY COIpPOTHBIIe-
HIII0 B OTJIN4YHe OT OTHOCHTE/IbHO BEICOKOOMHBIX 1
cubHee THUddepeHIIIPOBAHHBIX OTI0XKeHHH NoM-
CTHUJIAMIIETO Jle JHHKOBOTO KOMILIeKca.

[IpumeHeHne sJjleKTpoToMorpad®uu IpH Najeo-
reorpaguieckix HccleJOBaHUAX KpaeBOH 30HEHI
MHC6 oseleHeHNHA OKa3aJIOCh MOJIe3HBEIM HHCTPY-
MeHTOM [Jif BBIABJIEHHUA MOIIHOCTell Mocsiesef-
HIIKOBBIX CYIJIMHHCTHX BBIOTHEHHUII MepBUYHBIX
MOHIDKeHHI JIeJHHKOBOTO penbeda. B mambHerl-
IIeM ero MOXKHO HCIOJIb30BaTh AJ1A JIy4llero IoHH-
MaHHA peaJbHBEIX MaclITa0dOB IocjIesleJHIKOBOIO
nepeoT0KeHHA M MOJe/IIpOBaHHA pejibeda B
TedeHHe nocjaegHux 150-130 Twic. JeT.
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