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TUllbl COCTABHbBIX U CJIOXHBIX ONOJI3BHEW HA
NPUPOOHBIX CKJIOHAX'

Yaeu-kopp. AH ApmCCP, npod., aokr. Texs. nayk I'. H. TEP-CTENNAHSIH?

Pedepar. 3anytamse cayuas onojsiell Ha CKAOHAX UACTO BO3HHKAOT B pe-
AYALTATE HAJoKedds NPOCTHX ONOJ3HeR HJH HX H3MeHeHMA B Npoiecce cMemienus. Omn-
¢AHO JlBA THNA COCTABHLIX (YeTKooOpazHEe M MOOIOApycHsle) H JBA THOA CJAOMCHHIX
(erynematuie u upeoGpasyiomuecs) onoasdeii. Ilokazano B3aEMOOTHOINEHHE  MeXAY
COCTARNAONUNIMHE 9JeMeNTAMN SeEMAAHKBX MACC B STHX THNAX onoazmefl.

—— N E—

[ToMHMO €JIHHHYHBIX MPOCTHIX ONOJ3HEA Ha "MHOPHX CKJOHax BCTpe-
yaloTCd TakiKe H onojsHesbie o06pasoBanis GoJee BHICOKHX IOPSIKOB.
Cpsisb MEK/Iy 3JeMEHTAMH ONOJ3HeBLX 06pa30BaHHY BHICOKHX TNOPSAKOB
GLBACT PA3NHYHOH, HauHHAsh OT O6LIHOCTH, BLI3BaHHON GJH3KHM pacroJo-
KenueM, H JIo HNpaMoil reneTuyeckoi ceszm Mexay Humu., Kaaccrduxa-
N COCTABHLIX H CJOZKHBIX ONOJ2HeH NOKa NpekKAeBPEMEHHAE, TaK Kak
MexannsM MHOTHX M3 HHX CGlIe He OMHCaH A0cTaTouHO 0GCTOATENLHO, YTO-
O Moxno Gouo jenats o0o6uienns. Hoa'mmy Ha JaHHOM 3Tale npaBHJlb-
pee GyjieT OrpalHuYHTLCA OMHCAHHEM OCOGEHHOCTEll BHISIBJACHHLIX THIOB H
yKasaHHeM HX OTJIHYHTEJLHEX uepT. Mayuennnie o6BekTH nojApasjens-
jOTCHA HA JIBC TPYNILI-—COCTABHLIC H CJAOMHBIE OIOJI3HH,

COCTABHLIE OITOJI3HK

CocraBHLIMH Ha3BIBAIOTCS ONOJ3HH, 00pPa30BAHHLIE HECKOJLKHMH EIH-
HHOHBIMA ONMOJ3HAMM; HX OOLIHOCTH ONPEAENsieTCs JHUIL TONorpaduuecKH
Gau3KHM pacniojoxendeM. K coctaBHLM ONMOJ3HAM OTHOCATCS 4YeTKOOG-
pasubliec H MHOTOSIPYCHBIC OOJ3HIL. -

Yerkoolpaanvle ONOA3HU

B paBuMHHBIX CTpaHax, IPH TOPH30HTAJLHOM MOJOXKEHHH Ocal0YHON
TONULH, 1A KPYTHIX NOJAMBIBaeMBbix Geperax KpynHLIX peKk 4acTo MOXKHO
Ha6Ji10/laTh MHOrOYHCACHHLIC ONOJ3HH, BLITSIYTHiE NoA00HO HENnouKke HIH
YeTOK BJLOJEL pekn. Onosnzaiomue macenl B GOJLITHHCTBE CAYUaeB OTHOCHT-
¢l K SCMAAHBIM [OTOKAaM, pere BCTPEYalorTesl BPaUlaTeNbLHLE ONOJ3HI.
Mexjly oTAeaLUBIMH ONOJ3USAMH B BEPXHHX X OTAEJaX PachnoJiaranTcs
puicTymaomme uacrin Geperoporo CKJoia, npeacrasasioniie coGoii Mex-
onosanessie  rpeGun (pue. l,a). Xapakrepnofi ueprofi  ueTkooGpasHBIX
ONOJ3NCH SIBJSCTCA NPHYPOUCHHOCTH BepXHEli rpanuinbl K cnpeie/eHHoil
JHHEH, siBAsiouiefics juunell BHIX0JAa BojonocHoro naacra. B Gosee pex-
KHX caydagx BepXHHE rpaHuilsl 3eMJAAHLIX [OTOKOB NPHMBIKAIOT K ABYM
rOpPH30HTaM— BOJIOHOCHBIM IiacTam. Bejejersie fpnypodeHHOCTH 3eMJst-

! [lepepaGotanueit  jokaaj, npepctapienunii MemAyHapojHOMY CHMIONYMY 10O

ONOA3HSAM W JPYTHM JBIDKeHHsM Mace MeiKAyHapoanoii accouuamun  no  iiKenepHoit
reosorsin B Ilpare s cenraGpe 1977 r. (G. Ter-Stepanian, 1977).
* 3an, JlaGopartopueil reomexannku Mucruryra reogmamkn u uHiKeHepHoil cefiemo-

asornn AH ApuCCP,



I. . TEP-CTEIMAHSH

Puc. 1. Tuns cocTasheix u cioxcrolx onoaaredl. a) CocrasHoil uerKkooGpasubill Onoasensb;
TPH 3eMAANHX NOTOKA MOJYYdlOT NMHTAanNe M3 OOWEero BOAOHOCHOTO IMIACTA; MECTa NHXOAA
FPYHTOBBRIX RO NOKA3aHL CTPEAKaMIl; 3EMJIAHLIE TOTOKH PAsiefiOTCa MexonoaiHeswMil
rpeGussu b.) CocresHoll MHOZOSPYCHBIL ONOASEHb; TO JUNIN KOHTAKTA BPAULATEJNLHOID
ononsna (I Apye) ¢ KOPEHHHIMH MOPOAAMH YCUJCHHBII BRIXOJA BOA N3 BOAOHOCHONO IMAc-
Ta uH o6pajoBamne 3acTos BOAB B Myabie (MOKasamo cTpedkofl); cTeKaowe BAoab
nepofl GoproBoil TPeUUIHE! BOAN HACHILAKT PHIXJABE OTIOXeHHA W olpasylr semasuoit
notox (11 spgc). KOTOpHIl OTKJIOHSIETCHE B CTOPOHY OT S3BIKOBOIl MACTH BpaulaTeasuoro
onoasus. ¢) Caoxenoul crynesvaroll onoa3env; ABYXCTYNEHUATHIL ONOJZCHDL HACTYNATENS-
foro Tima ofpasyeTci NPH BPAULATEALHOM ONOJ3aNMI Bepxueil erynemnm, nmewowem Go-
3iIc OnoA3anng y BHX0OAD MKECTKIX MNOpoa; HHIKHAA CTYHCUL CHOJAJACT BCACACTANEG Jonon-
HUTEALHOro HACPYIKCHNN 3eMJASHLIMH  MaccaMmi, OnoJA3aomNMu ¢ Bepxueii  cryneui.
d) Caoxnoul npeolpasylomuics onoaaexs; BpamaTeabnbil onojsenb v nepxueli wacri
CKAOHa N0 Mepe YRJaddHEeH! JeMAANBIX MAacc NepexojHT BIUH3Y B SCMARHON NOTOK.

U 1. Puqugrepop b pueg onqukfEhich mpybe: @) Pogugejog syobfwdl sagubl. bdpkp
Snqwinughp winfaul b phglubng gpump gbpnpg. gholagphph biph whgbpp grogg b mpp-
Juwd wpuphbpnf, Saguinuphpp pududifnad kY o frguogudpu gl fumuwplihpmfs  b) pml'lllnlrlllll
puqiuliwrel sagobf, wpl ke wguplihpl Sk wpoonolpol voquliph (I Suwpl) habomlof
ndm gpf mudbg bipp gpumwp phpopg b dnypagnul gph SwiSwgnalp gryy b omplwd wpupmf.
awfu fngdbwgph Shgpilwdpm] fighng splpp Swgbghnol Kb fifupedd wmfuwdplibpp b Qugilul
Snqubnup (I Swph), npp ghpfeud § spmmwheb aagubpf fhylhge ¢) Pury wowpfubolwh
vanubl, wowgplfuy bplfwplud) vogubpl wnwgwbaul L fhphl wwnflabl sl w-
quliph qlwpnd,  bpp bpw ungudingflyuh paghup gurdofnud & Gnguwn mpuplibpf  bypl .
hbppll wwnpSwhp wngeol b fbphl wanfiSwlfy fgbag Swqughl guloplwdibple fpojy oo
gugud pougmgly pholwfaplul Shobubpefs  d) Pweyg dlwgnjolng unqubl. gubglh Jhphb
Juwuad  wpnmwluh aoquipp  funbofugdulh Shwlolipm] Shpplool afbpwdifaul L Saguianph

Fig. 1. Types of compound and complex landslides. a) Compound beads-llke land-
slide; three earthflows obtalm water [rom a common waler-bearing strafum; arrows
show spols of the ground waler discharge; the earthflows are divided by Inter-land-
slide ridges. b) Compound multi-storeyed landslide; along the lateral contact line of
a rotational landslide (1 storey) with bedrocks a heavy ground water discharge occurs
and the water is accumulated In a through (shown by arrow); the water flowing
along the leit lateral fussure saturates the loose deposits and an earthflow (11 storey)
is formed; 1t deviates aside from the toe of the rolalional landslide. ¢) Complex step-
ped landslide; at first the rolational landslide in the upper parl of the slope occurs
having the outcrop of the rigld rocks at the lower level of sliding (upper slep): due
to the additional load exerted on the carth masses the rigid rocks break at the edge
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4% NOTOKOB 3TOro poja K BHIXOAaM BOJAOHOCHHIX IJACTOB B qemuo&p_as-

" HHX 3eMAAHHX NOTOKaxX HHKOrjga He Halbalojaercs cjay4das, Koria 3eMas-

{Le NMOTOXKH HaYHHAIOTCA OT GPOBKH CKJIOHA,—OHH BCeria pacHoj0XKeHE
HHHEe Hero.

Mesxononsnessle rpe6HH XOpOLIO BHAEASIOTCH Kak B peabede, Tak H
CJI0KEHHEM H3 KOPEHHEIX MOPOA JHIL B BepxHell 4acTH ckiaoHa. B Goas-
MHHCTBE CJyYaeB NOKpOBHAA TOJIlAa Ha ME/KONoJ3HeBblX rpefHAX OYeHb
ToHKa M Npejcrapjaena TodbKo smioBHeM. C sTofi noaoxuteasHofl Gopmoil
peabea N0 NPOCTHPAHHIO CKJIOHA KOHTPACTHPYIOT MpHJEraiollde y4acTKH,
3aHATHe BEPXHHMH YacTAMH 3EMJAHBIX NOTOKOB H XapakTepH3yIoIIHecs
oTpHuATeaBHOA (opmo# pespeda. B HHMHHX HACTAX CKIOHA 3eMJSHBEE

‘ HOTOKH OOBIYHO pacliHpa0TCA H CJAHBAIOTCH C COCEAHHMH, 4 MEXOIOJ3HE-

phie TpebHH NOrpy#aiorcs ¥ NPHKPLIBAIOTCA ONOJA3HeBhIMH MaccaMi. Ecau
y NOJAHOKLS CKIOHA C YETKOOOPAZHLIMH ONOJSHAMH NpoTexkaer GouplIas
peka MM HAaXOJHTCA MOpe, TO PasMbBAIONlAs AESNTENbHOCTh BOAH OKa3hl-
paer CTHMyJupylolllee XeficTBHe Ha pasBHTHe omoasHeil. Doaee cymect-
BENHO, YTO NpPH 3TOM: 06PasyIOTCs SeMASHLIE NOTOKU C pPacxOOyemblr HUNC-
nus ordesom. Ecau e peka HJAH MOpe OTCYTCTBYIOT H IOJHOMKHE CKJIO-
jia lle pasMbiBaeTcd, To BO3SHHKAIOT 3eMAAHLIe NOTOKU € HAKONARKOWUMCA
HUNCHILM ordeaosn. B Takux cily4uyasiX B HHAHHX YacTAX CKJOHA B HaKOI-
JICHHEIX 3eMJAHBIX -Maccax pasBHBaKOTCH BpallaTeJbHBIE ONOJ3HH. Omnons-
HH 9TOro THNA OTHOCATCH K CJHOXKHBIM; HX OINCaHHE NaeTcsd HHIKE.

LI(‘.TKOOGPS:&HO& pacnojozKenre BEIXOA0B NOASEMHLIX BOJX 13 BOJIOHOC-
HLIX MJacTOBR M, K COOTBETCTBEHHO, BOZHHKHOECHHE paccCMaTpHBaemMoro THIA
COCTaBHBIX onoa3nen oOBSACHAETCH HeOGOAbIIHMH OTKJIOHEHHAMH IO 0IIBEI
BOJAOHOCHOroO MnJacrta OT TOPH3OHTa/H; B NMOHHZ(EHHAX NMOA3EMHOro peJbe-
(ba, nmepecekaeMbiXx NOBEPXHOCTBIO CKJOHZ, COCPELOTOYHBAETCA BHIXOA MOA-
geMHLIX BOJ M3 BOJAOHOCHOroO NJIACTA H BO3HHKAIOT 3EMJISIHLIE IMOTOKH. Mmuo-
royncjenibie NpUMEpH 4eTKoo6pasHBIX OMOJ3HEeH MOXKHO BHAETh Ha Kpy-
thix Geperax pex Pycckoi naatdopmmi, B wactHoctH Boaru. B pafione
VibLAHOBCKA H I0KHee 4YeTKooOpasHHEe ON0J3HH NPHYPOYEHH K BBHIXOXAM
BOJL BOﬂOHOCIIHx_BthﬁCKOPO H anTCKoro ropH20HTOR.

Muozosapycible onoasHu

B oraxude oT 4erkooOpPAasHBIX ONOJ3HEH, TJe OT/elbHbIe COCTABJAIO-
e PACHOJOKEHE 110 TOPH30HTAJIH, MHOrOsSIpyCHEIE OMO/JI3HK XapakTepH3y-
JOTCSl BEPTHKAaJbHEIM PACIOJOKEHHEM COCTaBJSIOIMX wacTed (pHc. 1,b).
Jlpyroe oTjiHYHE 3aKJIO4aeTCsi B TOM, UTO KaxJAas H3 COCTaBHEIX Hac-
Teil YeTKooOGpasHbiX ONoJ3HEeH OTHOCHTCH K OJHOMY H TOMY IKe THIY
(HanpuMep 3eMJsHBIE MOTOKH), TOr[a KakK COCTABHBIE 3/EMEHTLI MHOro-
APYCHBIX ONOJ3Hell NpefcTaBaAlT oGO0/ JiBHIKEHHS —PAasfIAYHOro THIA,
COOTBETCTBEHHO ‘Tay6HHe 3aXBaTa W MCXaHH3My cMeuiennst. B saBHcHMo-
CTH OT YHCJAa PACHOJOKEHHLIX APYr NOJ JAPYroM ONOJ3HeH pasiHvyaiorcs
ABYXBAPYCHBIC, TPEXbAPYCHLIE H JPYyrie OnoJa3HI.

. BriepBhie MHOrOfipyCHule OnoJ3HH OBUIH H3yueHnl famu Ha YepHOMOP-
ckom noGepexne Kaskasa B Couu. 3/iech Ha CKJIOHE pPa3BHBACTC KpymHBLIH
TpeXBAPYCHHIl 0N0J3€ib; TPaHHIb onoJizHefl nMokasainl Ha Kapre HHdpa-
mu or 1 o 3 (puc. 2). Ilepewit sipyc mpejicrasazer coGoii BpauiarTesn-
il onos3ennh, 3aXBaTHBAKILMA GJOKH APrHJJHTOB 1 MeCYaHHKOB 4, ray-
Guuofi no 60 M. Bropoii sipyc ABJASeTCS NJIOCKOCTHBIM ONOJI3HEM; B JIBH-

and the rotatlonal Jandsllde In the downhill part of the slope takes place (lower step);

thus the two-stepped landslide of the advancing type [s formed. d) Complex transform-

ing landslide; the rotational landslide in the upper parl of the slope transforms Into
the earthflow in the lower part of the slope as the earth masses are saturaled.
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Fig. 2. Plan of the big three-storeyed landslide of the Bitkha mountain in - Sochi.
I, 2 and 3 boundaries ol the first, second and third storeys; #—blocks ol argilliles
and sandstones; 5—crushed argillites: 6—clays (product of weathering of argillites).

JKeHne BOBJeueHbl pasapobaennbie apruaanTil 5 raybunoit a0 20
Tpetnit spyc—Meiennnfi 3eMasHoii notok 6, Koropuil passusaercst B
KOAMIIOBHAJBHOM TJame, rayGunoit a0 6 M. Bee atn onossnu naxonsires
B (ase ray6unnoil noasyuectn (Tep-Crenausn, 1967, 1969).

Jlpyroii, kpynHefimuil TpexbsapycHbiil onondens Oua usyuen na Hepuo-
mopckom mnoGepexknbe Boarapmn, B Banunke. TIeoaormuecknil paspes no
ocH OmoJ3usi nokasan Ha pue. 3. IlepBmil sipyc cocTonT N3 THTAHTCKHX
6/IOKOB H3BECTKOBHCTHIX Mepresiefl H IVIHHHCTHIX H3BECTHAKOR Cpeanero
capmara, euicotTofi go 120 M, MEIEHHO CNOJ3AIOUHX K MOPIO 1o ciabo-
HAKJOHHOII TMOBEPXHOCTH HIDKHECAPMATCKHX TIJIHH; JABIMKEHIE YCKOPSIO-
ueecsl W MOTOMY 1O Mepe NepeMellleHust K MOpIo MeiOJ0KOBBIe mpocTpai-
crBa pacmmnpsiores. Bropoit spye npeiacTaBisiior HIHHHCTBIE 1 H3IBECTKO-
BHCTHIC MEPreJiH CpeAHero capmara, KOTOpblie CHo/3aloT ¢o CKAIOHOB Gao-
KOB TEPBOro sipyca M 3amOJHSAIOT MeKOJOKOBBIC NMPOCTPAHCTBA MO Mepe HX
pacuinpenusi. Tpernil sSpyC—NPHOOBEPXHOCTHLIE ONOJAIHH PAZHOrO  THIIA
(Bpamareasiibie i IJIOCKOCTHLIE) € PA3NIUHBIN PACTIONONKCHIEM 0nOJ3He-
puix ouaros (Kamenos n jp., 1971).

Muorosipycubie ONOJA3IH He npejicranasior coboil HeoGLIMHOrO ABie-
IS, B OCOOCHIOCTIE B MOJIOABIX FOPHBIX ¢Tpanax, Ha MOPCKHX 1MOGCPEKBLAX
1t o Geperam OMOJOMEHIBIX PeK.

CJIOJKHBIE OMNOJISET

CAOKHBIMI  HAZKBAIOTCH  ONOJASHI,  OOPA30BAHILIC  HECKOJLKIMY
NPOCTLIMI ONOAZHAME; HX BIANMOACHCTEHE HOCHT rCHCTHUCCKHI Xapakrep.
B npunigime 9T0 npOCTHIC OHNOJA3NH, OAHH 3a JPYIUM NOCACAOBATCHLHO
pacnosozennLie na cxiaone mo ero najenpmo. B cuay reosoriueckoii 06-
CTANOBKH, THAPOrCOJOrHYCCKIIX YCHOBHH I FEOMETPHYCCKHX XapakTepueruk
JeMAdibie MACCL, NPHHOCHMBIE ONOJA3NAMH OAHOrO THIA, PAaCHOJOZKEN-
HBIMH BBIIE 110 CKAOHY, CAYKAT MaTepuasoMm jis (JOpMUPOBAHNS 1HKe/e-
JKAlNX OnoJ3Hedl Toro ke wiaH Apyroro Tiuna. K caoKubiM  onoasnsm
OTHOCATCS] CTYNEHYATHE I npeodpasyiouiiecs onoasiH,
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papyuleqibie BHBETpeJHe NMopoaut (Tpetnit spyc): Gaoxku [, III m VI otpusantcs oT
JloGpyamanckoro naato B u cuemaiores k Yepnomy mopio C (mepewiit sipyc onoasiefi).
by, 30 Puphlpdd  (Poynorpw) Jusgor bnfwrelwbh veqwhfp Lelropobolol fnedwdfG pun
wnwbgfh. 1 — Jfbppbumpdmnpuls hpupwplbp. 2— Jppplampd ompule fudugpl §pogupbp &
Gy gfle ol lipagloglelip. S— Tbppfilmmpd won gl fpaifbp L Gpogfle fuofbp. 43— Gonfogfb Gpepaphpf
I {vpmﬂvﬁ dhpglgichple Phpifusd bl (nnlfmbpfaf-pﬁ bplpmpn {urpﬁ). — fumfnmjimd' Srgul -
Gwofmd gy (hppopy Swph). U 0D L VU pnlibpp wyalpfoad 4% B Fuppocgud b
umpniwpflg b wbgugupdfead B glgf C Uk dmip (unqubphblbplh weegfl Swplh):
Fih. 3. Geological cross-seclion along axis of the big three-ztoreyed landslide in-
Balchik, Bulgaria. Blocks J, Iil and V/ lose touch with ithe Dobruja plateau B and
= ove lowards the Black Sea € (first slorey of sliding). /—Upper-Sarmalian limeston
es: 2-Middle-Sarmalian clay limeslones and calcireous matls; F—ILower-Sarmatlan
clays and calcarcous clays: #—Inclined strafa of clay limestones and calcareous marls
(displaced blocks, secand storey of sliding): 5—disturbed weathered rocks (subsurface
langslides, third slorey of slding).

Crynenuarote onOAIHUL

Onoa3uy 5TOr0 THHA PA3BHBAIOTCH HA CKIOHAX, CJAOKEHHLIX TOPHIOIN-
TaJABULIMH TIACTAMH TVIHHHCTEIX TIOPOJ, YCPEAYIOIMMICH C  KECTKHMH
NopojiaMH, HanpuMep fecuannkami. BeaejcTsie conpoTHBJCHHS, 0Kasbi-
BACMOr0O JKECTKHMH II0Opojamy, o6Gpa3oBaHHe CAHHOTO OIOJ3HS, 3aXBa-
THIBAIOILErO ITOPOJILI Ha BCIO BLICOTY CKJOHA, HEBO3MOZXKHO, M BOZHHKAIOT
Aea way Gojee onmoJsHeld Menbliero pasmepa (puc. l.c).

Ecan xKecTkHe naacThl HETPELIHIOBATLIE, a IVIHHEI MOUIHLIE, TO B HHX
pasBHBAIOTCS BpallaTeJbHBIE ONOJ3HH, ¢ 6a3ucOM ONOJA3aiMs, onpene-
JieMBIM MOJOZKEHHEM KPOBJIH HHMKeJeKallliX JKEeCTKHX maacros. Croa-
3aioliHe Macchl MEPEeXo/IAT BHH3 TIO CKJAOHY H, HArpy/Kasd BEpPXOBYIO uacTh
HH/KEPACTOJOMEHHBIX Mace, BBISHIBAIOT HX ONOJI3AHHE; TAK BO3HHKAIOT
CTYneHuaTsle BPALYATENbHbIe ONOASHI HAcTynareabrozo tuna. Ecian xect-
KHE TJIACTLl TPEUIHHOBATLIC, a TJIHHB MaJOMOUIHEIC, TO MPOIECC MOXKeT
HauaThCsl B HHMKHEH YacTH CKJIOHA; B 9TOM CJAydJae BCJEACTBHE BpallaTeb-
HOrO ONOJI3HA B HHXKHEH YacTH CKJOHA YCTPaHSCTCH yNop AJs BhILIEpac-
MOJIOKENHBIX 3eMJASHBIX Macc H OHM MPHXOJAT B ABH/KeHHe. Tax Bo3HHKa-
10T CTYNen4arvle BpPAlaTeAbHble ONOA3HU OTCTYnATeAbrozo tuna- Kpyn-
HbI JIByXCTYNEHUaTHH BpamaTeabHblll ONOJ3CHL Pa3BHBACTCS Ha TPaBOM
ckaone p. FoXt nemaneko or cpeHeBEKOBOro melieproro Xpama Ierapi.

Ecait ranndersie nopoasl o6aagaoT CHIABHBIMH JIHAT@HETHUECKHMH
CBAZAMH H ONOJI3aHe NPOHCXOANT TOJBLKO B BHIBETpC/I0f 30He, TO HA CKIO-
e PassuBaloTCH CTYNEHuaTee 3eMasHbe noTokd. JIByxerymenuatsiit 3em-
JSINOA NOTOK HacrTynarteapHoro Tana mmea mecro B 1970 r. ma cnycke
JKenesnoit gususun B YapsiHoscke,

Ecau cxnon mosoruit u suictynsl Gojee Npounbix nepojy oGpasoBaint
ocTallaMi aNMIOBHAJBHLIX TEPpac, TO 3eMJAHON MOTOK MOMKET COBCPIIAThH
CJOMKHLIC JIBHXKEHHSI TPH TNEpeBajuBaHHM uepe3 BHICTYNEl al)JIOBHAJLHBIX
Teppac, ocrapasich HempepuBHBIM. Takoit oGJNK HMea 3eMAsHON NMOTOK B
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Puc. 4. Jearanod norox & Ju-
xu (Fpysus). nepenossaowjuil
yepes Tpu nopelesnse reppa-
e, J—ranmucTae  Mepreau
oanrouena; 2—3a0BRAABNNC
rARHNCTHE  Meprean; S—apes-
HHE AJMNOBIAABHWE  TeppacH;
4¢ 4—nenOBHAABHNE IANHM R CY-
FANUKN;  S—UPOAORHAALNNE  OT-
noMkelns; G—nepeMaTHe onoai-
HeBHE INHR:  7—oMemennnii
W Keaesnonopoxinil Ganaacr;
§—NOBEPXHOCTh  CROABIKEHNN;
9—penep 1 BCKTOP CMeImeis,

vy 4. Somqulinul ppefynef (Lrwoowd), ard whgbhauf b Lekf punud gurwpagbeh ooy
l‘-&- -:ﬁﬁﬂmi fanfugply Thpgbphbp. 2— Egmofpuy fQuofwgph Shpgbiibp. 3— Shualbbl -
youfpuy gupmPegbp. 3— gbynolpuy fulbp b dhpdedudbp. S— wypnymolfug Susdudplbp.
8— wpapfwd wnqubpegpl fudbp. T— mbguyupdfud bplwPedwb pupwen. S— swlbgd ol
’ duhbplnyfl. 9— abuyhp b mbquyupd) Jblmap:

Fig, 4. The carthflow at Likhi, Georgia sliding over three burried terraces. I—Oll-
gocene clay marls; 2—elluvial clay marls; S—old alluvial terraces; 4—talus clays and
loams; 5—deposlits of temporary torrents; ¢—remoulded landslide clays; 7—displaced

rallway ballast; §—sliding surface; 9 —-bench-mark and vector of displacement,

Jluxn (Tpysus), nepenogsaiouuii uepes JBe PHCCKNC JI OAHY BIOPMCKYIO
(puc. 4) teppacu (Tep-Crenansin, 1967; 1973).

Onoasun caeiyiomefi crynedn He J0/KHB 0083aTeabilo npuHaLIe-
JKath K ToMy ke THny onoasauns. [Ipn oTpmBKe rayGoKoro KOTJoBana
npoGuashoro uexa oGorartureanhoii dabpuxn B Kadane (Apmenns), pac-
[OJIOJKEHHOf V s3bIKa 3eMJAsHOro notoka, B 1969 r. BOsHHK Bpamareabnulii
OMOJ3eHb: CMeIlAloNiHecss MacChl 3eMJAHOrO NOTOKa CTHMYJAHpoBain 00-
pasoBaHie BPALLATEJLHOrO ONOJSHS B Pe3yJbTaTe pacnopHoro aeficTsnd,
0Ka3LBaeMOro Ha BepXoBylo creHky Kormaosana (Tep-Crenansin, 1973).
K. 3apyGa onncweaer cayuaft rayGOKOfl BHIEMKH B HEOTEHOBHIX TJNHAX,
B pesyJbTaTe HEro BOSHMK BpallaTeAbHHIl ONOJ3eHb HA CKJOHE BOJOXpa-
Huauma Yern B cepepo-zanaanoit Boremuu (pue. 5). 2roT onoasens Bhl-
3BaJ TocJeaoBaTeabHoe cMenienne sdemasnsix mace (I—IV) u oGpasona-
jHe 3eMJASHOTO NOTOKAa 1O NOBEPXHOCTH HEoreHoBWX rauu. Jlpyroit cay-
vail, onucanupii K. 3apyGa, oTHOCHTCS K OMOJA3aHHIO CKAONA, BLIABAH-
HOMY BpallaTeJLHBIM ONoN3aHeM, OOpasoBaHHBIM NPH OTPHBKE I OCHO-
Banns peaepsyapa B cesepo-aanaanoit Boremun (Zaruba and Menel, 1969).

Ipeobpasyiouuecs onoA3HU

Onoaany 3TOro THMA BO3HHKAIOT B TEX cJjyuasx, KOrja 1o Mepe nepe-
MEILeHIIsi 3CMAMHEX Macc BHE3 MO CKJIOHY H3MEHSIOTCS TIe0JIoro-ruiporeo-
JOrHTecKie YCJAOBHA M, npucnocabanBasch K HOBOil o0cTaHOBKe, H3MEHs-
ercss 1 o6ank onoazneil. CyuiecTsyeT MHOKECTBO BHJOB 3THX onoasneit,
13 KOTOPBLIX OCTAHOBHMCH Ha CJEAYIOULIX.

Bpawjareastote uau NAOCKOCTHBIE ONOA3HW, nepexodaujue 8 3eMAR-
Hble NOTOKU, TIpeAcTaBagloT cofoit OANH H3 paclpoCTPaHEHHBIX THIOB CMe-
IeHHS 3eMASHLIX Mace B rophmx crpanax (pue. 1,d). DTOT BHA CAOKHLIX
OMON3Hel sacayzxKuBaer oco60ro BHHMAHNS BBHAY HEAOCTATOUHON H3y4YeH-
HoeTH Hx vexannsva. OnoasneBsie SBJAEHHS, npoucxopunume B 1908—
1911 rr. B MArKHX C/AAHUAX W [JHHEX C MPHMECHIO HSBECTIAKOB H IecHa-
HuKkoB y I'po-Bentpa B wr. Bafiomunr, HayajgHCh B BEPXOBBAX YWICJbS €
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Puc. 5. Bpawareasnsu
OHOASERS 8 HEO2EHOBWY
sapnayx 8 Yeru, cesepo-
agocrownan bBozesmus, nu-
gpanuil  oTpuBxolt  KoT-
aosana, u ofpasosaemimil-
¢f BoJIe] 3a TeM II0CKO-
etioft  onoasens; nocdec-
JoBaTeasloe oTCTYIAenNe
crenxi otpusa (/—IV) npuseso k o6pa3oBandio 3eMAfHOro NOTOKA 0O MNOBEPXHOCTH
HEOTGHOBBIX TAMI.  O—HEOTCHOEHE TIHEH, 0 —Jjeccosuanue cyrausky (no Zéruba and
Mencl, 1969).

vh & Mwapgool  (Zowpowrbbyot Mofibdfa) Shaghbyoh  Yubeaol opnowlwt unquif,
aple wnmgmighy L wphaubfe Swlifwépf Shnbwmbpmf, b Shummgopral wnepegud Swpfuht wn-
qubp. Mpplwl wmpuafy (1—1V) Swenpyuljml  buwlwhymdp Swhghpphy Gihnghlyul  Qunfbpp
Julghplongflfe  fpupmf  Snqgudinwuple  mewgugfubp. @ — bhaghh ok Gufbp, b— ppmowbdwh
; dhpéucdgpuufbp  (pum Zdruba and Mencl, 1969)
Fig. 5. The rotational landslide "in Neogene clcys, which was caused by excavation
ol a pit and the planar sliding which was formed (hereafier near Usti in north-
weslern Bohemla; successive retreal of the maln scarp (I—IV) brought to formation
of an earthflow along the surface of Neogene clays. a—Neogensa clays, b—Iloess-like
loams (after Zéruba and Mencl, 1969).

excavghon

MOIUHOIO OMNOJ3HA IJHH, HMeBuero ¢GopMy 0J0Ka, a B HuXHel 9acTH
CKAOHA NPHHAJNH BHJ GoJiee HIM MEHEe NMOCTOSHHOrO JABHYKEHHS 3eMJSHOrO
noroxa (Blackwelder, 1912). Takum e mexanusmom o6magan KpymHmlif
J3MyHCCKH# ONOJI3CHL TECTPOLUBETHOH CBHTH B KBApPUEBHX MeCYaHHKAX
nwKHero weoxkoMma na sesoM Gepery p. Jlexupapu B Oxpube, 3ananuas
I'pyans (Ixanennpse, 1940); B BepxHe#t uwacTH, y noaHoXsa r. Benuern
OH TpeACTaBJsieT PsA b6 C HEeHapYIMEeHHBIM HaNJacTOBAHHEM, ABHIKY-
IHMCA Ha 3anajl 10 MOBEPXHOCTH CKOJbKEHHS, a HIXKE 10 CKJIOHY mepe-
mATas nopoja oGpasyer GechopmeHHYIO MacCy H CKOABLIKeHHE 3aMeHseTcs
nereyenneM. Onossenns B 3anaannr-Aabme (IlIseftnapus) B 1920 r. wavaa-
cst Kak GJIOYHBIA OMOJ3CHB, IIOCTENEHIIO0 MEePeures; B 2eMJSHON NOTOK H 3a-
nomuny pycao Llnambaxa (Stiny, 1952). Pax npumepos storo poaa, B ToM
yycse kpynusifi onoasenn 1952 r. Pux Teppac y sononagos Kertas B wmr.
Bamunrton, npusogur Bapuec (1960). Onossnu storo poma B Amme-
HHHAX OKa3aJHCh HACTOJBLKO PACNPOCTPAHEHHBIMH, UTO HTAJLAHCKHM Yyue-
npiM AabMajkua OnIH BHAEJNEHH B KAacCHPHKALNM KaK CAMOCTOSITENb-
nuiff THn cMewanHwx onoxisHedr (Almagia, 1910). Taxk ke mocrymaior
I'efim (Heim, 1882) u Bapuec (1960).

ObGsaasl, nepexodawjue 68 ONOASHU UAL 3eMASHbIE NOTOKU, NpeacTas-
Jsi10T coboif BHAOH3MEHEHHEe ONHCAHHOIrO THNA ABHAKEHHH 3eMJAHBIX Macc.
[IpaMepoM MOryT CHYKHTh KPhIMCKHE ONOJI3HH, HauMHaollHecss ¢ o6BaJjon
AAJHHCKHX BEepPXHEIOPCKHX M3BECTHSKOB H INEPexXO[siiHE B OIOJ3HEBHe
CMelleHHst B HHXKHe#t vactH ckaona (Bopucsk, 1905; ITorpe6os, 1948;
Mymxeros u Ilorpe6os, 1924). Ipyrofi npuMep—KpyNnHLIf ONOJ3€Hb, MPO-
ncweawnit B 1890 r. y nepesun Puunay B IlIpefinapun, xoTopeiit Havagcsa
KaK ropHnifi o6Ban, a 3atem nepemesa B 3emasHodl morox (Balzer, 1880).

3emannsle NOTOKU, nepexodsujue 60 BPAULATEAbHOLLE ONOA3HU, PA3BH-
BAIOTCI B HHXKHHX OTJeNax 3eMINHBIX NOTOKOB HAKOWJSIOUWEro THIE,
KOTZla B pesynbTaTe akKyMYJsilHI KOJJIOBHAJLHOTO MaTepHala B S3bIKe
ONOJI3HS HAapyIIalOTCH YCJOBHA CTAaTHUECKOro paBHoBecus o oGpasyercs
BpallaTeJbHBEIAl ONOJNI3eHb; MO Mepe HaKOMJEHHSl MaTepHalja OMoJASHH
noBropsAioTcs. Brnepsuie omnoa3nn sToro Buaa Guam onHcann B Couw;
XapaxkrepHofi 0COGEHHOCTBIO MOCJIEAOBATENLHBIX BPAIATEJNbHBIX OMOJ3HEH
B HHKHHX OT/eJax 3eMJAfHbIX MOTOKOB SIBJISIETCA YBeJHYEHHE pajnyca
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y Puc. 6. Bpamjarcasam
OnOA3NY, OGPAIBARLINES
8 HuNHeM OTdeas 30N
AsRoco aoroxa «Crpesa
& Xocre, y Cowu, I, :
J—uenTp  mocaenona
TCJALHNY BCPOSTHHX KpY
ron  CROALMKENNA

U 6. lmumwyouf, Ungh .

dum, sUmek Bogufing-
“‘"%I\“ Th GhofUh dmsnnl wnd
\t\\\“ AL .

N gugmd  wpowwlol un
_..‘;Ig’.’-‘f.;‘%',gfﬁ nubfGke: 7, 2, 3 —Bwgar-
T juiwh  Bufwhwlut  own-

ibgdwh  peewbibbeh bt~
ealiiliel LG:

Flg. 6. Rotationel lendslides formed in the lower part of the carthflow .Streta= in

Khosta near Socki. [, 2 and’3—cenilres of the probable successive sliding clrcles,

Ayru spautenust. Ha pue. 6 npeacrasaen paspes onoasus «Crpeaa» s Noe-
TE, FAE PaauyCcn KPYros CKOJLKEHHS NOCACNOBATCABHBIX BPAMATOMbILN
onoasiefi cocrasasan 18, 61 u 76 u (Tep-Crenansniu u ap., 1968).

fTpocedanus, nepexodaujiie 8 epssegble NOTOKMU, NMEIOT pacnpocTpa-
nenne B Cpeaneil Asun. OnossHi JECCoBLIX NOPOA HAYHHAIOTCH ¢ MCCTHO-
ro TNpocelaniis CKI0HA, BHISBAHHOTO YBJIAXKHEHHEM CKJAOHA U3 TOUEUNOro
HIH JHHEfIHOro BLIXOAA MOM3CMHBIX BOJA HA KOHTAKT JECCOBMX OTI0MKC-
HHT ¢ NOACTHIAIOIHMI NOPOAAME; OT CKJAOHA NOCJACAOBATENABLHO 0TS~
0TSt GJAOKH NMOPOALL, H NPH JajbHefinieM pasBHTHH npouecca obpasyer-
cfl pasiKimKennasg macca, Kotopasi ¢ G0JbLION CKOPOCTLIO CTEKACT €O CKIO-
na (Huszos, 1968; Kpykosckuii n Xomxkaes, 1968).
3axatouenue

Anazna ycaoBuil o6pasoBaniisi H MeXaHH3Ma COCTABHBLIX 1l CJAOKNBIX
onos3Hefi sacay:knsaer ocoforo BHHMAaHHSI  JccaenosaTenell, TaK Kax
noHMMAaNHe HX OocoGenHOCTell, yMEHNE BHUASANTH CAAralONNE HX YacTH I
YCTaHOBAEHHE B3AHMOOTHOIICHH{ MEXIY HHMH MOXET 0Kasark Heome-
HHMYIO MOMOIL MPH PacnyThiBAHHH CJAOKHHIX CJAyuacs onodancsoii o0-
CTaHOBKI 1 PAasyMHOM HANpapACHRH NPOTHBOOTNOAIHEBON JCATCALHOCTH.

RuULUY LULRGND 40U PUADACSIL b fUME UNOULRLERD ShaGPR!
2002 U pypulhg-wbnwd, weopbune, whjuh. qpw. gelmae TGO SHL-USLORLEDLE

IFL$ brewm: fwhpbpf fpw woquibpblph jusafuwd ghyphpp Swdwfe b spumwinol mupy
unguliphbpfe fpogpdwl fppol nlgmpwpdfy dodwlal bpabg shofinfulwl ShalonSpmfs Wlppm-
qpifwd L pagugppuy anqulbgbhpl bplne ok mgedipudl oo pagdwSopl, ko popyg e
quiliphbpfe Eplor mfoghp’  womflulioalpl oe deofafafnge Ylpupogpimd  sagubphlbpp  proew-
pudafoud b apfilanllhpnfs Suegyg Lowpifwd wigg mfogle sengubphhpaed Sugeglle godopfedidpf
puugpfy wopplpfe dfiph by ool e

U Bpusggugnd 1972 . whopmbalplplie hugugmd  Pledbidpomlpude  hplgropdnfd jute f frgpeay -
quifhb wangfunglogle labghple fpu angubpblpf b gy qubopfodidpl zmpdnﬁ‘,?:;l ol [rgmrggapana~
il wpidugenfrnul fl Silplpugdud  bpudpulpfmé gldmyaul (Ter-Stepanian, 1977):

22002 ML FPUR ghuil bfassifilpugfe puopapasnpfoongfe sl




TUTIBI COCTABHBIX M CJIOJKHBIX OINOJISHEA 17

Lutishpp fpw pwgh swpy aequbpbbphy Swiwpe {whqpuynd b wifbgh popdp Qupgh
" annquibpr gl bplon gl Upy onquieplbpnid puguangpp; wappbpl dhek fpmp jopag by
wwpplps whpad dwnfly mbgugpeulfy dftpl o qbbbepl juype Ypwby quewlupgaulp
g asl by pukfy np dhfunbfigdp gum ghuyphpmd sy k. wmf ey g Gopum o oS wp-
dup £ qpumplly mnnulhmufipfwd wnfogbpl  wrwhdbwlwelpfpdbbph Wwpegpofjodps

fujugrju] vnquifbibr

Pusguinppuy wnquibplbpp fupdifwd by df pubfe bywhfy vopubpbbply. qpwby juwp apng-
ofmdd L i fourgle demfely mbgugpacalads Upmnky  wmmpphpfmd b sygmlipudl kb pugdwiepl on-
yuiliplebip e

Nignehpmdl vogubpbhp wewpwhoul b Swpfanfuwpbpnel bawmfwdpugbpnf Sn-
phgptults  spuaunpid wl ghuggaul fungnp qhabpf jngd by plagdeg qanpPud  afibpp dpa: - Un-
,,,gi,fcﬁ;rg dyfmd b wfehpf bplpppoflpodp gqfuwpedl  fud symbpwdk. gpwlhp Jhé Jweunlp
Saglunfimnphp b UnwBdfils ungubiplbpf  dhsk puswdnpifaut b fpeonqubpu gl Quwmophbpp
(i 1 a)'s Phnpny &, np s whuh woqulphbpl  qesdwehpp guesapfod b dh gdf bp-
impmp;maf;r, app Bhplpwpughoul E ppumwp b bymumpy Usflypy Swqwgpaon ghopbpnul
qufrsdwubipp fpny b Swpby bphne ypuimmp bpmbpht: Spwmwp gbpmpy gknbwgpkpl -
pidpudle bppewmbbpls mbabpp puwgumpifnel K wpg shpwbpf Soppqniolwbfy sfepp 2hgoulbbpn.
amnphplppu nhyhyf gudpwgnralbbpnad bbimpnimbnad bY gholwgphpp L puligh Julbplogff
Shin fmpdwle mbpbpnol Shwpaofnpmfeds Lowwhgddeod wpg yphple bppoosbbphl, Skinlapwp
s yrppanbisg mnmgmlenul £l Suipulnuphpt

U frgunspuslepus gfile fwmupbbpp swfopupup o] b wpowlopofud abph$eol dhod gobh-
ghpf fhppls dmnhpued, npmby Gpebp dwdlpfwd b Fpyaulfinulp pwpwl ghpomafs Laligh Ghpplls
Swunul  wypy fpmwphbpp  dwdlpfwd b gfliool  aoqubpufl qubgplwébbpfe Swun 2hpinmif.
wpuinky fubufy Sudwdmploot b Swphwh Snquinuphph (hyndibpp bphk whgf wnnpmmaul
gmbifwal koSS gl Jpunl dmfp, Anquliavph lngdpyg phpfwéd qpaodunp  plogfned b b wew-
qudind 4% fnquhinufbe® dwjuudon Ghefbh pudbnd: bFb ghop funf dmlp  puguwlps ol " b5,
amurgilud b foqwhnufbr’ Younwlplon Gheflh pwdbnd: UYnmwlfud qubgfuwdbhpnad G
b wmmgmbuyy  spmmefal pequlhphbp, apelip  fbpuphpaul bt wpghl popg eoqubpkbpfb.
qpiey Wlpuapugpuefedep mpfnal | Ghppleds

Puglwbwmply wnquwhpbbpp wwppbpleud b aymdipwdl anqulphbply Tpuly
pgugpfey Suwbph mogpudfog quasofnpmfplp (3. 1b): Vwpmwnhp ok, mp puqagphy dw-
whpp  wpuenlpuleh® Tl mpogl unquliphbphls %ngmfnds adekl bphfwplwbp, bnfwplubf I
wyy wnpuileplibps Ul 2 Bhplwugloul § Uk émff wifpple Unpimd gupgugny bhaSwplwhf wa-
quhpt Unwplle  Swphp wpnmalpul  wnqwlip E, bphpepgpt Swpfughl k bppopnp*  Anquinog
(Shp-UYuhsfoweprule, 1967 )1 U meppy bnSuplyuif unnuiip qupquilinad b Rugphlpol (Ravyqupfo)*
Ul dmfpp unffels (Bl 3)1 Uguwmby wnsugfl Sarplp Sul pulpuds Mepghgihpl ppnlfbpl bY, mpoip
Nunfusgle ghporfy Fuslpbplum] yuliqun gupdduul b qhugh $ofp, bplipapn Suphp” oy prefbbply
gty Te of frgppnlpu g fils mupudmflymdp qpughglng dunoupupbbph b, fel bppopy Suphp' -
Funlalpbpluugfls  wnqulphlpfe b (Ywd bl mypfig., 1971):

fury unqubfbihe

Paspny wnguliphbpp fugplfwd bk dfe pwhfe mpupy snquhpbhpfy, Swgpppupwp wbpugpp-
fwd juligle fpw pam Qlhpnf gl Lunuylele qulipfwdbbpp, opnfp phpfoul Eh Jfe unqubphy,
figmefl b5 dmrmgnol dfp mply vaqubipl wemgugdub Sanlaps Fagofl ppde ol wnf ool
I Aeifinfasfnyg pupy unqubphlp:

Bumptowbmhwh unquihphhpl wowgwina Lh Suphquliula® fogm b foadindy gbp-
whply pughugud pubghpfe g, apuby frgm gbpmbpfe fnndfy ambydfwd  ghd g g
wlflupll b opapdlaat df wlpnyy wnquhph gepobugp b snwgubool G bplee ok ool
ungulephibp (Bl 1 ¢)e BRL g wopmplhpp  Swpunfnp yhl, fol uolbpp Swoam b, ofbpgl-
Shpfe thy qoprulhod b opoewdol sequbplbp. puligfelup fighng qubiqfwdbbpp phokofnpaul
bf Ghpphnul qolifny gpodunp b spponfwe Bb puekoof bpwhy Swmynppupwp wnqupodn Upg-
whir wampmbnul b womgpbpwg whoh wumpfwmbolub genolmt oqubfbbr: GFb frgn 2bp-

U Ywphbpp mb™e by 10—161
2602
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}-i fslbppy np Swuw, waymbpp kwpng § whully l"l’!{' Vbpphp Suwnul
mmoslwlh wngulph Shalwbped dbplinl qulfmg womplbpp grifmdd L SEbmlpy & wlgue
rupdfnuls Qpmbs weweobaol AL Lopbpuy @huh weshfobulul soowboeb .a.-:fn
Up pumpap bplmuepiwbmful muvenrfwl sngulbp qupgubkanl L Pagll ghef we wfpb Fhgwp

rg g ey my Shmmar .
#Jl:i;h;uﬂfé::ﬁ:w:q:t‘:lr:h mebkl sl qﬁdq&b&w’-" furoghp b -uqnlin:ﬂjmhe .f:!’ L
nikbbmad  Sfugl s'l{lbms'nrp-{wa qn:uuuf. palieh fpm !n_lpr'v&md' [ uumﬁauim‘mh Smqur~

whpp & wpwinp bb,

Smupbps

'q‘:ﬂ”.w#r it np wesplubshel enquhplip fuyduy wupy vngubpblpp kbl hacgh)
afglr Vwpwbood Saquiauph phgdeylh Feemd Swpoewgdwh gopdwpmbhp Swdwp fonp wh-
qub gapbpmn Shabwlbpo] waugegad mommwlpwl wngulp, aphh wawhgoul dp Saquineph we-
puspmdps Bunep spudpupp pubgau? (Sbfonepmfmbhm) fonp Swlifudph Shobubpm| wnuguo-
gud g lul ungubpbbpp Jhpuddbghl Snquiavph (bh 5)

Rlzw-ﬁnln#ug ungubphbp womgulud Ak, ﬁp_r- Sagufib ‘-bgimﬂhi‘,’. l"’"-'l'i"'l‘
ﬁ_ﬂtﬁ{nx ,ﬁp&gpnlJ srfurf oo L;,‘ﬁrﬁru_gmhml‘mb e ghahwepwpuboljul qu,‘niﬁ‘pf b, ..“_I
mbmpup, fnpofnal & eaqubph phefpe Ui lfepgh pung wagpabpblbphl woalubaol W% jum
bhJempahp, apalighy Ligkhp shabgubbpp. 1) Bumwlpub Gunf ﬁlﬂrpmlllﬁ unqubfibe, nenil
fbrwdowl  bh Bogwhoefbeh (&4 1d): Pplwdfbe, arobl lewdfonf b6 wnqubfhbeh fuf
fnqubrulbep: 3) Ubrfhh dwanof Yowwwljaq Gnquhnufbe, neabf hrwdnal LG wpmunlju
unqubfGhrh (G4 6): 4) tumbguuwlblie, arobl brodjoufl LG ghluwfoubbeh:

TYPES OF COMPOUND AND COMPLEX LANDSLIDES ON
NATURAL SLOPES!

GEORGE TER-STERANIAN, Prof., Dr, Sc.( Eng).. Corr.Mem. Armen. Ac. Sc.?

Synopsis. Involved landslides on slopes result frequently from combination or su-
perposition of simple landslides or thelr alteration during the process of displacement
Two types of compound landslides (beads-like and multi-storeyed) and two lypes of
complex landslides (stepped and transforming) are described and examples are given.
The relation between constifuent elements ol earth masses in these types ol landslides
is shown.

— O ——

Apart of Isolated simple landslides, formations of higher order are met with on
many slopes. The interconnection between the components of such formations may be
of various types. ranging from their close locallon to a direct genetic relation. A clas-
sification of the compound and complex lanslides Is premature at present since the
mechanism of these lypes of landslides in many cases needs a more detailed study to
make any generalizallon with confidence. Therefore it Is more expedlient for the pres-
enl to confine onesell by description of the ascerlained types and determination ol
their distinguishing features.

Compound landslides

The compound landslides are those which are composed of several simple land-
slides; the connection conslsts in close situation only. To the compound landslides be-
long the beads-like and multi-storeyed landslides.

Beads-like landslides. Numerous landslides stretched like a chain or beads along
steep undermined banks of big rivers are observed In horizonally bedded sedimentary

! Revised paper, presented to the International Symposium on Landslides and other
Mass Movements on Slopes of the International Assoclation on Engineering Geolog y
held in Prague in September 1977 (Ter-Stepanian, 1977).

? Head, Laboratory of Geomechanics, IGES Armen. Ac. Sc.
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““ligsseries. The sliding masses are mostly earlhflows: rofational landsiides are encountered
1510y rarely. Protruding strips of stable rock are situated between separate landslides in
Usiithelr uphill parts; they compose the Inter-landslide ridges (Fig. 1a)t. The characteris-
1 511 e properly of the beads-like earthflows is the arrangementi of their wuphill bound-
“ulisaries to a certarn line which corresponds to the water discharge along a bedding
#ilgplane. Two series of the beads-like earthflows may occur in the case of two water-
64 hearing horizons, For the same reason the beads-like earthflows never begin at
" il) the crown of the slope.

‘ The inter-landslide ridges are composed of bedrocks; they are distinguished well
1 il in relief in the uphlll parts of the slope only, being covered here by thin layers of
#ils efuvium. In downhill parts of the slope the earthilows usually mix togeiher while the
Uil inter-landslide ridges are submerged and covered by sliding masses.

If the toe of the slope is eroded by a river or a sea, the sliding masses are
%t washed away and the earthilows have no tongue; they are termed earthflows with ex-
Wy pending lower parts. 1i- there Is no river or sea the siiding masses are not eroded
Uit and earthflows with accumulated lower parts are formed. In such cases rotational
sl landslides originate in the downhill parts of slopes. Landslides of this type belong to
i) the complex ones; they will be described below.

The Initiation of the beads-like landslides due to the water discharge along bed-
uil, ding planes Is explained by small deviations from the horizontality of the bottom of
St the water-bearing stratum; the water discharge Is concentrated in lows of the un-
19 derground rellef cut by the slope. Numerous beads-like landslides are observed on
Sl | the sleep right banks of rivers In the Russian platform, particularly of the Volga ri-
9y wer. In Oullanovsk and further south the beads-ltke landslides are assoclated with
it the water discharge from the Alblan and Aptian horizons.

Multi-storeyed landslides. Unlike the beads-like landslides where separate constit-
i1 uents are situated in the horizontal direction, the multi-storeyed landslides are char-
J95 acterized by a vertical disposition of thelr components (Fig. 1b). Another difference
t s that the .components of the heads-like landslides represent the same type of sliding
) (e. g- earthflows) while the components of the multi-storeyed landslides belong usu-
I ally to the diverse types of sliding, distinguishing by their depth and mechanism.

! The multi-storeyed landslides were studled for the first time on the Caucasian

o5 coasl of the Black Sea In Sochi. Here a big three-storeyed landslide has been devel-
96 oped; the boundaries of the three storeys of landslides are shown in Fig. 2 by fig-
111 ures 1 to 3. The first storey is a 60 m deep rotational landslide involving blocks of
1 arglllites and sandslones, the second storey .Is a 20 m deep planar sliding In crushed
1 arglilites 5 and the third slorey is a 6 m ‘deep earthflow in products 6 of weathering
lo of the same arglillites. All these landslides are In the phase of depth creep of slopes
') (Ter-Stepanian, 1967; Ter-Stepanian and Goldstein, 1969). Another big three-storeyed
¢l landslide was studied on the Bulgarian coast of the Black Sea in Balchik (Fig. 3).
I The first storey is the creep of giant blocks of marl with a height up to 120 m,
w  which separate from the plateau and move towards the sea along the inclined surface
'o  of clays; the motion of blocks Is accelerating and therefore the spaces between blocks
21 increase. The second storey Is the creep of rocks composing the walls of the first
1= storey blocks; the moving masses are filling the spaces between blocks. The third
= slorey is formed by different types of subsurface landslides (Kamenov et al., 1971 )
T The multi-storeyed landslides are not unusual phenomena, especially In young high-
| lands, on coasts and on banks of rejuvenaled rivers.

) Complex landslides

The complex landslides consist of two or more simple landslides; their interaction
1 is of genelic nature. In prin¢iple the complex landslides consist of simple ones located
) on slopes successively along the dip. The earth masses brought down by the uphill

1 Figures see pp. 10—16.
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located landslides serve as material for formation of the next landslides located down.
hill; the latter may be the same or the cther type of sliding. To the complex lands
slides belong the stepped and transforming landslides.

Stepped landslides. The stepped landslides are developed on slopes consisting of
horizontal strata of the clayey rocks alternating with the rigid rocks, e. g. sandstone
or limestones. The formation of a single high and big landslide Is hindered due I
resistance exerted by the rigld rocks; therefore two or more small landslides co |
into teing (Fig. 1c). The rotational landslides develop in the (hick clay strata, the S5
base of sliding belng at the top of the underlying rigid rocks. The sliding masses.
move downhill and load the upper part of the earth masses located downhill; lh_
landslides of the lower step are provoked. This case Is observed commonly when the
rigid strata are not fissured, as In massive sandstones. Thus fhe stepped rotational
landslides of the advcncinz type are originated. The process may begin also in th&..
downhill part of the slope; cwing to the rotational sliding of this part of the s!nm..
the earth masses located uph!ll deprive their support and slide downwards lnrmmg‘
thus the upper step of the landslide. This case is common when the rigid strata are .
fissured as in limestones Thus the stepped rotatioral landslides of the rﬂrear!ng_._- i
type originate. - ;

IT the clays have stong diagenetic bonds the sliding may take place In the weath-
ered zone only and the stepped earthflows will develop on the slope. A two-step-
ped earthiflow of advancing type has b2en developed on the Iron Division's slope in
Oullanovsk in 1970. If tlie slope fs gentle and more resistant rocks are projecting in
the lzndslide track, being formed ty remnanis of (he alluvial terraces, the earthilows
will make complex movement by creeping over the terraces. In the case of slow
sliding the earthflow may remain continuous. A three-stepped earthflow of (his type
(Fig.4) has been observed at Likhl, Georgla in 1941; it resulted in creeping of weath-
ered earth masses over two Rissian and one Wiirmian {erraces (Ter-Stepanian, 1967,

Landslides ot the next step do nol belong necessarily to the same type of sliding.
A rotational landslide was formed when a deep pit was excavated at the foot of an
earthflow In Ghaphan, Armenia in 1969; the moving masses of the earthlflow assisted
In formation of the rotational landslide as a result of the thrust action exerted on the
uphill wall of the pit. Q. Zéruba described a case when a deep cut in Neogene clays
gave rise to a rotational landslide on the walter reservoir near Usti In north-western
Bohemla; this landslide provoked a planar sliding in products of weathering located
uphill (Fig. 5). Another case described by Q. Zdruba refers to slumping of a slope pro-
voked by a rotational landslide formed by an excavation for a foundation of a reser--
voir In north-western Bohemia (Zdruba and Mencl, 1969).

Transforming landslides. This is a large group of landslides which change thelr
nature when the geological and/or hydrogeological conditions alter as the landslide
moves on. There are many kinds of such landslides; they will be illustrated by exam-
ples.

Rotational or planar landslides fransforming into earthflows is a widespread
type of displacement of earlh masses (Fig. 1d). This type of complex landslides de-
serves a speclal attenton since their mechanism is imperfectly understood for the pres-
ent. A great landslide near Gros Venire in Wyoming in 1908—1911 started as sliding
of large blocks of crushed Jurassic clays and soft shales and ended asan earthflow
with a very slow constant creep (Blackwelder, 1912). The same mechanism has the
the great Dzmuiss! landslide in Okribi, Georgla; the uphill part of the landslide con-
sists of blocks with undisturbed stratification which move westward along a surface
of slidingZwhile” in the downhill one the remoulded rocks form a shapeless mass and
the sliding is replaced by flow ([lmaneanase, 1940). The landslide at Sandling-Alm in
Switzerland In 1920 started as a block sliding, turned gradually Into an earthflow and
filled up the bed of Zlambach (Stiny, 1952). A number of much the same examples
are given by D. Varnes (1958), Including the great landslide in Recd Terrace area near
Kettle Falls, Wash. in 1952. Landslides of this type were so widespread in Apennines,
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i) that they were assembled in a separate group by R. Almagla (1910); the same has
s9¢/ been done by Alb. Heim (1882) and D. Varnes (1958).
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Rockfalls transforming into landslides or earthflows is another modiflcation of
the above-mentioned type of mass movement. As examples may serve the big Cri-
mean landslides which start as rockfalls of the Upper-Jurassic limestones and trans-
form downhill into landsiides (Gopucak, 1903; [lorpefos, 1948; Mymxkeror u [lorpe-
Gos, 1924). Another example Is a big rockfall near Vitznau, Swilzerland in 1880 which
ended In an earthflow (Balzer, 1880).

Earthflows transforming into rotational landslides are developed in lower parts
of the earthflows of the accumulating type. Due to the accumulation of the earth
masses conditions of statical equilibrium are disturbed and rotational landslides are
formed.. The characteristic for these landslides Is the increasing of the radil of rota-
tion of subsequent failures as a result of the Increase of volume of the accumulated
earth masses. Such phenomena were observed on a slope in Khosta near Sochi on the
Blach sea coast (Fig. 6), were the radil of rotation of the successive rotational land-
siides were 18, 61 and 76 m (Ter-Stepanlan et al., 1968).

Subsidences transforming into mudflows are widespread in Middle Asla. The
landslides in loesslal soils begin as slope subsidences, caused by wetting in places of
the groundwater discharge, The loessial solls separate from the massif as blocks and
transform further into a llquefied mass which flows downhil with a great speed (Hu-
szos, 1968; Kpykoscknii u Xojuwaen, 19G8).

Conclusion

The analysis of formalion conditions of (he compound and complex landslides
deserves speclal altention of experfs since the understanding of their features, the skill
In separating the components and an establishment of their Interrelationship may be
of great value in unraveling the Involved cases of the laandslide mechanism and in

' rational planning the correction measures.
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