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SLOPE DEFORMATIONS ON THE MARGIN OF THE
CRETACEOUS PLATEAU IN PRAGUE

QUIDO ZARUBA, Prof., Dr. Sc. (Eng.), Mem. Czechoslovak Ac. Sc.!

SYNOPSIS. Geological and engineerini geological conditions of the Cretaceous
lateau where Prague is situated are described. Block-like mass movements have
geen developed along the Flalean margin; their renewal is possible. New construction
is partly planned on lots o old quarries. The solution of some engineering geological
problems is described.

— —

The geological conditions of the Prague area are very complicated
so that the development and redevelopment ot the Cily pose a number
of problems connected with the geological factors. The spread of hous-
ing developments leads to the building up of areas of less favourable
foundation conditions, such as the floodplain usually covered with high
fills, abandoned quarries and steep valley slopes of uncertain stability,

Prague is underlain by Early Paleozoic, mainly Ordovician rocks
and Cretaceous beds with the superficial covering of Pleistocene river
terraces, loess and slope deposits. The Ordovician complex is of varied
lithology. Thick layers of clayey and silty shales alternate with quartz
sandstones, greywackes and quarizites. This alternation suggests that the
same sedimentary conditions were several times repeated.

The Ordovician rocks were strongly folded and faulted during the Var-
iscian orogeny. The longitudinal and cross faults are accompanied by wide
zones of fracturing and crushing. The rocks thus disturbed succumbed
readily to stream erosion. The Vltava river cut a deep and widened val-

ley, which provided suitable conditions for human settlement existing
almost continuously since the Neolithic.
Physical properties of the Ordovician rocks are the result of their

lithological character and tectonic disturbance. The surface of the bedrock
is also affected by intensive mechanical weathering due to freeze-and-
thaw action in glacial periods, when the Prague area was situated in the
periglacial region. At the level of the Cretaceous transgression the rocks
show deep fossil weathering of tropical character, which disintegrated
even the Ordovician shales to sandy clays.

After a long period of denudation and peneplation during the Late
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Paleozoic to Early Cretaceous, limnic sediments (sands and clays) were
deposited in shallow basins before the Cenomanian transgression. The
sea spread from the north-east and leit behind predominantly sandy
sediments. The slight deepening of the Turonian sea resulted in the
deposition of sandy marls. After the regression of Cretaceous sea, the
area of central Bohemia have remained dry land.

The Cretaceous strata lie almost horizontally on the Paleozoic base-
ment and make up prominent flat-topped elevations at the periphery of
the city. During the Pleistocene the Bohemian Massif was rising grad-
ually and caused the Increase in the gradient of streams. The Vltava
river and its tributaries cut deep into the ancient peneplain so that the
valley reached the Paleozoic basement. The originally continuous Creta-
ceous plateau was dissected into isolated elevations, some of which were

lowered by denudation.
At the present-day growth of the city, these elevations, their mar-

gins and steep slopes become the sites of new districts. The building up
of these slopes necessitates, of course, detailed engineering-geological
investigation and assessment of their stability. It was found out that the
sandstones are disrupted by vertical fissures, roughly parallel to the edge
of the slope, which divide the sandstone complex into blocks. These
stand on basal clays. At many places, the marginal blocks are sunken
into soft clays and moved downslope.

Although the block movements are mostly fossil phenomena, which
are not active under present-day climatic conditions, the hillsides are
hazardous from the engineering-geological point of view, as they are lia-
ble to new movements along ancient slide surfaces in case of unsuitable
interference. It should be noted that the surface of basal clays is uneven
and water percolating through the permeable and jointed sandstones
accumulates In its depressions. Where it flows from the slope in the
form of springs, it soakes and weakens the surface clay layers. Conse-
quently, sliding, especially of slope debris and colluvium, may occur on
these slopes even under present climatic conditions.

The foundation of buildings on Cretateous sandstones and marlstones
presents another engineering geological problem. These rocks were
used as building stone since long ago and many abandoned and filled-
up quarries are scattered over the elevations. At some places the friable
sandstones were worked undergound for sand and the extent of excava-
ted spaces is not well known, since the entries into old galleries are
caved In and no written records on old workings are available. The
margins of the plateaus should therefore be investigated very carefully
if they should be involved in the development plan of the city.

As an example, the problems connected with the planning of a new
district in the north-eastern part of Prague will be described (Fig. 1).
Geological conditions of the Prosek elevation are simple. The Turonian
sandy marlstones, several metres thick pass downwards into soft marls,
which are underlain by Cenomanian sandstones, up to 20 m thick. A
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of Pleistocene age on the flank of the Cretaceous plateau
>__Cenomanian clays; 3—Cenomanian sandstones: 4—glauconttic
1s: 6—slope deposits and fill: a—area disturbed by under-

Fig. 1. Block slides
I—Ordovician shales: =
sandstone; S—Turonian mar

ground sand exploltation; b—street collapsed owing 1o undermining.
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claystone laver forms the base. The surface of the area is covered with
a loess sheet. Before the beginning of construction in 1966 a street run-
_ning along the edge of the plateau collapsed and several small old hou-
ses were damaged. Since it was krown that sand was worked in galleries
and along open fissures, the planners of the new town district were
fearing that the whole area would be threatened by ancient mine workings.
' Affer extensive subsurface expioration and inspection of underground
cavities it was decided to divide the area into two zones: a hazardous
zone, where fairly large cavities were found at several places and the
sandstones were disturbed by open fissures and old slope movements:
.and the plateau itself, where undermining was highly improbable, as was
later confirmed by foundation and construction works.

The width of the hazardous zone was determined with a reasonable
.degree of safety at 120 m from the edge of the slope. It was recommen-

ded to leave there only old single-storey bulldings and to preserve
uno:cupied areas for parks, sport grounds, elc.

The Increasing lack of suitable building sites forces the town plan-
ners to use and develop abandoned quarries. which requires all the geo-
logical knowledge and engineering skill to make them safe. In the north-
western part of Prague a row of terraced houses was built on a slope
disturbed by disused sandstone quarries, which demanded, of course, a
very conscientious investigation of the stability of quarry faces and their
securing, where necessary (Fig. 2). -

Detailed engineering-geological Investigation showed that some of
the marginal sandstone blocks are sunk several metres into the underlying
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Flg. 2. Construction of terraced hlocks of flats in an abendoned quarry. 1—Ordo-

viclan shales; 2—Cenomanian clays: 3—Cenomanian sandstones; #—glauconitic sand-
. stone; 4—Turonlan marls; 6—original slope suriace; 7—steel anchors: 8—concrete filler.
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clays. The amount of movements was well determinable from the course
of green glauconitic sandstone layers. Since the thickness of sandstones
below the designed foundation level was relatively small and the rock
was for the most part disintegrated to sand, water-bearing at the base,
the frontal part of the houses was founded on reinforced-concrete cast-in-
-place piles. Piles were driven as deep as the solid claystones. The sun-
ken sandstone blocks were secured by steel anchors, about 16 m long,
which were prestressed (o 200 kN (20 tons).

The study of such slope deformations of Cretaceous sandstones in
old quarries in the Motol valley, In the western suburb of Prague
(Zaruba, 1974), afforded supporting evidence for {he tossil character of
this phenomenon. In the quarry face it was possible to observe and
measure several sandstone block inclined and subsided into clays. The
latter were squeezed up fnto low waves in the quarry floor. The bedding
planes of moved blocks were dipping 14—16" Into the slope and relics
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of Turonian sandy marls have been preserved above them. Some fissures
between the blocks, parallel to the slope. were widened into .gulls* and
filled with fallen-in fragments of the overlying Turonian marls.

The original slope was covered by two continuous sheets of loess
loam. Undisturbed soil profile was developed on the surface of the young-
er loess blanket and relics of a soil profile have also been preserved
on the older one. This finding suggests that the slope has been siable
since the Last Glacial.

The position of central Bohemia in the periglacial area may throw
light on the origin of the features described. It allows to tentatively
reconstruct the ~succession of the periglacial processes. The marginal
Sandstone blocks could get into movement only after the valley had been
cut through as deep as the Ordovician basement, 1. e. in the Late Plei-
stocene. The first deformations of the underlying clays were probably
caused by pressure release in result of differential unloading. The clay$
found themseives in the permairost zone and under the effect of summer
thawing were dragged out by solifluction. In the periods of deep freez-
ing, layers of ground ice formed in them, which on melting caused the
lowering of their strength and coherence. The weakened clays were squeez-
ed out by the load of the marginal blocks that sank Into them and
migrated downslope.

Similar periglacial features such as cambered blocks of competent
strata on the surface of incompetent strata were described from England,
where most authors (Hollingworth et al. 1944; Higginbottom and Fookes,
1970) also interpret them in terms of thawing of permafrost in the peri-
glacial area,

Under present climatic conditions, these block movements can be
regarded as stabilized unless the stability of the slope is disturbed by
human interference such as deep excavation, failure of water pipes, ete-

The construction of a hospital in Turnov in northern Bohemia may
be cited as an example confirming this assumption. The structure was
projected in the upper part of a block slide (Fig. 3). According to the
results of engineering-geological investigation, the blocks have been stu-
ble since the Pleistocene and there were no obstacles preventing the
construction of the hospital on the selected site. The four-storey building
was founded on continuous footing, which rests on inclined sandstone
blocks. After thirty years it is still intact. The slope below the hospital
Was recommended to be left as a green-belt area and not to be disturbed
by excavations and constructions.

The following examples will show how important it is to obserye
these precautions. Fig. 4 shows the section through the marginal part of
the Cretaceous elevation In Prague 6, where the slope failure was cau-
sed by deep excavations. At the foot of the hillside, loess and colluvial
loams and weathared Ordovician shales were worked for brickmaking.
The steep face of the pit, up to 20 m high, was stable for several years,
but in spring 1932 ajter heavy rainfall, a large mass of material slid
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Fig. 3. Hospital founded on a Pleistocene block slide does not show any deformations
after 30 years existence. I—Upper Turonian sandy marls; 2-—inclined blocks; 3—friable
sandstones; 4—green glauconitic sandstone; j—terrace sands and gravels; 6—loess loam
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downslope along the surface of Cretaceous clays and partly filled the
pit. Detailed engineering-geological investigation showed that the Creta-
ceous clays were dregged downslope in the Pleistocene by sliding move-

11

ments, which also affected the marginal sandstone blocks and weather- "

ed Ordovician shales. The recent renewed movement occurred along

ancient slide surfaces. The reparation of the slope was simple: the pit
was filled with refuse and waste material.
Numerous recent movements of slope deposits scarred the side of

Petfin hillock in Prague, forming a spur of the Cretaceous elevation-
The last slope failure in 1965 was rather extensive and damaged the
embankment of the funicular railway. Sliding movement involved slope
debris and colluvium of Cretaceous rocks filling the depression developed
at the Prague Fault, along which the Ordovician shales are strongly
disrupted. The slide surface partly follows the dragged out Cretaceous
clays and partly the surface of weathered shales. The head scarp origi-
nated where emerge a number of springs draining the ground-water ho-
rizon on the surface of Crataceous clays (Fig. 5).

The movements were promoted by heavy rainfall and by an increas
ed discharge of springs due to imperfect tightness of water conduit on
the plain above.

In order to stabilize the slope, the springs were first entrapped and
diverted outside the slide by means of pipes. The next remedial measure
was the drainage of the slide and the underlying rocks by inclined
boreholes. A drainage gallery was then constructed to ensure a permanent
stability of the slope. The gallery was driven in solid claystones and
branched at a certain distance from the edge of the slope. Vertical holes
drilled from the gallery into the overlying sandstones prevent the sub-
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Fig. 4. The siability of the marg'a of !:’w Cretaceons p!.'m-m: disturbed by excavation
/—Ordoviclan shales; 2—weathered Cenomanlan clays; 3—blocks of Cenomantan
sandstones; #—loess loam; 3 -downslip mass.
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surface water to accumulate on the surface of claystones. The drainage
gallery and boreholes are satisfactorily effective: the gallery discharges
on the average 4—5 I/sec., with the maximum of up to 20 |/sec.

CONCLUSION

The margins of the Cretaceous elevations in Prague are disturbed
by mass movements of two different types: (1) Fossil movements of
marginal sandstone blocks, which were provoked by periglacial climatic
* conditions. Although they were several times repeated during the glacial
periods, they are today quiescent, but the slopes are potentially hazar-
dous in case of adverse interference. (2) Sliding  movements of slope
detritus and weathered material from Cretaceous rocks, which can occur
along ancient slip surfaces in places of ground-water outflows or by
artificial undercutting of the slope. The laiter slope failures are recent
phenomena.

The examples given above well demonstrate the importance of ove-
rall engineering-geological Investigation of slopes before the planning of
their engineering development.
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Fig. 5. Debris slide on the margin of the Cretaceous plateau (Petzin hiilock). 1—Or-
dovician shales; 2—Cenomanian clays; 3__Cenomanian sandstones; #—slope detritus;
5—downslipped slope detritus; a—inclined drainage boreholes; b—drainage gallery.
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goulpg wwpphp phabufugdwh $hnlwbhpn: Vs g wsgusin d s e s boan fp s -
2pgwlinud hudbpp quininfnud Fph Sunf bipd s lpus§y vwnwdmfljnd guinnud; Suhg-
dwh Shinlwhpny hufbpnod wowgwgud umng g fit !lppmszmbpp gy by
ki gpubyg widpmfueh b hpunpulygof was S e fF guuss Efuwgnul, ﬂ'nqmgwd hunsfbipp
Sqdiby b bgpuw il p{ﬂ'fﬂlflﬂfl émbpm.piwb wwly, npnlp [npcz.ﬂl A7 )}mu{ﬁpfx by
L pupdifly b pubiph fr ofwp:

S[,Fbmlm.d' (Zjngu[:um_fﬁb ﬂn{ﬁdﬁm} Swhiwd - prolpu g unqwﬁpfn (i;!!. 3)
Jbphte dwunul  Bwpougddly  bp S wmbigubing: f‘f;dﬁbfapm-ﬁpl”:mpmbm!pub
4bqunmntp"rngf;fl£ﬂg Fm_qw‘:'m;mbt ki, np oljuwd uubmrmgbir!lg kg
fusgreds bpe Qnpu Swplpudf 2blpp Spdinfud Fp bplymd b Shidph  pw, npp
Shlitfwud kp wlnzmqumpbp‘h Php P[m‘}f:lap{l of s bp!aunlﬁ wmuipif why wi g by
Yhmufmd yhp:

Ul d-p L S-p  gnyy ki waifiu, b nppwh fywphnp b ompmS il by
bwfemgynignifniip: lp, 4-nud hnpifwdpp  why | hpgdwd  Npwguw 6 f
huwifSf pupdpnfljwl bypughl Jwo (uglipmf, npnky quhgh ipnignulp wnwg
Lp blhy shnpifwdpnsf:  Lwhgh winnpminnol wgnenfe wpm gl Surd g
wpnpmidimSwhfby bh pnuwiid wh dhpdulpufbp L oprtf ol juaks Soagdl Yo S prf 1 d
Plpfupuplp: Puplubph qunfifun bypp dhigl 20 o puspdpmefl pundp o fr
puthify wrwspaf plffugpnul fp gk fp, wurljur gl 1932 F. nidhiy wrkop s pus e
whdphpy Shmn judSf Swuwlf hunfbprul ywdbyd wi dwlylbiployftl bplupne-
Poudp Lhpple F unqughy gpmidunf Jf 0 hd qulgfwd b dwulwlfinphi T
nbgpby b pwpSwlipp: Y by gl l bpulpmbimg iy f yulppegnm] e
ny upfnwhfy Swhpul oo

Luwtighpned bum{mépftﬁp{- dudlwhmljwlify poagid s ] quipdnulthpp
whyh b mbbbnud Mhnpdph el o pu @pwqmjnuf—ﬁrmr[ﬁfl prapdpnfl ks
dhwgnpnh fpu: [wigh Yhpyfle dhymgnidp 1965 f. panfulpude phigupdmly bp b
fhmumdp Fp upururBusnhy prhifplinegnpf Snpu il pfifss Lwbigury il gupdnul-
bbpp phngphhby Fpk ghynulpl L g e fpassf & o g foa mupmplbippre Munnd wh
founp wpunp wnwgwmghy | dh pulf wypmplhpl hiph wmhynul, npnip
gudwpnipgnul b glnfrugplipf Sophgnip fpa&f fubpf durlphipliufe o pn
(L. 3)s Gwpdnufg bl Ep mdhig mbyummpuifing L wap mplihphy
wnumguymd Swfuunif: Uy wypmephibpp wnwguyhy b wfhyfe pupdp Swpfo-



SLOPE DEFORMATIONS IN PRAGUE 15

Ll ofpm whghmgdms gpniqgne mp Gwwmwppuy fomofpul spumBueed: lwbyp
Gusgmilogifwd £ hnhy Php Snpumwhypbph b gudwgnpyu fi wmnpuapusfi
dfrgngmif

Quibiqp|udbhpp pupddwh Shnbwlhpny] Mpuguinid fwdSh pupdpncf i
byphpf fum{umnuff:&pg (liimd b bplppe mwpphp whowhft 1) Mbplognigfug
Uypfred v goss lpais wpu fwllbphy wnwguwgywd wifwymwpuphph  bgpuwpl  pialibph
Shund blif gupdnedihp Plhughr  nwnguguymw fi dwd whmljppypembihpf
pifuypnud gpulp Yplfiufhy bl dfp  pulfy whguol, Lbpljugnudy  qunlnfnol bh
Swligfrum Jpbwlyned, pugy pulighpp wlrppbliuguum dfiswidwnnif et gbuypnud
wyminbligpuy fwwhgunp b 2) Yun|Gp wumphbpfiy by il nqnquinibph
b Angllubwpwé  TympPp  mbqupwyfuncd,  app hwpng b wmbngp bl
qhmbiwmgphpp  biphpp whybpned  fwd  pubgh wphbumwlywh  bbfFwlmpd wl
qhugpnud  wbquiympdhbpf Lhudblp  wwlbgdwh dwhbphngfibph  bplupne-
Brudp: Lwhghph dyniqdwh Jhpgple dbhpp—dwidwhwlpuhfy bplngfubph bLi:

Y hpp Tgfmd opfluulffthppy wupugnignul b quwhghph plhgfwhng pldbib-
puar=bply s ot fpaSe 4 bs g il wil Shwpunnpniffyniip b ppoty fpoe nbpelf-
Julpusls grpdnchibingd gl Lusmwlpmgdmudpe

JIE®GOPMALLMU CKJIIOHOB HA KPAKO MEJIOBOTIO
MJIATO B NPATE!

Axan. Yexocaos. AH, npodeccop, gokrop Texn, nayk KBHAO 3APYBA?

Peghepar. OnucLBAIOTCH reo0JOrHYECKHE I HHAKEHEPHO-TenJorigeckie yCioBns MEI0BOro
naaTo, na Kotopom pacnonoxena [para. Ha kpaio niato pa3ssupaiich GJOKOBLIE IBHAEHHHA
Macc, W BO3MOXHO HX BO300HOBJEHHE. HoBoe cTpoHTensCTBO HACTHYHO Hameuyaercs Ha
YUACTKAX CTApPLIX Kaphepos, OnncuipaeTcd pelieHne HEKOTOPhIX HH/KEHEPHO-re0.0rH9ecKiX
npoGae.

—  —

leosoruueckne ycaoBus panoHa Ilparu odeHb CJOKHBLI, H IO3TOMY
pasBHTHE M PEKOHCTPYKIHS TOPOAA CTABAT P/ 3aAay, CBASAHHBIX C Teo-
JorgueckuMy (axkrtopamy. PaspepThIBaHHE XH/IHIIHOrO CTPOHTEIBbCTBA Be-
JeT K 3acTpoiike TEPPHTOPHH C MeHee GAarONPHATHBIMH YCAOBHSIMH (ynH-
JHPOBaHMS, KAK-TO: NOIMBI, OOLIYHO NOKPBHIThHIE BHICOKAMH HACBHINAMH, 3a-
GpoIleHHble Kapbephl ¥ KPyThie CKJIOHbLI Z0JHH, obJsiafaioniue Heonpeje/eH-
HOIl YCTOWYHBOCTBIO.

[Ipara pacnojoxena Ha HHIKHENaJE030MCKHX, IVIaBHLIM oGpasom
Op/IOBHKCKHX, IIOPOJAX H Ha MEJOBHIX NJACTaX, NOKPHITHX C NOBEPXHOCTH
NAeHCTONCHOBEIMH PEUHLIMH TEppacaMH, JIeCCaMH H CKJIOHOBBIMH OTJI03KE-
HUsiMH. MeJoBBIe NJACTH 3aJEraloT IOYTH FOPH3OHTAJBHO Ha 11aJ]e030f-
cKOM KOMILIeKce W 06pasyior npumopusToe miaro. Pexa BirTasa u ee NpH-
TOKH Bpe3aioTcs uepes MEJOBbIE OTJIOKEHHs B naJjie030fCKuiA (PyHIaMEeHT.
IlepBoHaYaJbHO HEMPEPHIBHOE IIATO PACCEYEeHO HA H30JIHPOBAHHEIE BOSBLI-
[MeHHOCTH. BJ0Jb HX KpaeB IeCYaHHKH paspylieHhl BePTHKaJIbHLIMH TpeE-
muHamMy, rpy60 mapaielbHEIME GPOBKE CKJIOHA, KOTOphIE PasiensioT mec-
yaHUKH Ha 6Joxu. Bo MHOTHX MecTaxX OHH YaCTHYHO NMOrpPY3HIHCh B MSATKHE
r/IMHBl M JIBHJKYTCS BHH3 IO CKJIOHY.

Xors 6J0KOBHEe MBHIKeHHs OOJbIIefl 4YacThl0 NMPOHCXCAHJIH B IIPOMI-
JIOM, CKJOHBI C HHJKEHEPHO-FeOJOrHYecKOl TOYKH 3pEHHs ONACHEl, TaK Kak
B Cilyuae BMEWIATEJbCTBA UEJOBEKa Ha HHX BO3SMOXHLI HOBEIE CMEIICHHTA
BHOJIb JPEBHHX INOBEPXHOCTell CKoJbXeHHs. I103TOMY Kpas BOSBBIIIEH-
HOCTeli JOMKHB GHITh TIIATENBHO HCCJAENOBAHBI, €CJIH TOJBKO HaMeUaeTCH
HX BKJIIOUEHHE B IJaH DAa3BHTHSA TOPOAA.

1 CokpaulenHoe H3JOXEeHHe ¢ aHrIH{icKoro npod. I'. H. Tep-Crenansna,
2 3ap. xadenpofi Texuuueckoro ynnsepcutera B Ilpare, GuiBmni npesuient MexayHa-
poanofl acconHaniy MO HHKeHepHOil reoJOorHH.
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B macrosmieii cTaThe PACCMOTPEHO HECKOIbKO NPHMEPOB 3azad, CBA-
3aHHBIX C 3ACTPOIKO! 3THX CKAOHOB, H MOAXOIN K MX pEILEHHIO.

[eoorHueckie YCIOBHS BOSBBHIICHHOCTH I:IPOCEI\ (c‘el{epo-nocronn.m
gacts Ilparn) npoctsl (puc. 1)5, Tak YTO He OXKIAAIOCH KaRHX-IH0O cepb-
e3HBIX 3aTPYAHEHNil, HO KaK pa3 mepel HauaIOM CTPOHTEILHBIX pador npo-
palintack Vamna, HIyIas BIOJb Kpas N1ato, # ObL10 NOBPEXACHO He-
CKOJILKO OXHOSTaKHBIX AOMOB. Tak KaKk Gbl10 HSBECTHO, UTO B MOAISMHLIX
Kapbepax H BJOJb OTKPHTHX TPEMHH B NPOLIOM NOGHBAJICH NECOK, MHH-
JKeHephl OMacajnch, YTO BeCh paioH OyeT YrpOXKaloIiM BCJASACTBHE N0:1-
paGoTkn, Ilocie OGWHPHEIX HHXKXEHEPHO-TEOIOTHUECKIX HCCaeRoBanil
pailon Obl1 pasjeleH Ha ABe SOHLL ~0J1Ha. nocruraomas 120 M or kpas
CKI0Ha, Oblia NpH3HAHA HENPHrOAHON AJS 3aCTPONKI, TAK KaK NecuaHixu
GBiAN HAPYIUeHHl OTKPHITHIMII TPEHWMHAMH H NONSEMHBIMIL NOJOCTAMM. dta
sona ObiTa OCTaBJeHa OTKPHITOH B Buje 3edenoro mnosica. Ocraibnas nio-
maxe Obla MpH3HAHA MPHTOAHON AMS JKHIHILHOTO CTPOHTEALCTBA.

HexoTopbie CKJOHB! MEJIOBHIX BO3BBIMIEHHOCTEHl, B KOTOPHX Oblan oT-
KPBITH M SKCIVTYaTHPOBAJIHCh Kapbephl necuanuka, OBl HCMOJIB3OBANN
115 CTPOHTEILCTBA AOMOB TeppacoBoro Thna (puc. 2). ¥Ycroituusocts Gop-
TOB 3a0pOIIEHHEIX Kapbepos TpeGoBaia, KOHeuHo, 10GPOCOBECTHOro mcce-
nopaHns. 3aaHus GBUTH OCHOBAHBI Ha JHE KAPbEPOB; NOX 3AanuAMH Obl1
oCTanJeH TOHKHIl C10fl MECUaHNKOB, PaspyWEHHbIX 10 necka. ®ponraanuas
yacTh 31aHmil ObIA OCHOBaHAa Ha JKe1e300eTOHHBIX HAOHBHBIX CBasiX, npoii-
meHHHX B TBepABX apriiintax. Hexkoropbie Kpaesnie OJOKH, Koropuie
OKa3a/HCh NMEepeMEMEHHBIMI B pesy/bTaTe JPeBHHX cMemenuil, Oblam 3a-
KpenIeHbl CTaJIbHBIMH AHKepaMu AJHHON 16 M: STH ankepsl Gbimn npeasa-
pHTe RO HanpsKens yenanem 1o 200 kH (20 7). g

[Toqozenne uenrpaiaboil BoreMnn B nepurasiiaibhoil o6aacTi p re-
yeHHe JEIHHKOBHIX MNEpHONOB ILIeficToueHa MOXKET MPOJAHTh HeKOTOpLIil
cneT Ma NpONCXOXKIeHHe onmcaHHbX ocobennocreil. Kpaesbie Ogaokn nec-
YaHHKOB MOIVIH DIPHilTH B JBIIKEHHE TOJBKO NOCJe TOro, Kak J0juHa Guiaa
npopesaHa 10 OPAOBHKCKOro ()yHAaMeHTa, T. €. B NOSAHEM mJeiicrouerne.
[Mepeue aedopMamii MOACTHAAIOMNX TIMHH ObUIN, BEPOSITHO, BHISBAIML
yMeHbIICHHEM JaBJeHus B pesyibrate Muddepenmuansioi pasrpysku. Bo
BpeMs OJeIeHeHHs TVIHHB HAXOAWIHCH B S0HE BEUWHON MEP3JOTH; JeasdHbe
npocaon, 06pa3oBEIBABIINECS B [VIHHAX NPH OTTANBAHUI, BHISBIEAJN NOMHI-
emie nx npounocti u cssdnoctH. Ocnabjennpie TIHHBL  BLLABINBANICEH
noj BecoM Kpaesbix OJOKOB, KOTOpbie TMOrPYXajich B TVHHbLL I JABHFAJNCDH
BHH3 TI0 CKJOHY.

OGocHOBaHHOCTL JAONYINECHHS, UTO B COBPEMEHHBIX KJHMATHUYECKHX YC-
JOBHAX STH GJIOKH YCTONYHBLI, €CJAH TOJbKO CKJIOHLI He Hapyumens (Hanpu-
Mep, MpPH OTPbIBKE, NIPOPLIBE BOXONPOBOAHLIX TPYO M T. X.), MOXET ObiTh
TMOATBEPIKACHA Ha CAEAVIONMEM IpHMepe.

B Teipnose (Cepepras Boremmsi) Ha BepxHeil uacTH HCKONaemMoro
6.10xoBoro onoasHs (puc. 3) Ouia sampoekruposana Goabnuna. Mmkenep-
HO-Te0JOTHYeCcKIe HCCAeIOBaHHs YCTAHOBHJIM, UTO HaudHaf ¢ mieficronena
ckJOH Oni1 yeroiuuB. UersipexsrtaxHoe 3faHue OBIJIO OCHOBAHO Ha JIeH-
TouHOM (PyHIAMEHTE, KOTOPHII MOKOHWJICH Ha HakJIOHHBIX GJoKax necuanm-
ka. Yepes 30 ser oHO He GBUIO NMOBPEXK/IECHO.

Puc. 4 u 5 nokaseiBaloT, KaK BaXKHO coGJIOLATE NPEAOCTOPONKHOCTIL.
Ceuenne Ha pHC. 4 TPOBEJEHO IOMEpPeK KpaeBoil 4YacTH MeJOBO{l BO3BbI-
wennocti B Ilpare 6, rae oGpymeHne CKA0OHA BO3HHKIO B peayaLTate rayoo-
KOif OTPBIBKH Y TOAHOXKbA CKJIOHA TOpPHI; VIS INPOHIBOJACTBA KHPITH-
ya ObLiH AOOHITHl JECCOBIAHBIE CYINIHHKH M BHIBETpeE/ble OPAOBHKCKHE
caanupl. Kpyroit 6opt kapbepa, Bhicotoit 10 20 M, OLIJI yCTONYHB B TeUeHHe

3 Pucyugn cy. Ha crp. 8—I13.
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HeCKOALKAX JET, HO Noclde CHAbHOro JuBHA B 1932 r. BAOAL NMOBEPXHOCTH
CxOALKEHHS B MEJOBHX IAMHAX COCKOAb3HY/Aa BHU3 Goabluas Macca rpyHTa
W 44CTHYHO 3aNOJHWIA Kapbep. Boccrawosienue GbiIO OCYIIECTBJAEHO Mmy-
Tes 3aN0JHEHHS OCTaBIIEACA YaCTH OTBajJaMM M NYCTOH NOpPOIOM.

MuorounucieHnbie COBPEMEHHLIe JBHAKEHHS OTJIOKEHHH Ha CKIOHAX
nponcxopar wa xoame Iletpxun B Ilpare—ocranue MeJIOBCHl BO3BBIiIeH-
woets. Tlocaeanee oGpyuenre ckaona B 1965 r. 6b10 J0BOJILHO OGLIHPHLIM
¥ NPHYMAKIO BPell Hacunu (QyHHKyIepa. CKJI0HOBbIE JABHKEEHA 3aXBaTHJH
[e0BHE ¥ KOJAJIOBMA MeadoBbix nmopoa. I1aBHas cTeHKa OTphIBa o6pasoxa-
1ach HA MECTEé BBIX0AA HECKOJbKHX HCTOYHHKOB; APEHHPYIOUIHi TFOPH3OHT
rpYHTOBLIX BOA—HA NOBEPXHOCTH MEJOBBIX TIHH (puc. 5). Ipuxenue Gbi-

' 210 CTHMYJAMPOBAHO CHJAbHBIM JHMBHEM H YBEIHYEHHLIM PacXOIOM HCTOUHH~
KOB BCICJCTBHE HECOBEpUIEHHOH MNJAOTHOCTH BOAOBOAA Ha BhIIIeJIeKaLlci
nomanke. CKAoH Gbiji CTaGHJAM3HPOBAH C IOMOIILIO HAKJIOHHBEIX GYpOBBIX
CKBAKHH M JIpeHayKHOH TrajljiepeH.

Hapyurendss Kpaes MeJIOBOH BO3BLIIICHHOCTH B [lpare Bcaenctsue
ABUAKEHHA Macc GHBAIOT ABYX PpasaMuHbIX THNOB: 1. JIpeBHHE HABHMKEHHS
KpacpniX GJOKOB NECYaHHKOB, BLISBAHHBIE NEPHUIVIANHANBHLIMH KIHMATHHC-
cKHMH YeaoBHAMY. XOTA B TEYeHHE JeJIHHKOBLIX MEPHONOB OHH H MOBTO-
pHJHCL HECKOJLKO Pas, B HACTOsUIEE BPEMS OHM HAXOLATCHA B TIOKOE, HO
CKJIOHBE MOTEHLHAJbHO ONAcHLl B cayyae HeG/JaronpHATHOrO BMeWaTeq bCT-
Ba. 2. CxoJibiKeHne CKJIOHOBBIX HaHOCOB H BbIBETPEJOro MartepHala C Me-
JIOBHIX TIOPOJI, KOTOPOE MOJKET MPOHCXOAWTb BAOJbL JAPEBHHX TIOBEPXHOCTRH
CKOJIbIKCHHS B MECTAX BHIXOJOB TPYHTOBBLIX BOA HJH IPH HCKYCCTBEHOH
noapeake ckjoua. Tlocaeanue BHAL OGPYIIEHHS CKIOHOB—HAB/CHHS COBpe-
MEeHHBIE, _

ITpuBesennbie BLIIE NPAMEpL XOPOUIO NOKAa3LBAIoT BO3MOKHOCTH 06-
{Ilero MHKEHEepHO-Te0JOrHYecKoro HCCAe0BaHHs CKJIOHOB 10 IJIaHHPOBA-
HHSl HA HHX TEXHHYECKOH MeATeJLHOCTH.
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