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MICHIAL MATIEDS

SOME REMARKS ON THE EUROPEAN ALPIDES FROM THE POINT
OF VIEW OF SOME ASPECTS OF NEW GLOBAL TECTONICS

Peswme: B aroit cratee nmckyrupyercs o imaMeHeHuAX B 3eMHONi xope i ee
PA3BUTH, TNONYEPKHBAA PAJNYUA B OTAeAbHBIX o6aacrax. B ormuunmu or apyrumx
MHEHIIT, aIbMuiickie (QJuuieBsle TPOTH i QUHIIEBHE TeOCHHKAMHANMN CUMLTAIOTCH
00J1aCTAMM YTOUHEHI PACUTHPEHIA KOPEI MOXOKE KAK y MEKIYOPOTEHHBIX rpadeHosn
Tumor-Cpenneropekoro Tuna.

Yrounenne (pacuiMpeHie 3eMHON KOPbl) COOTBETCTRYRT MO BpeMery ¢ coKpaute-
HHEM 3€MHOH KOpbi B APYrux obHacTAX, BHI3BAHHLIM CKJAAIMATOCTBIO B HEOAJBITNII-
CKOil cTpykType (Qummessie mokpomst u nempecin) s 3ananusix Kapnarax ¢ ux
TBUIOBOI uacThio B BeHrepckoM CpenHeropckoM Maccupe — ABASIOTCA npHMepoM
3TOrO.

[Mepuonmunocrs ansnuiickoit cknanuatocT umeer Gojgee obumimit WIHMPOKMIT 3a1-
aitlt maan. Kasmasiit cerment Abmuu mmeer cBOuM ocoBenHOCTH PA3BUTHA W CTPYK-
TYPHL, KOTOPBIE ARJIAIOTCA PE3YJALTATOM paauuuii B apenocru (ucropun) [lperann-
MIIHCKOTO Nepuona, B OTIHYHON MPOCTPAHCTBEHHON MOSHIMK M B OTAMUMN Xapak-
repa 610KOBOIT CTPYKTYpHI.

Abstract: In the contribution a survey of the changes of the earth’s crust in
the course of development, with the diffevences in the individual areas, is presenter.
Also the flysch troghs and flyseh geosvieline ave being considered as zones of
s crust thinning-spreading, similarly also the intraorogenic grabens of the
Fimok-Stredohorje type. Thinning (spreading) of the carth’s crust alternates
spatially with shortening evoked by Tolding. The neoalpine structures (Mvsch
nappes-depressions) ol the West Carpathians with their hinterland — the Hunga-
vian median mass — are a clear example of i1 The periodicity of the Alpine
folidhing displays o wider, more global background,

Each segment of the Alpides, however, shows partienlarities of development
and steuetore as o vesult of the difference o earth’s erust maturity early as
the pre-Mpine period: of different spatial position and dilferenees in the cha-
vacter of the block structure,

The new ideas are summarized under the common term of elobal tectonies. coneern
a number of basic problems of the straeture and. in particalar. the evolution of the
European Alpides. the West Carpathians ineluded.

In the further text. some of these problems will be diseussed. which had 1o face in
compiling and cediting the Tectonic Map of the Carpatho-Balkan Mountain Svslem.
They relate 1o a) the evolutionaey changes of the (vpe of the earth’s erust: b) 1he
shortening and spreading of the earth’s erust. and 1he position of Tolding in the evalu-

Lion process,
Changes of the earth’s erust type during evolution

The essential part of pre-Carhonilerons complexes in 1he AMpides are ol cngeo-
syuelinal type with an abundanee of magmatic, mainly hasie rocks, Frequent
ophiolite Tormations indicate the velies of ancient oceanie erust: aspidic and  flvsel
formations with the predominance of grevwackes are regarded as suboceanic. In any
case. slight differentintion of Tacies suggests o developmental imatureily, Limestone
miasses of considerable thickness are most often associated  spatially with hasic vol-
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canism. They represented very likely chains of islands (Trequent in the pre-Paleozoic
of the Rhodope Mis. and the Pelagonian massif. and in the Paleozoie of the Pelagoni-
des, Dinarides and the Marmaros massif).

Frequent acid voleanies. dominantly of ignimbrite type. are most abundant in the
Cambrian and Silurian. i. . in the period of post-Assvntian folding. The Tirst
large mollasse complexes appear as late as in the Upper Paleozoic
subsequently to the Herevnian orogeny connected with extensive granitization. Only at
that time the sializaton of the earth’s crust did reach o greater intensity. T he
Herevnian development evele is thus the first in the evolu-
tion of the Alpides that consists oflL lwo slages: cugeosyn-
clinal — Paleohercynian and one of several types — Neo-
hereynian Some blocks produced by sialization of the carth’s erust and by graniti-
zaltion did. of course, exist before the Carboniferous paretly possibly as o result of pre-
Paleozoie Tolding, but no specific paleotectonie types of Hereynian rock complexes
have developed on them. In the Turther history, part of these areas formed chains of
island. These blocks are represented by the Rhodope, Serbo-Macedonian, Central Car-
pathian and East Hungarian massifs, which were affected also by distinets Herevnian
remobilization of granitoids,

The intensity of Herevnian stabilization and sialization in the
Alpides is neither uniform nor universal
“} Ill 1|“'. ,\lllill"H l}]l‘l’l‘ e I"'f,:ilii'l?:

in which the oceanie and/or suboceanic crust
type persisted through the Late Paleozoie to the Mesozoie and the Hereynian granitiza-
tion is of o small intensity. The principal regions of this tvpe are the Dinarides and
Hellenides. where both the Carboniferous and Permian are of marine, oceanic type
with inle

il mollasse Tacies. In these regions the Herevnian orogeny manifested
itself by short episodes of small intensity of voleanism as well as deformations. The
Trinssic of the Dinarides and Hellenides with abundant quartz porphyrey and  with
dinbase. porphyeite and basalt oceurrences s also generally regarded as cugeosyn-
clinal.

bl The Balkan. South Carpathians and northern zones of the Fast Carpathians. West
Carpathians and Alps are of opposite tvpe: they display extensive stabilization and
Hereynian granitization, Upper Paleozoie mollasse Tacies and peri- or semi- platform
tvpe of the Triassie,

¢) The southern zones of the Fast and  West Carpathians and  Nlps  (Ober-
ostalpin) show a particular type of the carth’s crust. the progressive rejuvenation of
which started as early as in the Permian, The mollasse-filled troughs of the Permian
foredecps contain, besides quartz porphyey (due after compressive movements of the
Herevnian Toldingl melaphyee compleses of a0 greal thickness, which link up  the
nearsurlace features with the deep=seated ones.

In the Triassie. three main groups ol paleotectonic zones can also be differentiated:
The Dinarvide tvpe is commonly ranked as cugeosynelinal (see the Teetonie Map of
Furope. No S Satskij — A A Bogdanov 1960) as well as the South Alpine
tvpe (with some allowanee). The Balkan. Carpathian and West Mpine types may be
charneterized as periplatform yvpes. Extensive areas of the Fastern AMps and West
Carpathains — Oberostalpin and in parl Unterostalpin and Bucovinian — have a domi-
nanee ol shallow-

v limestone-dolomite complexes which. however, show a spectacular
facies  differentintion  pointig 1o the dynamies of the sedimentary
area. They cannot be elassed as cugeosyoelinal or miogeosynelinal. Some lime ago
I have termed this geotectonie tvpe as alpine-tvpe geosyoeline (Mo Mahel 1964,
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Ao Tollmann 1968 called it an aristogeosyneline. From  the above-said. the
geolectonic heterogeneity of the Triasic in the Alpides is apparent.

Outstanding echanges in the carth’'s crust produced by exten-
sive opeeanization are in the Alpides of Jurassie date The
extension of deep-sea facies and more marked facies differentiation are apparent.
Besides broad sills (Stramberk. mainly in the South Carpathians and West Dinarie
types). sills geanticlinales differentiated into blocks (Tateie and Fatrie types in the
West Carpathian and Bihor type in the Western Apusins). and narrow ridge zones
(Briancon typel. there are broad troughs filled with bathyal. dominantly carbonate
sediments and narrow troughs of the following types:

— lypes with the marlstone and radiolarite Tacies and with suboceanic to oceanic
crust (Krizna and Pieniny types in the West Carpathians and the Zukali-Budva Lvpe
in the Albano-Hellenides and Southern Dinarides) :

— types more pronouncedly oceanic with basic to ultrabasic rocks accompanied by
radiolarites with a thick claystone-aegillite comples of the .schistres lustros® Lype
(Pennine zone of the Western Alps).

Numerous complexes of basie and ultrabasiec rocks (diabases. spilites. gabbro. serpen-
tinites. peridotites) accompanied by radiolarites in the troughs are the most marked
manifestation of the oceanization of the earth’s crust during the Late Jurassic and

Early Cretaccous — perhaps sea-floor spreading. In some interior zones of the Dinari-
des and Albano-Hellenides, also at the northern margin of the Marmarot Massil of the
Fast Carpathians, the shallow-water facies predominating in the Permian, Triassic and
lower parts of the Jurassic were followed by intensive voleanism (porphyrites. diabases).
[n the West Carpathians, limburgites and harzburgites oceur more frequently in the
external parts of the Tatrides and the periklippen area: the Tithonian-Albian interval
was salely evidenced as the time of their formation.

In the Late Jurassie and Early Cretaceous. when the develop-
ment of the Alpides experienced o decisive change due 1o the outbreak of
folding in their southern most areas. the decpening of
trouvghs and the voleanism producing malie lavas were mosl
intensive and a number of TIyseh troughs were initiated (East Alpine,
West Carpathian. Ceahlan-Severin, Niz-Trojanov, Bosnal. They are distributed outside
the areas of early Alpine folding processes and generally hegin with the pre-flysch or
carbonate flysch of Sinaia tyvpe. often accompanied by basie rocks. Some Tlvseh troughs
were preceded by strong deepening of the sedimentary area. whereas other developed
from older Jurassic tronghs (e, g Valais trough in the Western Alps. Vardar trough in
the Dinarides and Zukali trough in the Albano-Hellenides) filled with deep-sea radio-
larites and basic and ultrabasic rocks. In their geolectonic Lype they are similar to the
pre-Carboniferous Tormations of the Alpides. Although they contain a smaller amount
of voleanic material than the Tatter and their diastrophic character is due to their
origin on the unstable erust. reacting sensitively 1o the pulse of movements, the
fTyseh troughs veeall rather cugeosynelines (regions of crust
thinning) than miogeosynelines, i. e, regions of thick sialic crust. This. of course. is
not true of all flvseh areas. The Tact that the flvseh Tacies. in particular the coarse
flvseh is often the direet predecessor of folding led o the assumption that the [lyseh
sedimentary zones were genctically connected with the periods of shortening, and thus
thickening and of the earth’s crust in resull of the folding processes (J. Auboin 1964,
AcVoPeive 19700 VO E Chain 1971). The geotectonie signilicance of the flyseh

complexes however. is more varied (M. Mahel 1971): llysch of some troughs or



108 MATIED

veosvielines is altogether Tree of Tolding affeets. as 0w the Carpathian flvsel zone was

nol allected by Tolding although it persisted trongh 1wo — the paleo-Apine and
meso-Alpine — Tolding periods. The influenee of the Tolding process is expressed only
by the inereased supply of deteital material feo 2o in the Conomanian) or by the changes
ol the paleogeographieal pattern (A bian — Cenomanian: Paleocene!.

The Tongitodinal intra-ovrogenic grabens such as the Timok graben or
the graben-synelinorial svstem of the Stredohorje. represent o particular Lyvpe
within the Alpides. They arve Tilled with pre-molasse Tormations ol extree-
mely varied and heterogencous Tacies ranging Trom dex-land o deep-sea Tacies. Their
localization 1o the mter-block boundaries and abundant linear voleanism suggest that
they originated o the zone of crost thinning-spreading in the interval between the
paleo-Apine and meso-Mpine Tolding periods.

The last mollasse stage of the Apides also lacks  geotectonie unilormity ol the
carth’s erust. Whereas the thickening of the erust ocenvred in the foredeeps (voleani

e
phenomena are seareel. in the Hungarian median mass and at its boundary with the
West Carpathinns as well as at the contaet of the Transylvanian basin with the ast
Carpathians of the erust an intensive voleanism ook place. Several transversal zones
ol the Tnternides

i.eoarveas carlier consolidated Tpart ol the Rhodope massil towards
the end of the Focene, Centeal Slovakian region in the Miocene! underwent o similar
development.

The Alpine development exvele differs Trom the carvlier
eveles in being complete and geotectonically extremely
helerogeneous,

The geological trend of the Mpine evele is expressed by the following sueeession
of Tormations: Toodeteital Tormations (Permian-Triassic’ continning the Neohereynian

orogenie evele: 20 carbonate Tormations with ol the predominance ol shallow-water
Limostones and  dolomites — Trinssic: b) the abundanee ol deeper-water limestone.
marlstone and radiolarite tvpes — Lueassic: 3. vselh and presmollasse Tormations:

40 mollasse Tormations. Compared with the earliee development eveles. the Alpine

evele s the Tiest Tolly developed and completed.

The diffeventinnion of the exele into the pre-orogenie. late teetonie and post-tectonic

(. Nuboin 19700 stages or the pre-orogenic and orogenie stage (N Y, Muratovw
1969, V. 1L Chiain 19720 issin my opinton. eather sehematie, as the maturity of the
individual zones is chronologicallyv vers different, The maollase. which is typieal of the
orogenic o post-lectonice stages. is ol Pinbonian age in the internal zones of the Balkan
Mise andd Late Cretaecons in the hinterland ol the West Carpathians. while in the
loredeep Tolding occurred stll doaring the Tatest Mioeene,

M development stages of the Mpine evele are characterized hy a prominenl geolecto-
nie dhifferentintion. Some vpes ean e elassed, with more or less certainty, as the
miogeosvnelinal ones. others as the elassie engeosyoelinal Tyvpes: in every cease,
however, we have 1o ascertain the nareow of saeh modelss which do not allow 1o
apprehend the actoal complexity ol the Mpine development exele. I appears reasonable

L0 i||!|-|'|rr'i'l Hhis complesiiy i lerms of the r-n||1|1|ir-'lll' process of Ihillllhu.'.‘ aned thicken-

e — compression and Tension ol the earth™ erast,

Shoetening and x;u':‘rm"frf; u;' the cartl's crust: (s :'f'l’fm—rm.whf;: to the f:lr‘u"[ff.u JHOCeSSes

The thickening of the carth’s crust. in e sialization. is chiellyv the vesalt ol heing aceom-
panied by Tolding sond genitizatian, The <hare of these two processes i the develop-
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ment history of the Alpides in variable. Tn the pre-Alpine, in paticular the Herevnian
evele granitization  and metamorphism. i oo deep=seated  processes are inlensive,
whereas in the Mpine-evele granitization is weak Gnost Trequentls conneeted aeneli-

cally with voleanism). but folding distinguished by intensive manilestations of the

tangential component is very strong, This resulted in oan appreciable shortening of
the crust, the Tormation of abundant often rootless nappes. zones ol lectonie melange
(Klippen Belt). subthrus

and zones of Lengullment™,

The paleotectonie heterogenenity of the development stages of the Mpides was enused
not only by the differences in the thickening of the erost in individual arens and
zones. hut also by the thinning of the erust vesulting Trom its spreading. This induced
the origin of longitudinal troughs with linear voleanism as early as in the Perminn.
when the foundation 1o the Alpide geotectonic zones was liid (e, e, the Melaphyre
complex of the West Carpathians with the Permian of the Choi nappe.

The spreading of the erust. accompanied by the Tormations of troughs was most
intensive in the Jurassic. mainly douring the Tithonian. AU that time numerous hodies
of basalt. limburgite. serpentinite and periodite weee emplaced amidst pelagic deep-
sea sediments (R Treiimpy, 1970 A0 V. Peive 19700,

Transitions and lateral interwedging of decp-sea. mainly eadiolarite facies with

shallow-water cordillera facies are known. for example in the Kreizna nappe and
especially in the Klippen Belt (between the trough tvpe of Pieniny sequences and e
Czorsztyn cordillera type). They Turnish evidence of the existence of elongated narrow
troughs. hardly 10—30 ki wide. The peri-platform (vpe ol the underlving Trinssic.
which is common both for the trongh and cordillera units. and the geadual differentia-
tion heginning with the Lower Liassic indicale a progressive oceanization  indueed
by the spreading of the earth's erusl.

The regional longitudinal troughs at the inter-block boundaries (West Carpathinn,
Ceahlau — Severin, Niz. Trojanov. Bosna — Vermos). 1he [illing of which begins with
the preflyseh and basie to ultrabasic voleanics. sugeest thal these deposils can also he
regarded as the manilestations of the erust spreading. The diastrophic tvpe ol their
sediments of flvseh eather resembles areas of o thin, sensihly reacting, unstable erust.

The small thickness of the crust would also account Tor the roollessness of these misses
cansed by later compression,

The Upper Cretaccous Timok and Stredohorje grabens with presmollase complexes and
interior depressions filled with mollase. as well as transversal faull zones distinguish-
ed by andesite-rhvolite voleanism are the product of the expansion processes in Lthe
erust during o more mature development stage of the Mpides. Fspecially in the ease of
longitudinal grabens this is indicated at the houndary of blocks and by the linear type
ol voleanism.

The alternation and partial overlapping of shortening and spreading  processes s
well demonstrated in the Permian. at the tuen hetween the Herevnian and Alpine exveles,
In the interior zones of the West Carpathinns, Tor example. the longitudinal moll:

a5t
hasins showing effects of slackening tangentinl movements passed into troughs, which
laid the foundation o the differentiation of the Alpine seossneline. The charaetor
and quality of movements depends on the geotectonie position and thus also on the
state of the crust. This would explain the different character of folding processes in the
pre-Alpine incomplete eveles.

The most remarkable alternation of shortening and spreading of the crust is connect-
ed with ahe onset of Mpine folding in the Mpides during the Late Jurassic. T that!
period o nomber of new troughs were initinted and many existing tronehs underwent
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deepening and oceanization. and the malic voleanism was most intensive (Hellenides.
Dinarides. the Sinain. Mures flvseh troughs. also in the periklippen area of the West
Carpatians).

The spreading-shortening processes are not synchronous in all areas. They markedly
alternate. for example. between the Externides and Internides of the West Carpathians.
In the period. when in the Flyseh Belt and subsequently in the foredeep the shortening
of the erust gave rise 1o the Tormations conneeted genetically with the Tolding of the
post-Savian. Farly and Late Styrian subperiods. the post-Savian. post-Larly Styreian,
post-Late Styrian and post-Moldavian basins originated in the internide zones, in resull
of release movements and normal Taulting.

Distinetive of alpine Tolding s its periodicity. It is of interest that the folding
peviods in the Alpides (ML M ahe T 1971 correspond in time 1o the hottom spreading
of the Mlantic Ocean (Le Piehon 1968): Late Jurassic — beginning of Early Alpine
folding and of the spreading of Atlantic Ocean: Early Cretaceous — more inlensive
activity of both these processes. Late Cretaceous — period of intraorogenic sedimentation

and relative cessation of orogeny and of retarded or interrupted spreading of the
ocean bottom: Focene — meso-Alpine Tolding (Laramide-Pyrenean) and respreading
of the South Atlantie and aceelarated spreading in the North Atlantic: Oligocene — pe-
riod of sedimentation without strong orogenie activity and of the retardation or cessa-
tion of ocean-bottom spreading: Miocene — Neoalpine folding and respreading of the
ocean bottom. From the above Tindings it seems probable that Tolding may bhe
conditioned by agents of more global charvacier. Beyond doubt.
however, is the close relationship between  the Tolding periods and the  particular
character of Tolding of individual segments. Tt shows itsell mainly by the differences
in the intensity of folding. its extent in space. and in the orogenie polarity. but also
by the development and spatial distribution of individual stages. These internal relations
depend partly on the deep-seated proeesses. ehielly the conveetion currents. and in
parl on the pre-Alpine maturity and the degree of differentiation of the Alpide seg-
menls into blocks.

The et that most zones of the oceanie and/or suboceanic crust of the Alpine devel-
opment evele are rootless indicates a greater intensity of folding in the zones ol crust
spreading

. On the other hand. the Alpides provide examples which show no relations-
hip between the thickness of sediments and the intensity of folding. The most illustra-
tive example of this kind s the Triassie of the Hugarian median mass. which s
slightly folded but its complexes attain o thicknees of 4000 10 5000 m. many times

areater than is the thickness of the intensely Tolded Triassic of the Tnner Carpathians.
related both spatially and straeturally.

Conelusions

The type of the carth’s erust in the Alpides was changing in the course of develop-
mentl. The most distinel change vepresents the Hereynian folding  linked  with an
extensive granitization, The st thicker mollasse complexes (Upper Carboniferous —
Permian) originated after these processes onlv, A elear exemplare are the differences
in the state of the ecarth erust in the tarning period of the Permian between  the
Dinarides and the Balkan.

In the Triassie the type of the earth’s erust was relatively more stable but differen-
tinted. A more conspicious differentiation with troughs and ridges set in chiefly in the
Jurassic: however, it was most distinet to the end ol the Jurassie and at the beginning
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of the Neocomian. In that period oceanization was  manifested by extension of
deep-water sediments. also with abundant manifestations of mafic magma: the first
fTvseh troughs and a flysch geosyneline (Carpathian) also Tormed.

Let us. for instance, compare the extent and distribution of Jurassic troughs originated
due to stretehing of the carth’s erust in the West and South Carpathians. In the Wesl
Carpathians there are in the Jurassic the Krizna and Pieninie troughs and to the end
of the Jurassie the flysch geosyneline at the margin: in the South Carpathians only
bathyal troughs are known between the Danubie and Getie areas: speeifie is here the
Timok graben in the Middle and Upper Cretaceous. such one we have not in the Wesl
Carpathians. Great differences are in the extent of the Tertiary basins. In the Wesl
Carpathia for instance. they orviginated in three stages and  divide. the Inner

Carpathians into a system of horsts and depressions (in the Eastern Alps are essentially
distributed in the marginal parts).

During the yvoung Kimmerian period of spreading of the earth’s crust trough parts
alternated spatially with the st distinel menifestations of Young Wimmerian folding
(southern parts of the Dinarvides and of the Balkan-Rhodopes). Alternation of earth’s
erust shortening and spreading is especially distinet in the West Carpathians to the end of
the Oligoeene. also in the Neogene. Formation of nappes in the ouler zones was
synchronous with the time of Toundation of post-Savian. post-Early Styrian. post-Late
Styrian. post-Moldavian basins in the Inner Carpathians and the adjacent IHungarian

median mass. accompanied by late geosynelinal voleanism. The periodicity of  the
Alpine Tolding  (with paleo-. meso- and neoalpine periods) displayvs o wider. more
global conmection: interesting is its contemporaneity with the periods of opening of the
Atlantic Ocean to the sense of Piehon,

The processes of compressions as well as those of stretehing display o different
quantity and a particular position. disteibution. in cach segment. Consequently a diffe-
rent stractural plan has Tormed in the West Carpathians. o different one in the East or
South Carpathians. quite o different in the Balkan or Dinarvides. There are greal
differences in the particnlarities in the individual segments and m

The differences in the intensity and in time manifestations of the AMpine Tolding in
the individual segments of the Alpides are disenssed more in detail in o work by the
anthor (NL M ah e T 19710 in this connection T intend only 1o stress that there are
particnlarly distinet differences between the segments of a different pre-Alpine maturily
of the carth’s crust. oo g between the Balkan and the Dinarides,

Fach segments of the Mpides. however, displavs ils partienlaritios. also with o uni-
form tendeney ressembling a0 more global background. These  dilferences hecame
distinet aleeady i the intensity of Herevnian Tolding and of aranilization and are
particularly manifested in the differenees of the tvpes of the Permian, later in the
types ol the Trianssic and in the partienlarities of the tvpes and distribution of Jurassic
and Cretaceous troughs: but also in the extension and disteibution of Tertiary basins
and of late geosynelinal voleanies. Considerable differences are evident in chironological
and spatial distribution as well as in orogenctic polarity of the Alpine folding in the
individual segments (NL Moahe T 1970, The rootless charcter of the majority ol fold-
ed units and tronghs (i e zones with oceanic and/or suboceanie type of crust) points
o a particularly intensive carth’s erust shortening. especially in these zones of Tormer

spreading. A consequence of the difference in manifestations of folding processes in
individual segments are the dilferences in their stractural plan. The eanse should
he secked in the inhomogenecity  of  ecarth’s  erust maturity in the  pre-Alpine
period: in the differences of spatial position (mainly regarding 1o the course of convee-


http://exte.nl

112 MATEL

Lion currents). A [I;I!'“i‘lll:tl' |ri:||'|-. [alls 1o the role of Taulis — in the dilferences ol
development as well as of the structural plan of the individual segments — to the abun-
dance and disteibution of directions of Taultse and their manifestation o time. Loeo to
factors controlling the charmeter of the hlock strueture,

Treanslated by 0 PEVNY,
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