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[IPEACI CBUE

B meyxromHure "KoppesArma noxeMODEA" NpHBENSHH NOKIATH yYacT-
HEKOB OJHOEMEHHOT'O MEXNYHAPOIHOT'0 CHMIOSHYMA. ,

HeoOxonmmmMOCTE MEPOKOTO OCCYXNEHEA I'IABHHX HalpaBleHER B H3yde-
HEE JOKeMOp#A oCyCJaOBIeHa eCTeCTBEHHEM DASBATHAEM COBDPEMEHHOR Ieo-
Jorxdeckolft Hayku, B mocsnemHme roiH H3y4eHHEe NOKEeMODHA BHIBHTGETCH
Ha OIHO M3 BeNymUX MecT B OOJACTH Hayk O 3emie, ['e0JOrEYecKHme HC-
CHEeNOBAHAA NOKeMOpHA - 3TOr0 HAYANBHOI'0, HAmGOJBMEre MO IPONOJEA—
TEIBHOCTH, OTPe3KAa B HCTODPHA (OPMHDOBAHMA 36MHOR KOpH, OXBATHBAD-
mero 3-3,5 MIpH. JeT ee CYMECTBOBAHWA, - MMENT BaxHeflmee 3HaYeHHe
R8K N4 [O3SHAHHA MCTODHM Da3BHTHA Hamell mnaHeTH, Tak ¥ JIA IPOTHO-
3a NOJNe3SHHX MCcKomaemux. [Ipeodnamammas Macca NOCHBAEMHX JEIOBEYECT-—
BOM DY COCDENOTOYEeHa MMEHHO B fJoreMmOpuiickux ofpasoBaHusax, [loaro-
My H3ydeHHe NOKeMOpHA cTaHOBUTCA OnHO# M3 BaxHelmMX 3a%ag r'eoJoru,
K DEmeHHn ROTOpOffi NDMBJEYSHH KpyNHHEe CWIH yYeHWX B DasHHX CTpaHax.
OHO MMeeT ocodoe SHaUeHMe NJA Da3BHBADMMXCA CTpaH Afpaxu, OxHOR
AmepHKR M pra Asmm, rie NoxemOpuiicKEe o0pasoOBaHHA DACIDOCTDPAHEHH
HardoNee WHDPOKRO.

Ina noBHieRNs 5H)eXTHBHOCTHE MHOU'OYHCJIEHHHX M DasHOOODASHHX HC—
caemoBaHmit TOKeMODHA B DA3JMYHHX CTpaHax MEpa B HACTOAmee BpeMa
HaCTOATENBHO HEOOXONMMH KOODIMHAIMA yCHAME, OpOBeleHHe COBMECTHHX
padoT Ha HamdoJee NepPCHeKTHBHHX HAODABAEHHAX, MHEDPOKAA HAy9IHAA
koonepamua, C 9Tolt measD BHepBHE B MeRNYHAPONHOR NpaKkTHke OWI CO3BAH
CEMIIO3HYM, [EeJEKOM NOCBANEHHH BaxHefmuM mpodaemaM TIOGAIBHHX
EccaenoBaHEl moxemOpHA B ROODNMHAIMM JTHX HCCJenOBaHmiE,

Covmosnym "Koppenamua noremOpua™ O mpoBeleH B Mockee B aBrycre-
cedradpe 1975 roma mo pemenmw CoseTa MexmyHApPOTHOR mpOTpamyE
reoxoruvackofl Koppexasmun (MITK), ocymecTRIAeMmoll COEMECTHO ¢ Mex-
AyHaponHKM COD30M Teonorudeckux Hayk (MCITH) m KHECKO. B ero pa-
0oTe UpAHANM yYacTHe BENYIMe y4eHHe B3 21 crTpaHH, BHpadoTKe oG-
WEX NPUHIWOOB PENEHMS KADIMHANBHHX TeONOTHYECKHX IPOGASM CHOCOG-
CTBOBAJA OCCYXIEHAA KOHKDETHHX BONDOCOB BO BDEMA I'6O0JOTAYECRUX
SKCKypciil, NPOBEJEHEHX MO KDHCTAMLIMYIECKAM KOMILIGKCAM DAaHHETO
HoxremOpna Kapemun m Kypckoff maruaTHol aHOMAmME, O OTIOXEHAAM
BEDXHEr0 XOKeMOpHa Ypala @ mo meTamopimdeckaM mopomam J3upynb-
CKOr'o maccEBa B I'pysnn.

Bo Bpema paGoTH CHMIOSHYMA OGCYXIEHHE GHAO COCPENOTOYEHO HA
CIeNYDUMX HAUDARIGHAAX B M3yYeHAU NOKeMODAS: CENEMEHTOI'EHES A HC-—
Komaemoe OpraHNYeckoe BemecTBO, BOSHERHOBEHHe EXWSHH, BYJKAHESM
¥ TOKTOHHEA ILTHT, METALIOTEHAA, MEXROHTHHEHTANBHAA KODDENLAIMA



BEpXHero noxeMOpna. BONpOCH ROODHNHMHALMA PENANHCh Ha 3aCeNaHmIX
padouMx I'DYON OpH OCCYRIEHEM OTHeJBHNWX mpoekToR MITK, mocBAmeH-
HHX: TpaHmne KeMmOpHs X JOKeMOpHA, I'eOXHMHMM BYJKAHEYECKHX MODOX
apxed, NOKeMOpED B GoJee MOJONHX CRAANIATHX MOACAX, MEeTALIOreHER
InoxemOpmA, XeJe30DYIHEM (fopManmuaM BOATWHH XaMMepea® E odpasopa-
HEO SHAJNOTHUHHX XeJe30pyNHMX dopmammit Ipyrmx GaccefiHoB, Koppesd-
[EE DPaspesOB BepXHEro NOReMOpHA, NoremMOpmo 3amamHod Afparu, B
OPHHATOM DelleHME 0c060 OTMEYeHA BAXHOCTH E AKTYAIBHOCTE HCCJIENo—
BaHE! 9X3OTEHEHX IIPOIIECCOB,. OPraHAYECKOT'0 BEmecTBa ¥ HANE0HTO-
JIOTHM HTOKEeMODHA .

CEMIIOSHYM OTpDASHJ ONpefeJeHHHHE STANl B MEDOBHX HCCIENOBAHEAX
JIoKeMOpHA B B MX ROODIWHAIMM. BHJIO IMONOXeHO Hagaxo padoTam
oo omHoMy ®3 KpynHe#immx mpoerToB MITK - "MeramnoreHma moxemG-
pna", OTBETCTBEHHOCTEH 38 OCYMECTBJEHHE KOTODOT'O BO3JOXEHA Ha
CCCP, a pykoBOmHTeJeM NpoerTa H3dpaH akanemmk A,.B.Cmmopenro, Pa-
doTa CHMIOBHMYMA MOKasaja, 9YTO OEPHOIMIeCHOe NpOBeNeHHe COBema—
Huff ¢ OeJbD KOODIMHAIME ¥ KODDEJAIMHE HayYHHX HCCaeloBaHml NoreMmO—
priCKHX KOMIIERCOB H MX METAIIOIeHHH CTANO Tenepk HACTOATeNbHOR
HeoOxommMocTsh, CHcTemarnueckmit odMeH HHfopMammeil, BHpadoTKa
eIMHHX IPHHIAIOB IOAXONA K DemeHND BaxHefmEX BOOPOCOB II0CAE-
HHX HcciepmopaHmRt moxkemOpEa cefl9ac ABIADTOA BAXKHHM YCAOBHEM I&b—
Heflmero mporpecca B MOSHAaHHE NOoReMOpmiicko#t reosormieckoit HCTOpEH
A MeTALIOreHEH, JHTEHCHBHOCTS HPOBONEMHX yxe ceffuac mccrenoBaHmit,
EX ARTYAIBHOCTEH, HAYYHAH H NPAKTHYECKAd 3HAUEMOCTE OCYCIOBIMBANT
HeOGXOMMMOCTS NOCTOAHHOR Roomepamam, C oToff meusn mexecoodpasHo
cosmarMe emuHOWt opraHmsammM, KOTOpo# Moraa OH CTAThH, HalpEMep,
MexnyHapomHAA ACCOIMAINMA IO H3YYEHED NOKeMOpHA.

LORIANH YIAOTHHROB CEMIOSHYMA, COCTABJADMUE NaHHNE COODHER
CIDYNIEPOBAEN B JABYX TOMAX ¥ IATE pasmenax, Tou I: ocamoumme
IpomeceH NOpoX00SpasSOBaREA B MOKemOpur (OXapakTepHsoBaEH oCmue
BONPOCH CeNEMEHTAIEE B JNOKeMODHM, OJeNeHeHHR, NpesHeidmme ocamkm,
KOHTUIOMEDATH ¥ PIYGOKO MeTaMop{#30BaHHHE 0CANOTHHS OPONH), XHSHS
H ODTPEHYECKOE BemecTBO B NoKeMOpEM (IDOMCXOXNeHHe H NpeBHefimne
fopMH XH3HE, BOIPOCH OMONOrHH IpeBHefimAX OpraHMSMOB, OpraEmdec—
EOe BEemecTBO X BONPOCH HeJreHOCHOCTE NOKemOpud), mokemdpmt mOIBmIE-
HHX B30H, BYJAKaHHSM A BYJIKaHOTEHHHE OCpPA30BAHEA NOKemopas (mpodie-
MH 5@y3MBHOTO M MHTDYSHBHOTO MATMATHSME, OfMONIATOB, OKeAHMYEC-
Kot KOpH M TOKTOHHKH [UIAT B JOKeMODHACKAX KOMILIOKCAX, MOKeMOpm
CPeNIMHHHX MACCHBOB, BOIPOCH SBOJKIEE 3eMHOff KODH B JIOKeMCDHE) ;
Tom II : KOppeNAIMs BepXHEro NOKeMODHS (IANEOHTOJNOTHYECKHe, Narec—
MATHHATHHE H JpyTHe MeTONH KODDeJNAIHMN, NATHHCIACTHYSCKEE DEeROE-
CTDYKIME H T'@0XDPOHOJOTEYECKEE MKANH), METALIOTEHHA NOREeMODES
(oOmze 3aKOHOMEPHOCTH, OCOGEHHOCTH METANLIOTGHHE KPYIHHX DEr'OHOB) .



INTRODUCTION

The two-volume edition of the "Correlation of the Precambri-
an" comprises papers by participants of the symposium bearing
the same name.

The development of geoscience at present requires wider con-
sideration of various trends, existing ion the study of the Pre-
cambrian. Recently the problem of the Precambrian has taken a
leading place among Earth sciences. Geological investigations
carried out on the Precambrian - this initial and longest period
of the Farth history, covering 3 - 3,5 billion years - are most
significant both for. extending our knowledge about the develop-
ment of our planmet and for prospecting mineral resources. The
major part of ore output is obtained from Precambrian formations.
That's why the study of the Precambrian is becoming one of the
principal tasks of geology, involving prominent scientists in
different countries. It is particularly important for developing
countries of Africa, South America and South Asia where Precamb-—
rian formations aroe widespread.’

To make numerous investigations, conducted in different co-
untries of the world, more efficient it is essential to take con-
certed efforts, to carry out joint activities in the directions
which seem most prospective, to maintain scientific cooperation.
With this in view an international symposium was coovened for the
first time, wholly devoted to principal problems, relative to
global investigations on the Precambrian and their coordination.

The Symposium “"Correlation of the Precambrian” was held in
Moscow in August-September 1975 at the decision of the Board of
the International Geological Correlation Programme, implemented
Jointly by International Union of Geological Science (IUGS) and UNESCO.

Leading scientists from 21 countries took part in the work.
of the symposium. The elaboration of general principles for sol-
ving major geological problems was facilitated by discussions
 on individual subjects, during the excursions in Earelia where
Early Precambrian crystalline complexes were observed, in Kursk
magnetic anomaly, in the Urals where Upper Precambrian deposits
were shown and in Georgia, where Dziruliap massif metamorphic
Tocks were observed.

In the course of the Symposium work the following subjects
Were discussed: sedimentology and organic matter in the Precambri-
an, the origin of life, volcanism, plate tectonics, metallogeny,
intercontinental correlation of Upper Precambrian. Coordination



aspects were settled at the meetihgs of working groups om indivi-
dual IGCP projects, among them: Cambrian/Precambrian boundary, Are
chean igneous geochemistry, Precambrian in younger fold belta, Me-—
tallogeny of the Precambrian, Iron formations of the Hamersley
basin and analogous basins of iron formations deposition, Upper
Precambrian correlations, Precambrian of West Africa. In the adop-
ted decision the participants emphasized the significance and sci-
entific urgency of investigations on exogenlc processes and on the
problems of the evolution of organic matter and palaeontology of
the Precambrian.

The symposium marked a certain period in the investigations
on the Precambrian and their coordination. The work om the project
"Metallogeny of the Precambrian™, one of the most significant IGCP
projects, started, the implementation of the project was guided
by the USSR. Academician A.V.Sidorenko was elected leader of the
project. The work of the symposium showed scilentific urgency of
holding regular meetings in order to coordinate and correlate sci-
entific investigations on Precambrian complexes and their metallo-
geny. Systematic exchange of information, workiog out of unified
principles to approach the solution of major problems, relative to
global investigations on the Precambrian - all this is a prerequi-
site of further progress in the study of the Precambrian and its
metallogeny. Scientific urgency of investigatione on the Precambri-
an, their theoretical and practical significance make it necessa-
ry to maintain permabent cooperation. It is reasonable to estab-
lish for this purpose a specia’l organization: Internaticnal associ=
ation on Precambrian research could serve this purpose.

The papers by the symposium participants are comprised by
two volumes and five chapters. Volume I: sedimentary processes in

ore-formation in the Precambrian (general problems of Precambri-
an sedimentation, glaciation, ancient sediments, conglomeratss and
deep-seated metamorphosed sedimentary rocks), life and organic mat-
ter in the Precambrian (origin and ancient forms of life, problems
of biology of ancient organisms, organic matter and oil-bearing
Precambrian formations), Precambrian of mobile zones, volcanism
and volcanic formations in the Precambrian (problems of effusive
and intrusive magmatism, of ophiolites, of oceanic crust, of pla-
te tectonics in Precambrian complexes, Precambrian of median mas-
sifs, problems of evolution of the Barth crust in the Precambris
an); Volume II: Upper Precambiran correlations (palaeontological,
palaeomagnetic correlation methods, palinspastic reconstructions
and geochronological scales), metallogeny of the Precambrian (ge-

neral regularities, metallogenic peculiarities of extensive regi-
ons)e



OCAJIOYHHE [POLECCH MOPOZIOOEPASOBAHES B 70K EMBPHR

ROCE~FPORMING SEDIMENTATION IN THE PRECAMBRIAN

AB.C 2 Zzope EE o (CCCP)
OCAJZI0 HAfl TEOJIOTUA KAK OCHOBA JJH IO3HAHUA
T'BOJIOTY TECKOl MCTOPUM ZIOKEMBPUA

AV.B8idorenko (USSR)
SEDIMENTARY GEOLOGY AS A BASIS FOR THE KNOWLEDGE
OF THE PRECAMBRIAN GEOLOGIC HISTORY

1. Petrographical methods (succession of igneous phases,
depth and grade of the metamorphic procesises, their identity)
or geochemical metheds of the determination of absolute age of
certain geological formations are applied for the subdivision
and correlation of the Precambrian geological complexes. Re-
cently, particularly in connection with the large-scale ma-
pping of shields, lithologlcal-stratigraphical methods based
on the direct study of the formation succession of certain
beds of metamorphosed rocks have been successfully developed.
‘The data thus obtained serve generally as a basis for local
stratigraphical schemes.

Owing to the application of these methods, certain results
have been achieved in the subdivision of metamorphic forma-
tions of some shields and in their global correlation. However,
the stratigraphy and correlation of the Precambrian geological
formations, especially Archean and lower Proterozoic ones,
s8till remains to be one of the least studied geological pro-
blems.

2. As the largest part of the whole geological record is
represented by the Precambrian, the subdivision and correla-
tion of its geological complexes is the most important problem
of the modern understanding of the history of the Earth's
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crust, Esteblishing of the historical-geological stages of
the Earth as a whole, beginning with the oldest Archean ones
is extremely necessary for the understanding of the processes
of the Earth's tectonic evolution, the sedimentation history,
metamorphism and magmatism, formation and evolution of geos-
pheres, and evolution of life during all 3.5 to 4.0 billion
years of the geologic history. Without the clearly defined
stratigraphy of metamorphic complexes based, like the FPhanero-
zoic, on the historical-geological principles of evolution,

it is impossible to create a general model of evolution of the
Earth's crust, to organize a scientifically based search for
minerals, and to elucidate regularities of the formation and
dis-tribution of the mineral raw materials.

3. The study of Archean and Proterozoic metasedimentary
rocks by means of lithological methods which recently has been
significantly advanced, enables us to approach the understand-
ing of general problems of exogenic processes occurring in pre-
metamorphic stages and the creation of the exogenic (sedimenta-
ry) geology of the Precambrian. It is established that the Pre-
cambrian, just as the Phanerozoic, is composed predominantly
of originally sedimentary or sedimentary-volcanogenic strata
which have been afterwards metamorphosed to one or another
degree., Precambrian intrusive rocks, like Phanerozoic ones,
are clearly of a subordinate character. It is established that
all the main types of sedimentary rocks known in the Phanero-

.zoic are also characteristic of the Precambrian. Thase'are

rocks of a clastogenic, chemogenic, and organogenic origin.
These facts are very important for the investigation and un-
derstanding of the Precambrian. They indicate that the charac-
ter of geological processes has been basically the same through
the Earth's history, both in the Phanerozoic and in the Pre-
cambrian.

Establishment of the unity of the Precambrian and Phanero-
zoic geological processes in their principal nature, although
they have undergone an evolutionary complication from older to
younger periods, permits us to use for the Precambrian the
same modes of the study, subdivision, and correlation which are
used for the relatively well studied Phanerozoic. Of course,
the more complicated geologic history of the Precambrian rocks
has to be taken into consideration. Since most of the Precam-
brian rocks have undergone the regional metamorphism, the me-
thods of investigating the Precambrian have to be used with

due regard for a removal of the superimposed metamorphism,



The Precambrian has to be subdivided and correlated on
the same basis as the succeasion in the creation of geological

bodies (bed, member, formation) made up by common geological
processed in certain combinations of the paleotectonic and
paleoclimatic environments.

Under the present-day conditions of lithological methods
of the study of metasedimentary strata and of the development
of the fundamentals of the Precambrian sedimentary geology,
the state of the geological knowledge on shields enables us to
raise a problem of an elabor-ation of the Precambrian strati-
graphy based on the same historical-geological principles as
the Phanerozoic stratigraphy. Since the index fossils are not
yet established for the Precambrian, except the upper Protero-
zolc, the correlation between certain formations and other
units of the Precambrian at the global level of correlation of
different shields can be ensured by means of geochemical me-
thods, through determining absolute ages of certain beds, mem-
bers, and formations. Absolute age determinations, however,
have to be based upon and correlated with the complex of all
other geological data (geological age interrelations of rocks,
history of geological processes and other geological phenomena
superposed on the objects under investigation).

4, Lithological-stratigraphical methods, including compli-
cations of minute lithological and lithological-geochemical
characteristics of metasedimentary rocks, determinations of
paleogeographic environment of deposition of certain beds, mem-
bers, and formations, and, as a result, determination of the
succession of changes in geological conditions under which
‘the rocks were formed, become now of the greatest importance
for the subdivision and €orrelation of the Precambrian. For
this purpose, the mineralogical, geochemical, and other me-

"thods applied for the correlation of barren Phanerozoic stra-
ta have to be used more widely.

The most informative for the correlation of the Precamb-
rian can be rocks which are rather abundant and characterized
by specific paleoclimatic and paleogeographic environment of
deposition. It has been established that continental plapation
surfaces, metamorphosed weathering crusts, and contemporaneous
redeposited weathering products represented by high-alumina
schists, quartzites, conglomerates, etc., are rather important
for the correlation of the Precambrian. High-alumina schists
as most intensely reworked products of the weathering of alumo-

silicates (various kyanite, sillimanite, andalusite, and cor-
11



dierite schists) give val\;lbla data for regional correlations.
The same should be said dbout quartzite strata which are
regionally abundant.

Correlation of the widespread Precambrien planation sur-
faces, continental intervals, and associated metamorphosed
weathering crusts with absolute age determinations suggests
several major stratigraphic levels in the Precambrian history,
Paleoclimates, which have been, as a rule, globally distribu-
ted within certain natural climatic zonmes and clearly reflec-
ted on the sedimentogenesis products, can serve fairly well
as correlative characteristics for the subdivision of the
Precambrian continental strata. Therefore, the study of the
Precambrian paleoclimatic regimes gives new possibilities for
the correlation of the Precambrian metasedimentary complexes,
Signs of arid conditions on sediments characteristic of arid
climates, products of an intense weathering characterictic of
humid environment, glacial deposits represented by various
tillite accumulations are generally widespread and can be used
in the correlation of certain metamorphosed complexes.

The petrographic study of the pebble composition in con-
glomerates and comparison with rocks in sourse areas give a
reliable material for the subdivision of the Precambrian and
creation of largely local correlation schemes of the Precamb-
rian.

Just as some unique rocks types are of a correlative sig-
nificance for the Phanerozoic (glauconitic sandstone, white
chalk, graptolite slates, etc.), some unique rock types of a
correlative significance can be distinguished in the Precam-
brian. Correlative possibilities of iron quartzite, graphitic
schist, etc. have to be considered.

5. Correlation end subdivision of metamorphosed strata
and establishment of historical-geclogical stages in the Pre-
cambrian have to be based on a combinationm of lithologiocal,
paleogeographical, and geochemical methods. The main role in
the subdivision of the Precambrian, just as in that of the
Phanerozoic, belongs to the distinguishing and substantiating
of major periods of sedimentation therein, which have been
intervened by major stages of tectonic deformation.

For certain regions, paleotectonic methods can be used
for the distinguishing of tectonic-igneous phases and phases
of a strong regional metamorphism.

The development of a new scientific tremnd, the exogenic



(sedimentary) geology of the Precambrian, can be seen as one
of the most important problems of the present-day geology,
because paleomagmatism and paleotectonics should be correla-
ted with paleolithology. The present-day stste of the litho-
logy of metamorphic strata, our knowledge of history of tec-
tonics and magmatism, as well as outlined new ways of investi-
gating the Precambrian permit us to hope that the elaboration
of the stratigraphic scale of the Precambrian similarly de-
tailed as the modern Phanerozoic scales is quite possible.
This will enable us to elaborate a united historical-geologi-
cal scheme of the Earth's evolution during all its 3.5 to
4.0 billion years. Such a problem can be solved only with
combined efforts of geologists from all continents.

Jcoexu B eumpejieNneHMM A0COENTEOrD BO3PacTa IOPHHX N0poZ, AOCTUI-
EyTHO B8 NOCleZHe6 A6CATUIBTHE, 0C0C6HHD yOOAuTeAbLHO I10KE:aIH
BOCHM& cIafyn M8y WHEOCTH MCTODMM DABEMTHA BSeMHOM KoPH B 06JIOM.
KoMnmexcom GHOCTpS TUTDE(PM WOCKAX METDAOB, & TAKKe MCCIEZ0BAHKEM
TOKTOHO-0DOTrOHHY6CKAX DIOX BOCH 0CAZDUEHE yYexol faHeposos B Ha-
CTOAEee BPeMd DacWIeHOH moyrTi Ha I00 ApYCOB M Apy MMX KpyNEHX
cTpaTHrpaduHecCEUX DoApasSAeNOEMA, 0CDeZMHOHHNEX B I2 CHUCTEM H 3
rpynnu: nazeosoli, Meseseu, KaflHosoil. OTH cTpaTUTpadHUeCcKue ezpu-
HHOH 0C8A0YHOre WXNA 00menpusHaHH, AOCTATOUHO X0POHO WBYYSHH
B CoOOCTABMMH B IA0CAIBHOM IJ8HE, YT0 COBA36T AOCTATOYHO YWBTKYD
DTHOCHTOABHYD reoxXpoHoIordn faHeposos. OZHAKD KpUCTAIIMYeCHMH
{y BAAMOHT KOHTHHOHTOB, T.8. TD, 9YTO0 NPHHATO CUMTATH J0KOMGpMEM,
paccMaTpHBaACA OOHYHO K8K 0TDaxeEAe DAHHAX 8TaNoB PasBHTHA SeuM—
IH B HBYyYeH MHOTO Xyx6, B CBAGH C T6M U0 K MeTE8MODQH Y6CRMUM mODPO-
A8M HONDHMOHMMH KISCCHMYOCKHE GMOCTDATUrDAGMTECKHE METOZH, A0
KeMOpHil HA OCHOBAHHE TEKTOHO-MATMATHYOCKMX pyCemeil H8 DasHEX
NETEX DECWIGHANCH Ha 4-6 BOBPECTHHX NoApaszedeHEit, za u To,
R8K NpaBAI0, 9TH pPyOexH MMeJHM NpedMymeCTBEHHD MOCTHD® sHaUeHHE
Al OTZPABHHX HMTOB, 8 IIe08ABEDE CONOCTABIGHKE O0CTABAEIOCH
Golee HIM MOHE® yCHOBHHM. ToXbKo AAfA CaMOro HOBZHErD NpoTepo-
807 HA OCHOBAHMM M8y WHUA OCTATROBR NPAMUTHUBHNX OPTaHMBMOB
JCTAHABAMBANTCA rI008NBHO COMOCTABHMHE B Toll HIE WHON Mepe
noApasaeienns (BeHz, BOEZeMM#t, nmoszHMi pudelt), X0TA M AAA HEX
Roppeisnus GoXee yCcIoBHA, 4Y6M ZUa KOMNIEKCOB mopof (aHeposod.
Korga onmpepeneHMs atC 0ADTHOTD BospacTa MOK&B34IM, YTD nopo-
7 faHeposos uMewr BeaspacTt a0 500 MIH, JeT, 8 OOPOAH KDACTE AnK-



YOCKMX muT0B - I1,5-2 MApXA. 76T (OpuyeM OTAEIBHHE NOPOAH ZBTHDPO-
BaHH Zaxe pufpauu 3 3,0-3,5 MaApA. 76T, M B CBOD OUepEnb 3TH
NoC/leZHMe NPOPHBANT 6me 00J66e ApeBHMe KOMIOAGKCH 0CaZ0yHo-MeTaMop-
(uvecrMX NOpOZ), £BHO BHABUIACH HECONOCTABMMOCTDH HE8WUX NpeACTaB-
NeH4N 00 0T7EABHHX BTAN&X MCTODPMM 36MIM ¥ CTONEHH €6 W8y BHHOC-
TH,

HacTazo BpeMi CAGJATH NPUHOMOMAINBHHG BHBOZH MB MMEDEMXCA
CcBeZieHU 00 aCCOMNTHOM BOBPAcCTEe JeMJy M 66 O0TAGJNBHHX IeoA0orHyYec—
KAx Qopuanuit. ['78BHHM BHBOJ BSAKANYEGTCH B TOM, YTO PA3BATHE Kiaac-
CUYECKOff MCTOPMYSCKOR TeoJiorMM, onupasue A HS 0THOCHMTE IBEYyD I'60-
XPOHOAOTAD M GHOCTpPAaTHIpadyu WOCKME METOZH KoppeAALUM, NPUBEND B
0CHOBHOM K MosHaHMD (aHeposof, CocTaBifgnmere He Goxee I/7 Bcefl
reoaoTHYecKot mcTopun, 3,0-3,5 MIApA. NE8T Ie0A0TrAYECKOR MCTO=-
pud 3eMiv, NPUXOAANMXCA HA ZOKeMOpWd, T.e, Golbmas 4acTs, NoZ-
YepKUBAD - C0JBlasA, NPeoGAaZIBDEEA YECTH I'eDA0OTMYSCKOI'0 BPEMEHM
pasByUTHA HAme i nmsamu,nccneﬁom 8HAUMTEABHD Cladee, 4eM (a-
Heposoils MM KaK OH HAXOZMMCH H& N0DOIe® NOSHAHMA A6HCTBUTEONBHOM
MCTOPMM Hamell NAaHETH.

Haspelaa HepOX0ZMMOCTH> KOPOHHHM 06pABOM NEPECMOTPETH HAMmM
NpeACTaBJeHUA 0 Te0IOrMYeCcKOll MCcTopuM 3emmd, [[pABAIBHO M MH
nocrynaeM, Korza QaHeposolf oToxpecTBIAeM CO BCeR MCTopHed pas-
BUTAA BEeMHON KOpH, 8 0 ZIOKeMODHY IOBOPMM TOJEKO K&K 0 DaHHeM
aTane pasBUTAA Hameil NNaHeTH KAK reonorduyecKoro Texna? Beas oo
afCoANTHOMY TEO0J0THYECKOMYy BpPeMEeHM Z0K6MOGDMHl - 2T0 npeoG.agamp-
m4e o a6COANTHOMYy BPEMeHM NEPHOAN MCTODMM BeMIM, HA HMX NpUXo-
Zurcs Goaee B5% BCEro reolUTMUeCKOr0 BPOMEHM pDasBuTHA Beumu. Bo-
nee MpaBUABLEHM HaM KEKETCA CUATAThH (eHeposofl, 0COGEHHD Takue ero
nojpaszeneHdn, KaK Me3030# M KalHOB0#,N0CHEZHAM DTAMOM DABBU-
TiA SeMaM, BeAb DH cocraBiseT MeHee I0-I5% Bcero aGCOJDTEOID
re0N0TAYECKOr0 BOBPAcCTE Hame#l niaHeTh, JlOKEMGPUl — BOT TOT Tu8B-
Hulf Mo NPpoZOARMTENBHOCTM 0TDES0K Ie0J0TMUYBCKUID BpPEMEHM, Korza
passuBalack @ (GopMupoBan&ach 3eMHAs Kopa. Mexpgy TeM HamW BHAHUA
00 9TOM BpPOMEHHM MHOIO XyXxe SHaHUM 0 JaHeposoe.

Panee B 0ZHOM M8 CBOMX PadoT MH [0K8saJM, 4YTO HE TOABKO N0
reonoriYeCKOMy BPOMEHM, HO M N0 0GbeMaM, SaHMMAGMHM B B36MHOH
Kope, ZAOKEMODMIlCKA® NOPOZH CyWMECTBEHHD NpeoGjaablT HAJ BCEMM
APYyTHMM TMOEMM ¥ BOSPACTHHEMM IpynnaMy MDOPoA, OHM JEXAT Hoj
QCAZ0YHHM YEXJNOM B OCHOBAHMM BCEX KOHTHHEHTOB., T0JUBKD BHXOAA-
mMA HA NOBEPXHOCTH ZAOKOMODMI mMMTOB CocTaBAAET oKoxao I/S Bcel
CymM. [Ipy sToM B3METMM, YTO 86COANTHO® KOAMYECTBD DABBEJAHHHX
9aNacoB ¥ Z00HYA JIOKEMODHHCEMX XEJ6BHHX PyZ, OBETHHX METANI0B

14



M ADyroOro PyZHOrO CHPBR B MHPe CymeCTBEHHO Mp&éBHUENT BaNach,
pasBefadiue B JaHepos0e, HOCMOTDPA HE OTHOCHTENBHD MAJY D HBy-
YsHHOCTE I'e0A0TMYSCKHUX [pPENECCOB, NPOXOZMBUMX B ZOKeMGDHMH.

Taxum o6pasoM, 6CHM MCXOAMTH M3 TOr0, Yr0 OCHOBHHM 110 a86Co-
JOTHOMy Te0J0r¥YeCKOMy BPOMEHM DasBUTMA 3eMid ¥ mo o6bewaMm cdop-
MUPOBEBOEMCA TOPHOA MacCH OWJ J0KeMOpuid, 8 daHeposodl OpejACTaBIA-
eT coGoll ToALKO0 NOCAGJHWE B34B6pUELNMe DSTANH T'e0J0TMYeCKDl UCTo-
pUM, TO BHPUCOBHBAGTCHA BCA TPPaHAMOBHOCTH 3878 MBY YOHUA JOKEMO~
pUA BO BCeX HANpaBIOHUAX.

licxoza M8 TOTr0, KAKDe MECTD B38HUMAET ZOReMGPMl cpezM Apy rMx
regJoTH W CKMX o6pasoBaHuli seMHOY KopHd, MH CyiTaeM, YTOD npobie-
M@ paCUNeHEHWA W KOPPeNALMM ZOKeMODHA, OGCYRACHAD KOTODOH OHI
O0CBANEH HAm [pome ZmMil cUMMOBMyM, BCECTOPDDHHEO MBY YGHWE J0DXOMO—
puiickuX reosordueckux GopuManuii cTAHOBATCH B HACTOANEe BPEMA 0F-
HUMM M3 BAXHO{MmWX 4 BeAyuUMX [poGieM COBPeMEHHOR re ogoruM. Byay-
mee HapamMBaHME MUHE DANLHO-CHDBOBHX peCy UCOB, OOHAMAHWE B8KOHO-
MEDHOCTO! (QOopMMpOBAHMA M DaBMENEHWA MECTOPOEASHMA NoJeBHHX WC-
KONgeMHX HeBOBMOXHH 068 X0DOWEro BHAHUS MCTODUM Z0KeMOpHs,

NEPBM YHOTD ZOMETaMOPHMYSCKOrD cocTaBa NOpoj, nNazeoreorpajuysc-
KUX yCIOoBM# MX 06pasoBaHusi, STAN0E 0POI'6HE3a W MeTaMopHuveCKAX
npeo0pasnsa Huil.

B Hacrogmee BpeMs G0JbUWAH YACTH CMJ y9YOHHX HampaBieHa HA KM3y-
yeHue QaHeposod. A MCCEZOBAHUA €TI0 0YEHH CHOXHON W MHOr0OGpE 8-
HO# reonorMyecKoi MCTODHM OHOPMUIMCE M yCNEWHO Da S8BUBENTCA Ho-
CKOJBKO Z8CATKOB DASIMYHHX I'e0JOrMY6CKMX HayK, HiH B Kaxodl Mepe
He [pUHUEAA SHAYOHMA WCCIEJ0BAHMIl KE&/lHOS0A, MES0B0A M [aJE0304,
AMEDNUX OTPOMHO® NPaKTUYECKO® BHAUEHWe, MH X0TeAM OH OpUBIEeUm
BHHMEHHE K MCCAGZ0BAHMD J0KEMGDUF. B COOTBETCTEMM C MECTOM, Ko-
TOpOe BAHUMEOT JIOKeMGDMA B I'O0JOTMYSCKOM BPEMEHM W I'6DAOTMYEC-
KOM NpOCTPEHCTEE B6MHON KOpH, AOJNXHH OHTH yBEAMUSHH KOIJIOKTH-
BH MCCI80BATENEH, BAHATHX AOKeMOpuUeM, janbHe#uee passuTHe mpu-
MOHWTONIBED K METAMOPPMYECKUM [OPOZEM JOJEHH M0JyWITEH BCE T6
HayKd, KOTOPHO ycOoemHO DBSBMBANTCA NPH MCCIEZ0BAHMM I€0NOIHYSC-
_ KMX fBAGHMI QaHepoaos.

MH cwiTaeM, YTO0 CHEUMAJNBHH} CHMIOOBMYM 00 KOpPPeNALMM ZOKEMG—
pusa, coCpaBmMii BeMyuMxX CHELMaJMCTOB M3 MHOIHMX CTpaH, ABIAETCA BH-
TapipMea coCHTHeM B A3y4eHrd meTamopfun. OHO MORET HOJNOEMTEH HAUaIO
HOBOMY 2Tany B U3Y4YeHMM NOKeMOPUACKUX KOMILIEKCOB, OTKDHTH HOBHE
CTp&HALH I'80JOTHA.

llepeoCMHC/IMBAR HAWK [POACTEBIGHHA 0 NpONOXATEABLHOCTH 3B 0ID-
OWM BEMHOM KODH, 0 TOOAOTHMUYECKHX OPOLECCEX, MPOXOAMBEMX B HE-

T6pBaze 3,5 MADA. N6T, MH CWITAGM, UTO B NEPBYD 0U6DPEZE HyxHO
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00paTuTh BHUMBHME HA SKBOTOHHHO NPOLOCCH, NPOXOAMBEME B ZO0NAJIe0-
30liCKDe BpeMs, HE BONPOCH DasBATUA XMBEM B Z0K6MCDHM, Dpeodpaso—
BaHAA NMOPBMYHOI0 OCEZO0YHOIY BONECTBE B NpONecce MeTaMopiuswa M
TPEHATMBALMM W B NponeccH QOpPMADOBAHMA DyAHHX KOHOeHTpauuit,
BOBHMRABUMX NIPH 3TOM.

B 4eM npuyMEN OTHOCMTONBHO ME@HBNGOH M8y WHHOCTH ZOKeMOPUA?

[paunEaMy ciaCGoif Mo CPaBHEHMD C JaHEDOBOEM M8y YOHHDGTH ZOEEMO-
pus 66CCHOPHO ABAADTCA TPYAHOCTH WCCIEJ0BEHWA @BMEHEHHHX TIIyso-
K0 MeTaMopius30BaHHHX NOPOZ ZOKOMODUA W wACTO QparuMeHTapHOCTSE
UCX0ZHOr0 KGMOHHOTD MaTepuals, ZOCTYOHOID AAA MCCHGZ0OBAHNH.

Ho TIaBEAA NPMUMBEE KDOETCA B CAMOM METOZMTOCKOM NOAXOZe K MBy-

YO HWD TOPHHX NO0POA . Ji0KeMOpUA, ROTOPHA CymecTHOBAX BEA NDPOTAXOHMM
NOYTH BCOr0 Da8BUTAA I'60JOIMM, B TOM, C KaKUX NOBHOUE MCTOAKO-
BHBAMNNCH PABYABTATH HMCCIEA0BAHME ZOKOMOPMUCKMX TOIm M KK DOEOH-
CTPYyUPOBAJNCH CAOEHHEe NPOLECCH ZOKeMODPMHACKOID NOPOA000DAS0BAHMA,
Ha zoxeMGpuilCKMe 006pas0BaHMA MHOTME TIOZH CMOTDENM NPEXZe BCEro
K&K HE KOMONGKC NOpoZ, QopMupopaBmuxcsd B oCOGHX, MCRIDWMTENLHHX
yCHADBMAX MMEHHD DAHHMX DTAN0B DASBUTUA 3J6MIM, KOIA8 Te0J0TMY6CKMe
NpoLeccH NPOXOZUAM B cnenuMuUeCKMX yCAOBMAX MopBU uHedt s6MHON Ko-—
PH, Cuwrajioch, 49T0 ZoKeMOpHiCKAsA BeMHAA KOps MMeJNa MaIyD MoE-
HOCTH, 06yCHOBIMBABUYD I'I0G8ABHHI XapaKTep TEKTOHMUECKMX ABUES—
HUil, mMPORKO DASBMTHA BYJIKAHASM M BHCOKHE TOMOepaTypH HOB6DXHOC—
TH 3eMid, C aT¥M OHIO HEOOCpPeZCTBEHHED CBASAHOD aNpPUOPHOE ZONyNS—
Hie 00 0COOOM X8paKTepe 0CAZKOHARONAGHWA M IMOePreHHHX ODPONBECCOB,
06 ocoGoM, NPOMMYyHECTBOHHO GOCKMCADDOAHOM CoCTABE aTMocdepH M
Taapocdepy, a8 TaKkxe 00 0TCyTCTBMM 0praHWYeCKo@ XMBHM., OTH Npe -
CTABJAOHUA , 0TBByKM KOTODHX MOKHO BCTpeTUTH M Teneps, OCHOBHBA-
IMCh Ha TeX I'MO0TE3aX 00 OTHOHHO-XUJAKOM NpPOMCXOXZGHAM Hamell nma-
HETH, KOTOPHe TOCHCACTEOBA&JAM B KOHLO NPOWJOr® CTOAETMSA HIA Ha-
gane XX B.

ECAK npH McClsZ0BSHUM Ie0A0rHYecKMX o6pasoBaHUE jaHeposos
pasBMBANCA BECH KOMINGKC IepJOrHYeCKMX HayK — Oerporpagus, I4To-
ZI0rdg, NANEQHTONOTHA, NAJEOre0rpajHs, y 96HMe o QANMEX, TO MEY-
YOHH® ZOKOMODMICKMX TOPHHX MOPOA WA0 N0 NyTH KASCCHYE CRHX neTpo-
rpaduvecKMX MCCIEZ0BBHMIl, TIABHHM 06pDasoM C OOSMIAMR Marmarti-
YeCKofl reosorum, ¢ OOBMOME W8y W HUF CROCTBEEHHOD MeTaMophusopah-
HHX ¥ TPaHHTUBMDPOBAHHHX Nopoz. Hakue MCX0ZHHE NOPeZH CEKPHBADT-
CA 38 5TMMM MeTEMOD)HSOBAHHHMM NOPoZSMM, KEAK NpaBMIe, HE OHTa-
JUCH ONPEJ6IMTH. JoKeMOpUll paccMaTpAsalcAa Kak "mapcrso® mar-
MBTHIECKAX M YIAbTPaMETaMOPHAYECEMX Oponeccod, MPoNecces Tpa-
HATABALMM, OOPEAGIMBUMX BCE pasBUTHe BeMHOM KoDH B ZioKeMGpUH,

16



i

NP3TOMy M paCWIeHOHHW® O6I'® OCHOBHBANOCH HA TOKTOHO-MATIMA THYECKMX
(asax. B 9ToT nepuejx HH 0 KAKO¥ AMTONOrEER, & 0COGEHHD 00 SEBOIeE-
Holt T0XOrHM ZOKeMGDHA TOBOPHTH He NDHXDAMAOCH, JloKeMOpHH pac-
CMATDHUBAICH B PAMKEX I'e0J0I'dWCEOre BDOMOHM, NDUENWNHAABHO §T—
JAYEOT0 0T jaHeposod. OTO X0 ONpUBEND K TOMy, 9T0 BCA IeoJordusc—
Kad MCTopHA SeMIM 0T 8pXes Ze EK8iH0B0R HO DaCCMATDUBANACEH KaK
6AMENR PBOANGHOHES yCJAoxXHammHicAs mponecc, janeposell npoTMBenmE-
CTABJAICH ZOKSOMOGDMD, 8 TDAHMOS MOXAY HHMM I1DROMCHBAZAOCH
0co006, UCKIDYMTONEED® SHAYSHHO,

HyxzHo saMeTHTh, 4T0, HOCMOTPA HA CYyIry(0 MArMaTHTOCKD6 BAmpap-
JNeHH® B MCCISZ0BAHMAX J0K6MODHfF, MHOTMME POOIOTAMH CDOZM METAMOD-
(M 9eCKEX ROMONGKCOB 0TMEWR/NCH M 0OMCHBAMICH DAsIMWHHe MepBMYHO-

‘0CaZl04YHHG TOPHHEe O0POZN, OPOBOAMIMCE: 0TZOABHHEe JUTONOI'M WCKEE HC-

CHeZ0BaHMA 8CAZI0THO-MOTAMEDYM YBCKUX TOPHHNX Mopoj, TARAX, KAK
KBADOUTH, KOETIOMEDATH M IHOCOBMZHHE NECWHHEM, 00JOMOYHHE XA-
PEKTOP KoTopHX HauGonee (IaronpuaTeH AMAA COXPAHEHMS 06 DBHYEHX
TERCTYD A CTDYKTyD. 3a BCe BpeMs H3y9eHEA NOXKeMODHA ODA HeTpOrpa-
fMYecKAX X TeOJOTOCHEMOYHHX padoTax He WATAX OHA HAROIIEH OCMApPHHR
MaTepHasl 0 MeTaMopiM30BAHHHX OCANOYHHX HOpOIexX H Opomeccax, MpoHuc-
XOIUBIAX He TOJBKO B ODPOTEpO308, HO I B &pxes.

B nocuejEMe roZH A0CTATOYHO YOTKO 0Q0PMANOCH OPHEOUOASABHOD
HOBD® OTHOWGHMe K MBYYeHAN JZ0KEMODUICKMX IreolordYecKHX ofpaso-
BQHMM - OCHOBAHHOE HA HMBYYeHHH IMTOZOIWM W ocazewEoll (SKse=
TEHHO#) reolorMd MeTAMODPPMYECKMX HOpoa. ['IaBHOE CymMECTEO STEID
HanpaBIGHMS CHCTOMT B TOM, YT0D KOMNIGKCOM NHTOIOI'MY8CKMX M Ieo-
XHMM YO CKAX METOZ0B MBSy 48DTCA MeTaMoppMBOoBEHHNE NODOAH C LOIED
BCHPHTH UX NOPBMYHYD OPAPOAYy M NepPeBECTH MX B CBOM M6PBMYHD-0CE-
A0WHe 3aHAJOTH, BOCCTAHOBMTE JCHOBMA, B KOTOPHX OHM (Qopumuposa-
IuCch 6mEe A0 Hayaza MeTaMoppusua, Ceilysc MOEHO CYMTATH Z0CTATOY-
HO 0GOCHOBGHEHM NpPeACTABIAGHHE 0 MUPDOKOM DABBMTUM N6DBM YHO-
0CaA0YHHX MOPOZ, UODOXAGHHHX SKB80T€ HHHMU NPOLecCaMd B J0KeMGpuu,
HE YMHEA C DAHHOID &pXes.

[lpaKTyyecKl BCe TUOH 0CAZ0YHHX NOpOA, MBBECTHNWE B (aHeposne,
58peTMCTPUPOBAEN B BHA6 METaMOP)H JOCKHAX SRBUBE&INGHTOB B AOKOMO-
PN,

B KopoTEOM ZOKJBZe HEBOBMOXHO NDUBECTH BEeCh (aETHUECKAN MaTe-
pUaN B NOATBOPRAGHME STOrD TesMCA., 3aMeTUM TOIbKO, YT0 HA BCEX
MBBECTHHX mMTAX, HA BCEX CTpaTUrpafMyecKUX yDOBHAX M B apxee,

1 B HMXHeM OpoTepos0e, He IOBOPH yXe 0 BEDXHEM NpoTeposoe, Gec-
COOPHO yCTEHOBAGHH BCO THMIL M@TEMOD)US0BAHHMX KI&CTOPEHENX no-
POR, AONOZWAX A0 BAC B BJe METEKOKI/OMeDaToB, KBApMNEEB,

nt?
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rHeliceB EMCIOIS COCTERA, NApaaMdUOPAMTOB M N8 parpaHymMToB. Mdupo-
K0 NpPeACTABNGHN BHCOKOTIMHOBOMUCTHO KMAHMTOBHO, CHANMMAHMTOBHS,
8HZQIyBHTOBHe CIAHIH, AMACHODHTH, KOPyHZMTH, HAXZ8KM, MeTaMopdu-
YOCKMe AHAJIOIM KAODIMHEATOBHX, MOHTMODHJUIOHMTOBHX, GOKCHTOHOCHHX
TAME ® COKCHTOB; BHEBAPHS [OJAN IPyNN8 KAPOOHATHHX M TJIMEMCT 0-
E8pOOHaTHHX NOpPOA, Npev0PacUB&AHHHX B NapaaMPUOOIMTH, OCHOBHHE
KpUCTALNOCHE HUH, KAIbUUQHPH, MpPaMOpH; CPOZM Z0KOMGPUUCKAX KoMO-
A6KC0B OOMC&EH AanaTATOHOCHHS® MOPOMH - OPONYKTH MeTaMopfmama
fochopuTes, METADBENOPUTH, TOHAWTH M APyTME XOMOTOHHHe [0p0—

“o

Boxsmoe DpPHHOMNMEIBHCS BHAYOHWE JAJNA MOHMME HAR NPONECCOB
3EBOreHEBA8 MMEET JOOAMTENEHOE ZI0KASATENLCTED WHDOKOI'0 PASBMTHA B
ZOKGMODMM EMBOI® BONOCTBE, OCTABMBUOro CBOM CHeAH B BHAe yIuMC-
T0-rpaguTMCTHX CHAHN6B, LWYHIHTOB, TyXo/uTa ¥ T.0., Cpezu meramop-
duyecKMX mopoz, AMEDIEX BO3PACT CBHEG 3 MADA. Z6T, BOTDEWWOICH
CHeZH GBCCNOPHD ZOEABEHHOTD JATOAOIMYECKMMH, MMHEDANOTH PCEUME,
reOXEMAUOCKMMHM M OMTYMAEOJOTM U CKMAMM METOZEMA GMOPEHHOT'O yIie-
poja. QaKTHYECKH{l MaTepHaX D0 BTHM BOOpocaM onyGAMKOBAH HaMK
paHee, &8 TAKE® MBA0X6H B COOTBOTCTByLMMX CTATHAX 3TOr0 COOPHM-
Ka.

BazeH He TOABKO (8KT WMPOKOTO DACODOCT PAHOHMA paBMHYHHX THMOB
MOTAMOD)MBSOBAHHNX OCAJ0YAHX TOPHHX MOpPoj, HO W To, Yr0 BTH 0Ca=-
AOYHH® NOPOZH ABIADTCA IAaBHOH# cocTaBisome## YBCTHD mMUTOB, OHH
CO3SJaDT KeK OH CTPYKTyPBYD 0CHOBY AoKeMOpMA. [lozcueTH pacmpo-
CTPAHOHHOCTH MeTAMOP)UYECKMX TMODPOZ M NEpesoy MX B COOTBETCTIBYD-
mMe 0C&Z0YHHG PKBHBANOHTH NO0K&38/M, 9YT0 B Npejesax WUTOB A0-
KeMOpult He MeHee YeM HE8 TpPM Y6 THEDTH CJHOXKSH N6PBM YHO=-0CAZOA-
HHMM WIM, B MOHBEOH cTONeHM, BYJIKAHOreHHO-0CAZOYHHMM NOPOAAMHE,

B Toff MIM MEUM Mepe MOABEPrUMMMCA METEMODDHBMY MIM I'PaHidTH-
8anuM, ST DOKOHCTPYKIMM, ROHEUHO, HOCAT HBCKONBKO yCHOBHM{ xa-
paKTep, TAK KaX HAMM NpY NOACWTAX PACCMATDUBAAACH TOJABKD T6
38BEZI0MD 0CAZ0YYHE METAMODHUBOBAHHHGE MOPOAH, Yy KOTOPHX CpaBHH-
TeNBHO JETK0 ONPeZSJAANACH MX N@PBHYHO-0CAZ0YUHAR NpHpoZa. C
JY8TOM COBDOMEHHHX NpeACTaBIEHME 0 napa—H OpTONOPOAEX, 0COGEHHD
TAKMX, KK NaparpaHyJMTH, NaparpaHEMTh, napaampuGomuTH, 5TH Co-
OTHOWGHUA eme OCoixbme Oy AyT P N0AHBYy CTpaTHDUOMpPOBaAHHHX 0Caz0%
HHX MOPOZ.

s pacnpocTpaHeHHOCTH OCAZ0YENX MOPOX B AOKOMOGDHM MOXHD CZe=-
laTh 0ZMH 0Y8HP BAXHHU NPUMHOUOMANBHHY BPHBOA: BS6MHAA Kopa ZIOKEMG-
puA, TAK Ke KaK M ocajoYHHil yexonl jaHeposos, B OCHOBHOM CJOEe-
Ha NePBMYHO-O0C&Z0YHHMY NOPOASMM. B BaBMCHMOCTHA 0T I'e0CTpYHTyp-
HOTO OOJOKEHMA B 9TM NEPBAYHO-O0CEZ0YHHE TOJNM BHOJDHIMCE MATME—
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THYSCKM8 MACCH, KOTODHO MOIIM OHTH NpPOAYKTAMM BHINABAGHMS NpPM
yAsTpaMeTaMoppMBME M NMMOTEH TiyCGMEHEH{ NozKopoBHit resesuc. Koan-
Y6CTBOHHHE COOTHOWGHMA MOXZY O0CAZ0OYHHMM M MAaIMGTHUECKMMM NOpO-
JaMy KaK B ZOKeMOpaM, TAK M B (JaHep0S06 B OAHOTUNENX I'e0CTPyK-
TYPHBX yCAOBMAX NAGTHOPM MIM NOABMEHHX BOH OHNM GAMBKM, DTOT
PaKT uUMeeT GOJBEO6 BHE WHME JJA JAIbHOAmMOry PASBHTUA SKSOreH-
HOT'O0 BANpaBieHds B Ie0MOTdM AoKeMOpur. OH OOKasHBEET, YT0 K
Adsi apxefd, M AJd NPOTOPO30A X8PAKTepDH& NPOMMymECTBEHED TaKas
%6 B8KOHOMODHOCTH 3 COOTHONGHMM MOXEY MATMAaTHUOCKMMM M 0CA70
HHMM 00pac0BS&HMAMM M NpomeccaMi, Kak M ans ¢aHeposos, 8 MMEH-
HO: OpeoliananAe 0CAZI0YHHX ¥ fBHO D0ZYAHEHHHN XBpaKTep Marua-
TUYECKUX MOPOA, BHOJDABUMXCH B OCANOYHYD UCHOBY B6MHOH# Koph.
i3 BCOro W3Z0XEHHOT0 MOKHO CZ8J8TH BHBOZ, UT0 NDPUPOZE CHaIM-
YecKo#t seMHOM KopH, CA8Trapmell KOHTHHeHTH HAmeW NIaHeTH, B 0C-
HOBHOM 0Caz0yHad.

Pasee HaMmi B paze paéor OWJA0 NOKa3EHO OPUEIMAIME IBHDS CXOJ-
CTBO THOOB 0CAZ0YHHX TOPHHX NOPOA, O0TJAOXGHHHX B ZoOMeTaMopha-
YeCKHe NepPUOZAH ApXes M NpoTeP03osA, C UCHOBHHM HadopoM 0C&Z04Y-
HHX TOPHHX nopop B GaHeposoe. Taxkxe OGHI0 yCTAHOBIGHO NPUHIMIH-
alB3H06 CXOACTBO NPONECCOB IMNePreHesa B paHHOM JOKEMODUM H mpo-
TEDPOB06 C OPOLECCEMM IMNEePreHes8 B NOCTZOKeMODHH. S5T0 NOATBE PE-
ZaeTcs He TO0JABKO HaGOpOM THNOB NOPOX, HO M NPOAYKTAMM BHEET-
puBaEMA. Ha nposezeBEHOM B I975 r., B MoCKBe cHeUaIbHOM COBENAHUM
OHJM NOABEZGHH MTOTH MCCA6Z0BAHME K0P BHBOTDMBAHMA 7 0KSMODHii-
CKOT0 BO8pacTa. COBOMAHM® OTMETAAO WMPOKOE D&3BUTHE KOHTUHEH-
TAABHHX N6PAPHBOB ¥ DADBMAINBHHX K0P BHBOTPUB&HMA M NepeoTio-
EGHHHX DPOZYyKTOB BHBETDUBAHMA TOr0 ®6 COCT&BA, YTO0 M OPOAYKTH
BHBE TPUBEHMA (0166 NOBAHAX SH0X.

Bce aTo eme pas NoAYepPKUBAET BHZBMEy T06 HAMM [10J0E6HUE ©
TOM, 9T0 CymECTBYET OAMHCTBO I6ONOTHYBCKUX [PONECCOB paBBU=-
THAA BSOMHOW KOpDH 0T pDaEHeTro 8pXeA A0 KalHOS08 BRANYATEABHN M
NpUELUMNMEABH06 CXOACTEO XBPaKTepa IUNepreHesa M 0cazKoHaKon-
IeHUA KaK B Z0KeMGpRMM, TAK M B (aneposoe. [Ipy 2TOM HyXHo cpa-
8y 88METUTH, YTO DO YH MAGT HO 0 TOXAECTBE NPOLECCOB SK30TeH-
HOTO IreoJ0rMYeCKOro DasBUTHA ZoKeMOpua M QaHeposos, & 00 8BO-
JRLM0HED yCHOXHADMOMCA DABBMTME 36MOM N0 OAMHHM BAKOHAM.

TaxkoBd cIOEMBUMECA K HACTOANEMy BpPeMEHM 0CHOBHHE HpeZCTaB-
J6HWA 0 JMTOJOTMHM M 0CAZ0WHON IeoNorMH ZoKeMOpHs. 38 KAxJHM
#3 BHCKABAHHHX TE3MC0B CTOAT Z0CTATOYHO BECKME J0KABaTEJBCTRE.
9TM xe HOJNOKGHWS DA3BMTH B [OCI6ZyONMUX CTATHAX MOMX TOBa pU-—
me# no paGore - B.A.TeHaxosold, O.M.JyEesolt, C.A.CuzopenKo,
0.A.FopmeBCKOT0 4 AD.
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lisy yenue seMHOA Kop ¢ DosAnuit ezMHCTBA DasBUTHUA €€ HA WHaR
C apxes ¥ 70 KOHU8 KAilE0s0s, C NOBMUMR OPUELNMOMENBHOTO0, HO 3BO-
JADOWOEED YCAOEHADEG OCH CXOACTBA Ieé0J0TMYBCKUX NpPOLECGOB 38 BCH
TE0NOTHYECKY0 MCTOPUD SeMiM 0TKPHBAET HOBHE BOSMOXHOCTM AJA [0-
3HAHMA JIOKEMODUA, 6I'0 PaCWIGHeHWA M Koppeasnuud. OHO fFAeT BOBMOE-
HOCTH NPUMBHATE K ZOKEMODWUICKUM 06pASOBAHAAM Te X6 MNPUHIUINH 8K-
Tyan4sMa, KOTOpHe, KAK MBBECTHO, OHWAN THABHMMM ANA MOBUMAHUA
ucropur daHEpOBOH. ’

JlokeMOpuil A0MKEH pacYNGHATHCHA M KOPPEJNMDOBATHECA M0 TeM X6
npuEQMNDaM, 4YTo ¥ QaHeposoli: M0 MPUHOMMY NOCAEZ0BETEABHOCTH 0TI0-
O HUAA TEONOTMYECKHX TeJ (maacT, CBuTE, (opmanua), cOopPMMPOBAHHHX
@JMHHMM TEO0JOTMUBCKUMM NpOLECCAMM B ONpOJENEHHHX COYeTaHMAX na-
Je0TEKTOHMYOCKAX M I8 JIe OKIMME T Y8CKMX 06CTE HOBOK.

lIp# CoBPEMEHEOM COCTODAHMM JMTOJOTMYECKHX METOA0B MBYYeHUA
pcazoyHo—-MeTaMopdi YeCKUX TOJE M PaBpPACOTEHHOCTHA MPMHLANOE 0Ca-
ZA0uHOfi TE0NOTUM ZOKEMOGDUA, 8 TAKE® CTeMNEHNW TeoJorMyYecKoil Msy-
YeHHOCTH MMTOB BOSMOXHO COBZ8HME CTPAaTUIrpafMM AOKEMOGDAA HA TeX
X8 MCTODMKO-Te 0N0TMYECKMX MPMHLMNEX, HE KOTOPHX OHJA C0378HE
crpararpadua aHeposod.

Ocofoe aHauyeBMe AJA pAaCY/IGHOHMA, KODDe/ALUM W COBJAEHMR 78—
TaABHO# crpaTMrpadMuecKoidl WKAJH ZOKEMGPUA MOPHOGPE TANT AMTOAOTO-
cTpaTurpaduyecKine MeTOZH. [10CI6Z0BaTEABHO W8yyas MeTaMopfuyec-
KWe ToimM, CHMMAA METaMopiMaM ¥ NepeBOZs MOPOZH B CBOM NEPBHAY-
HHE 8HANOTM, MOEHO [0Jy4Y4Th Z6TAJBHHE JANTOJNOTMYECKHME W AMTOIOI O~
TE0XHMHYOCKHe XapaKTe pUCTHKM 0Caj09H0-MeTaMO0pdM 48CRUX mOpoz,

a TAKES DNPeZe MTH NnaJeoreorpaduyeckue ycaosua QopMUpOBEHNHA
0TZGIBHHX NJACTOB, CBAT, (opMaydil @ H8 OCHOBAHMM BTOTD BOCCTA-
HOBMTE NOCIEZ0BATONBHOCTE CMEH T'e0J0TMYECHUX yCJAOBMi, B Xoge
KOTOpHX 00pas0BAANCH OTAGNBHHE CTpaTUrpadu I6CKHE ©ZMHMLH.

JTEM NyTeM COBZAaWTCA AOCTATOYHD HAZEXHHE MECTHHE CTpaTUrpa-
duyecrue CXeMH pacWiOHEHHA 0CAZ0YHO-METAMOpPOUWCKMX Toxam, Mox-
HO NPUBECTH HOMANO TAKMX ZETANLHHX JMTOA0ID=CTp&aTHIDPaHMUeCKUX
WKaJX MECTHOr0 3HayeHMA., OHM ZOCTATOYHO yO6ZUTEABHH AJA OTASIE=
HHX yY8CTHOB mMToE, CJAoxHee CBECTH 5TH MECTHHE CXEMH B €ZMHYD
crparurpadigecKyp mWKaJdy mUToB., 378CH 0C06yW DOAb AJNA KoppelA-
UMM HAPAAY C OmNpeZ6NeHMAMM 8GCOANTHOTD BOBPACTa MeTaMOpPQHYec—
KHX QopManuit ¥ ycTaHOBAGHMEM 6AMHHX TOKTOHO-0pDOTeHMYecKMX (as
npuoGpeTapT TAKKE METOZH OCAz0yHoll reojorud, B NepByL 0Y6PEAB
AUTON0THYECKOE M3y Y9HHe NopoA M pPecTaBpanUs NaAe0reorpadyyecKux
M naneofayMelnBEHX JCHOBMIl, BHABIEGHME TAKHMX THUIOB MDPoA, KOTOPHe
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AMODT MHDOK0® DASBHTHE M XBDARTODHHO DAAGO0TOKTOHHMWCEME M NAI60=-
reorpaduyeckde yCAOBMA 0O0PASOBAHWA. YCTAHOBIGHO ONpeZeJeRHEE
BHAYGHMe AJA N6N6l KOppeAANHE KOHTMHOHTAABHNX M0BEDXHOCTeH BHpAB-
H4BAHNS, METAMOP)MBOBAHHHX K0P BHEETDMBAHAA M CHEXDOHHHX MM
0TA0E6HMH! NPOAYKToB BHBETDHBAHHA B BH6 BHCOKOIIHHOBEMHCTHX CIA H-
6B, KBApHHTOB, KOHTAOMEPATeR H T.X. HanmpHmep, BHCOKOI'IHHO3E-
MHCTHE CHSEOH, K4K O/HH M8 HaMO0A®e mMpopadoTaHHHX NPOAY KT0B BH .~
BOTPUBAHMA ANOMOCMIMKATOB B TIyMHZHOM KIKM8TO, ZADT [OHHHI MaTe-
puan pas perHoHAaIBHHX KOppeXgnMil. ¥ HAC MMeeTCq HeNHM DEj mpu-
Mep0B, KOI'IA paSINYHHE KMGHATOBHO, CHIANMMAHHTOBHE, 8HJANYBATOBHS
ClaHnH, KODyHAMTH ¥ HAEJAKM WCTOIBSOBAJMCH ZJA COCTABIGHMA zZe-
TEIbHHX Ka8pT, Hampuumep,npd paspaGoTEe CTPAaTUrpadMK KME HETOBHX
cnaHyes Koascrors nolyocrposa (padora K.B.BeasKoB&), BHCOKOTIM-.
HOB6MUCTHX Nopeji AnzgHcKore mara (padora E.A.Kyadma) ¥ B zpy rax
pa iloHax poxeMopuA. CCCP. To me caMee cIeiyer CKasaTh H 0 TOINAX
KBApIHMTOR, CBHZ6@TONECTBYDEMX 00 OMpeZIeA6HHNX yCAOBMAX BHBGTDHBE-
HWA M MMEDNMX MMDOK06® DETHOBAALHOE DPBBBUTHO.

Hozo6H0 ToMy EaK za7 GaHeposod OTAGLBHHO jHMEQABHHE THOH oca-
AOUHHY NOPOZ MOTYT MMOTH BCIOMOTATEN5H08 KBDPOAATHRHOE BHAYEHUE
(rnayKoEMTOBHE NOCUREMKM, GeZMit mMcwEil MeN, rpanTeiMTOBHe CIBE~
O 4 ADs), TEE M ZNA AOKOMODMA MOTYT OHTH BHAGJOHH CBOE yHUEANE~
HHO THNH NMOPPA, MMEDLUe ONpe7ie/eHEDe KoPPeIATHBHO® BHATGHMS,
CnezyeT pacCMOTPeTH: KODPeNATMBHHE BOBMOZHOCTM X6I6BMCTHX KBEDIM-
T0B, rpapUTUCTHX CIAQHNGB, 8DK030B, IpayBaKK, CTpAaTHPMOMPOBAHHHX
(GasMTOBHX H JABTPAGABUTOBHX KOMIIEKCOB,

DoreTulf MaTepuaa jas cTpaTurpafuu ¥ nameoreorpadH yeCKMUX DeOKQE~
CTpPyKnull zaeT MBYy YeHME EOHIIOMEDATOB JoReMGpAA. [leTporpaduysckoe
48y YeHUe COCTABA TAN6K KOHIIOMEDATOB M CONOCTABIGHHE HX C HCX0A~
HHMH O0pOjiaMd, DasBMTHMM B 00A4CTAX CHOCA, AGDT NOHHHYU MaTepHal
ANA pACWIGHeHMA MeTaMopHMUeCKMX KOMOJIGKCOB, ONpeZeNeHME BOBPacT-
HHX B28MMOOTHOMOHMY! NopoZ M COBZAHHA MECTHHX CXOM KoppeIan#M
JOKGMODMA. [oA00HE® 0CGCTOATEALHHS MCCIASZ0BAHMSA OHIM BHODJIHSHH
0.0, Jlysesoft zua KoXsCKor0 MONyOCTPOBA M JalM 0YeHH BAXKHHO DO sy Ab-
T8TH, [A8 KODPOAANMH ZOKeMOpPHACKMX ToMN BOSMOEHO MCHOIBBORAHAG
MMHEDENOTMY8CKMX, I'8 0XMMUYECKMX MOTOA0B KODPOIALMM, NPUMOHFOMHX
JIJA comocTaBAGHUN "HemHX" Toam faEeposOA.

JUToNOro-CT pATHIPAQU YECKUE MOTOZH DT B OCHOBHOM MATOpR&N
AJA cTpaTMUrpadun M KoppeJsnMM 0TZ6JABHHX DETHOHDB. CaoxHEe pemapT-
CA WMMpOKHe rAo0aIBEHG6 CONOCTABIGHMA B Npejelax WMMTOB M 0C 006 H-
HO I/1004/BHHE CONOCTABIOHAA MOXAy WMTaMM. B CBASM C 96M TT0 B
JAOKEMODMHA, EPOME HOBAHEr0 OPOTEP030H, NOKA HO yCTAHOBJAGHH DyKo-
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BoZamMe GopMH DpraHM9eCKoW EMBHM, KOPPEIATMBHHG (yHKIMM Conocras-
IeHMA 0TAGJABHHX fopmanuil, APyCOB ZOKeMOPMA B WMDPOKOM NJIaHE MOTYT
066CO6 YWBATHECA TAKMMM Ie0JOTHYoCKAMM ABJGHMAMM, KOTODHE HMERT
WApPOKO8 pacnpoCTpaHeHMe, 0XBATHBAKWT O0JbWAEe NpucTpaEcTsa. Cheny-
6T 00paTHTH BHUME8HMO HA N&JEDKJMMATH M HE NaJe0TEKTOHW W CKME
ABJOHUA KAK HA BOBMOXHHE KODDPOJATWBHHE NDUBHAKM.

[lazeoxnMMaTH, pacHpoCTpPaHAOmMMEcH B Npezejax 0lNpeZeleHHHX wWi-
POKMX OPUPOAHO-KIMMETUY6CKAX B0H M OCTEBAALWKE GECCOOPHHE crlej
Ha NpOZy KT8X COAUMMEHTOreHeB88, MOIYyT OHTH XOPOWMM KOpPEIATMBHHM
NPABHAKOM JJIA DB8CYIOHOHMA KOHTMHEHTANBHHX ToOJN AOKeMOpus, [losro-
My A8y YeHHe NaleORIMMATIHYBCKAX POXUMOB ZOKeMODUA OTKPHBAGT HOBHE
BOSMOXHOCTM AJA KOpPPEJALMM 0CAZDYHO-METAMOP(MYECKMX KOMNOIGKCOB
AOKeMOpuA., Cue il 3aCYyMIMBHX yCHOBMI, xApPAKTEPHHE AJA &pPUJAHHX
KIMM8T0B, NPOZYKTH MHTEHCHMBHOIO BHBETDUBAHMA, BIJNOTH A0 00paBO-
BaHAR OGOKCHUTOB, X8PaKTEDHHE JJAf IyMUZHHX YCHAOBMI, J6AHUKOBHE
0TA0OX6HWA, NPeACTABAGHHHE DAS/MYHHMM TUIAIATOBEMM HEKONIGHUAMM,
nephozn Oy pEOr0 DAasBATMA XEMB3HM, NPUBOZANMG K (opMMDOBAHUO WMpO-
KAX NIOWAZIHEHX HAKONJGHMH YyIAMCTHX, TEK HABHBEEGMHX Y6 pPHHX CIaH-
1ieB, KaK NpaBMN0, AMONT WMPOKODE pPacHpPOCTPEHEHW® M MOTYT MCHOJAE~
80BATHCA AJA KOPPEARLMM 0TAGJABHLX MOTAMOD(M30BE HHHX KOMIJIEKCOB,
AIA yBASKM MEXAy Co60# 0TJGABHHX MECTHHX CTpaTUIpadyyeCKUX WKAI.
B cBABM C 5TMM BCOCTODOHHE® DAaa3BUTHE nNaxeoreorpafuveCKUX MCCae-
AOBGHMHA ZoKOMODHUA ABIRETCA O0JHOM M3 HACTOATEJBHHX 38289 0CAA0Y=
HO# reodoruds ZoKeMGpus.

Hapagy ¢ peKOHCTDyKnHeil naJeoKIMMATOR NPOMJIOre GOJNbU0E BHAW-
HME 2JA cTpaTMrpaduEm MMeET DEKOHCTDYyKUMA NAAE0TEHTOHUKU JOKeMO-
pua. TeKTOHMYECKME JBMKXGHMA M COBASHHHE MMM I'€ 0CTPYKTyDH MMENT
WHPOKO6 , 6CHM HO rio0albH0e DASBUTHE NPU JCTAHOBAGHMH HX ofHOM
BOBPACTHOCTH M MOTyT Z8Th NOHHH{ MaTepuan Aas raoGaibHEoid cTpa-
THTpadMM W KOppeJaLyM.

ssecTHo, Kaxoe GoXbW06 BHAYSHME ZNA CTpAaTMrpafué HMepT yI-
J9BHE HECOraacds, NepepHBH B 0CAZKUHAKONJNEHAWM, WAPODKDE NpoABAe-
HHO CKEBZAWATOCTM. OfEBAKO BCE ST NDUBHAKA nepecTpoiikd CTpPyKTyp
BEMHOM KopH yCTaHABJIMBAWICH JUWE HA Xopoueldl JTMToA0TUMU6CKON
OCHOBG,

B kavecTBe NpUMEpAE NUMBEJ6M COW TaHME N&JeOKIMMATH YECKUX X
Nane0TORTOHAYECKMX MOTOA0B AAA IA06aJbE0d Roppedanud. Hauu
CoBEM6CTHD ¢ B.M. Yailka OuJio NPUB6ZEHD CONOCTABAGHME JOKEMOpHii-
CRKHX N0BODXHOCTEH BHPABHMBAHMA KOHTMHOHTAJBHHX N6PEPHBOB M
[pHy POYGHHHX K HMM MOTAMODPMBOBAHHHX KOD BHBETPWBAHMF, UMEND—
NUX WAPOK0D6 pacCnpoCTpaHeHAe HA pABIMUHHX WMTAEX BEMHOTO mapa,
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C 8 THPDBKAMKM ONpejeeHMi a0CoJDTHOrO BospacTa, OHM MoKasaid

Y6 TKYO NpuypPOYEHHOCTE KOP BHBOTPUBAHMA W KOHTUHEHTE&ABHHX N6pepH-
BOB K ONpeZeNeHHHM BN0XAM TEKTOUEHES3a MEEJY ONpEAGJCHHHMA CTpa-
TUrpaQUMYECKUMM yPOBHAMMU,.

B cOopuuke npusezeHa cTaTsa O.ll.JlyHeBolt, rze en Ha 0DCHOBAHMN
KOMONEKCA MPUBHAKOB 6 TANBHOTO MBY Y6HMF TE0JAOTUM, JATOJOTMMA U
meTaMopfusMa Nopoj PAHHETOD AOKEMODUA WTKO BHAeNAeTCA 7 aTamos
0CAZKOHAKONASHNA, KOHTUHEHTAJIBHOTD KOPooGpasoBakusA, TeKTOreHesd,
MarMaTusud M MeTaMopdusma, KOTOPHe® MOTYT CIyEMTH KOPpPEJALMOHHH-
MY penepaMM He TOJBKO AJA BaATMRACKOr0 muTa, Ho M AlA Goulee o0-
WWADHEHX TeppUTOpUMd.

Takum o6pasoM, KOpPeARLUMs M pacYIeHOHME METamMopPOUBOBAHHNX T0JI,
YyCTaHOB/JGHUE UCTOPMKO-IE0J0THMYECKMX BTAN0E B J0KOMGDAM JOJIEHH
CTDOMTECA HE KOMNJGKCE METOA0B - IMTOJOTHYECKUX, naneoreorpaguyec-
Kux, reoxuMuyeckux. OZHaKo, TaK xe KaK u auA faHeposod, Bemy-
WO podb AJAA PACYIGHOHMA AOKEMOpUA Oy ZeT MMeTh BHAeJeHWe u o6o-
CHOBAHME B HeM KpPyMHWX NEPUOZDB 0CAJZKOHAKONJSHWF, [1P6 PhBEEMHX
Kpy MHBIMM 3TanaMi TEKTOHWYECKNWX MEpPeCTPOER 0TASABHHX DATMOEOE U

NpPOABNGHMAMM TEKTOHO-MEBrMaTH wCKMX da3 ¥ {as KpynHoro peruo-
HAIBHOTD MeTaMophusuMa,

B cBABM C TeM 9YTD B JIOKEMOpMM, KpOMe No3zHero npoTeposos,
[0Ka He y CTALDBJEGHH pYKOBOZALME GOPMH OPTEHMYECKOM RU3HM, Kop-
PENATUBHHE @yHKOUM CONOCTABIGHMA 0TAGNBHHX QopMmanuil, APyCOB
JZOKeMOPHA B I'I008ALHOM NJEHE MOTYT 0D06CHEWIBETHCA I'6 OXMMH Y CKIMU
MeTOZaMM OnpujielleHWy a80GCONDTHOrD BOBPacTa 0TZEJNBHHX (opuauuii.
OzHaxo onpeaeneHde aGCOANTHOTD BOSPACTA OTASJBHHX Te0J0IMYSCHAX
Gopuanui AoKeMGpHA ADJAXHO OHTH ZOCTAaTOYHO DGOCHDBAHO M yBR34HD
C KOMIOJEKCOM BCEX I80J0IMYSCKAX ASHHHX 0 IE0JOTMYBCKOM COOTHU-
WG HHM MOPuZA M MCTOPUM TEX [IPOLECCOB M ABJIEHWM, KOTOPHE NpeTepne
ACCHeny eMHi 0GBEKT.

Ham He KameTCA Oes3HAZexHO# ANs AUKEeMOpPUA paspaCoTHE W mpA-
MHX GMOCTDATMIpa@MIECKHX METOZADE KOppelsauad. Teneps, Korza
GeccnopHO yCTAHOBAeHO, YTO XM3Hb Ha@JA passuBareca 3,0-3,5 MApA.
78T HABAJ, MOUCKM CPEZM yTJA6POACOZASPEAWMX TOMNN 0PTaHAYSCKHX 0C-
TATKOB MOTYT Z8TH MHTOPECHHE® pe3yJbTaTH, DI6KTPOHHU=MUKDPOCKO-
NUYSCKMMKM MCCIGZ0BAHMAMM KAK y Hac B CCCP, Taxk u sa pyGexoM yc-
TAHOBJIGHS [eN8A CeDUA Np06IeMaTHY6CKAX 0PraHMsMoB B yT/epoaco-
JA6pEamNMX ToJmsXx baatuidckoro mura, Ajpasa, WmHei#l Adpuru. Psspa-
00TKA BJGKTPOHHO-MMEKDOCKOMNMYECKOA M MOJEKyJAAPHOA Maje 0HTOJOTUM
AOKeMOpUA, B TOM YACJE W DaHHEID JA0OKeMOpus, — Zen0 OJWEE fuero
Oyayumeras.
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HeoOxoZuMo oTMETUTE EME OZWH BAKHHA acneKT reoJordyecKoll Kop-
PENANMN AOKEMODUACKAX KOMNJABKCOB MeTaMopduz. [IpuMeHeHue aapolo-
THYECKNX METOZOB K ONpEZ6JI6HMD ONPOCTPAHCTBEHHOIO, & CJEJZ0BETEAE~
HO, ¥ BOBDACTHOIO B38MMOOTHOWEHMS MeTAMOPPUBOBAHHHX KOMNJEKCOB
ZOKeMOpUA NoK&38J0 C0JbUYyD NEPCHEKTUAHOCTE 82D0Te0CHEMKM 717
COCTaBN6HMA MECTLHX CTpaTUrpaduMuecKHX WKAJ WMATOB, AAXe LA
YyYaCTKOB, CHOKE:HHX IJIyGOKO WSMEHEHHHMM N0DOZEMM - I'DAHYIMTE-
MM, MEJ0YHHMM IPpaHMTAMM, DEAOTMTAMM, MH HO COMHEBAaeMCH, 9T0 MpU-
MeHEHMe 83DOre0KOCMHYECKHX METOZOBE B COYET4HMM C aspoMeTozaMu,
CO3JaNEMNM MECTHHE CXEMH CTpaTurpaduu, Z8CT BOBMOXHOCTE Koppe-
IMpoBATE MeTaMOP()iYECKNE KOMIJIEKCH il MOXJIY WMTaMd B. IXN00&815-
HoM naaHe. Hajz oTuM MH yXe He WHAaeM padoTaTE.

YDOBeHb COBPEMEHHOI0 PaBBMTMA JAMTONOTAM, BHAHUA METaMOpDH-
YeCKUX ToJW, HaWM 3HEHWA 06 MCTODUM TEKTOHMKM, METAMOPDHHBME M
METMaTHBMA, 8 TAKRE HAMETHBUMECH HOBHO NyTH M3yUeHUA ZOKEMGDUA
I0BBOJANT yBEPEHHO HAZOATHECA HA COBJBHUe C0NE€ AeTalbHo# cTpaTu-
rpaduyeckoll wxalu ZOKeMGpPUA, YeM MH MMeeM Teneps., OHa no Mepe
pPasSBMTUA MCCAEZ0BAENM JuKeMODHA OyZ8T COBEDUEHCIBOBATHCH, NpU-
OnMEaACE 110 A6 TAABHOCTM K COBPEMEHHON NmepHopMsauuW (@ Heposos.
970 NoSBOJUT COBZ2TH €AMHYN MCTOPMKO-TE0JOTMUYECKYyD CXEeMy pas3Bu-
THH 3EMAN Ha NMPOTAEEGHMM BCex ee 3,5-4,0 Mapz. AeTr. Jra 38A84A
MOMOT pDOWATHCH TOJBKO KOJNAGKTWBHHMM YCMJMAMA TEDJOIO0B BCEX KoH-
TUE@HTOB, Ha 688€ COBZGHMA CHEDBE AETAJNBHHX MECTHHX CIDaTHIDa-
(GMUYECKUX CXeM, & 3aTeM ¥ MX KOppedfLuu.

YToOH BNJAOTHYO OOAOATH K COBZaHMO TIJ06aipHOA cTpaTurpadyyec—
Kol uKa/JH AOKEeMOpHA, HYXHO BCEMEDHOE DASBUTME 0CAZDYHON Teolo-
THM ZIUKEMOPMA - HOBOI'O BAKHOTO Hay WOT0 HanpaBIAeHMH, MORET GHTH
66 HEJZ0CTAaTOYH0 ODCOSHAHHOI'D TEMW, XT0 38HAMAETCA SHAOIEHHOU
reoaoruei. Onupasncs Ha MByYSHHHE 0CAJ0YHHE NpPOLECCH, MPOUCKOZAMB-
u¥e HA NpPOTAKGHMM QAHEPOB0A, MH CMOMEM (0J6€ MHOJHO BCKPHTE 3Ta-
(b Pa8BUTMA BEMHOHA KOpPH B JIOKEMODMM, NUHATH MHOTME CHOXHNE Bompe-
CH ee QopMUpOBAHUA 4YEpE3 CEUMEHTOI6HEs,

Takim oGpasoM, LEJEYCTPEMJGHHOE i1BY Y6HWE NDPOLNECCOB SKBOTEHESE
JAOMETaMODPUBOBAHHOTD ZOKEMODUA 3eMJ il MEeT NpUHLMNMaJbHOEe BHade—
HUE ZJA jalbHejinero pasBATUA Te0.0TMYECKOM ACTODAM Ba8 BCeM Opo-
TAKCHWHM 0T 3,5~4,0 MADA. JMET. 5T0 OTKPHBSET HOBHE OYyTH K MO3Ha-
HUD KODOHHHX NpPOLECCOB PasBUTHR 3JeMAM 0T €6 ZipeBHEMmMX BTAaNoB
A0 QGaHeposo, K 0066 000CHOBAHHOMY BHZEJNEEWND B AOKEMODMM eC-
TECUBEHHOMCTOPUYECKUX IEPUOZOB Pas3BUTUA M KOPPeJALMM IeéulorMyec-—
KUX KOMITIGKCOB. JTO TaXXe NOMOXET CO3LATH €IMHYD JAHAD 9BOJOIMOH-
HOI'O pa3siATHA 3eMHOU KOpH: apxeil - mporeposoil - jaHeposolt. ITo,
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HAKOHEL, A86T OCHOBY ZJIA MOHUMEBHMA [Male KTNYSCKON BSAMMOCBABM BK-
SOTOHHNX ¥ DHZOTOHHHX HDONECCOE M COOTBETCTBOHHD OCHOBHHX MCTO%
HUKOB 0CaZ0yHO-Me TaMOPHOTEHHOTO M 2HAQTEHHOTD NoPoZo- ¥ pyrooGpa-
B0BaHUA.




M.B. K a 1 o (ABcTpammsa)
METAMOP®M30BAKHLE OCAJZO HHE NOPO/H CPEIM
APXEMCKMX TPAHYJIMTOB

M.B,K a t z (Australia)
METASEDIMENTS IN ARCHAEAN GRANULITE FACIES BELTS
AND THEIR TECTONIC SETTING

B apxeliCKMX rpaHyJdTaX 4Y8CT0 BHZASJAANTCA MN0ACE, CJOXO HHHE
TUNepPCTeHOBHMH THO [iCaMM MIM Y8 DEOKMTAMM, CJIOMCTHM OCHOBHHM
KOMIJNIEKCOM, KBapPN~IT0N@BOMMATOBHMA THeHCAMM M 3&Ie I8 DNAMM
COrIacHu CyOKpyCTAJIBHHMH MeTAMODPLMB0BAHHHME BCAJAKAMH,
BRADYEDMAME KB&POUTH, I'DaHaT-CHMANMMEHHTOBHE THelcH, upa-
MODH M NOJYYHEHHHO KBEPUMT-EeI630pDyAHHE (fopMauuA. STH
TOJEM M N0ACE 4YaCTO ACCOUMMPYDT MIM OKPYXOHH BHCOK OMOCAAL-
HHMM MUTMETHUTOBHMM THeCaMM W IPPaHUTAMH,

YKasaHEEd cnenupuUYecHRAA acCCOLUWANUA MOTAOCAZ0WHHX N0POZ
CEMZ@TeIsCTBYy6T, YTO OHM MOTIM OWTH 06PasoBAHH W3 NEPBHY-
HOTD p&8pesa NeCyaHo-CASHNEBO-KapOGOHATHHX MOJKOBOZHHX H0-
Doi, KOTOpHe 00pas0oBANMCH 38 CYET DASPyNOHMA 0THOCHTEJBHD
CTAOMABHHX NAaTGOpMEHHHX 00AacTeil, STH rpaHyIWToBHE MNDACA
YACTO N6PEeCEKANT MUTMATHTOBHO I'HEHCH, Ur0 HOBBOAAET 0THO=
CHTH NnocnezHue K QyHAGMEHTy, 8 HO K CAMHM MOJOZNM 06paso-
BaHWAM, 0 YOM WHOTZ8 CBUZAETEALRCTBYDT I'60XPOL0AOTMYECKUE
JaTUDOBKH .

OTa ocajoyHasg ACCOLMENUA KBEpPNHTOB-MDAMOPOB CBMZ6 TEAb~
CTByeT, YT0 B SN0Xy MX BAKONJOHWA CymPCTBOBAIM CTE MABHHE.
nz8 TopueHHHE MacCHBH, OH8 (OPMHPOBEJECEH B JCIOBHAX MEAKO~
BozHOro mearba maM B npejesiax BHY TPMKPATOHHHX BHAZMH.
Maccus, MCTOYHAK 0CJOMONHOI'0 MaTepuala, OHI CHOEEH (0186
ZAPGBHMMM MUTMATUTOBHMA THelicamu, W 5T0 DOBBONAET NpeANOAE—
rarh, YTO ZAHHHEe NOPOAH MCOHTANA KDATOHMBAOMD €mMe B &DX66.
PaccMaT puBapICA HOKOTODPHEe TEKTOHMYECKHE yCAOBMA DAHHETO

 '06paBsO0B8HMA KPATDHOB,.

ABSTRACT
Archaeun granulite facies terrains often occur as recognizable bel

consisting of hypersthene gneisses or charnockites, layered mafic
complexes, quartzofeldspathic gneisses and abundant conformable
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‘metasediments including quartzites, garnet - sillimanite gneisses,
marbles and subsidiary quartzose iron formations. These belts are
found associated with, and surrounded by migmatitic gneisses and
granites.

The spatisl association of the metasediments implies that they
were formed from an original shallow water sandstone-shale-limesto-
ne sequence, which indicates dreivation from an older relatively
stable cratonic source. As the granulite belts often cut across the
migmatitic gneisses, it has been assumed that the migmatitic gnei-
sses represent the basement.

These metasediments indicate deposition in a shallow water intra-
cratonic aulacogene. The cratonic source is thought to be the older
migm titic basement and suggests that the basement was already
cratonized in the Archaean. The tectonic, metamorphic and igneous
implications of this early cratonic event is discussed and illustra-
ted by examples taken from Sri Lanka - South India.

INTRODUCT ION
Metasediments are found in Archaean granulite facies terrains amnd
belts. They consist of quartziies, garnetsillimanite gneisses and
marbles witbh subsidiary iron formations of unequivocal sedimentary
parentage, along with other quanrtzofeldspathic gneisses, amphiboli-
tes and hypersthene 'charnockitic' gneisses of dubious origins. The
quartzitegarnet sillimanite gneiss-marble association has been re-
cognized in many such areas (e.g. South India - Sri Lanka charno-
ckitic terrain, the Limpopo belt of Southern Africa and the West
African - Guyanan granulites).

The quartzite-garnet sillimanite gneiss-marble assemblage was
derived from a sandstone-shale-limestone sequence, which implies
shallow water sedimentation in a shelf or intracratonic basin or
through. The original sediments indicate a relatively stable cra-
tonic source, which in Archaean times may have been the earliest
crust or protocrust. The presence of such metasediments in Archaean
times may have been the earliest rcust or protocrust. The presen-
ce of such metasediments in Archaean granulite facies belts establish
important tectonic controls on the early evolution of these belts.
A tectonic scheme is presented to account for these origingl sedi-
mentary relationships in granulite facies belts, and helps to ex-
plain the associations of granulite belts with greenstones. These

relationships are illustrated from examples taken from the South
Indian - Sri Lanka area.
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ARCHAEAN CRATONIC TECTONICS
Most workers in Archaean granulite facies terrains recognize a ba-
sement consisting of 'tonalitic quartzofeldspathic gneisses' (Win-
dley, 1973). Such rocks are thought to be igneous derivatives, and
may represent the early protocrust. This early crust became rigid
enough to be deformed and fractured at an. early stage in its histo-
ry (3000 m.y.) (Sutton, 1973). The evolution of tectonic regimes
during the Precambrian is thought to proceed in 3 stages from an
initial permobile stage, through a transitional phase where a rigid
lithosphere was developed and linear structural elements initiated,
to the plate tectonic stage (Burke and Dewey, ﬂ9751). The first
cratons were stabilized in the transitional phase and the oldest
rocks now known from the Archaean basement ( 3000 m.y.), probably
represent derivatives of this early cratonic neriod. This stage of
Archaean tectonics was characterized by a relatively stable crust,
with both cratonic and intracratonic environments of sedimentation
(Salop end Scheinmann, 1969). According to Salop and Scheinmann
(1969) and Burke and Dewey (1973,) the intracratonic environments
were important, represented by linear aulacogenes developed as a
result of gradual limited crustal spreading along bounding, deep
seated, fundamental fractures. A characteristic feature of these
aulacogenes is a great thickness of shallow water sediments. These
aulacogenes, developed in the early Archaean craton, are thought to
have been the loci of processes that ultimately led to the high-
grade granulite facies belts (Katz, 1975,, 1975,).

ARCHAEAN AULACOGENES

NATURE OF BOUNDING FRACTURES
There is much evidence that the early crust was rigid enough to be
deformed, fractured and even dilated in the Archaean transitional
stage. Emplacement of Archaean dolerite dyke swarms, as documented by
McGregor (1973) at about 3000 m.y., indicate that deep, penetrative
fundamental fractures were in existance at this time. Many Archaean
granulite belts are bounded or assoclated with large scale lineaments,
which seem to be of ancient derivation (McConnell, 1974; Katz, 1975a),
and possibly represent early lineament systems (Badgley, 1965), or
triple junctions (Burke and Dewey, 1973,) developed by fundamental
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fracturing of the early crust. These steep or vertical lithosphe-
ric fractures show evidence for dilation (and compression) in some
cases and shear movement in others.

TENSIONAL TECTONIC STAGE
As the early crust stabilized to form relatively rigid cratons,
mantle induced stresses, resulted in primary fracturing of the thin
erust (Fig. 14), Probing mantle plumes wers localized along these
fractures, 1ed to mantle bulges into the fractured crust and atten-
dant uplift and arching. Tensional forces expressed over these
mantle protuberances resulted in a slow central subsidence along
linear zones bounded by primary fractures (Fig. 1B). Aulacogenes
developed and these- troughs became filled with shallow water sedi-
ments derived from the surrounding relatively sisble cratcen. The
slow, gradual subsidence of this trough lead to stable shelf-type
sediments characterized by sandstones-shales-limestones. As the
mantle probed upward along the penetrative fractures, layered mafic
intrusions, dolerite dykes, sills and basaltic flows were emplaced
in the sedimentary pile. During this initial stage ol tensional tec-
tonics the early structures may be similar to those gravity-influen-
ced structures modelled by Ramberg and 3jostrdm (1973). These expe-
rimental diapirs and nappe-like folds with quasi-horizontal structu-
ral elements are similar to the earliest structures recognizable
in soma of these granulite terrzins (by Sutton, 1973). Further maatle
swells and rising isotherms lead to further thinning of the crust
below the aulacogene, but separation and rifting was impeded by in-
terference from adjoining aulacognenes (Fig. 1B). This interference
limited the role of tensional forces and further adjustements were
taken up by lateral movements along the bounding fractures (Fig.
1C). This important change in the nuture of the tectonics of the
aulacogene lead to the transform tectonic stage (Swardt et al.,

1965).

TRANSFORM TECTONIC STAGE

The boundary fractures of the aulacogene now responded to the stre-
sses and strike slip movement became the essential mode of tectonic
deformation (Fig. 1C). The change in tectonic style from tensional

to shear, within the aulacogene initiates strong deformﬁtional forces
which increased the mobility of the belt. The whole aulz:cogens beca-
me converted into a trunsform zone of ductile fault dislocation and
shearing, which led to structural attenuation, high-grade metamor-
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phism and increased igneous activity. The aulacogene has now Bocome
a mobile belt. The role of transform tectonics in the development
of such belts has been discussed by Katz (1975b). The belt can be
compared to the broad tranaform zone proposed for the San Andreas
fault system in the Western U.S.A. (Atwater, 1970), where the struc-
tures, and the metamorphic and igneous activity can be shown to be
related to transform movements (Elders et al., 1972). A similar mo-
del of transform tectonics has been proposed for the Broken Hill
Area, N.5.W., Australia (Katz, 19?55). At the stage of extreme
attenuation when the structural elements of the mobile belt are
rotated sub-parallel to the borders, and the strain is at a maxi-
mum, the compressional vectors are acting perpendicular to the
trend of the belt (Fig. 1C). These compressional forces may also
initiate steep to moderate dip reverse faults and thrusts along
some fractures of appropriate attitude.

Movement and displacement along these bounding crustal trans-
form zones caused rifting at high angles to the trend of these
zones (Wilson, 1965) (Fig. 1C). These rifts, developed as a result
of transform movement, are comparable to the transform-ridge rela-
tionships of present day plate tectonics. As the degree of movement
increased in the transform zone there was a complimentary increase
in the rate of rifting. The spreading is not restricted and the
thin continental cratonic crust separated to form oceanic crust,
the precursor of the greenstone belts (Katz, 19752). Thus the high-
grade mobile belts and greenstone belts, controlled by trnasform mo-
vements, were being formed at the same time and at the same level
in the crust. Movement slong major en echelon zones of dislocation
within this mobile belt also results in local rifting which acted
as hot gpots and loci for high temperature metamorphism (Katz,
19755) (Pig. aC).

ARCHAENA AULACOGENE TECTONICS OF SRI LANKA - SOUTH INDIA

HIGHLAND SERIES OF SRI LANKA
The granulite facies belt of Sri Lanka, termed the Highland Series,
is a NNE trending linear belt of high grade gneisses, including
prominent formationa of guartzite-garnet sillimanite gneiss-marble,
that apparently cut through a migmatitic basement termed the Vijay-
an Series (Katz, 1971). The northern part of the belt is about 40 km
wide with a prominent central section, about 20 km wide, consisting
largely of a thick sequence of quartzite-marble, that can be follo=-
wed for over 150 km (Vitanage, 1959) (Pig. 2).
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The east boundary of the Highland Seriea belt is defined by the
Mahaveli River lineament (MRL) (Vitanage, 1972). The western boun-
dary is less well-defined but is probably expressed as a major NNE
lineament following the Yan Ganga River (Yan Ganga lineament YGL).
These two u.j'or lineaments are poatulated to represent original
boundary fractures to the Highland Series aulacogene, vnat formed
at about 3000 m.y. The sediments of this aulacogene were derived
from the surrounding migmatitic gneisses of the Vijayan Series
(Fig. 2), which represent the remobilized ancient cratomic crustal
material. The thick quartzite-marble association which makes up the
axial zone of this belts probably represents a downfaulted central
zone within the aulacogene, which is bounded on the east by the
Minneriyashear zone (MSZ) (Vitanage, 1959) (Pig. 2). To the east
of this Shear Zone (MSZ) there is a conspicuous thinning out of the
quartzites and marbles until they virtually disappear east of the
Mahaveli River lineament (MRL) (Cooray, 1967). The extent of the
central zone to the west is not known for certain, however the
distribution of quartzites-marbles (Cooray, 197) indicates that it
may extend to Habarama (Fig. 2). This central zone appears cu ERTS -
1 photographs as a prominent zone of straightening (Watsom, 1973)
a8 the ridges of quartzite and valleys of marble give a pronounced
striated pattern (Fig. 3). Scattered, thin quartzite and calcareous
horizons found within the migmatitic craton to the wesat at Wilpa-
ttu (Katz, 1975‘) and elsewhere (Cooray, 1967) may represent relicts
of a thinner eratonic cover.

.The tectonics at the time of sedimentation were mainly tensional,
but changed to transform tectonics probably during the granulite
facies metamorphism ( 2000 m.y.) (Crawford and Oliver, 1969).
Transform movement along bounding and intermal lineaments caused
high strain deformation within the aulacogenes resulting inm attenua-
ted folds parallel to the aulacogene borders. Activation of these
lineaments facilitated mantle probes and led to rising isotherms,
with high geothermal gradients at rather shallow levels in the crust.
Metamorphism of the granulite facies ensued with further migmatiti-
zation of the relatively mobile guartzofeldspathic greisses. The
sandstone and limestones in the aulacogene were converted into
quartzite and marble, and these metasediments were deformed and
folded along with the other gneisses in the sequence. The migmatitic
quartzofeldspathic gneisses may represent basement, and the charmo-
ckitic formations original interlayered volcanies.

The sense of movement on the transform cannot be ascertained for
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certain as the high strain has rotated the structural elements pa=-
rallel to the transform directions. 'S' shaped folds described by
Vitanage (1959) imply a sinistral shear movement, however these par-
ticular folds seem to be developed on the west side of the Minneriya
Shear Zone (MSZ) and may be due to drag by dextral movement along
the shear zonme (Fig. 2). All these structures could be attributed to
a deformation event (P 1) at the time of granulite facies metamor-
phism (M 1). Barlier structures were present in the basement and
conceivably, also could have formed during the tensional tectonic
phase. These earlier structures in the tensional phase, may have
formed as a result of gravity influences with diapirism and nappe-
like folds with horizontal structural elements (Cooray, 1962).

Later events documented in the Highland and Vijayan Series at about
1500 m.y. and 600 m.y. (Crawford and Oliver, 1969), may have been

in response to reactivation of the transform linesments, either as
further strike slip or even as reverse and thrust movements. The
moderate dips of the Minneriya Shear Zone (lSz) indicate that ano-
ther tectonic phase following the transform stage may have caused

a later thrusting deformation possibly akin to that described by
Escher and Watterson (1974).

'

AULACOGENES OF SRI LANKA - SOUPH INDIA
The Highland Series aulacogene is only one of a series of aulacoge-
nes developed in the Sri Lanka - South Indian Archaean craton. The
linsments of South India (Grady, 1971) possibly represent bounding
faults to these postulated aulacogenes separated by eratonic zones;
the diagnostic criterion distinguishing aulacogenes from cratons is
the presence or absence of extemsive-thick quartzite-marble associa-
tions. The distribution of these metasediments in South India (Mur-
thy, 1978) indicates that at least two parallel NE trending aulsco-
genes are developed; the Madurai aulacogene and the Salem aulacogenos,
as well as a prominent NNW Eerala aulacogena.

In addition to their control on the original deposition of the
metasediments, these sulacogenes and bounding lineaments also appear
to control the distribution of charnmockitic massifs, as well as anor-
thosite and ultramafic emplacement, alkali and carbonatite plutonism
and local high T cordierite granulite metamorphism (Grady, 1971). The
charnockitic massifs are found along en echelon faults and at linea-
ment intersections. Within the Salem aulacogene the en echelon system
of dextral faults, the Kabbani (Kb) Pattar (Pt) Bhavani (Bh) and the
Cheyyar (Ch) faults can be shown to be the major boundaries to the
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Nilgiris and Shevaroy charnockite massifs (Fig. 4). Dextral move-
ment along this en echelon system has resulted in tensional domains
and thinning of the erust with accompanying thermal highs and hot
spots, which led to charnockite metamorphism. The other charmocki-
tic massifs are at lineament intersections where the NE trending
aulacogenes meet the NNW Eerala aulacogene. The intersections are
marked by the charnockitic massifs of the Anamalai, Cardamon and
Palni Hills, which resemble a triple point intersection. The Highland
charnockites of Sri Lanka are similarly situated (Fig. 4).

Bounding lineaments also control the emplacement of snorthositic
and ultramafic intrusions, and alkali plutons and carbonatites
(Grady, 1971). Areas between en echelon lineaments are also prefe-
rential sites of anorthosite emplacement and high temperature cor-
dierite granulite metamorphism (e.g. Kadavur (Ed) and Eiranur (Er)).
High temperature metamorphism also accompanies the charnmockites at
Periyakulum (Pr) (Pig. 4).

Dyring the transform tectonic stage, strong dextral movement along
the northwest boundary of the aulacogene system in Mysore created
high-angle tensional zones and rifts inm the neighbouring Dharwarian
craton. The rifting and spreading of the craton was not impeded by
interference and continued to separate until the relatively thin sia-
lic crust was opened to allow entry of mantle intrusions and oceanic
erust. This oceanic crust is considered the precursor of the green-
stone belts of the Dharwars (Katz, 19?52). While the Dharwarian cra-
ton was undergoing rifting due to transform movement related to the
South Indian aulacogenes, hot spots were being formed within the
aulacogenes along en echelon faults. The thermal axis through the
Hilgiris massif coincides with the NNW trending Closepet granite
(CG) of the Dharwars and the Sankari granite dome (SD) of the aula-
cogene. Both thermal axes of the Nilgiris and the Shevarcays cn in-
tersection with the Bhavani fault are the sites of later alkali
plutonism and carbonatite emplacement.
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P i g. 4. Aulacogenes of Sri Lanka - South India. The NE trending
Highland Series, Madurai and Salem aulacogenes and the NW Kerala
aulacogene and their bounding lineaments (MRL - Mabaveli River
Lineament, YGL - Yan Ganga Lineament, At - Attur Fault, Ch - Cheyyar
fault, Bh - Bhavani fault, Pt - Pattar fault, Eb - Kabbani fault).
Dextrali transform movement along these bounding lineaments conver-—
ted the aulacogeiss into mobile belts. Charmockitic and high tempe-
rature metamorphism was localizsd alonz 25 gcheldm leneamsnbs and
lineament intersections. Major transform movement caused tensional
conditions in the Dharwar craton, causing rifting, spreading and
emplacement of oceanic crust, the precursors of the greenstones.
Thermal axes (T.A.) in the mobile belts coincide with either green-
stone belts (at Kolar) or granites (Closepet gramite - CG) in the
Dharwar craton and granites within the mobile belt (Sankari dome -
SD). Intersections of these thermal axes with major faults are
areas of carbonatites (Tectonic compilation based on ERTS - 1 in-
terpretation). Scale 114 000 000 .
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B.A. Ta B AK OB (CCCP)
3K30I'EHHO-METAMOPOOTEHHAA TEOJOIVIA JOKEMBEPUA:
JUCKYCCHOHHHE Y - MEPCIEKTHBHHE [POBIEMH TOZHAHUA

V.A.T en yakov (USSR)
EXOGENETIC METAMORPHO-GENETIC GEOLOGY OF THE PRECAMBRIAN:
THE DEBATABLE AND PERSPECTIVE PROBLEMS OF COGNITION

By the beginning of the sixties the progress in the knowledge
of the Precambrian led the scientists not only to the revision
of the traditional point of view on the nature of the bulk

of rocks composing shields and platform basements, but also,
to a considerable extent, to the reinterpretation of some fun-
damental ideas of the geological evolution of the Earth's
crust.as a whole.

Being imitially formulated in the USSR ( A.CHzopeHKD,
1963) the new scientific trend, "sedimentary geology of the
Precambrian”, during more than a decade of successful develop-
ment has been completely formed into an independently de-
veloping, important branch of the study of the Precambrian,
consistently promoting its investigations and having his own
basis, principles and methods ( A.Cuzopeske, I975).

However some questionable and controversial problems
were revealed and some new ideas, promising for further
elaboration rised in connection with the development of this
new trend (TBHﬂBDB, 1975). ¥

The conclusion on "the essential similarity of Precam-
brian and Phanerozoic geological processes" ( CHADPEHKD,

1963, 1969) proved to be debatable. Supplemented later by the
"gingle historical-geological principle of the Prscambrian
and post-Precambrian study” (Sidorenko, 1969; Sidorenko, Te-
nyakov, 1972) proved to be most debatable. Although this con-
clusion based on solid facts did not exclude the ™"evolution
principle” and, more than that, served as a basis for the de-
velopment of an idea of the "single but evolutionary complica-
ting Barth's crust evolution™ (A.CHZDPEHKED 1969, 1975), it was
incorrectly understood by some scientists a being a denial of
this principle.

We have made (TOHAK®B, 1975) and do again the emphasis



on the fact that the gqualitative evaluation of this evolution
still meets a number of problems, e.g. establishing of origi-
nal nature of many deeply metemorphosed rocks and strata,
their correlation on the absolute age basis ( TyrapuHes, Ha-
JyueB, 1973), and other.

Moreover, we have repeatedly mentioned and do it again
that all geological, geophysical, geochemical and geochronolo-
gical data, known up to the present day; do not allow us to
see even in the oldest formations of the Earth's crust known
in the outcrops and bore holes, the very first geological
strata, i.e. the necessary "“ro'rudins" of the evolution in
general and of the sedimentogenesis in particular. But indi-
rectly these data suggest that the earliest sedimentary rocks
of the Earth's crust (naturally, strongly metamorphosed) may
be found among formations of its "basaltic layer".

Among numerous attempts to analyse the evolution of geo-
logical processes and their products in the Precambrian ( lask-
Ko, I971; CemeHerke, I972; Camen, I973, and others) the
investigations of A.B.Ronov and his collaborators ( PeHDB,
1972) are notable for their approach and methods of considera-
tion of the problem.

The establishment of the most important fact that the Pre-
cambrian consists mainly of originmally sedimentogenic rocks
has allowed us to advance and lu&:stitnto the idea that only
the stages in the development of masses and compositions which
represent in their way the "main product” of the geological
evolution of the Earth's crust, may serve as a basis for the
subdivision of the geologlical history into stages, levels his-
torico-geological segments and cycles of any rank ( LOHAKOB,
1975). In other words, the trend and the characteristics of
time~dependent changes of masses and compositions of bedded,
i.e. sedimentary and sedimentary-volcamic rocks must be, in
our opinion, the main content both of the term and of the
conception of "evolution". Only such an analysis would enable
us to learn the nature of evolution of the processes of the
Earth's crust formation, to understand are they radiecal or
nonradical, reversible or nonreversible, cyclic or unidirectio-
nal.

It should be particularly stressed, that (the subdivision
of the Brath's geological history must be realized on the basis
of the single principle of examination both inert and living
(or, subseguently, organic) matter, considering that the life
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itself must be also assumed to be the geologilcal product of
the chemical (geochemical) evolution of the Earth's substance

( Kansum, 1972; PyrreH, I973; Ch.Cupopesko, I974; Sv.Sido-
renko, 1975).

The consideration and analysis of the metamorphism of
huge masses of origzinally sedimentary Precambrian beds and
the registration of torn away masses of H,0, CO, ( CuzppeHKo

H ZDey 1973), hydrocarbons (A,Sidorenko, Sv,.Sidorenko,
1973), other gases (H, N etc,) and many metallic and nonmeta-
llic elements enabled us to postulate the new scientific
concept ( TeHAKOB, 1975) of "liquid-gase-ore breathing"
of Precambrian sedimentary rocks undergoing metsmorphism and
of the effect of this process not only on the Precambrian
metallogeny, but also on the composition and evolution of the
Earth's atmosphere and hydrosphere.

BBEJIEHUE
Ecai nonmuTa®HCA OKMEYTH OAUHHM BSTIAZOM DasBUTME HAaWKX MpezcTan-
IeHMI{ 0 mpupoze 06pasoBaHUN, KaK roBODUJIM paHbwe "“Jexalux cCTpa-
TArpagu UBCKM HMXe KeMGpMA", To cTaHEeT fCHO, YTO HauGonee NocTosk-
Hofl, BAMOOJS e BAxKHOH M HamOoAee NPUENMNMAILEDH TEHZGHLUEN HA STOM
nyTy Ohia TeHAGHUMA 00HAPyXeHN:A NepPBMYHO-BHKBOTeHHHX 00pas0BaHAN
M NpoABAGEMA XUBHK B0 BCe 00J66 M O0J6e IJyOOKMX M APEBHMX CI0AX
reonordyeckol ucTopuu 3emid, CyzZA N0 NOCHGZHAM JAHHHM [0 BanagHoil
Tpennasauu (paitoH Ucya), aApenHelmuil ceZMMeHTOreHES yXe MMEN Mec-
T0 0o MeHsmeN Mepe 4000 MIH. JNeT Hasaj, a HAXHUE "pyOex mmsEM",
no HBXOZK&M MMKDOODTGHMBMOB B MeTA0C&ZKax rpynnd OHBEDBAXT CH-
cremd CpasuieHz B UxHoll Afpuke, omycTHICH A0 aGCOADTHOr'O Bo3pac-
T8 3355 MIH., neT, 8 BoSMOEED M 4000 MAH, IeT, 6CAM MMETE B BHIY
ONeHKy BOSpacTa 9TUX 00pasoBAHKI, ZAHHYD B CaMoe NOCHAEZHOE
BpeMs.

OzHako chaexyeT S8MOTHTH, YTO 0C0606 BHAYSHUE BCe Godee yBeaM-
YHBADESTIOCA C TOYSHHMEM BPEMEHM KolMyecTBa8 (QaKToB 43 5Todl o0JacTH
JJAf Nepe OCMHCAWBAHUA MNPOMCXOEZOHMS TOPHHX MacC ZoKeMGpUA U, cle-
Z0BaTEILHD, OT'0 I'e0J0TMYeCKON MCTOpuUM OHI0 ZOAEHHM 06pPaBSOM [IOHA-
T0 ¥ ONOHOHD AaleRe He cpasy M AaleKo He Bcemu., Boiaee Torp, M B
HECTOANGe BPOMA MHeDUMA TPajMNMOEHOI'D BBINIAJE Ha JZ0KeMOGDUI BCe
66 CKaBsHBAGTCH BO MHOI'MX MCCIGZ0BAHMARX. Ml BOT NepBHe ABe YACTH
TPyZcB JAHHOTOD CHMIO3MyMA8 NOCBANEHH 00CYXASHMD WUMEHHO BTMX HOpol-
zZeM. Ham npezcrasnserTcA, YTO 9T0 HE TOJBKD CUMBOAMBMAPYyET CymecT-
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BE@HEHA NpOrpecc B [10BHEHMM KOKEMOGpUA, HO M, (EB8yCJA0BHO, 3HAME-
HyeT CO0O0H Ha v /o HOBOIO 2T4N8 B pasBUTUM Hawux BHaHMK 0 BEAy-
mMx npogeccax fopuMupossHUA 8eMHOM KOPH ¥ 0 CyWECTBEHHO HOBOM
NOHMMEHNMM UCTOPMM TE€O0JUTMYECKODD DESBUTUA Hawel NUEHETH,

[lepesoM B TpaHCHOPMALMM NpPABHYHHX BBTAAZ0B HA JOKEMODMA Hame-
TUACH K KoHOYy 50-X rozjos, a B HawWae 60-X I'OZ0B yCHexu B ero
NOBHAHMM NOABENH UCCHeNoBATEABCKYD MHCAEL BIJIOTHYD K CO3LAHAN HO=
BO4 KOHLEILMM.

Byzy ua Bnepexe chopuyauposannuM 8 CCCP (A.CupopeHKo, I963),
HOBO® HAy4HO6 HaImpaBjleHne — 0cajoyHas Ie0JoruA ZOKeMOpUA - 33
npouefuuit Gonee weM AGCATUIETHMA Nepuoy ycnewHoro PasBATHR noj-
HOCTBI0 O)OPMUNIOCH B CAMOCTOATENBHO DPAsBUBARIYKCA KPyOHYyW 06—
JacTh 48y YeHUA JOKeMODUA, WUMENILYW CBOM OCHOBH, NPUHLMIH, METO-
7l M noclesoBATEeABHOD pasBuBaABUY® CBoA WccaegopaHun (A.CuzopeH-
Ko, I975). )

OzHaKo B CBASM C PA3BMTUEM HOBOI'O HAayUWHOI0 HANpaBleHMA — oca-
AOYHOM DE0JOTMM AOKEMOPHA = BHABMICA M DAZ CHOPHHX M AACKYCCHDH-
HHX npoGaeM W BONPOCOB B paccuaTpusaenMoll o6iacTd 3HaHMM, & Tak-
X6 BOBHMK PaAJl HOBHX Mpeii, NEPCOEKTHMBHHX AJdA AalbHeluMx paspato-
70K (TeHakos, I1975).

B BaCTOAmMOM ZOKIAAe MH NpPBANOJATE86M OCTAHOBMTHCA HE& HOKOTOD—
PHX, OCHOBHHX C Halei{l TOUYKW BPEHMA, AUCKYCCHWOHHHX npoGremMax M
BONP0OCaX SKBOIr8HHO-MEeTaMoPlOTeHHOM I'60JMO0THA A0KeMOpUA (KCTATH,
MH CuiTaeM, YTO0 WMEHHD TAK [paEWJbHO HASWBATH 9T0 HampaileHue),
C TeM YroOH NOMHTATHCA HE TOJBKO OCBETUTE 3TH YyCAOBHHE ANA ZAaJb—
Heliero pasBUTHA MOMEHTH, HO, BOBMOKHO, Jy Wie YBAJ6TH U obmee
CeroZHfAllHee COCTOAHME BCEM aHanua3upyeMoil npoCleMb B UEJIOM.

I. O "IPUHUMINAJEHOM CXOZCTBE I'EQJOTM YECKWMX MPOLECCOB

B JIOKEMEPMW X QAHEPO3QE"™ W WX "3BOJKLUM BO BPEMEHK"
Kak Tenepsr xopowo M8BECTHO, OAHMM M3 BAXKHEMWMX ZOCTUEREHUN B no-
SHEHMM JOKEeMOpUA ABMJOCH ZA0X838TEJLCTBO TOrO, 4YT0 B NP6 ABIAX
G0JbH6# Y8CTH MUTOB NMEPBUYHO-COANMEHTOISHENE MeTaMopuyecKue
IopoAH 88HUMAKT Bejymee MecTo0. JlanpHeiluse M3y YeHUE TUNDB M
X8paKTepa NepBMYHO-0CAZ0YHHX NOPOZ M NpoTeposof, W apxes no-
Kasalo, 49T0, 38 OTZEGABHHMM MCKINYEHHAMM, BCE PJABHHE M MHO-
re BTOPOCTENEHHH® TUMH 0CEJ0YHHX [0POA APOC/EXMBANTICH NPaKTH—
YECKM B NPEeZONaX BCOi 00608pMMOIA COTOpHA Y8CTH Te0J0TUYECKOA
ncTOpUM 3eMil,
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K aToMy ®xe BpeMEHN GJAarogjaps WCC/AEA0BEHWAM MHOIUMX 38pyOeH~-
HHX M COBETCKMX I'€0JOI0B, MMKDONAJEOHTOAOI0B W GHOXMMUKOB
CTano 0YSBMZHO, YTO ¥ OWOJOIMYECKME MPOUECCH B J0K6MOPUM, B TOM
wicJe W B caMoM IJlyGOKOM, OhJM A0CTATOYHO Pa3BUTH, 8 BaKOHOMEp-
HOCTH pacnpoCTPaHEHHOCTW W pacnpens/eHuWA B ApeBHeMuux ocazgxax
yraMcToro WM rpadMToBOr0 BemecTBAa (AKTMYECKM HMUYEM HE DTJMYa-
OTCHA 0T B8KODHOMEPHOCTEN HAXOKZGHWA OPraHi4YeCcKOoI'D BOWECTBA B
ocajzigax (aue posos.

Bce 2T0 B KOHEUHOM CUET8 M lpUBEJD K WAPOKOKM3BECTHOMY BuBOZY
0 "npUHNUIMATBEHOM CXO0ACTHE 2KB0T@HHHWX MpPOLECCOB B JOKEMOPUM W
dane posoe” M K "ezMHOMYy MCTOPMKO-TEO0JOTHYSCKOMY NpPUHLOUMY M3y Ye-
HUA AoKeMOpua M daHeposog".

W xoTA BCE 9TM BHBOZN CasupoBalMCh HA THE PLOM maxrnwecxuﬂ
OCHOBE i HMKGK He MCKIOYamd "“3BO0AKLMOHHOTD NpusmMna"™ (yro HECKOIb—
KO0 [103%6 NosBoauio A.B.Cuz0peEKD ¥ ero uxone npalTd K. Opezcras-
JeHMD "0 @ZMHOM, HO 3BOJOLMOHHO yCAOXHADUEMCA pasBUTHN 3eMHOH
Kopu"), TeM He MEHee 2T AUCTMXKEHUR CTAJM HENPAaBOMEDHO NOHUMETE-
Cfi 0TZ6JABLHHMA WMCCAEZ0BATEAAMM KaK yrposa CaMoMy npuhnuny "aB0-
JOLMOHEOCTH"

He ocTaHaBAMBAACE BLECH elje pas HE (PAKTHYECKOM OCOCHOBEHMM
NPUEGUNMANBHOT0 CXOACTBA IeoJ0rlM ¥ CKMX NPOLECCOB B ZOKeMGpun
i (aHepos0e, HAa XaPAKTEDPUCTUKe "eMHOTD WCTOPUKO-Te0J0IUYeCKO-
0 [pPUHLMNE KBy YeHUA ADKOMGPUA™, NOCKOABKY 3T0 A0CTATOYHO MOJHO
clenalo B cneyuansHux paborax (A.CuzopeHko, 1969; Sidorenko,
Ten jakov, 1973) n B cTaree A.B.CHmopeHKO B HacToswem cOOpP-
HUKe , 06paTUMCH K NpUYMHAM KaEyWeroCs 0TCyTCTBMA B HAWUX 0C-
HOBHHX BHBOZAX IpMHOANA "8BOJDLMOHHOCTM", T.€,., [PUHOUOA WaMeHe-
HMA ¥ DasBMTHUA I60JOTIMYe CKUX [POLECCOB X MX IPOAYKTOB LO BpEME—
HH,.

B zoknaze Ha I Mexjy HapojHOM I'e 0XUMUUECKOM KoHrpecce B Mock-
Be (Cupoperko, TeHAKOB W Ap., I973) MH NOZHTOXMA4, YTD "...pas-
BATME BSEMHOY KOPH Ha NPcTAXEHAM Bcell nGoapuMoll cerojHa Ieo0Joru-
YECKO# MCTOPUM OHJID B NPUHLMNG 6LMHHM, HO 8 B 0 J O I U 0 H H 0
M HeoOGparThMumo ycIoxHADmAMCA", uT0 "...BECH KOMIAEKC
Te0JIOrMYaCKAX M Ie0XMMHUYBCRUX JIAHHHX yKAasuBEET HA CyWLeCTBOBAHUE
OpUHOMOMAaABHO C€X0JHHZX TreolorMyeckHx faxkro
poB TUMEPTEHE 88 HA BCEM NpPOTAXEHMM 0603puMol cerogHsa reoJora-
4YeCKON MCTopuM 3emud. I'esHeMunmMu W3 aTuX $aKTOpPOBR ABIADTCA BO-
Zla, KMBOE BEHECTBO M NPOAYKTH €I'0 EU3HEJ6ATENBHOCTH, 0TMUPAHUA
M npeo6pasobaHEuA, ras3oBult cocras, M npexae BCEID CBOGOAHWMA Kuc—
nopoz armocdeps, U XAMMBM noBepxHocTHWX Bog“. W panee, uTo



"...970T BHBOJ HM B HO€M CIyuwe He Z0JEEH OHTH MOHAT KAaK yTBEp-
KA@HME 00 0TCYy TCTBHM 3BOJOLUM TE0JOTMYOCKUX WM I'6 DXMMMA Y8CKUX
[IpoLEeCCOB rulepreness B UCTopuM 3eMid. EcTeCTBEeHHD, YTO OHM Ba=-
KOHOMEDHO M 3 M 6 HA I U CH, M BMOHAIMUNCE HUX
pPoaxs M DNDpoONnoOpuyM MU, PABHD KBK MBMOHAJMCE U APyTue
I'e0J0IY YCKUE NapaMeTph, HO B OCHOBHHX, OOpeAeAARWMX W pTax
OHM OBUIM CXOZHHMWA H8 BCEM MBBECTHOM HAM Ce/AYaC 0TPEBKE I'e0LOTH-
YECKOA MCTopUM Beman",

Ma npuBezeHHHX BHIEGPEEK Z0AXHO OHTH 0WBMAHOD, 4YT0 HHKaKOTD
"saGBeHUs" "NpUHgANE pasBUTUA" B HamUX MCCAe0BSHMAX HeT, [Ipu-
YdHa 3T0# MAAKBMM 0TCYy TCTBMA “NpMHEINMNE SBOJANLMOEHOCTM" B8KAK-
yaeTCH COBEPWSHHO B APYyTOM: MH Z6{CTBMTENBHO HE NPUBOZMM B HA=-
WwUx padoTax KAKMX-JM00 K 0 I M Yy C T B 6 HHBHX J8HHHX 00
3T0fl 9BOJOLKA, NOCKOJBKYy He BMAMM, K COX&J6HMD, B HACTOAWRS
BpeMA AJA STOI0 THEPAHX GaKTMYECKHMX JA8HHHX.

MecTpoeHue JWOHX SBOJWIMOHHHX CX6M, 0CO06HHO B K0JMAY8CTBOH-
HOM M3006paxeHMM, NPEAI0NaraeT NOJHYD I'6HETHMYECKYD OMpezeileH-
HOCTH paccuaTpUBEEMHX 06LOKTOB, T.8., B HameM CIHyuae, IayGoKe
MeTaM0pP)UB0BEHHNX MOPOA, To/W, (opuanui. My Xxe moka B O 0JIbWAH-
CTBE CIAy4Yaes ToJBKO CTOMM nepez paspaCoTKOR Wi, B Iy WeM cly-
yae, nepesi apeKTYBHHM MS8CCOBHM MDUMEHOHMEM yXe paspacoTaHHHX
MOTOZO0B BCKDHTHA WX nepBu <HOo¥ npupozd. U 3 KaKoff Kmacc mopoz -
W8BepXeHHH, B(fyBMBHNI MIM DCAADYHHA - DONEZAYT BO MHOTOM
elleé MaJ0 M8y YeHHHE TOJm¥ IHelC0B, 8MPUGODIMTOB, KBAPUUTOB, OCHOB-
HHX KPMCTaNJiyec dX CA3HLEB, MH NoKa He aHaeM (A.CuzopeHko, Te-
HAKOB M up., 1968, 1972; A.Cuzopesre, PoseH ¥ zp., 1973). 3ro,
OYeBANHO, MOE@T CaMHM CYMECTBEHHEM 00pasoM WaMEEMTH U Hamy
[peAcTaBleHMA 0 NpUpoje paccMaTpUBEEMHX O0poz, Toauw, Qopmanuit
W 06 5BOJDLOMM BO BPOMEHM neTperpaguyecKoro M XUMHYeCcKoro cCocra-
B& 00HAKABUMXCA YACTOM APOBHMX KOHTUHOHTOB — KaK MCTOUYHMKOB Be-
WeCTBa MOPOA STUX 0CAZ0YHHX KOMNAGKCOB, HE IOBOPA yXRE 0 XUMU~
YECHKMX MBMEHE:IMAX BO BPEMEHM COCTEBDOB CaAMUX DCA7ZKO0B.

Taxuu odpasoM, HyxHa eme 0uYeHhr CoJsmasg padoTs, HOpexze
YyeM B HQ@MX DyKax OKaxyTCH BCO HEOOXOZMMHO M I'eHe TUYSCKM npa-
BAJNBHD NOHATHE WCXOAHHO JAHHNGE AAA NMOHUMAHUA 9BOJDLUM TUIep-
TEHHHX [PONECCOB M WX MPOAYyKTOB H8 DAHHUX 2TaNEX I60A0TUYECKD-
Ir'o pasBUTMs SeMHoM Kopu, [[oKa X6, B TOM YMCHE M HA HAMGM CDBE~
WaHuM, MH TOJBKO CTOMM Nepej CJAOKHHMM BOIpPOCAMM CHATHA "Hacipe-
HUH BpeMmeHu", C T6M uToGH NPOYSCTE MCTHHHYN FEHETHUSCKYD OpH-

. PoZy MHOTMX APeBHMX TONN M B OyAyueM, BBOJA B 3TH MUCCIEZ0BARHA

"wicig @ Mepy", NOCTPOMTH HE 8TOfl DCHOBE HACTOAWYD KOJMYBCTEEH-
HyO 3BOMOLHOHHYO Ka&pPTHHY.
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C apyroff cTopoHH, M IEOXPOHDJIOTMA HE ZEET TBEPZOH 0CHOBH
Z7A He 00X0AMMONM OpM 3TOM BOSPACTHOM Koppeafuuu, Bo-nepsux, Aa-
X8 COrJ4cOBAHHNE BOBDACTHHE ZaTH N0 "pBymMM rpaEMTaM" a8nT
ToAbKO BOspacT "npopuBaHua”, Bo-BTOpHX, AATH 10 MeTaM0opyMuec-
KUM NOPOZ&M ZaWT B Jy WueM Clyyae TAK HasuBaeMuit "BospacT no-
cIejiEere MeTamopdusma", a ara pudpa He cHocofHA HM NpDU KaKOM
66 pACCMOTPEHMM ON6HATh, HANpPUMEpP, BOBPECT COHAUMEHTAELMM nep-
BUYHOTD o0cazKa. TakuM o0pasoM, Aaxe X0powo KoppeJupyeMue oo
BpeMEHEM NocIezHErD MeTaMopjusua TONNM HE CEMOM Z6Jieé MOIIM
O6HTH CHopMMpPUBAHH KGK OCBAKA MIM 0CAZ0YHHE NPPOAH C MHTEpBa-
oM B COTHA MAINMOHOB AeT M jaxe B I mapA. #eT, He crnacapT
CUTyaBOMM ¥ TAK HASHBAEGMHE "OMOJIORGHHHE" U "peAMKToBHE" HUJPH
BoBpacrTa, TAK KaK 0HM, N9 caMoft CyTH METEpnpeTaiMM STUX adPer-
T0B, AOOyCKAWT A0CTAT 0YHHW{ JAAA NyTeHAOH NpPOKSB0A., 9T0 yEO He
TOBOPA 0 BOGBMOEHOM MBMEHEHMM BO BPEMEHM CKOPOCTHM paAMO8KTVBHOTO
pacnaza papuosIeMeEToB (KaK aTo npeanoiaaraeT J.K.Tepauer) u
0 TOM, w0 "yOuCTpeHMe" Bo BPeMOHM COZMMEHTENMA MOXET OWTH Npoc-
T0 HATO30PHHEM 3)dHeKToM.

W cme 06 oZHOM HeoOXoguMoM "pieMeHTe " 3BOJVLMOHHHX CXBM H
NoCTP06 HAil.

MH B CBOMX pagoTax HeOZHOKPA THO NOZYePKUBANW, YTO BCO U3=
BECTHHE K HACTDANEMY BPeMEEM IeoloTAYeCKHe, I'6 0XUMMY6 CKMe ,
reoMsMUSCKEe® M I'6 DXPOHOJAOTMUYSCKAE® JBHHHE HE [0B8B0AANT Bu=-
f6Th 7a®xe B HAMZDeBHeimWX 00pAS0BAHMAX B36MHO{ KopH, Halapzae-
MHX B OOHaXEHMAX MAA B OYyPOBHX CKBAKMHEX, CAMHX NEPBHX 66 Ieolo-
riyecKudx clpeB, T.e€, TaK HasuBaeMyp "TouyKy orTcyera' BSBOJIDLMM,

B YAaCTHOCTH, CEUMEHTOIE6HE3a B MCTODUM 3eMiu.

MHOrMe uMccrezoBaTeIM, MCXOAA W8 NpejcraBieHMit A.ll.BuHorpaao-
B8 0 paBjelMTe]BHNX NPOLECCAX B BEpXHe| MAHTMW, OPUBEANMX K
NOABAGHAN NEpPBM YHHX 6888JBTOBHX NOKPOBOB, MOYEMy-TO XOTAT Bi=
ASTH B NOpogex "36M6HOKAMBHHHX fiZep KOHTMHOHTOB"™ T6 NePBHE Ie o-
JIOTMWBCKUE 06pas0RaEMA, C KOTOPHX CA6ZyET HAaUMHATE 3BOJDLMOH-
HHe NoCTpoeHdd, Ho BeAs yXe CpaBHUTENbHO ZABHO CTAA0 WBBECTHO,
YTy Crparurpadu4YecKd HUEE BTHX OCHOBHHX MeTaByAKaHATOB "RuBa-
THHCKOIO THma" saaeram? cTpaTefuoMpoBanHHHe IHelicH, IpaHATO-
THEUCH, I'DEHMTH ¥ YBDHOKMTH HOFACHOI'D [0KA I'eHe3MCE.

HuuTo He MemaeT NPEAlONOXMTH, YTO0 OTAGABHNE HHHe MeTaMopdu-—
YECKME MOPOZH 3TMX TOJN OHJM NepPBMYHO "wCTO" oCaZoYHHMM MM
ByJK8HOreHHD-0CaZ0YHLMU 00pasoBauaMMd. Ho gaze ecau aTo He npu-
HUMETH BO BHMM@HME, TO HyXHO NPOCTO MMeTE B BHAY, YO0 OCHOBEH®
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METABYJIKAHUTH AANGK0 H6 eAMHCTBOHHHO MOPOAH HA 2ToM CcTpaTHrpadu-
YeCKOM ¥ BO3PACTHOM ypOBHE,.

Cpezu oTHoxeHHH 8AZAHCKeIrD KOMOJSKCA 0ZHOMMOHHOIO mMTa, AHa-
Gapckore mETa, rpaHEymMToBe# cepuM KeXbCKoro meiyocTpomra, Imyco-
KO MeTaMopfus0BaHHHX KOMONGKCOB sanapHo#l I'peHISHZMM, KoHA8AMTO-
Bolk cepur MHZMM, oGpasoBaHui cHcremu Kellc 3 KxHolt AjpuRe ¥ B aE-
ApoiicKo#t cucTeMe ocTpoBa Majzarackap, B KoMniexce MuarTaxa I'suab-
CKOr0 WMTE ¥ B DAZe JAPYTMX MECT C BEDXHUM B0BPACTHHM MPOZEIOM
2,6 MIpZ. 6T pacopocTpPaHeHH CaMHe pasHO0CGPasHHe NOPOZH — 0T
KHCJIHX TPaHyAMTOB M TUNOPCTOHOBHI M JABYNMPOKCOHOBHX CNAHNEE
OCHOBHOI'0 COCTE&BA C NPUCYTCTByDHAMM B HHX OKQTSHHHMH BEpHAMK
OKPEOHOB M accomuanuef TOHEROPACCERHHOIO GUMoreHHoro rpafura c
CyABpMZAMM Xe]888 70 DPaSHOOOPABHHX MPAMOPOB, K&K KaIBUUTOBOrO,
TAK ¥ Z0ACMMTOBOI0 COCTABA, M KBADUMUTOB C BEDaNJGHHOCTERD B HMX
MATHETUTE ¥ ACCONMMPYDEMX C HMMM MEPraHencojs pESmMX MOPOR, CGids-
KAX K TOHIATAaM.

llepexoAs K TeM OTAOMEHMUAM DAHHETrOD JIORKEeMODHA, B KOTODHX MeTa-
Mop@HUBM NDOABAGH OTHOCMTENHHD CIA0D HIM HE NPOSABIGH COBCEM, He-
00X0AHM0 OOAYSDPKHYTH, YT0 NPHW3HAKK NeDBMYHOM NpuUpozH TARWX Top-
HHX M0POj BOOOHE HAaGADAEDICHA B CO0ABLOMHCTEE CHy WeB COBEPWEHHD
0TYSTIMBO, 8 HODPEJKD JAAETCHA yCTAHOBHUTE ¥ COBCOM TOHKHE 0CDOEH-
HOCTM MX COZMMEHTanuM. XapaKTEDHHMM MpPUMEpDaMM yBE DEHHO ZBTUDYe6-
MHX OTJAOX6HMH STOre TUNA SABARDTCA CcepMM KnpaTWH ¥ THMACKEMMHD
M UX cTpatTUrpaduyecKMe aHamzord KaHazcKore muTs, ceOaKBaiicKas,
OyJaBailckas M waMBaiickas cucTeMd AQpPuKE, cepus Kaarypau u Yappa-
ByHa ABCTPANMM H AD.

JIA 3TOro KOMNJAGKCa OTJIOEGHMA THNMYHH KOHTJAOMED&ETH, TrpayBar-
K¥, @pROBSH, @PTHIAMTH, IIMHACTHE CJBHUN, QUAIMTH, KBADLUUTH, KAK
06J10M 0YHHE, TAK M XEMOTSHHHE, X6J63WCTHE KBS PUUTH ¥ JARECOMIMTH,
M3BECTHAKM, ZAOJOMATH, CHUZEGPUTH, 8 TAaKEe IaBH ¥ TyPH AWNapuTOBO-
ro, ABLMTOBOTO, TPaXUTOBOro M 0a3aABTOBOI0 COCTAaBE.

YcTaHEBAMBADTCA NPABHARM JCAOBMH CEZMMEHTALMM MHOTMX M8 HMX,
HanpUMep KoCa8d CADMCTOCTH, B KOHrAoMepaTax ralbka 4 BaIyHH
(iocueaHWe WHOTZA nNpesHmapT I M B NOonepeuHMKe) CJAOEEHH pasHOOG-
pa3HHMM NODOASMH, B TOM UMACJE E6/63UCTHMA KBEPOUTaM4, M3BECT-
HAKaMM, KMCIHMM JBBaMM, TDAHATAMM W ZPyTHUMM MHTDY BUBHHMM MOpPO—
ZAaMu.

BuzeiADTCA KOHTMHOHTANGHHE OTAOXKOHMA, OTAORGHMF MEIKDBOZAHHX
nNpuOpexHENX OacceilHos.

MHTOPECHD OTMETHMTH OpPMCYTCTBME KOHTIOMEDATOB C TalbKO#i Ma-
BECTHAKOB (DopManus THMMCKEMMET), @ TaKE® KOHTIOMEDSTOB C Kap-
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COEGTHHM L[OMOHTOM M Z0JOMMTOBHX KBapuuToR, [locaezHMe, BePOATHO,
CBU76 TEAECTBYT 0 BHCOKO! CTeneHM BHBOTPUBAHMA Nopoj Ha cywe
B YyCIOBUAX GPUZHOTO KIMMETE.

EcrecTBeHHO, 0COCGH! MHETEepEC NpPeACTABJANT T6 ZDP6BHeil e Ha
3eMJe KOMIJAGKCH, pACNpOCTpaHeHHHe B AQpUKe, BOSPAcT KOTOPHX
ZI0CTDBEPHO DNpeAeNA6TCA KaK NpeBHNaDIMA 3,2 MIpA. TeT. ITO
copus KamOyu M HMmeIexamas cepus Kacuna, cepua T'aHry M mozcTh-
Japmuil "KoMOZEKC oCHOBAEMA", cucTema JozoMa ¥ cucrema HaHs ¢
nezcTHIApMEe! mocaemHOK "cucTemoldl ocHoBaHMA", cucTema CBasuleHJ,
BEINYADMAA CBMTH Mozuc, ¢ur-Tpu, OHBepmaxT, Cpesu EMX HaOADAS~
pTCH KAK PAyC0K0 MeTamoppusoBaHHHe NOpoAd (A0 rpaHyIMToBOR Ja-
LuM), TaK M HemMeTaMopim30BAHHHE Pa3HOBHIHOCTA. 378CEH WAPOKD A
pagHoOGpasHD NpeiCTaBJSHH KOHL/AOMEpaTH. l3BecTHH (88alBHHE KOHTIO-
MepaTH, paszeldpmUe CepUM M 0TMeUANmMe Hecorzacue. B cocrase
ralbKd NPUCYTCTBYDT KBAPLMTH, IDAHMTH, 1I0A0CYATHE XE6JNEBHHE DYJH.
HexoTopHe pasHEBMZHOCTH KOHIJIOMEPAaTOR COA6PEAT 3010T0. [AMHAC-
THE NOPOZH NPUCYTCTBYWT KAK B BUZE PIMHUCTHX CI8HUEB, TaK U B
BUZe (QUIAAMTOB COPULMTOBHX CAaHNEB, MHOTZE C XJAODHTOMZOM, KHEHH-
TOBHX -CA8HNeB. [ICAMMMTOBHE 0TAOKOHHS NPEACTABJEGHH I'DaBEIMTaNH,
cradn MeTaMOpMBOBAHHMMM NeCY@HMKaMiA M "necyaHumM caaHpamu". [o
cpc?aBy 9T0 Kak NOJMMUKTOBHE, TAK M CyNECTBEHHD KBApLEBHE MNEC—
YaHUKK, NE6PEX0ZANME HEPEAKOD B KBAPLMTH.

licxozHas npupoza CeZUMEHTOTeOHHHX KBAPUMUTOB, [EeP6CIaMBEDMUX-
CA C 0CAZ0YHEMM W NEDPEMYHO-OCAZOUHHMM NOpPOZAMM, He BCErZa fACHA,
P&B8HOBUAHOCTH, COZEPEANMAE B30J0T0, BOPOATHO, OHIAM 0CJIOMOUHHMMA, &
aM{@u00/0BH8 ¥ OMPOKCEHDBHO KBAPIUTH MOEKHO DACCMATDUBATE NGO
KaK KBapneBHE N6CUWBHMKKM C KapOOHATHHM LEMEHTOM, JM00 KaK XeMoreH-
HHE KapOoHATHO=-KDEMHMCTHE 0CAAKM. JlOCTOBEDHD yCTAHABAMBAGTCA
NpACY TCTBME XEMOTEHHHX KBapuuToB (M070CYaTHE KpemHM). lMpoke pac—
OpPOCTPaHEeHH Xe.83MCTHO KBADPUHUTH, CPEAM KOTODHX MBBECTHH KAK MaI-
HETATOBHE, TAK M I'6MaTHTOBHe DaBHOBUAHOCTH,

KapGoHaTHHe OTIOKGHWA NpPEACTABI6HH IIGBHHM 06pa30M Kpucral-
JIMYSCHUMM M3BECTHAKAMU, BHABJIGHO NPUCYTCTENE 0CAZ0UHHX 08pUTOB
B OTJADXOHMAX CHCTeMH CBaBUJIeH7Z, KOTOPHe NOZBEPramnTCH B HacTog-
;ee BPEMA KCC.iéZ0BaHHMD,

Brnozne onpejeieHHED yCTAHABAWBEDTCA W CIOZH EUBHO Z6ATEJNBHOCTH
OpraHXsMoB - Bogopocueil M GaxTepuit, a8 TAK®e pDASAMYHHE YIIAEB0A0-
Dofil, H6 TOBOPA yE6 0 GMOTEHHHX, [0 M30TONHHM [&8HHHEM, rpaQuTuUc-
THX BHGJAGHMAX, YACTO OCMABHO HACHNAKNNMX DaBIMYHHE N0 XapPaKTe—
Dy nepBMYHO-0CAZ0YHHE §0POAH. SdlySHMBHHE MOPOAH NP6 ZACTABISHH
KaK OCHOBHHMM, T8K M KACJHMM JaBAMM, OpUYEM ZJIA NeDBHX HePOAKO



A-Aq@ﬂlll

TUNMYEA “"wWapoBas” MAM "NoAymewHAs" TEKCTypa, CBMZETEICTBYOWUAH,
00 MHEHHD MCCIeJ0BaTeNed, 0 NOABOZHOM BYJAKaHUBME.

JaKanyaA 9TD KPATKDe ONMcaHue, cIefyeT 0C000 NOAYePKHYTH, 4TO,
00 HaueMy MHEHWD, yxe NpUBEZeHHOE BHWE BechMa (parMeHTapHoe oma-
CaHUe XapaKTepHuX accouMalMii TOpHLX NOPOA B CTPAaTUEMLUMDOBAHHHX
KOMIZeKCaX CaMoro paHHero ZAOKeMGPHA caMmo no cefe ZaeT ZOCTAT 0YHD
OTYe T/MBYD KaPTMHY yCI0BMA DA HHeZOKeMOpPUMCKOW CepMMeHTALMM M MOKa-
3HBEAT, YTO HE CYyWECTBYOT B STOM OTHOWEHMM KaKMX-NWG0 NPUHONIAGLE=
HHX OTIM Ml pDaHHEI'0 ZOKEMODPWA 0T G0J6€ MNO3AHMX I'60JOIMYUECKMUX
N0X,.

Bce BHuWeyKasaHHOE HM B KOGM CIy W86 HE A0DJKHO OHWTH NOHATOD Ta=-
KMM 00pasoM, YT0 B HacTOfWee BpeMs, Bo-lepBHX, HET BOOOME HUKa-
KAX 0CHOB ZJA DAaCCMOTDEHMA 3BOJNLUA B0 BPEMEHM TEO0JOTUYECHUX OpO-
UeccoB ¥ MX NPOMBBOZHHX - DABJMYHHX TUMOB TOPHHX lopof ¥, BO-ETO-
PuX, 90 MOMHTKM TBKOTO 8HAAM38 HenpaBoMepHH. JloOHe ce phesHHE
NONHTKA BHABIGHWA BBOAOLMM Ie0J0TMUECKAX # I'6 0XMMYYECKMX Mpouec-
COB W MPOAYKTOB 3TUX MPOLECCOE B ZOKEMGDUAM N 0T A0KEMOPUA K QaHe-
PO30KN MHTEPECHH ¥ 3aCIyXKUBADT CaMOT0 [PWCTAABHOTD BHHUMAHMA. K
HEMHOTOYACHEHHOMY DAAYy TAKMX PAGOT OTHOCATCA' MCCAEZOBAHMA M0CKE [~
Hux neT A.B.PoHoBa, paGorh A.W.Tyrapusiopa u I'.B.BoliTkeBuua
(1970), E.M.Jassko (I97I), H.N.Cemeneuxo (I1972), Jl.M.Camona (I973)
W pAj APyIMX, B KOTOPHX, X0TA C HECKOJABKD DEBJMYHHX MOBULKUA M
WCX0ZA M3 DPABHHX METOAOJOIMYECKAX O0CHOB, PACCMATDPUBANTCA BONPOCH
reojoruyecKo# 4 s03pacTHOW mepuozMBAUMM ZOKEMOpHACKOro arana
pasBUTUA BEMHOJ KOPH M HAMEYAWTCH HOKOTODHe TEHZSHLUMY 2BOJKLUM
nopozo- 4 pyAcoGpPas0BATEABHHX [1PONECCOB ¥ WX NDOAYKTOB 38 JOKEM-
GpuicKoe BpeMsg. MarcuMaIbHO GJAM3K0 B MOTOZMYECKOM OTHOWLEHMM K
TAKOMY @8HAIMBY MCTOPMM I'EDIOTMYECKOID PABBUTAA W BSBOJNDMM HEPYX~
Holl 060/J04YKKM 36MJH B HACTOALEE BPEMA CTOAT B CBOMX MCCAEJ0BAHUAX
A.B.PoHoB M ero corpyAsuku (Posos, I972). Ho B MX MCCAELOBEHAAX
AOKOMODMIA noxa eme npejcTraeT, C Hawell ToUKM BPEHWA, TEEETUUECKM
Lanexo "He BCKPDHTHM"; ®T0 pemeT K TOMy, YT0 B ZIOKeMODUlicKoil
TaCTN NPUBOZMMHX UMiA "9BOJKLMOHHHX CXeM" ¥ "KPUBHX COCTaBOB" DHM
He [IpeACTaBIfOILCH AOCTATOYHO 0COCHDBAHHHMM, M TeM He MeHeEe TOJBKO
NpAMeHeHMe paspa6oTaHHoit A.B.PoHOBHM ¥ €r0 COTPYyZHUKAMM MOTOZUKH
Mgy YeH)A DBOJNLMA 06BEMOB ¥ COCTEBOB CEAUMEHTOTGHHHX Nopop o=
3B0JAT, [pPU y4YeTe COOTBETCTEYHOMUX reHEeTHUYECKMX DOKOHCTDYKLMQ
TJAyG0KD METaMOpQM30BaHHENX NMOPOA, TOAN M QopMaunit ZoKeMOpUR, npu-
GANBUTHECA K J8HCTBATENBHODI KaJTHHE 3BOJKIMMW CEJUMEHTDIEHE3a 3a
O0TPE30K Ie0JorkYecKon UCTOpUM Ooaee 3,5 MADA. AET.
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CoBepueHHO 0COGHAKOM B NpeACTABJGHMAX O XaPEKTepe naieoreorpa-
HUUYeCKMX yCAOBMY M nponeccos GopumMpoBaHMA 8PXGHCKMX I16DBH YHO=
CEMMEHT OI'@HENX ToJm cToMT MHenue B,I.Kupumoxa (I97I). OH pezaer
NONHTKY 000CHOBATH MX MYyCTHHHYD, CYXy®O COAMMEHTALUD MPH yCHOBUM
MoJHOTD OTCyTCTBMA I'MApPOCGEpH W NpW TeMNepaType CBHuE +100%. He
B4718BAACE LBNBD KPATHYECKA DACCMATPUBATH BTy DAGOTy, OTMOTHM TOM
He MeHee, YT0 BCE OCHOBHHE €€ NO0J0KEHMA HAXOAATICA B NPOTUBOPE WK
C MHBBECTHHM JEKTHUECKAM MATEDUAJOM ¥ HOCAT RABHO yMOSPHTONBHHHR
XapaKrep. ST0 BMJHO X0TH OM M3 CASJAHHOTD BHWE KPaTKoro o6sopa
OCHOBHHX MapareHesMCO0B Nopoj HauGoJee ZpDeBHUX KOMIJIGKCOB BEMHOH
KOpH. B HauGoabmeM NpoTHBOpe WM Toyxa speHuA B.l.KuMpulpka Haxo-
ZMTCH C XOpONO MSBECTHHM B HacToAmee BpeMd (aKTOM mMPOKOTD p&s-
BATHA [8X6 B paHHEM JOKeMODMM i(IpoABAEHMI XUSHA, EUBOTD BEWECTRE,
YT0 BHPAXAETCA B OOMABHOM HACHMEHWM OTASABHHX TOJ, CJHOXSHHHX
CAMHMA DEBJIMUHEMM [16DEM YHO-0CAZ0YEHMM OopOjAMA, GUOTSHHHM rpagu-
TOM, yDAGDOAMCTHM MM "yIJIACTHM" BEmECTBOM W HEDPOJKD COXPaHAK-
WAMUCA B HUX TBEDJHMNA, KMAKAMM ¥ resoo0pasHuMM yTAeBOZODOZAMH,
yacTo HepTAHOro paza (Cupcpenxe, Cagopesxe, 1970, I97I, I973).
YyE6 0jHO 2T0 NOKAsHBAET, YTO HU 0 KAKOM OTCyTCTBMM "BozHOH
dasu", oM, BOAMMX GaccedlHos M o Temmeparype +100°C ma nosepx-
HocTH "apxelicKoif Seman" He MOxe6T OWTH M pewd. KOCBEHHD 0 ZOCTATOY-
HOM DASBATMA EASHM B apXee CBMASTENECTBYET ¥ HAZGXHO6 yCTAHOBIE-
Hue Q.B. YyxpopsM ¢ coasTopamu (I969) B 06paspBaHMAX BTOTD B0~
pacrTa (paKy4oHMPOBEAHMA WB0TONOB CEPH 325 g 5"S, yrp, KaK M3Be-
CTHO, pPe&AM8yeTCA TOJBKQ NpY yW\CTMM XUBOI0 BeWeCTBa, B YaCTHEC-
TH Npn GaKTepualsHOM CyALHETPOAYLMpPOBAHMM.

TaxuMm o6pasoM, C Hawel ToOUKM 3peHMd, CIAOEMBOAACA CUTyanus BO
MHOI'OM 00f3aH&,B0-[6DBHX, HEOZHOSHAUHOMY MOHMMAHML TepMMHA "3B0=
IpUUA", BO-BTODHX, HEUETKOMYy WJIM Jlaxe HenpaBMJBHOMY, [0 Haueuy
VHOHMYO, NOHAMAHMK IAaBHOI0, BOAYWEIO0 Npoyecca ¢opMMpPOBAHMA 36 M-
HO{f KOpH W IPIABBHOI'0, 6CJAM TAK MOKHO BHPa3uThCA, "Ieo0J0rMYeCKOTD
npoayKTa" reolord4ecKoil ucTopuM 3eMaM (Bo BCAKOM CIyuae @€ BEpX-
Hel 4acTH) M, B~TPETHAX, 8KUGHTHDOBAHAD BHMMAHUA IPM BHABIGHMH
BOSMOEHHX "MBMeHeHM™ BO BpeMeHM HE8 TAK HABHBAGMHX "cnemudu-
YECHMX" TUNEX MoPOZ MIM QopManuit.

OTMeyeHHOE BHWE rIaBHelumee A0CTUXEHMEe 0CaZ0YHONE reoaoruy Jo-
KeMGpusa, T.6. BHABJGHWE OCHOBHO! poaM (MecTa) 0CaZ0WHHX MOpPOJ
B CROXEHNM ZI0KEMOPMMCKMX TOJN, NOKE3HBAGT, YTO BEZYMMM mpoO-
ueccoM, QopMMApy UMM BEMHYD K0Py, BO BCAKOM Clydae B @€ M3BECT—
HOA ACCNe)0BaTENAM Y&aCTH, ABIAGTCA M ABIANCA SKSOTEHHHA mpouyecc,
8, ©Cili T4K MOXHO BHPEBMTECH, IJABHHM NPOAYKTOM I'60J0IYYS8CKOTD
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pasBATUA 36MIM ABAAWTCA M ABAAMMCE CJHOUCTHE, OCAZIDYEHE M 0CAZ0Y~
HO-BYJMKAQHOT'@HHHE M0P0ZH. B 8Toil CEABM MH TBEDA0 YBEDEHH, HTO
TOABK0 B4KOHOMODHOCTH MSMEHCHUWA BO BPOMEHM MACC U COCTABOB 5TOTD
TI8BHOTO NPoAyKT8 ¥ MOTYyT OHTH OCHOBHHM, TJaBHHM "0GBEKTOM"
9B0ADLAOEHOTD aHa/usa, Cpasy OroBOpUMCH, YTD, 6CTECTBEHHD, MOEHO
4 HyxXHO BHABNATH M SHAAMBNPOBATH B8KOHOMEDHOCTM WBMEHEHWA BO Bpe-
MEBM M APyTMX I'60J0TMUECKUX 0C0DBEKTOB M mBIEHM, HANPKMED OAHOTD
U8 BaxHeMmMX - TEKTOHEYeCKOID DEexMME, HO, NMOBTOPWM, IJaBHHM

npd TAKOM 8HEJMBE MOXET M J0JKHO OHTH DACCMOTPeHME TOr0, YTO AB—
IF6TCA OCHOBHHM, BOJyIMM. JTOT MOMEHT § NOAY6PKWBAN 0C060, TEK
KaK 0H 4YpesBHuAllH0 BAX6H AJA /AAJbHeAWero NPaBAABHOT0 2HAJMSE

np oG8 Mu,

Jlanee, K BacToAmeMy BPOMEHM MOXHO TBEPAD KOHCTATHPOBATH, YTO
KaKAX-IM00 3KB0TMYECKHX 10p0Z, CBMAETEAHCTBYDNMX 0 KaKUX-TO
NPHEHANMENBEHO 0TIMYHHX yCJA0OBMAX DKBOreHesa B J0KeMODMM, M HE
BHAOM, BCe Xe rIaBHHG M MHOTYe BTODOCTENGHHHEe THUMH 0CAJ0YHHX M0-
pox, K8K yXe 0TM@WAJIOCH Bhlle, OTASr@NACH B Te4YeHUe BCell fo-
CTynHOY CeroZiHA M8y YeHMD YaCTH Te0JOrMyecKoll MCTopMM. Jlaxe TOJIBKD
B8 [0CHeZHAX aKTa MOBBOJAADT C AOCTATOYHOK KOpPEKTHOCTED I0BO-
PUTH 0 NPUHNUNAANBEOM CXOACTEE OCHOBHHX (aKTOpOB SKBOreHE38
H8 BCOM MBBECTHOM CEI'O0ZHA 0TPEBKe Ie0J0IHYBCKOl MCTOpUM.

T'oBops 0 SHA UEHMH JJA 0OCYEZA6MHX BONPOCOB TEK HABHBEGMHX
"cneguduyeckax o6pasoBaHMit ¥ dopmanuit™ - A npexze BCEro MMED
B BUAY (opManip XEieBUCTHX KBEPUMTOB, - CHBZAYy6T [PeXAe BCEIrs
8aMeTHTH, YTO MX HO PEZKO NOAYOPKUBAGMHE 0Y6HP y8Kasa BO3pacTHaf
NPHyPOYSHHOCTH ¥ MOHOTHNEOCTH BECEM& CHJIBHO NMpeyBeNWYeHH. HKpo-
M6 TOT0, B IO0AOTMYSCEON WCTopUM Zaxe faHepU3OA TOXE MBBECTEH
yesuit pap Qopuanuil, HaopuMep rpanTOAMTOBHX CHAHLEB, IJayKoHH-
TOBHX MO6CYBLHMKOB, (opMenuil MHC 9ero Mexa M zpyr¥x, KoTophe, 6C-
TOCTBOHHO, MMBDT ONDEA6NIOHHN6 NDWYWHH CBO6I'0 BOSHAKHOBGHHA, QUE-
CHpyOT 0OpeA6NGHEHE BSBOANYWOHENE YeDTH CeZMMEHTAUWM, 0ZHAKO HH-
RaK HO B4TPATUBADT OCHEOBHHX (JAKTOPOB CEZMMEHTOI®HEBA HA DTOM
2TaNne reolordYecKoll MCTOpMM.

Kacancr x6 00l86 OOAPOOHD QopManul XeA6SMCTHX KBAPUMTOB Ao~
KeMGpua, Ha8J0 MMOTH B BUMZYy, YTO, KAK NOKAs8] HejaBHO NpOBe-
fAeHERHA J.H.Qopuosesoll GopmaumosEuit aranus aToit ¢opuamuu, oHA
0K888JACH O0THOA®L HE MOHOQOpMABNMOHEON M pacnajaeTcs HA LeJuit
DAL NOYTA CaMOCTOATEABHHX (opmammii: ByAKaHOI€HHO-KDEMHECTYD, NOD-
{@po-NeNTATOBYR X JENTHTOBYD, H3BECTKOBO-KHEMHACTYD, KPEMHACTO-
CHaHNeBYyn, IOAOMATO-KPSMHACTYD M IpPyTHE.
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Kaxnaa n3 dopmaumit opMMpyeTcsa B ONpeleNIEeHHHX YCIOBAAX,

8 BD BPEMEHH - B T6 YOHWE BCEIr0 AOKeMODHUA, KAKZad M3 HUX XapaK-
T@PM3Y 6TCA CBOMMM BAKOHOMGDHOCTAMM NPOWBJGHMA M T.A. T8K, 06—
pasHo roBopa, ynax'koaocc" BeckMa w@CTO MoHuMaemoil ezuHolt dop-
MalUWl E6JEe3MCTHX KBAE PUUTOB, NpUypPoyYeHHol, KaK nojaraaud, K "cozep-
WEHHD ONpejE/EGHHOMYy 8Tany B Ie0JOTMYECKOM DasBUTUM 3eMau".

Bonee Toro, J.Hs®OpMO30Ba CNpaBefAMB0 yKasWMBE8T M HA aHaJOTM
aT0l QopManuM, MNPOABIABUMECH NOCTATOYHO YACTO A B NANe0308.

B BaKinyeHMe JASHHOTO paszena NONYEDKHEM 6mMeé pas, 4TO Md N0J
9BOJDLMENH ceZMMEHTOIeHesa B ZOKeMOGDMM W B MCTOPMM 3eMau BooG-
e, yWTHBAA BCE BHUEM3NOKOHHOe, [OHMMAGM 38KOHOMEDHOO H3uEHE-
HWe Bo BPeMEHM MacC # COCTABOB 0CAZ0YHHX ¥ OCAA0YHO-BYJIKAHOTEH-
HHX O0pOJ, PACCMOTDEHHDe, ECTECTBEHHO, B TPeX IJaBHHX "Koopzu-
Hatax", KOHTPOJMPpYOUMX pasBATHE 3TUX NOPOA M WX COCTAB; A MMED
B BUZAYy TEKTOHMKY, KIAMMAT M BYJIKaHUSM,.

O. OF OCHOBHOM NPWHUMIE PAC WIEHEHWA JACKEMBPUA

B UENAX BLAEJEHWA B ETO PASBUTWN TJABHHX STAICB

! BAEHEWWMX WCTOPUKO-TEOQJOI'M YECKUX FPyBEKEN
OzZHMM M8 BaXHO /MMX ACMOKTOB NMOSHAHWA ZOKEeMOPUF, C HAWed TOYKM
8DeHMA OPAMO CBABAHHHM C TOJBKO YTO PACCMOTDPEHHHMM BOIPOCAMM,
ABAAGTCA NPoGIeME pACYIeHOHUA ZOKEMODUA B LEJAX BHZENEHUA B €ro
Pa3BUTHUM I'JABHHX 3Tanoe M BaEHE AWMX UCTOPUKO-TE DJIOTMYECKUX py-
Oexeli.

Kak usBecTHD, DaCuJeHEHWE® AOKEMODMA B CTpPATUrpafu YECKHX pe-
J8X AN BHAEAGHWR B 6I'0 PABBATUN DABJMUHOTO DAHra STAmoB M py-
Gexelt 0CHOBHBEJNOCH HA pASBIMUHHX MPUHLMNAX U NPOBOJAMAOCE, MCXOD-
AA M8 NpPUBHAHMA IJA8B6HCTBOBAHMA B IE0JNOIWYSCKOA WCTOPUM D& 3HHX
reoJOrMY6CKUX NPOLecCoB M (MIM) pasHHX yCHOBM MX [pOTeKaHUA.

CraHoBA6 HUEG WCTOPMK0-T@0J0TMYECKOTD METOAE pac une HeHMA J0-
KeMGpUA 0asMpoBAJNOCH M0 CyWECTBy HA CTPYKTyPHHX M BEWeCTBEH-
HHX ODUBHAKAX I'OPHHX NOPOZ, YTO0 N087HEe pasBMIOCH B ABa B KaKoif
T0 ME6DE CAMOCTOATENBHHX NOAX0ZR K 2T0#l mpo6iemMé - TEKTOHHYeC—
EMif B adTonornveckuil. OAHAKO Hazo 8aMeTHTH, YTOD B [O0CHEZHES
BpEMA AMTOJ0THYOCKMMK METOX MCNOAB3YETCA B OCHOBHOM HE B LEJAAX
paculeHeHMsd, 8 AJAA KOPDeJIALMM.

Paziore 0xpoHoJ0TAA BHOCAE B M3y YoHMe W [0BHEHAE J0KEeMGpuUs
MCKINYMTEAbHNYM BKAA7 ¥ yXe CPaBHMTENHHO J@BHO CTAJa MCIHO0AB30-
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BaTBCA AJA JATMPOBAHWSA OCHOBHHX TOKTOHO-MaIMaTM4YeCKUX DTanos
PasBUTMAs JIOKEMODUA M BM0X PErW0OHANBHOTD MeTamopfusma W rpa-
HATHBauMKM, Ho 0YeBMZHOD, 4YTO CaMo no cefe adCOANTHOE A8TMPOBaHAE—
3T0 TOKEG HE MHCTPyMOHT BuABAGHMA "HanpaBleHHoCcTH" WM "sPanHOC-
TU" B PASBEUTUM I'E0JOTMYeCKUX COOGHTUA B ZoKeMOpUM.

HakoHeln, B NMoclAeZiHEe MGCATHUJETHE NOJHOCTHD 0DOPMHUACH, BO BCA-
KOM clyyYae JJA CTpaTUrpadnyecKoro pacuwie:cHWA BEPXHOID NpoTepo-
807, NAJBOHTOJOTHYECKUA MeToa, CasMpyOUMACH HA MBYYEHUM CTpOMATO-
IUT0B, BOBHMKEBOT ONpeZENEHHNE® MPEeANOCHIKM AJA MCHOABB0BAHMA B
JanbHe fiueM B CTpaTUrpaguyecKMx uenax, B TOM Yucne W zng Goise
APeBHUX 00pas0BaHMA, APyIMX OCTATKOB DaHHAX NPMMUTUBHLX 0pra-
HU8MOB (Glaessmer, 1972; Pflug, 1972).

He kacaack cyryGo cTpaTurpadu4ecKoro SHaW\HWA KAXZOI0 U3 BhH-
UeynoMAHYTHX MOAXOZ0B ¥ METOADB, MH CUiTaeM, 9YT0 ZAJA Pac WIGHe HUSA
AOKEMODUA B L6JAX BHZeJeHNs B 6I'0 DABBATAN 3TAN0B, WCTOPUKD-
TeoJI0INYeCKMX pyCexell Wi KPyNHHX LMKI0B SBOJKLMM HW OAMH U3
S9TMX METO0JI0B B KayeCTBe OCHOBHOIO, IJaBHOT0 METOZA NUMHAT CHTH
He MOEST.

[ipusHane (akTa I'JIaBEHCTBOBAHWA B I'e0JNOTMYOCKON MCTODDUM 2K~
30T'@HHNX MpOLECCOB A86T HAM BCO OCHOBAHMA CuATaTh, WO, eCTE-
CrBeHHO, TOJBKO 3T&NH PAasBATMA 9Tor0 "rJaBHOT'O NPOAYKTA" MOTYT
ObTh [0JN0OKGRH B 0CHOBY pac WieHEeHAs Ie0I0THYeCKod MCTOpUM HE
JN60r0 paHra aTanH, PYOeEM M WCTOPUKO-TE0JOIMYECKME O0TDPE3KM
WM [uKIH, Beib o4YeBMAHD, YT0 TEKTOHWKA, TEKTOHWYECKMA DexuM -
8T0 I'JIgBHHM 00pa30M JMLB yCHOBUA (OPMAPOBAHMA SKBOTEHAHX MPOAYK-
T08, Tem Cphee He MOX8T OHTH I'JGaBHHM, OCHOBHHM "0GBeKTOM" mepu-
oausanuy “"ckaazuaraa", "aedopuamyoHHaR TEKTOHMKA" TOPHHX MOpOR
86MHOM Kopu,. [Ipn BCe#l BaXHOCTM SHAHMHA AMTOAOIMM CHDMCTHX ToJI
YUCTO JAMTOJOTM ¥©CKUZ apCEHAN NpUWeMOB TOKEe BPAA JAM MOr~Ou GHThH NO-
JIOKGH B OCHOBY MCCJB ZJDBAHMA PECCMATPMBAEMON I1PUG/AGMH,

TakuM 00pasoM, MH CWiTaeM, Yro TOJBKO CaM0 BeUecTBO, & B
HaWeM clydYae BeWEeCTBO COAMMEGHTOIEHHHX ToJu, ero macca (oGbeM),
cocras, ero puddepenumanua k TpaHc@opMauMA B DasJMUHHX MNpogeccax,
Np OTeKawuMX B S6MHOA Kope, MOIYyT H A0IKHH OHTH 0GBEKTAMH NpHUHIM-
048/J5HOT0 TeHETHUYECKOT0 PACWIEHEHUA B [f AAX BCKPHTMA MCTOPMM CTa-
HOBJIGHMA AOCIyNMHON COrOZHA HAM 4aCTV BEMHOM KOPH.

EcTecrBeHHD, 4T0 BTO0 HO MOKET OHTEH CJielaHo 0es TEKTOHUKM,

Ges KmacciyecKoil crparurpaguu (M npexje Bcero 6es GUOCTPaTH=
rpajuu) u Ges pajHOre0XpoHOJIOTMYSCKOTD AATHPOBAHMA; MX DOIb M
3HA YeHWE NPN STOM OCTEHYTCH HCKANUATEABHHMA W HesaMeHMMEMA, Ho,
noAvYepKHeM eme pas, B Ka4yeCTEe OCHOBHOI'D, ONpPEZAENAOLETrD 00bexTa

53



TeHeTHKO=lCT0PM Y6 CKOT0 MoApasAeleHMA JJA [0BHEHWF CTAHOBAGHUA M
DHONKLMAM BEMHOI KODH 7Z0JEHO BHCTyN&TH T 0 A1 H K0 C & M 0
BemecTH 0., B npusEnune, pemeHde 3ToR s8ZE W4 CBABAHO, KK
yXé 0TMEYAI0Ch, C BHABJGHMEM H3MEHEHAs B0 BPeMEHM 00DEMOB WM
MECC pas3IMUHEX TMIOB TOPHHX M0POA, CASr80EMX CAQMCTHE TOJHM 86 M-
HOl Kopu (pasgnaamca. [10 BOBMOKHOCTHM, C y9YeTOM DGBEMDB WJIM MACC,
YyHU YT DKGHHNX @p03Melt M "MHBEDCMOHHO" BOBBPANGHHHX BHOBh B 37T0T
CHraHTCKUM raoGaiBHE LMKA 060poTA BEmECTEA), M 2BOJDIHM MX Co-
cTaBa KaK B [6JOM, TAK M KAxAOro THOA NOPOA B OTAGABHOCTH. STO
A No3BOAMT yBAZETH, KAK — NPMHUMNMEABHO HIM HeNDWEOMNMANEED, 00-
paTUMD WA Heo6paTMMO, LMKJIMYHO WM 0ZAHOHANPABIGHHD — MBMEHAET-
CAST0T r 18 BHHEHN MU OCHOBEHEHOR ODpDPDOAYJET IS0~
JOTMYECKOID pasBATUA B36MHOM KopH, T.6. CHOMCTHE, COZMMEHTOISH-
HHE MMOpojn, BA QoHe WBMeHeHU! onpezeiamUX ero GopDMMPOBAHMS.TEK-
TOHMYECKAX M KJIMMAETMYECKMX yCIOBMH, noj AeACTBHEM I'0CHOACTBYD-
4ero npouecca UX BOBHMKHOBEHMA M DasBHTUA - DK3OIreHesa.

B usBsecTHO! Mepe caMOoCTOATENbHO, 0G0COGA6HHO MOXeT paccMaT-
pUBETHCA B re0JOTUYSCKO¥ MCTOPUM STENHUCTH W SBOJDUMA PABBUTHA
XMBHM, EMBOI'0 BOMECTBA. (AHAKO y UATHBAA MCKADYATEABHyD ¥ TECHEi-
WyD B38MMOCBABL B COBMOECTHOM DasBUTMM B Te0JOrMYeCKOH MCTOpHM
HAWe i NIaHeTH KOCHOA M xuBoRt warepun (Bepsagckuid, I965; BuHorpa-
AoB, I94; MaHckasn, [lposzosa, I964; CupmopeBke, Cuzopesxe, I97I),
HaM NpeAcTaBlAAeTCA, YT0 I6HETHUSCKODE DAcuie HOHWE TI'e 0J0TMYscKoil
MCTOpPMYM SeMIM ZONKHO BECTMCH Ha @AUHOM NpDUBLMNE M3y4eHUs H KoC-
HOTOo 4 xMBOro (MAM BNOCHEACTBMM DPTaHWYECKOTD) BOMECTBA HA pymE-
HOR OCOZDYKM 36MIM, NPUENMER W EMBHEL KAK CBOEr? DOZA IE0A0THUeC—
Kili npojyKT XMMMYECKOM SBOIRLMM SeMHOTo BemecTBa (KanbBuH,

1971; Pyrren, I973; Cs.Cupopesxo, I974).

ll. METAMOPQUSM OCAJIO YHHX TOJm

W UX METAMOP@OTEHHOE "JHXAHUE"
[locse rMOOTETH YOCKUX DPASelMTEIbHHX NpPONECCOB B NAABANEMCH Be-
IeCTEE BODXHOM MEHTHM 3eMid, QopMMDYOmMX, KAK NoJaranT, riAaBHLEE
THUIH 3HAOTEHHHX NOpoj BeMHOU Kopu, Ha¥GoIee KDyNHHMU M DOAJNBHH-
MM axTaMu pudde peHuManMM SeMHOID BOWECTBE CUOZyEeT CUATATH iIpONec—
CH BHBETDUBAHMA M MeTaMmoppusma, 0C006HHD KpallHee BHDAXOHMe HO-
ClepHEro — yasTpameTaMoppusu. [lociezrde zBa mponecca no CymecT-
By yEO ABIANTCA B NOHMMAHAM MHOTMX UCCAeZoBaTeled cBoero poza
"royxo# wHBEpPCMM™, T.6. NpPOLECCOM, BHOBH "DORZGDMMM"™ MaTNATU-
YeCKHE Nopojs. Ho 876Ch HEOGXOAMMO MOAYEPKHY Th, YT0 METaMOpPHU-
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YeCK9e NpeospasoBaHMe 0CA0YHHX MOPOA N0 CPEABHGHHD C ABYMA
BHIIG0TMO YBHHHMM MpOLecCaMd K8y Y8ED KpaitHe csoeolpasHe. C o7~
Ho#f CTODOHH, MH ZI0BOJABHO ZI9TAAEHO 8HAGM pOBJABTAT pPOrHOHAEIBHO-
ro MeraMopdusmMa 0CA0YHHX MOPOA, T.6. CAMA METAMODYMYGCHHME NODO-
ZIH, 8 ¢ Zpyro# - ypessuysfHO o0me NpejcrasiseM cede To, 9YTO am-
pPAOpPM JDIEHD OHIO0 OH BHBOZATHCA M3 8T0E MeTaMopiAsypmeldcs cucTe-
MH, 0 3zBCBH, desycnnnnn,'curpanu OTPUIA TOABEYD PoAb OpPMHOMNE
TAaK HaBHBA6MOT0 "0DTOZOKCEIBHOTD M30XHMABMA".

BeAp 0Y6BMZHO, YT0 MeTaMopfusM KAK Oponecc A0JAR6H "BHBOZHTE"
43 MeTaMODyH3yMUMXCH Tokm, BO-NEPBHX, TaK0# AKTHBHHE M peaKmu-
QHHH} "HOMOOHEHT", K8K BOXYy, MHOTM6 rasd HOOPIGHUYECKOID M
OpPraEMYeCKOTO OPOUCXOEJOHUA, 8 BMECTE C TAKMM I6 80BO-EUZKUM
GmonzoM -~ ¥ MHOTHe HEDYZHHNe M pyAHHEe XUMHUECKHe BSJBMOHTH. lIMeHHD
nopToMy MeTamopdusM 4 MeTaMopQoTeHHO® pyjo000pasoBanMe, JaES
HeCMOTDA HA ABHO HOZOCTATOYHYD MBY YGHHOCTH NPM 3STOM TOYHHX B38M-—
MOOTHOMEHM) MemZy HMMM, GOJIBUMECTBOM MCCAGZ0BATENEH yE6 JA&BHO
CTalM MOKMMATHCA KAK NPOOECCH, MZymMe B TeCHO# BBAUMOCBASH UM,
BOBMOEHD, B onpeZeleHHolf moclezoBaTEABHOCTH.

liHaye ropopsA, OPUBHABAA SKBOTGHHYyD AMD(EpeHIME8LMD BEWECTHA
SeMHOM KOpH, CymeCTBOBAHME MeTamopforeHHo#l "penykumA" KsBEp-
EOHHHX "MArMaTHYeCKHMX" N0poZ ¥ X0Pomo SHAA XMMMIECKYD M MUHEDaIb-
HyD BanpaBI6HHOCTH CAMOTO0 MeTAMopOMUSCKero npomecca, HeoOxoau-
MO CBNMAIBED MCKATh B MeTaMOP)MUECKUX DeaKLMAX MexaHMaM "cOpa-
CHBAHMA" M3 METAMOPQM3YWMMUXCH NOPOA LEA0T0 PAjAA KOMNOHEHTOB, He
0GHADYKMBAGMHX B NPOZYyKTAX yIABTPAMETAMODHMYE CHKUX DEAKLMA.

" Patee BCero MCCIeZ0BaTeXd NPUUIM K BHBOZYy 0 068yCJDBHOM BHBE-
J6HMA W8 MeTamoplusyOWMXCA [0POZ BOAH, OpMYeM B ToM YHCJIE ¥ BOAH
BHOBH CMHTE@3MPURAHHOA, T.e. BOAPOXZeERoH (OBWMHHMKOB, I957).

OzZEaKO TOABKO yCHeXM B DABBUTUM 0C4Z0UHOK, SK30TEHHO-METEMOD-
boreHHO! I'e0AOTMM AOKeMGpPMA M0SBOJANT CTABUTH M NOUHMMETE BTy
npoGaenMy HamHOTO wMpe, IiyOxe, MacuTatHee, KAK 0ZHy U3 BaXHEi-
mUX ¥ 8KTyaJbHeMWMX CerofHA NpoGleM. STO CBABAHO C TeM AOCTATOY-
HO 70K838HHEHM B HacToAmee BpeMs faKkTos, 9T0 B NoaaBaAkmeik cBoei
Macce ZoKeMmOpu¥ OHI CloXeH NEpEMYHO-0CEA0YHHMM [OpPOZAMM, CO BECE-
MJ OPACYMMMA DCAZ0YHHM [0POZAM YepTaM¥ MET&JJIOTEHMM, OTDOMHEMY
MaccaMy 33X0POHEHHOR BOAH ¥ CHABS8HHHX B MAHE pallaX TMAPOKCUI-HOHOE,
CKOIlZIGHMAMN GMOTEHHOID O0PraHM WCKOI'D BemECTBA, I'Aas30B M T.0.
Bexs meTaMopdusM cyOcTpaTa noAoGHOTO BEMECTBEHHOTO CoCTaBa, €CTE-
CTBEHHO, ZO0JK6H 33MOTHD 0TIWYATECHA 0T MeTamMopfusua UBBEPEEHHHX
HIY WBJMBULUXCH MOPOA M JIOAESH MMETH CYWECTBEHHD MHHE T 0J0IU-
YeCKKEe 1 I'e0XHUMMUBCKWe CIBACTBMf, 3aTparkBawmue, Kak Tenseps cra-
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HOBMTCH ACHHM, HO TOABKO NOPoZu auTocdepu, Ho ¥ arMecdepy i
THApPoC{epy HAmG! NUAHG TH,

CpaBENTSNBHD HegiaBHo HaMu (Cuzopense, PoseE @ ap., I973) OG-
I8 NokasaHa ocefas, MCKIDWTOABHAA DONb METAMOPPUBME 0CA0YHHX
TOON B POKOHCTDyKUME M3 S6MHHX Hejip TaKoro YpesBHYa/HO MOmMHOTD
"reoxuMEYeckoro pearesra", xax CO,. Bulo NOKasaHo, W0 MeTaMOp-
$MsM mMpOKOTD DAZ8 TAMHUCTO-KADPOOHATHHX NOPOZ ZOAK6H NPHBOJAXTE
K A6KapeoBaTABANMHA M K BHGNEHKD M8 MeTaMOP()HByDMEXCH MOPOA BECh-
M8 BHAUMTEJNBHHX MACC yriexMcHoTH., OLNEHKA BOB8MOXHHX Macmrados ee
BH7I@NGHUA DABIM WHHMA MOTOZAMH ¥ MCXO0AA M8 DPABIMYHWX KOJHY8CTHE H-
HHX COOTHOmMGHM# MCXoZHHX KApPOOHATHHX M TIMHHCTHX MOPOZ A8Ja,
HOB8BUCHMD 0T CHOCOGOB NODACYETa, BOMMYMEY NODPAAKE I,GxIOI'? T
CO,. Hawm Onno oTMEUOHO, Ur0, BHE BCAKHX COMHOHMI, N0ZyBHHDE
SHAYOHMO OAMBKO K MUEMMBJIBHOMY, NMOCKOJNBKYy B pacyeTax He OHX
yUTeH NeIn# PAA MOTEHNMAJNBHHX ACTOYHMKOB yIAEKACAOTH, HANpUMep
TAKMX, KaK bOysdBH M WHHe THOH nopoj. HKpoMme Toro, 0CTAIMCE
HeyYTeHHHMM TAKEKE 0TDOMHHO MACCH NOKapGOHATHBMpPOBA HHHX 0TI0-
EOHAN, 2pP0ZMPOBAHHEX C OCWMPHHX Naomazeil A0KeMOpPHUCKMX MUTOB.
Ho,7axe HECMOTPA HA BCO 5T0, O0YBBAZHO, YT0 BHAGNABLEECH KO-
crso CO, Gores vem B IO00 pas npeshmaer ofmyD MACCy yIIGKACIOTH
B CoBpeMeHHOIi aTmocfiepe M 0KeaHe W B NECATKA THCAY pas — TOMb-
K0 B armocdepe. :

EcTecTBeHHO, YTO 0TTOpPXeHWe 5Toll MACCH yTIJIEKMCAOTH IPOUCXO-
JMJI0 YacTaMd, NEPUOZMYEeCHU, B BOOXH DAsBUTUA HPOLECCOB DPETMD-
HANBHOT'0 MeTaMoppusuMa, HO M yUeT STOr'0 NOKABHBAGT, UYI0 B KAKAYN
OTAGABEYD BMNOXY KONMYSCTBA BHCBOOOZuBNGHCA CO, OHIM OIpOMHH,

OwsuzHo, wro wcrs CO, "saxpaTHBAZACH" MACCAMH BHIE ICEAWAX
Oopoji ¥ JOKAAMBDBANACH B 30HAX DPETrMOHANBHON KapGoHaTHBaLMM,
YaCTh - NOTAOMANAch NOZB36MHHMA BOJAMM, HO CymEeCTBOHHHE KOJMYECT-
B8 coz 068y CAOBHO SMa8HMDPOBAAM B &TMOCHEDy .

TeoXMMAUBCKME M TeoZordYeckue sPhexkTH aToro B nNoiHoit mepe
TI00aJbHOT0 00 3HAYSHAD NpPOLEcCa MCKINUMTENBHH, A B HEpPBOM
NpUGAMEEHMA MH HA8 BTOM yXe ocraHasamsaznuck (CuzopeHko, PoseH M
Ap., I973), Ho BamHO B HACTOANE6 BPeMs NOZUePKHEYTH M Zpyroe,.
Beas napajnensio ¢ CO, oTH Xe MeTaMopQusymDmMecd TOMNM 7OJIEEH
NOKAZATH M TUFAHTCKMe MACCH BOZH, B TOM Wicle M Tak HasuBaeMolt
"BOBPOEAGHHONA" BOZM, T.€. BOZH, BHOBG "CUHTEe3MpPOBAHHOA" M3
H* # OH™ uoHOB, paHee BXOAMBUMX B DOWETKA TAMHUCTHX MWUHOPAAOB.

0 BoaMOoXHO{ pyZoMOGUAMBYOMEH ¥ pyzAoreHepupywpmeit poan Taxux Qao—
MADB NMCAN0CH HEOAHOKPATHO, M OHG 0ueBuZHA. C STUM NpepN0AOEEHUEM
X0pomo corzacyoTcd W HoBefuue pasHue A.M.TyrapusHosa ¥ B.B.Haywso-
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Ba (I973) no ra3oBO-XMZKMM BKADYGHMAM B MeTaMOD{MUeCKMX MMHe pa-
J8X @ B MMHEDANAX TUAPOTEpMalbHHX MECTODORJIEHMU; B 3ToM uccIe-
ZA0BAHUM NOKAB8HO, YTO yTIAGRUC/AOTE #BAAETCHA YPE3BHYAMHOD XapaxrTep-
HHM KOMIIOHEHTOM PHAPOTEpPM&IEHHX DPacTBOpPOB, M C/EJN8H BHBOZ 0 TOM,
yr9 "ruzpoTepMalsHHe PACTBODH HEPEJKO NPejCTABJADT COCOM BechMa
Ha CHIlE HHHE CO NpUpoHEHe BOAH..." (TAM Xe, CTP. IT),

Takuu quaauu, BHABAAETCA WMCKIDYMTONHHOS SHAWHHE J0KADGOHA-
THBANMM MOIrPECEHHHNX OTAOXOHMH ZOKeMGPMA B BOSHAKHOBEGHMM W XApaK-
Tepe pa3BuTHs MeTaMoporeHHoro JApMAa M CBRBAHHHX C HAM TUADO-
TEpPMaJBHHX pacTBOD0B, & TAKKEe COOTBETCTBEHHO B MOOMIASALMM H
KOHU@ HTpanuu py AHHX SHOMEHTOB.

BeCsMa8 MHTEPECHH HEKOTUDHE 8CHEKTH BAAAHUA "yIJAGKHUCHAOID AHXa=
HuA" MeTaMopOMByOWUXCA 0CAA0YHHEX TOJN AOKeMODUA HE COCTEB M
SBOJNLUD B 5T0# CBA3M aTMocGepH Hauweit nnaHeTH. CZejaHHas HaMK
(Cupopedxo, Posed ¥ zp., 1973) cyryGo npuGAMBUTEABHAA KO JIUY96CT-
BeHHAA O0LeHKA 3T0T0 ABJEGHUA NOKa3ana, Y0 B 0TZEABHHE 3M0XM MeTa-—
uopduama (ecau WCXOAMTH MB TOTD, YTD MX OWID_HE MEHOE AGCATH)

B aTMOCjepy MOrdo nmocTynaTs He GoJee 0.14::1017 T CO,. Ho naxe

B 9TOM CJyvyYae KOHLeHTpauUWfA yrIeKUCHOoTH B aTMocfepe U oKeaHe,
BEPOATHO, NOBHWanack Goxee M B I00 pas. llpasza, 3To MaxKCHMAAbL—
E&8f M3 BOBMOEHHX BEJIMUMH NOCTYNJEHMF yIJGKMCJOTH B aTMmocdepy

npu 7oxapOoHETMSALMM, NOCKOJABKY NOAC Y8TH OCHOBHBAJMCE HA A0Oy-
LEHHM, YTO METAMOPOMBM NPOXOAMT OZHOBPEMEHHD (MAM MOYTH 0ZHOBpE-
MEHHO) B [pejiellaX BCEX KOHTHHEHTAJNBHHX GJIOKOB B6MHO# KOpH,

EcrecTBeHHO, YT0 CTO0Jb 3aMETHHE [EPMOJNYBCKNE KOAGOAHMA B
cocTaBe aTMOCHOpDH CyW@CTBEHHD BIAMANM H8 MHTEHCMBHOCTH BHBETDH-
BAHMA, COCTAB ¥ 0COGEHHOCTM ZOKEeMOpUICKMX ocazkoB., Takum ofpa-
80M, O0YSBMZHO, YT0 B JOKEMODMM CyHECTBOBAJNA CEA3b MEEJY BN0XaMy
MeTaMopfUaMa, TPAHWTMBALMM M IPAHWTO00PE30BAHWA M CBABAHHOID C
HUMK pyZAOreHe38, C OAHOM CTOPOHH, ¥ NEPUOZM YSCKUMM UBMEHOHUAMM
" cucTeBa aTMocdepn M CoOTBETCTBYRWMMA 3MOX8MM BHBETDPUBAHMA, &
TEKEG WBMEHOHMAMM COCTABA OTJOXGHMI - C Zpyroi.

B caumbe nocdezHMe IoAH BHABKUICA U €mMe 0AMH BeChMa WMHTe peCHH
KOMNOHEHT "2nxanus" meTaMopiMsyDupXcs OCANOYHHX TOMN NOKeMODAL.
Tak, 5 cepuu pacoT ¥ B MoHorpaguu A.B.Cuzopeske ¥ CB.A.Cuao-
peEko (I970, I97I, I973) BnepBhe 00paTHUAM BHMMAHME HE CBOETD
poza "yruemoZopoZHoe ZuxaHue" poKeMOpPUNCKMX Toam, T.6. HA
OMAHMDOBAHME M3 ZOKEMODHICKOr0 LOKO0JA M B AOKeMODHHCKOe M B no-
c/eaypuse BpeMa (BNAOTH AD HACTDANMErs BPEMEHM) I'as000paBHHX yI-
JNI6BOZ0OPOZ0B OT MeTaHA o0 CcoepMHeHAWH O0Je€ CAoXHOIO CoCTIaBa,
YacTo HedTAHOr0o pAjd. JleTalbHH{ aHAAW8 3Toil CoOBepueHHOD HoBoi
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npoGJaemMy ¥ HOEOI'O HAYUYHOTIO HANpaBJAEHWA KAK B MCCAEZOBEHMA 70—
KeMGpunA, TaK M B WBY YOHMM JpeBHe iero 0prakEnyecKoro BeuecTsa
noxkasaa (Cuaopedko, Cuaopesxko, I973), 4To yCTEHOBJIS HHOG ABIEHNE
uUMEeT A8N6K0 MAYymMME M Te0XMMMYGCKHME W TE0J0TMYeCKNE CIEACTBMfA,
B TOM 44C/JE, BOSMOXKO, NPUKIEBZHOTOD N0DAZAKE.

CnennanbHHMM MHOTOAETHUMA WCCAEXOBAHMAMU TEOAOIMA, JAUTOJL0THMA
A NeTporpapuM yraepoZMCTHX NPOfBAEHMA B AOKEMODHM, AaAbHEAWAM
#3y YOHMEM COCTEBA BKCTPEIMPYOMHX MB HMX yTASBOZOPOZOE W H30TON-
HOTD COCTaBa yrAepojs 5THX 0GpPa30BAHMM Z0KasaHa nepBu4Has GHo-
TeHHBA UX NPUPOAE M CBABH C OTMEPUMM ¥ BE8X0PUHOHHHM ZADPEBHEWMM
0praHi Y CKUM BENECTBOM 3JEeMi.

Kak nosaranT aBTOPH, METaMOpfMBM 0PraHHYe CKOT'O BENHECTBA JpBBE—
HHX 0CaZI0YHHX TOJN HAMG0J]66 WHTEHCHBHO MPOTEKAN B JIOKEMODUICKOE
BpEMA, KOTZR, BEDUATHO, BHAEJAMJBCH GOJBWAA YACTH yIJAEBOA0PO-
20B. OzH8Ko, OE3YyCJAOBHO, OOJHOA Zerasauui 3@ J0KE MOPUACKDE
BpEMA HEe OPOMUCXO0AMI0, ¥ JAOKEMODMACKME (QyHZE8MEHTH, CIHOKEHHHO
MeTaMophMYeCKUMHU [18 DBUYHO-0CEA0YHEMN MMODOJaMM, ABAANUCE U ABAAKT-
CA NOCTABIMKAMW yIrAEBOAODPOZOB B MOKPHBEOWME MX 0C&Z0YHHE MODOAH
PHXJIOTD YeXJa, BHOCA CBOK J6OTYy B 06pas0BSEME BZ6CH HEOTAHHX M
Ta30BHX MECTOpPOXA6HUl.

[lpezBapuTe IGHHNA 8HANNB 786T OCHOBSHMA CEABHBATE C neraaauuan
rcazio gHo-MeTaMopPM YeCKUX NOPOZ ZOKEMODHUA ¥ HEKOTOpPHE Zpyrue
rasonpossaesun (Hy, CHy, S0, ED.).

Taxkum o0pasoM, MEeTaMopQuaM IpEHZY03HHX MCC [EPBUYHO-O0CAZ0 %
HHX ToJm A0KeMOpHA, KAK BUAHO, NPUBOZMT K MOGHAM3&8LOMM U 0TTOD-
E6HMD 0T MeTamMOpiM3yDLIMXCH [H0p0j MCKANUMTEAbHO GOJBWMX Macc
HB® TO/JBK0 BOAH, HO M YyTJAEKHCHIOTH, DASJMYHLX yIr.6BOAOPOAOB, ADYy-
ITMX T830B W MHOTMX DyAHWX 4 HEDYJHHX KOMIOOHEHTOB. W cerogHs
HeJ00LeHABATE POJb M 3HA YEHUE 3T0r0, B QUrypaisHoM CMHCIE CIOBE,
"IHXaHUA" MeTaMopDOM YECKUX TOJN AOKEMODUR YK€ HENE3A. J BATHBAA
MACCYy ZOKeMOPUUCKHAX TOJMW ¥ T [ACYSTH, KOTOPHE ME CJ€Jaj]¥ lpH
0LeHKe BOBMOKHHX MAcuTa(0B BuAENEHAA yTAGKUCHIOTH M3 MeTaMmopdu-
8yDNMXCA IJMEMCTO-KADOGOHA THHX NOPOA, yIAEBOAOPOZOE, MOIymMX SMa-
HUPOBATH M3 JOKEMODUA B MOPOZH BHWEJNEKAUWETD DPHXJOID KOMIOeKca,
MOXHO CZ6J&8TH BHBOZ 0 ToM, 4YT0 "zuxaEue" MeTaMmopiusyouuxcA Tomm,
(663yCH0BHD, ZDJKHO CKasuBATHCA HA COCT&BE M 3E0ADLUMA B I€0JOTU-
Y6CKOM BpeMeHd aTMocdepu W ruppocdepn 3emun. Orcoza 0YEBAAHO
M KOCHEHHO@ BIAMAHME METAMODP)ASMA HA NPOLECCH BKBOIEHESa, T.e.

Ha NponecCH BHBETDUBAHWA M COLMMBHTOTeHesa, DesyCHOBHO TaKEe
BAMAHME MNEPUMOZAMYECKOT 0 MACCOBOT0 BHAGJASHWA B aTMocde py GOa HA
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GUO0JOTHYECKY D @KTHBHOCTS M COOTBOTCTBEHHO HA GMONOIrHYeCKy®w Onpo-
AYKTUBHOCTH EMBOI'0 BemeCTBa, YTo B jaibHelmeM HABX0AMI0 BHpPAXE HHe
B (0lee WHTOHCMBHOM HAKONAGHMM yTJ6 PoZACOJS PEAmMEX o6pasoBaHuil B
NepBUYHO-0CAZ0YHHX NOPOZAX JOKEMODHS W B KOHOYHOM CNeTe B TpaHC-
dopuanuy X B yTAeBOAOPOAHHE NOTOHH, SMAHMDyDmMe B BHNOJEXamMe
0CAZ0YHHG NOPOZH DHXJOTO0 KOMONOKCE,

lHave rosops, yCTAHABJAWBAGTCA HOBOE KOMONGKCHOe HAyYH0e NOHA-
Tie - "0 EMAKO-TE30B0-PyZHOM AuXaHHM" MeTaMoPOMBYDMMXCA OCAZDUHHX
nopoA AOKGMODHMA M © BAMAHMHM 3TOr0 OrDOMHOIO OO MacmTadaM mponec—
C8 He TOJNBKO HA MOTANJNOreHMD JoKeMOpMA, HO M HAE COCTAB M SBOJD -
uuo armocepsd M ruzpocdepd Seman. EcTecTBeHHD, YTO A6TANBHOE HBY-
ygHWEe 8TO0r0 ABAGHHS, MMEDEETD He TOJABKO HayWoe, Ho M ODHKAaAHD®
SHAYEHME, J0JXHO NPMBIGYS BHAMAHAE WCCAezoBarenefl ZoKeMGpudA, a
TaKEe WMUPOKME KPYyT ADyTHMX CHeNMAaJMCTOB, NOCKOJABKY BAMAHUS Openec-—
Cca MeTaMoppuaMa NepBM4YH0-0CaZ0YHHX NOPOJ AOKeMGDMA BHXOZMT JI8J6 K0
38 DaMKH N03HGHMA TOJABKOD COOCTBOHHOD ZOKeMODUACKHX RKOMNAEKCOB H,
Oo=-BUAMMOMY , Oy ZI6T MMETH BHAYBHMO JJd NPABUABHOTO HOHUMAHHSA
BCOJ MCTOpMM (OPMHPOBAHAA 98MHOYM KOpH M MHOTMX PyZ006pasoBaTelb—
HHX MpOLECcCnE.
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Bo8 0 y 6 e E ( YexocHoBaKmua)
K OPOBJEME CTPATHI'PAQUA JOKEMBPUA

Y.Zoub ek (Chzechoslovakia)
REMARKS TO THE PROBLEM OF SUBDIVISION
OF THE PRECAMBRIAN

liupoko M3BECTHO BSHAUGHME CTpaTUTpaguy ZOKeMOPUS ZJA DeweHUR
00WAX NpoGieM Teoaordd. JoKeMOpUiCKMe 00paBOBaEMF DACKDHDBE DT
caMHe paHHMe , Z0 CMX NOD HAMMOHES M3y P HHNE CTAazuM GopMupo-
BaHMA KOHTMHOHTAALHON KODH, B SHAUMTONEHO? CTONeHM oIpepenn-
nnHe 66 nocleayomee pasBMTUS,

Crparurpadu9ecKoe pacwieHeHWE ZOREMODHA DTHOCHTCH K
HaWG0Nee TPYAHHM M HAMGONee ZUCKYCCHOHHHM pa3ZenaM I'e0Jorid-
geC Kol HayKM, MMeeTCn HEOKOJBKO TOYEK 3DOHNA Ha npodaemy zo-
HeMOpullckoRl cTpaTHrpapuu.

I. HauGoNee BaxHO BHABMTE 0COGOHHOCTH QOPMMPOBAHMA KOH-
THHEHTANAbHON Kopu B caMuil zpennefmuil nmepuol 66 pPASBUTHA 3B
peruosax paHEef KOHCOJAMZALMM, C OZHOH CTOPOHH, ¥ B MOGUAL~
BHX BO0HAX -~ C JPyrok. CoBEpmEHHED HO0GX0Z4MO CPaBHMTE 4 CO-
NDCTABMTE ZOKOMODHICKO® DARRMTHE 0GDMX THIOB KOHTHHEHTANL~
HO¥ BeMHOR KopH, TaR KaK B pe3yasTaTeé MNCTOPHYBCKOIO
PasBUTHA PABHHX TUNDE KOHTMHOHTAABHON X0PH - UX OHIoH
naneoreorpaguu, oCazKDHAKOONOHKF, METMaT!iBMa, MeTaMOpDMBMaE,
TeopMsMYBCKHX monedt ¥ T.A. - QOpMMpyDTCA OZMHHE CHUCTEMH,

B KOTOPHX OCHOBHHE COOHTHMA TOCHD CBEA3GHH MOEZYy COO0H, DoCKOAs-
Ky OHM MOTYyT OPORB/ATH SHANOTHWEHI UM BHTHTOTHUSCKMN Xa-
paKTep B "MoGMABHEX™ palioHax, ¢ ozHolt cTopoHW, M B "RKoHCo-
I4aMpoBaHENX® ~ ¢ mpyrolt cTOpoHH, laHHNE O NOKaMOpuiicKMX co-
GHTHAX MOTYT OGHTH MOAYYeHH B MEPBYD 0UEPEZL OPM NDUMEHS HUMN
paZMoMeT DAYECKUX METOAOB 8 DBrMOHAX ApeBHeN KoHCOAMZaLOMM,

C yUeTOM BAWRHHUA MHTOHCHBHOID OMOJNDEGHMA B DOBYyABTATO TOK~
TOHMYOCKMX M Te0TepPMAJEBHHX NPOLECCOR, NDPOMCXOAMBUMX MO8~
HEE B TOUCHMHKAMHANBHHX pailoHEX.

2., HeoGXoAnMH pasaMuHHe METOZH !10ZX0Z8 K BHJGJNGHUD H
OrPaHMUE HUK OTZBJNBHHX CTpaTMTpatdu e CKUX N0ApasjeneHuil
LOKeMOpus. HauGopaee cTapuM¥ gBAAWTCA "TEXTOHOCTP&THIrpa-
fuvecKuii™ mMeToz, OCHOBAHHHN HA BHZGJEHHM INABHHX 0pOreHe-

308 ("pesomoyuit™) ¥ "auTocTpaTMrpaduueCKuN" - HA ORMHEKO-



BOM MJM CXOJHOM NEDBMYHOM JMTOJOTHYSCKOM COCTEBE HEKOTOPHX
TOMN MJIM TOPUBOHTOB W CTENOEM MX MeTamopusua, B TeweHue
NocHepHHX ABYX AGCATMIETHH pagMoMeTpUWCKHe, CHOCTPATUIpa-
(puvyecKHe H reoXMMMYECKME METOZH OHCTPOD pasBMBANTCA. HeKo-
TOpPHE MIyTOHMYECKME COCHTMA, MOAG3YDEA6CHA MOXDOTrHOHAIBHBEM
UM Zaxe IJA06a/]bHHM DacOPOCTPAHOHHMEM, TAKNS ZONKHH y UMTHBATL-
CA NpPHU KOppeJsuuM M DACYNSHEHMM ZoReMOpMA. JMCKyCCHpyeTCH
NoCTOAHHD OTKpPHTHA Bonpec o noApasjeleHdM AOKGMODHA Ha IIABEHE
crpaTurpaguueckue eZuHMnH ("ooHoTeMH"™, "sparemn™). Occy=m-
A8eTCH, Karoll M3 ynoMsHyTHX METOZ0B Z0AX6E OWTH MCODABBOBAK
HIA KaKOMy M6TOAy A0/AXHO OHTH OTZ8HO OP6ANOYTOHHM® OPH BHPAGOT-
K6 Tap0aipHOd WIM MexXperMoHAaNBHOU CTPAaTHrpaQUUBCKOM CxoMH
AokeMGpua, HempaBMALHO NPBJACTABJAATH BTOT BOOPOC KaK CHOODHHM:
8) B OOABWMECTEE CJIyYA6R MOTOZH JI0AXHH OHTH 06BOMHGHH;

0) npd COBPOMEHHOM yDOBHG BHAHMI pasligHHE METOZH ABIADICA

M B OlumaiimeMm GyAymeM sBATCA HAWO0Iee HOAXOAAMMMM ZAJAR BH-
AEJEHMA HEAMBMZYAJIbEHX KaTeropdit crparurpadeyeckors pacwum-
HeHUA ZOKeMOpMA. MOXHO NpUMeHATH "TeKToHoCTparurpafugeckue”
MOTOAN A ZBYX BHCWMX Earerepuit ("soHoTOMH" - HEATpY M,
"gpaTeMu™ - rpynns), "AMTeCTpaTHrpaguuecKUe” MeTOZH -

JIA 0086 HUBKMX KaTeropuit, sce DHM NOATBEDXASOTCH H yTOU=
HADTCA ZAPyTHMM MOTOZEMM, lIPOXJI@ BCOI'0 DAAMOMOTDMYEC KUMM,
Cxema cTpaTHrpafu4ecKoro pac wieHeHUA AODKeMODUs [pe gaaraer-
CA AJA MCUOJb30BEHMF B K0ppelfudoHHNX HcciezopaHusx MITK.
Cxema 0CHOBAHA HA COBPOMOHHHX Marepuanax KeMuccHu mo crpa-
rarpagun MCTH (moakoMmuccas ne cTpardrpaduu AoKeMGDHA M
noAKoMMCCHA N0 cTpaTMrpaduuecKodl KisccHduxayuM), Ha CoOT-
BOTCTBYDEMX AOKJI8Z8X ZXBYyX nocaesux MI'K, Ha BHBezax K.PaE-
KaMa (Rankama, 1970 ) M B3 AMYHOM ONKETO 8BTOPAE.

1. INTRODUCTION

Allow me to introduce my contribution by some well known "eternal
truths":

The Precambrian represents the by far longest period of geologi-

cal time (85%); the greater part of the mass of the continental
Earth's crust consists of Precambrian complexes; it is the Precam-
brian development on which the whole subsequent Phanerozoie history
is based. The stratigraphical subdivision of the Precambrian -
equally as in the case of the Phaneroszoic - is the most important
basis and the inevitable presumption to establish the (mega) struc-
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tural forms of Precambrian complexes, and to understand and ex-
plain all the events and their results that have occurred and are
occurring in the Barth's crust. At the same time, the stratigraphi-
cal subdivision of the Precambrian and, consequently, the correla-
tion of the Precambrian formations and events remains always in an
embryonal stage in spite of the important progress achieved in the
past years. The establishing of the stratigraphical subdivision of
the Precambrian has met with such difficulties and obstacles and
has provoked such discussions and disputes resulting in different,
often ambiguous and equivocal statements, opinions and conceptions
that one of the best and particularly experienced specialists re-
commended "to postpone for an indefinite period the establishment
of the world-wide subdivisions of the Precambrian time". This
opinion may be considered an expression of thoroughness of one of
the lights of the Precambrian stratigraphy but, at the same time,
it is rather controversial to the above mentioned needs and does
not correspond to the rather advanced state of study of the Pre-
cambrian complexes and events. One can easily understand that
this scepticism did not meet with the approval of the majority in
the inquiry initiated by the Subcommission on Precambrian Strati-
graphy (SPS) at the Internatiopnal Commission of Stratigraphy (ICS).

The differences in principles and methods of the subdivision of
the Precambrian time and correlation of the Precambrian units make
the situation in this field of geology controversial and trouble-
some. It goes without sayings that the difficulties grow proportio-
nally to the extension of the area to be correlated and they may
appear to some specialists insurmontable for the present time as
far as the world-wide subdivision is concerned. But, in spite of
the rather difficult conditions, a feeling prevails among the
interested geologists and organizations that the time has come to
agree upon some worldwide (general, standard, global) subdivision
of the Precambrian and to establish a detailed regional stratigra=-
phy where the necessary conditions for application of the general
stratigraphy do not exist. Numerous regional subdivisions have
been proposed and have been and are currently used, even if many
of them do not meet a general agreement of specialists interested
in the study of pertinent regions. It is only natural that, under
these conditions, the IGCP Board recommended the Precambrian to be
one of the two priority areas of the IGCP,

In order to understand each other, we need badly to agree on
some general subdivision of the Precambrian for correlation purpo-
se8, As far as the general principles of stratigraphical subdi-
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vision, classification and terminology are comcerned, it seems
to be most appropriate and simple to agree on the principal unit-
terms as they have been recommended by the International Subcommis-
sion on Stratigraphical €lassification (ISSC) and its chairman
H.Hedberg already at the IGC session in Copenhague 1960 and re-
peated in "A stratigraphic guide" presented in Montreal, 1972
(Bonothem-Erathem-System-Series-Stage-Chronozone). If we could
agree how to apply the highest orders of this standard stratigra-
phic classification to the Precambrian at least provisionally and
conventionally, it would surely facilitate the correlation stu-
dies. y

2. METHODS

TOXBRO CHHTE3 IEOJNOTHYSCKHEX B ANSPHO-fHM3MYSCKAX METOLOB
HHTETDAIME HCTOPHKO-T'e0JMOTAYeCcKOd X (M3EKO-xAMEYeCKO# HE-
fopManEl OTE, 08T HaM HOBHE OYTH COSTAHHA ef®HO# HCTODHKO-
T'6OMOTMIBCKOE MONENN DASBATAS BeMIM, SBOJIIEA I'6O0JOTAYEC-
RUX IPONOCCOB, NOHAMAHHA 3aKOHOMeDHOCTe# PopMApoBaHMA pas-
JAYHHX T90JOTAY8CKAX KOMILIEXCOB M KOHIEHTpAIMit B HAX IO-
JIO3HHX MCKOMAgMEX .

A.B.Cazopenxo (1976)

Similarly to the Phanerozoic, different methods for establishing
the stratigraphical subdivision wers and sre being used also for
the Precambrian complexes - i,e., the geocnronological, paleonto-
logical, structural, geotectonical, lithological, paleoclimatical,
paleomagnetical and other methods. Individual methods have been
described, analysed, evaluated and advocated or rejected in a
large number of comprehensive papers. I would mention, in chrono-
logical order, but several examples of contributions presented
during the last fifteen years: ISSC (Hedberg, in 1961, 1972; Ka-
moina, 1965, 1972; Mamoiina u 1p.,I969;  Rankama, 1970, ,; Har-
land, 1974; etc. The principle of combining the methods in order to
" achieve a uniform and most perfect stratigraphic subdivision has
been often reasonably stressed. However, the importance of indivi-
dual methods is different for individual subjects of study - for
the Phanerozoic and Precambrian formations, for different kinds of
Precambrian complexes, for different categories of stratigraphic
subdivisions, ete. The possibility of application of individual
methods is also dependent on the processes and events which affec-
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ted the pertinent geological unit during its development. The di-
fferences of the importance of individual methods caused by speci-
fic conditions are, in many cases, so great that one selected method
may be used as decisive, some other methods playing but an auxilia-
ry or even no part.

The oldest and always reliabliest method - the biostratigraphic
method - can be used only in relatively rare, exceptionally favour-
able cases in Precambrian sequences, even if the hope that at least
the micropaleontological methods may be used in the near future to
a far broader measure is fully justified by the results achieved
by Timofeev, Sokolov, Naumova, Schopf and other specialiste.

The present possibilities and weak points of the radiometric
methods are generally known but not always respected when interpre-
ting their results. At present, there are still some important gaps
in our knowledge of the regularities of migration, diffusion, dis-
tribution (amidst individual minerals) and isotopic homogenization
of products of the radiocactive decay under different p-t-conditions.
Consequently, the interpretation of radiometric data is, in many
cases, not unequivocal. The well known fact that the radiometric
methods do not date, as a rule, the age of the original materials
but the different processes by which the rocks have been affected is
not always taken sufficiently into consideration. This is particu-
larly valid for the Precambrian rocks in the zones which preserved
their mobility throughout a long geological time. Those "Weak
points” led some geologists to an exaggerated scepticism against in-
dividusl methods or even against the radiometric methods in general;
this is but a natural result of their former overestimations (it
was even believed that it is possible to date the age of crystalli-
zation of individual minerals in metamorphic and plutonic rocks by
the E-ir method, and some relics of this belief can be noted up till
today). But, one shoulé not pour out the child with the dirty water;
the radiometric methods, if reasonably used, belong surely to the
most important criteria for the subdivision and correlation of the
Precambrian sequences and events. For example, the sensibility of
the “Ar towards the physical (particularly thermic ) processes and
the complexity of regularities governing the redistribution of the
Ar amidst individual rock-forming minerals have led some geologists
to reject entirely the K/Ar method. However, just the mentioned sen-
sibility can, in many cases, substantiate the priority of this me-
thod as the best one for the datation and better understanding of
geological processes.

Due to the (unjustified) deception from the K/Ar method, highest
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hopes are laid-into the Rb/Sr and Pb methods. However, also these
methods, excellent by themselves, have their limitations. It is
true that the solid products of the Eb decay are far firmlier fis
xed in the rock under the elevated t-conditions than the gaseous
Ar. But, on the other hand, the exact conditions of diffusion of
Rb and Sr and of isotopic homogeneisation of Sr are not suffici=-
ently known to allow umambiguous interpretation of the Rb/Sr ages
in complexes that have been affected several times by different
tectonic and thermic events - first of all, in the Precambrian
fundament of the mollile zonmes. A typical example is the Moldanu-
bian complex of the European Variscides where the most frequent
Rb-Sr ages of 450-480 Ma are interpreted by some specialists as
the original (pre-metamorphic) age of the initial volcanics and
sediments, by some others - as the age of the fundamental regional
("Caledonian") metamorphism, by others - as the age of "Caledonian"
reheating, by still others (to which also the author of this con-
tribution belongs) - as the age of the Late Cadomian plutonism,
viz. the age of cooling of the Lave Cadomian "thermal flow". The
elucidation of the mentioned regularities is the more important as
the same values have been obtained from many other polymetamorphic
complexes of the e¢rystalline fundament of the Variscan and Alpiane
belts.

The resistance of the radiogenic products of the Th(U)-Fb chain
displays other interpretation ambiguities. The mostly used zircon
can have been transferred many times by the (meteoric) alteration
and sedimentation processes. That is why the geological unit of its
originél crystallization is dubious in most cases. A good example is
offered again by the Precambrian complexes of the Bohemian Massif
where zircons of Early or Middle Proterozoic Pb ages are interpre-
ted by most specialists as detritus of the fundament of the (rather
distant) East-European platform.

Thus, the radiogenic ages obtained in polymetamorphic terrains
can be interpreted with a sufficient reliability when several ra-
diometric methods are combined and "geological" methods are taken
into consideration.

Under definite, approximately constant conditions, it is possi-
ble to evaluate a time-span (duraticn) from the thickness of the
sequences., The conditions observed in the Barrandian Proterozoic
(Bohemian Massif) can serve as an example of an attempt to correla-
te the time and space parametres. - The total thickness of the
(uncovered part of the) sequence has been evaluated by Holubec tc
7000 m on the basis of a detailed investigaticn of characteristic
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sections. There is a reasonably based presumption that the burried
basal paft of the sequence represents but an unimportant fraction

of the whole, and that the total thickness can be evaluated appro-
Ximately to 8000 m. - The thickness of the upper ("post-spilitic")
subdivision has been evaluated to 2000 m approximately; its correla-
tion with "Eocambrian™ viz., "Vendian" (corresponding to the time-
span of 670-570 Ma) is in agreement with the existing radiometric,
micropaleontologic, paleoclimatic and other data. - The increase of
thickness of the prevalently aleuritic-psammitic to conglomeratic
sediments of the upper division deposited under diastrophic condi-
tions in a definite time unit was greater than that of the in
average more pelitic sediments of the lower division. On the other
hand, the volcanic complexes, important in the lower division but
not occurring in the upper division, accumulate more rapidly than
the terrigeneous deposits. Consequently, the average rapidity of
the accumulation in both divisions may be considered, in the first
approximation, as equal. Thus, the relations of thickness of the
upper: lower divisions (2000:6000 m) is in agreement with the re-
lation of the respective time-spans viz. durations (670-570 : 970~
670 Ma), i.e., 1:3 in both, the time and space parametres.

The particularities of the lithological, metamorphic, tectonic
and magmatic development of individual Precambrian units proved
to be, in some cases, suitable as stratigraphical indicators. Also
in this case, the underestimation od these criteria is only a natu
ral consequence of their overestimation in former times. For exam-
ple, the character of metamorphism, if reasonably applied, (i.e.
when taking into account the possibility of lateral changes in the
metamorphic intensity and respecting the information resulting from
Myisshiro's facies-series analysis) will be always useful as an
auxiliary method to establish regional and, in some cases, even
interregional correlation and stratigraphical subdivisiomns. - As
far as the criterion of magmatic development is concerned, it may
be said that the importance of the plutonic processes as stratigra-

phic indicators has been rather overestimated; but, if cautiously
used in combination with other methods, it will always retain its
significance. - On the contrary, the possibilities of the develop-
ment of effusive (extrusive) volcanism in the Precambrian strutigra-
phy have not yet been sufficiently exploited. Stratigraphical signi-
fication - a definite stratigraphical position - of definite volca-
nic formations is documented in many stratigrgphically well defined
phanerczoic complexes; the same is valid for the Precambrian. -
Some gbrupt changes in the composition of the (peta) volcanic se-
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quences (e.g. the starting of the rhyolitic volcanism in initial-
volcanic sequences) proved to be even a marker for a stratigraphic
horizon in some stratotype limits. - Moreover, analysis of (meta)
volcanic formations (e.g. in the Karelian and Bielomorian regions
of the Baltic shield, in the Bohemian Massif etc,) has shown that
the general petrographic-geochemical character of the 'initial vol-
canism can serve as a reliasble mark of some Precambrian complexes
(e.g., the Moldanubian "leptynitic formation"). - Some general fea-
tures of the lithological and geochemical development of the Fre-
cambrian (meta) sediments also appear to be of importance for regio-
nal or interregional correlation what we have learned, in the first
place, from the results achieved by Academician Sidorenko and his
school ( CmIOpeHRO,1975, 1976 and others).

One of the oldest methods of stratigraphical subdivision of the
Precambrian is based on tectonic events - folding "phases", "revo-
lutions". This classical method has been attacked by some tectonists
stressing that the tectonic processes - "phases" - are not strictly
contemporaneocus in an interregional or even regional extent. But,
this is the case, to a certain measure, of all stratigraphical me-
thods. Some geologists feel that the tectogenic processes are so
scattered in time that they cannot be used for the subdivision of
the Precambrian. This rather pessimistic viewpoint is motivated
(and, apparently, well based) by the frequency of tectonic events
documented in the Phanerozoic sequences. But, most of this "scatte-
ring" is due to the fact that some non-correlative and even non-
'couparnble events are put together. If the tectonic events are
combined with the 1ithological (sedimentological, volcanological
etc.) criteria it is always possibis tc distinguish from each other,
for instance the Bretonian folding (separating the Variscan 3uZAC
synclinal and miogeosynclinal stages at the D/C1 boundary approxi-
mately), the Sudetic folding (separating the miogeosynclinal stage
from the molasse at the C,/C, boundary approximately), the intra-
molassic Asturian folding (at the Westphalian/Stephanian boundary
approximately) and the Saalian movements (separating the orogenic
and platform stages, on the Autunian/Saxonian boundary) even if
other (chronostratigraphic, biostratigraphic) criteria are missing.
The "boundary time belt" will be always broader in the Precambrian
than it is in the Phanerogoiec formations but, a time belt of a rea-
sonable extent is &l'lya better than no boundary at all. Equally
to the stratigraphic studies of Phanerozoic formations, also in the
case of the Precambrian these failings and difficulties should not
result in deleting the rather well based older "classical” strati-
graphic subdivisions; they should stimulate the efforts to minimize
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or reduce these drawbacks by further thorough studies. #e should
follow the procedures proved in the Phanerozoic stratigraphy where
the vagueness of a stratigraphic boundary does not lead to aboli-
tion of the pertinent subdivisions but to intensifying the studies
aimed to refining the boundary.

The major tectogeneses dividing the geological past into the
main geosynclinal-tectogenic cycles are documented not only by
tectonic events and structural features; they are reflected also in
the metamorphic events, in the lithological changes of the sedimen-
tary-volcanic sequences and in plutonic events which have set, in
many cases, the "radiometric clock". These reflections are not 1li-
mited to the pertinent folded belt; they can be found in most of
the sequences of its formerly consolidated fore-land. We have seen,
€.g., in the stratugraphical columns of the Riphean presented at
the Bashkirian excursion, distinct reflexions of the Grenvillian
tectogenesis also in this "subplatform" region. The importance of
the sedimentary breaks caused by tectonic events has been rightly
emphasized by Lunyeva. Thus the tectonic (structural) method seems
to be, for the time being,the most appropriate for the two highest
categories of stratigraphical subdivision of the Precambrian. This
is advocated by numerous specialists and recommended in some regio-
nal codexes.

There are two time points, or, more precisely said, two "bounda-
ry time belts" in the development of geosynclinal-tectogenic cycles
which can be taken, first of all, for the limits of majcr general
stratigraphic subdivisions in Precambrian complexes: (1) boundaries
of geosynclinal-tsctozsnic cycles, (2) main epochs of folding (the
main folding "phases").

The boundaries of geosynclinal-tectogenic cycles (further
briefly: cycles) are the most important events in the development
of the BEarth's crust. The closing of a cycle is usually connected
with (and market by) important magmatic, tectonic and paleogeogra-
phic events (subsequent magmatism, horst uplifts and graben subsi-
dences, development of mountain chains); the beginning of a new
cycle is marked, as a rule, by transgression. In the completely
developped ("mature") crustal parts, i.e. in regions which achie-
ved the state of consolidation, the turn of the mobile zone into
the consolidated platform coinciding with the upper boundary of the
last complete cycle, is surely the most important event in their
history; thus, the proposition of some authors to use this event
for the most important subdivision of the Precambrian - for the
Archean/Proterozoic boundary - is reasonably based. (The age of
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1600 Ma proposed for this boundary corresponds to the age of the
Rapakivi granites representing, most probably, the subsequent
magmatism of the Karelian cycle; according to this, the upper li-
mit of the late-orogenic stage of the Karelian cycle may be appro-
ximately timed.) On the other hand, the boundaries of the cycles
display, from the viewpoint of general distribution, some features
which make them less appropriate for a standard (global) stratigra-
phical boundaries. The cycles are often incomplete: the last, oro-
genic ("molasse") stage of the antecedent cycle is often missing,
and the transgression of the following cycle is progressing gradu-
ally; thus, the boundary ntime belt" between two cycles is often
rather poorly defined and is represented occasionally by a too large
time span. - Moreover, the boundary between two cycles id often
unsufficiently defined by radiometric methods: the subsequent mag-
matism - the most relisble indicator of the final stage of a cycle
- is developed but locally, and also the heat frent connected with
it is generally irregular and regionally limited.

In contradistinetion to this, the important folding processes
(corresponding to the "revolutions" of the classics of the Precam-
brian geology) are of a large regional or even global extension
and distribution. Being connected with regional metamorphism and
plutonism, they are usually well defined in age by radiometric me-
thods, The boundary with the following "orogenic™ (molasse) siage
is marked by anguler and metamorphic unconformities and sedimenta-
tion breaks. The main folding phasgs represent the post important
"internal" turn-point in the. development of the cycle; for this
tprn, the suitable term "inversion" (of tectonic régime) has been
proposed by Tetyaev in 1934 and by Beloussov in 1938 and 1948,
Thus, the main folding processes ("revolutions") proposed by the
classics of the Precambrian geology as boundaries of major strati-
graphical units always appear the most suitable boundaries of the
first order subdivisions of the Precambrian also for the global
(standard) stratigraphical units,

For the further subdivision, the stage development of the indi-
vidual cycles is of primary importance., Equally as in the Phanero-
zoic, also in the Precambrian (or, at least, Proterozoic) complexes
there can and should be distinguished and delimited as regional
stratigraphical units: (1) the initial (eugeosynclinal) stage (with
initial magmatism), (2) the middle, miogeosynclinal (flysch) stage
(in which, as a rule, no volcanic activity occurs), (3) the late,
orogenic (inversion, molasse) stage with early orogenic and subse-
quent magmatism, and (4) the final (platform) stage. In most cases,
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main folding processes (phases) occur as events-limits betvween the
stages (1), (2), (3), often accompanied by metamorphism and synkine-
matic (synorogenic) plutonism.

3« PRINCIPLES

Stratigraphy provides the basis for under-

standing the past history of local regions

and of the whole Earth - the changing pa-

tterns of land and seas, fluctuations of the

climate, even the history of the evolution

of 1life on the Earth.

C.0.Dunbar, J.Rodgers (1957)

In the above sentence, the two kinds of extemsion of stratigraphic
units - the regional (local) and global units, and the inter rela-
tion of the events and strata (cr, gone-rally, goological bodies)
are sizply and fully expressed. The r-gional and the global stra-
tigraphical units and procedures Go not differ from each other only
by the extent of their wvalability but, first of all, by their aims
and purposes. The global stratigraphy provides the gemeral time net
into which all geological bodies and events are to be placed. The
regional stratigraphy expresses the individuslity of the defined
regions - of natural geological provinces the fundzmental featirss .
of which formed by the interreaction of ghe early founded block
structure of the earth's crust and the later developping conditions
of the rather advanturous life of our planete. The full significan-
ce of this well known fact is beeing recognized but in recent times.
By this, the importance of correct delimitation of the natural geo-
logical regions (provinces) is given.

We should agree with the general statement that "all classes
of rocks - igneous and metamorphic as well as sedimentary - fall
within the scope of stratigraphy and stratigraphic classification.
Some non-stratiform rock bodies are considered under stratigraphy
because of their association with or close relation to rocks stra-
ta", as proposed by H.Hedberg in 1972. Consequently, some events
producing sufficiently timed non-stratiform surfaces can be taken
for stratigraphical boundaries, as has been shown in the prcviuus'
chapter.

It has been rightly emphasized in some of the guotad and other
papers dealing with the stratigraphic methodology, terminology, and
classification that, at least, two stratigraphical scales bave to
be distinguished. The standard (or general) stratigraphic scale
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should be based essentially on the "absolute" (radiometric) geo-
chronology; the biostratigraphic methods may be of similar impor-
tance; the other methods shouwld be respected as auxiliary ones. The
delimitation and terminology of the "chronostratigraphic units"
(corresponding to the geochromological time-units) as recommended
by the I,5,5.,C. may be used for the atandard (gemeral) stratigraphic
subdivision. This is in agreement with the stratigraphical code
published by the Interdepartamental Stratigraphical Commission of
the USSR, 1972 where the terms given in column (2) are recommended
as general stratigraphic subdivisions (with some alternmative terms
which are so far in use in U.S.S.R.). The terms recommended by the
I.8.8.C. for chronostratigraphic and geochronclogic units are repro-
duced in columns (1) and (2) of Table 1.

Tablo 1
Stratigraphic units

(1) (2) &)
Geochronologic .chronqltmtigrnphic Regional
units units ("lithostratigra-
phic") units
Eon Eonothem (Complex)
Era Erathem Supergroup
Pericd System Group (Subgroup)
Epoch Series Formation Member
Age Chronozone Bed

1 According to H.Hedberg, 1972

The (actual) year (a) is taken for the basic geochronological
time unit. When considering the order or magnitude of the geological
time, it has been recommended by the S,P,S. to use the multiples of
years expressed by prefixes kilo- (105), mega- (106), giga- (109)
and by corresponding symbols ka, Ma, Ga. This propositicn is used in
the present contribution.

In order to obtain an objective and undenisble time scale, it
has been proposed to use, besides the chronostratigraphic scale
(giving the ages of boundaries of the concrete stratigraphic subdi-
visions), a "geochronometric" scale with Earth time divisions given
by "round" time units (0.5 Ga and its multiples) for the whole of the
stratigraphic column (Harland, 1974). It is rather surprizing how
this purely mathematical time net approaches, in many cases, the
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timing of real geological events. This is particularly the case

of timing of the boundaries of the main geosynclinal cycles given

by important tectogenic events (where, for the youngest cycle,

also the first fraction - the half - of the 0.5 Ga value asserts

itself:

0.25 Ma approx, - the Saale t.ctogenic (orogenic) phase: Alpine/Va-
riscan boundary

0.5 Ma approx., - Sardinian phase: Variscan/Cadomian boundary

1.0 Ma approx, - Grenvillian phase: Cadomian/Grenvillian boundary

1.5 Ma approx. - upper boundary of the Karelian cycle

2.5 Ma approx. - Ssamian phase: Karelian/Belomorian boundary

3,0 Mg aspprox, - Swaziland phase (mainly in the southern hemisphe-

re)

3.5 Ma approx., - Belozerian phase: boundary of the Belomorian/Eola
"c mplexes"

purely numerical approach does not in principle differ from the

simple numerical time measures (ka, Ma, Ga) thus, it was not appro-

ved by the 5,P,S5. meeting in Adelaide, 1973. Now, the two proposi-

tions (Harland's and the one of Adelaide) are being subjected to

an S.P,5. inquiry. It would not be appropriate to anticipate the

result; I may only present my personal opinion which is essentially

in agreement with that of the Adelaide meeting. However, Harland's

"ehronometric scale" when compared with the geochronologic scale,

may be of help to recognize the order of regularity in time perio-

dicity of the geologic events.

¥hen the "absolute" (radiometric) and biostratigraphic data de-
cisive for the standard stratigraphic subdivision are missing, the
lithological character of the strata is of principal importance;
in it, the geochemical properties are involved, tco; paleoclimatic,
p?leogeographic and other conditions and events are in many cases
reflected in (and can be recognized from) the lithology of the
deposits in question., The terms recommended for lithostratigraphic
units by the I.C.C.S. are given in Table 1, column (3) (the terms
in brackets are occasional),

In the propositions of the I1.3.5.C. (according to H,Hedberg,
1972), the lithostratigraphic scale is elaborated analogously to
the chronostratigraphic scale while the principle of the specific
terms used in each of the two scales has been preserved. Some of
the interested specialists and organizations felt that the termi-
nology and classification of the regional (local) subdivisions may
be left to the competence of the pertinent national bodies (geolo-

gical surveys) or authors. But the rather well defined Pracambrian
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units often overlap the boundaries of one country. This is the ca-
se, e.2., of the Moldanubian complex of the Bohemian Massif which
extends over the territory of Czechoslovakia, Poland, GDR, GFR and
Austria (moreover, an analogous complex occurs in the French, Spa-
nish and, perhaps, Portuguese territory). Thus an international
agreement is preferable also for the classification and terminology
of regional(local) stratigraphic units. The simplest and most con-
venient way is apparently to use the terms of lithostratigraphic
units for regional (essentially based on lithology) subdivisions as
proposed by the I.S.S.C. (1961, 1972). The sbove mentioned proposi-
tions are reproduced in table 1.

The relation between the "lithostratigraphy" and "regional stra=-
tigraphy" was the matter of some rather sharp discussions. This
relation may be. expressed as follows: the lithostratigraphy is
always regional, but regional stratigraphy is not always litholo-
gical, i.e., it may be based on (and should be combined with) other
methods. Consequently, there is no reasonable objection against the
using of terms recommended for lithostratigraphic units for the
regional stratigraphical subdivision, if the latter is (prevalent-
1y) based on the lithological features of pertinent deposits.

1t has been stressed that, generally speaking, the thickness -
and/or the time volume - of the individual unit-terms is not an
integral part of their definition (according to H.Hedberg, 1972).
In principle, there is no discord with this statement when trying
to respect, in suitable cases, some order of magnitude for the
quantitative content of individual terms. Then the term supergroup
may be used for a unit corresponding probably and or approximately
to one erathem in extent. Analogically, other approximately corres-
ponding terms may be group and system, formation and series, member
and stage and bed and zone. The term "complex" has been recommended
as a free term which can be used for a complex lithostratigraphicz
unit irrespective of its rank. It were in no discord with this
proposition, if this term would be preserved as an occasional one
for the units of the highest order, i.e., units comprehending more
than one supergroup and/or corresponding to more than one erathem.

4, GENERAL SUBDIVISION
4.,1. The beginning and closing of the Precambrian time. The IGCP
project N 29 is aimed to establish a generally agreed precise posi-
tion of the Precambrian/Cambrian boundary. Por the time being, the
age of 570 Ma can be taken as agreed upon by most of the engaged
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specialists and bodies. The lower boundary of the Precambrian is
less evident as it depends on the rather difficult definition of
the beginning of the "geologic" stage of the Earth's development.

A good survey of this problem was given by Rankama C19702). During
the last 20 years, the age of the Earth and of the meteorites has
been calculated by different speclialists by different methods to
very similar values between 4,53 and 4.80 Ga. It goes without say-
ing that the exact position of the lower limit of the Precambrian
is not essential for its subdivision and I am referring to the abo-
ve mentioned excellent Rankamas review for more detail, I would
only mention some results of investigations executed in the Kola
part of the Baltic shield by Gerling et al, (1968), because of
their importance not only for the evaluation of the lower boundary
of the Precambrian but also for its subdivision: the mica K/Ar ages
of gneiss-granites, migmatites and granite-pegmatite dykes of the
Kola complex have besn determined to 3.4-3.5 Ga. The same or si-
milar values have besn given by Prof. Sutton for other shields in
his contribution. The mentioned data indicate the age of the grani-
tization process representing a late phase of the tectonic-metamor-
phic plutonic processes which affected the older,"Katarchean" depo-
sits. Thus, the existence of a rather thick sequence of supercrus-
tal volcanic-sedimentary deposits older than 3,6 Ga can be conside-—
red proved, and the lower boundary of the Kola Archean may be esti-
mated at 4 Ga or more,

Some rocks of supercrustal origin occurring in the Kola complex
prove the xistence of still more ancient rocks from which the Ka-
tarchean se¢liments have been derived (according to W.L.Donn, 1965,
8s quoted by Rankama, 1970,). I would only be rather careful mot to
overeitimate the conclusive evidence of some "quartzite" inlayers
suggested in l.c. According to my opinion, some of them may repre-
rant quartz-keratophyre and/or rhyolite tuffaceous deposits, loca-
1lly reworked by synsedimentary redeposition and, in this way, enri-
ched by quartz. If this is so, the (pyro) clastic components cannot
be taken as evidence in the sense of Donn's proposition.

4.2, Eons and eonothems. - Consequently to the above mentioned
and other controversies, uncertainties and difficulties concerning
the subdivision of the Precambrian, some authors proposed to hold
the whole of the Precambrian, besides the Phanerozoic, for one of
the two stratigraphic (geochronologic) units of the highest order-

eons. But, assigning one and the same classification category to
the two units is not in accord with the different magnitude order
of their duration (0,57 Ga versus 4,5 Ga approximately), with the

important geological changes that have occurred in the course of
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the Precambriaen times, neither is it in accord with the old tradi-
tion of dividing the Precambrian into two "megaunits”.

The most common subdivision of the Precambrian into units of the
first order is that of the Archean and Proteroszoic, their boundary
being given by general tectonometamorphic and magmatic events timed
by different authors and/or in different regions to 2,5-2.,7 Ga. So-
me of the most experienced specialists (Rankama, 1970,; Harland,
1974, etc.) do not feel that this subdivision is fully justified by
the recent state of our knowledge as a world-wide (standard, glo=-
val) one., But, the results of the research of many authors working
in different Precambrian regions give evidence that the complexes
older than 2,5 Ga approximately have formed under rather different
conditions than the younger complexes. The general intense metamor-
phism of the Archean complexes may be assigned to a steeper tempe=
rature gradient provoked necessarily by the far higher content of
the non-decayed uranium (and other radicactive elements), as Acade-
mician Vinogradov mentioned. From the fact that, unlike to younger
complexes, the far prevailing megastructural pattern is arcuate
(and not linear), it can be deduced that the Archean complexes for-
med under a tectonic régime which was rather different when compa=
red with the younger "structural layers". Due to the higher share
of metavolcanic rocks in the Archean complexes the presumption of a
thinner crust and of a higher temperature gradient in the Archean
times is supported. In agreement with these and other peculiari-
ties, the recent ‘inquiry of the S,P,5. resulted affirmatively con-
cerning the age of 2,5-2.,6 Ga for the boundary of the first order
subdivisions of the Precambrian. Lesser were the majorities (but
always majorities) for the terms Archean and Proterozoic' but mo
better terms have been proposed nor agreed upon and so there is mo
sufficient reason to change the mentioned current terms. (In this
connection, allow me to express my personal feeling that it seems
to be more useful to use the already existing terms when trying to
refine their definition than to find out and propose new terms, if
they are not based on essentially different concepts and defitions.)

When considering the dugatiqn, complexity and essential diffe-
rences in the development, the two first subdivisions of the Pre-
cambrian time should be classified as eons. Then we have the three
eonothems - the Phanerozoic, the Proterozoic and the Archean.

4.3. EBras and Erathems., - For the next lower rank of the strati-

1 In some countries the name Precambrian was used for this younger
unit, but this was abandoned in the past years.
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graphic subdivision - the erathems - different models and methods
heve been proposed by different authors. Generally, the opinion
prevails that the model using again the tested method for the Pre-
cambrian - the important foldings ("revolutions") and the sedimenta-
tion breaks connected with them - is to be preferred, at least for
the time being and for the nearest future.

The subdivision of the Precambrian presented in table 2 is based
on Stockwell's scheme proposed at 1964, 1968, and is in agreement
with the schemes proposed by numerous other specialists (Kratz,
Afanasiev, ete.). In this model, the belozerian, saamian and bielo-
morian and kenoran, karelian and hudsonian, dalslandian and grenvi-
llian tectogeneses timed 2.5, 1.8 and 1 Ga approximately are propo-
sed as boundaries of the subdivisions which may be taken for era-
thems., If this scheme is agreed upon as a general (standard) sheme
the different local denomirations proposed by Stockwell and other
authors would be superfluous.

Table 2
A proposed scheme of standard subdivision of the Precambrian

Eon Era Main foldings (revolutions)

Eenozoic
Phanerozoic Mesozoic
Paleozoic

cadomian, baikalian, assyntian 570 Ma
dalslandian, grenvillian 1000+50 Ma

Late

Proterozoic Middle
karelian,hudsonian,penockean 1800+100 Ma

Early
belomorian,saamian,kenoran 260Q:160 Ma
Late
Archean —————— belozerian 3500+150 Ma
Early
(Katarchean)

The scheme was tentatively applied also for the Precambrian of
mobile zones (Zoubek 1972, 1974,). It does mot differ essentially
from the proposition presented by Salop at this symposium, irrespec-
tive of the terms., The differences in the (higher) ages as given
by Salop and the (lower) ages as given by many other authors should
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stimulate the efforts to recognize their cause which can be of
methodical and/or technical amnd/or factual nature.

In this conception, the durations of individual eras grow up
systematically with their age in the Phanerozoic-Late Proterozoic
time-span (approximately: Kemozoic - 65 Ma, Mesozoic - 170 Ma, Pa-
leozoic - 340 Ma, Late Proterozoic = 425 MA), the growth quotient
diminishing from Kz!Mz (2,5 approx.) to Pz:Pt5 (1,2 approx.) and
falling to 1,0 approximately for the eras older than Late Protero-
zoic which display almost equal duration (Middle Proterozoic =

800 Ma, Lower Proterozoic - 700-800 Ma, Late Archean - 900-1000 Ma,
Katarchean - 1000 Ma). Similar relations can be observed at du-
rations of the geosynclinal - tectogenic cycles: alpine - 260 Ma,
Variscan - 310 Ma, Cadomian - 450 Ma, Karelian - 1000-1500 Ma
approximately. (The duration of the Karelian cycle cannot be deli-
mited with certainty in consequence of dubious tectogenic pusition
of the Jotnian (molasse or platform stage); for analogous reasons,
the dalslandian, belomorian and belozerian cycles are not taken
into consideration.)

The stratigraphical scheme reproduced in Table 1. may be taken
as essentially agreed by most of the interrested specialists, with
an exception for the Early/Middle Proterozoic boundary, for which
the age of 1600 Ma is prefered by some authors., This age corres-
ponds to the "rapakivi" granitoid plutonism which may be taken for
manifestation of the orogenic (subsequent) Karelisn magmatism indi-
cating the closing of the Karelian geosynclinal-orogenic cycle, and
so it is to be considered, without doubt, as one of the most impor-
tant turn-points of the Precambrian history. Consequently, the pro-
position by Sidorenko A.V. (19752) and other authors to use the age
of 1600 Ma for the Early/Mjddle Proterozoic boundary is also justi-
fied. - To the above reasons for preferring the main compressional
metamorphic foldings for the first-rank subdivision of the Precam-
brian I would only add that, when using the 41800 Ma boundary, the
Precambrian time is divided more balancedly into time-spans of 1 Ga
approximately. The smaller time volume of the latest, cadomian
(assyntian) cycle (about 450 Ma) is in agreement with its general
character being, in many aspects, more analogical to the Phanerozoic
than to the earlier Precambrian cycles (see also the above remark
about duration).

Thus, the question of the Early/Mjiddle Proterozoic boundary may
be reconsidered. In any case, the age of 1600 Ma will always remain
as a boundary of the next lower subdivisions, if the age 1800~
1900 Ma is generally agreed for the Pt1/Pt2 boundary.
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With the second class of divisions (which may be referred to
the "erathems"), the possibilities of the stundard (general) geo-
chronological Precambrian time-scale seem to be exhausted for a
rather long future. Further subdivision is to be carried out in
regional terms, the principles of which have been discussed in
chapter % of the present contribution. Some examples are given in
the following chapter.

5. EXAMPLES OF REGIONAL STRATIGRAPHICAL SUBDIVISIONS
S5¢1. Precambrian in younger Fold Belts: European Variscan Belt
(IGCP Project N 22, Commission I), Clessification: regional and
local stratigraphic units. In the given case, under the term "re-
glon" the whole European Variscan belt is understood comprehending
the Bohemian Massif-the German "horst mountains"-the Armorican and
French Central Massifs-the Iberian (Hesperian) WMassif. Consequently,
by the term "regional stratigraphical units" the units avalable
for the whole belt are denoted.

For parts of the region bound by major faults or other impor-
tant geologieai boundaries, the term "area" is used in this contri-
bution defined parts of areas are designated as "districts". Stra-
tigraphical units limited to parts of the region (- to one or some
few areas or districts) are classed as "local units". This classi-
fication will be applied also to other geological regions.

Lithological developments. - Four main developments defined as
supergroups have been distinguished in the Precambrian fundament
of the European Variscan belt: (1) the Brioverian (Barrandian),

(2) the Moldanubian-Arvernian, (3) the Pentevrian, and (4) the
Pyrenean development. (Only the first three developments are
discussed here; for the 4th development I am referring to the pa-
pers by Guitard and Fonteilles).

General agreement does not exist as far as the relations between
the developments (1) (2) are concerned. Two principal models have
been proposed. In one of them (model A), the two developments are
taken for two individual "structural layers" representing two su-
ccessive geosynclinal-tectogenic cycle (Kodym, von Bubnoff, Maska
with Zoubek and other authors). In the other model (b), the two de-
velopments are taken for different facies of one single structural
layer representing one single geosynclinal-tectogenic cycle. Irres—
pective of the different opinions concerning the mutual relation
of the two developments, the lithological - lithostratigraphical
properties and regional distribution of each of them show sufficisnt
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particular characteristics to be designed as individual supergroups,
in the sense of the difinition proposed by H.,Hedberg in 1972 for
lithostratigraphic units.

On the other hand, the moldanubian and brioverian-barrandiam
developments are intimately associated; they are separated by no
marked angular unconformity, sedimentation break, or transgression
phenomena; moreover, they commonly have been affected by some impor-
tant tectonic, metamorphic and plutonic events. Consequently, their
geotectonic and stratigraphic individuality - even if based on many
reasons - has been weakened by later processes and, therefore, is
not acknowledged by all interested specialists. Thus, the two
supergroups may be classed as one unit of a higher rank - a "com-
plex" - for which the name "moldanubian-Brioverian complex" appears
to be the most suitable. The thickness of the outcropping parts,
approximately evaluated by synthesis and addition of data gained
by individual observations: Brioverian-Barrandian supergroup - about
700 m (according to Holubec in 1966); Moldanubian supergroup - about
5000 m; Pentevrian supergroup - unknown.

1) Brioverian-Barrandian supergroup
By the term Brioverian, C.Barrois (1899) designated in the Armori-
can Massif the stratigraphical system older than the Cambrian.
The term "Barrandian" is used in the Bohemian Massif for a complex
comprehending the weakly metamorphosed Precambrian of the central-
western area of the Bohemian Massif and the unconformably overlying
Early Paleozoic sequences. For the Precambrian part, fully similar
to the Brioverian in lithology, the composite term "Barrandian”
(Upper) Proterozoic” or "Barrandian Precambrian” is used. In connec-
tion with the term Brioverian, the restriction of the term "Barran-
dian" to its Precambrian part is unambigously defined.

Synonyms for the Bohemian part: Bohemian Algonkian (Kettner,
1914), Upper Proterozoic (of the Tepla-Barrandian Region) (Maska,
Zoubek, 1960), Barrandian Algonkian (RShlich, 1962), Central-West-
Bohemian Algonkian (Svoboda, 1966), the Plzen supergroup (Zoubek
1974ﬁ)' - The therm "Algonkian" should be deleted as it has been
abandoned even for the region-type in the Canadian Shield which,
morsover, does not correspond exactly to the "bohemian Algokian"
in age.

2) Moldanubian-Arvernian supergroup
The name is derived from the term Moldanubicum proposed by
F.E.Suess (1903) for the strongly metamorphosed complex penetrated
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by frequent granite intrusions in the southern part of the Bohemian
Massif and in its analogon in the French Central Massif ("noyau
arverne"” in the recent terminology). Similarly to the most of ana-
logous terms, the stratigraphical interpretation and regional defi-
nition of the term Moldanubicum has changed in the course of time
(even in later papers of the term's "father"). Thias is why some
authors do not agree with its stratigraphical application. However,
the region-type and the substantial (petrological) content of the
definition remained as it was given by F.E.Suess. In this sense,
the term remains to be generally used and no better term has been
proposed.

The double-terms are proposed to emphasize the regional extension
of the units; if simple terms would be preferred, the term Briove-
rian should be used for the first supergroup (the sequence being
better chronologically defined in the Armorican Massif due to the
lack of metamorphism in its more consolidated parts). For the other
supergroup, the term Moldanubian should be chosen because of the
priority of the name and elaboration of the lithological content
(lithostratigraphical subdivision) of the supergroup in the Bohe-
mien area. .

The Late Proterozoic age is proved by geological, paleontologi-
cal and geochronological (radiometric) methods for the upper part
of the complex. In model A, the presumption of the Late Proterozoic
age (1000-570 Ma approximately) for the whole Brioverian-Barran-
dian supergroup is substantiated by several rather well based, but
not unequivocal and not uncontestable reasons according to Leutwein,
and Zoubek (Zoubek, 1969, 1972, 19?41_3). For analogical reasons,
Middle Proterozoic age (1800-1000 Ma approximately) is presumed for
the Moldanubian-Arversian supergroup.

The ind¥viduality of the Pentevrian is unequivocally proved by
radiometric and lithologic methods and is manifested in tectonic,
metamorphic and magmatic events. Accor ding to geochronologic data,
the Pentevrian may be ranged with the Upper Archean (in the sense
of the scheme Table 1). The Pentevrian rock association occuring in
the western termination of the northern marginal zone of the Euro-
pean Variscan belt, is unique in the belt in question; the interpre-
tation that it has been incorporated into the Variscan geosynclinal
belt as a block of the Baltic shield is well justified.

Stratigraphical subdivision of the supergroups (1), (2) may
serve as example of the application and combination of geotectonic
and sedimentologic criteria on one hand, of regional and local

stratigraphical categories on the other hand, In Table 3, the local
units are marked by parantheses.
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Table 3, Subdivision of the Brioverian-Barrandian supergroup: regional and some local units

areas Bohemian Massif Armorican Massif
districts Zelezné hory®) l Barrandian — southern Northern Brittany and
- g flankD Normandy A
1]12] 3a 3
§ (= at the G/0 boundary sedimentation break in places
% 8] shales, greywackes; at subsequent volcanics, terrestrial molasse
o8 ,§ the basis quartzose deposits, occasional marine transgressions
.E g & ands.[ones, conglome - with trilobite fauna
8 3.5 B 5 ratic in places
Ll8s & e g sy MO S N S S
= !é.'g €1 inplaces, sedimentation break
R e
"younger” spilite- "Etdige” (formation) de ia
~keratophyre volcanics®) Laize: flyschoid deposits
y s i . = | as in the Bohemi
*flyschoid” diastrophic deposits, combined with 2 Ma;:if; :nlcs:?;l::cks ;
(presumed) glaciogenic events; alternation LS
of: pelitic-aleuritic—psammitic beds and fine S| "Etage” '(formation) de
("varvitic®) rhythmites; turbidites; inlayers of : Grenville: conglomerates,
s et € | polymictic; sandstones
polymictic non-classed "tilloid” conglomerates 2| greywackes '
called "Dobfi¥ conglomerates” in the Barrandian g
& district 8
2 (LitoSice conglomerate; M
i polymiCtiC Bli')d)
e (SOt it e
_% = e correlative member: lower
ks # | e|blackish tuffacecus (Le¥ice member: black part of the "série de
& T |2 |slates and arkoses, pyritic tuffaceous Binic” —volcanics
o o | g|silicified (lyditic| rocks, | slates, silicified — Bl *Etage® (formation) de
3 .2 | 5| tuffaceous conglomerates) L | _ | villiers-Fossard: "fly -
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S || Z | o |tuffaceous rocks Bl pasmminic aod palicie
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K . | Braphitic » ;A S, E| cedi i
&2 * | %] pyrite (pyrchotite) (Dalve — Jilove spilite— | ¢ | & iments, at the top
P H - ﬂ.o admixture 5 —keratophyre -g rytl'lrm:es‘ 'VIrvo[des v
& = il — formiition B & | black pyritic shales
S RACT srnphhislates.‘ shaly 1 8 “rasrar =y
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g Y| @ | o|nate Fe-Mn-ore deposit | Zavist thrust in the canic products, inlayers
§]8] & | S|in the lower part North; behind the thrust of limestone and lyditic
3 1 R Tel: e the Proterozoic rocks rolkx
& |9 & |, ( f '.z:i:'mwsi(%m” €1 | are covered by -
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2 | E|greywackes; limestone | sequence of argillitic, |-5 | Pentevrian socle), con-
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Regional units. Definition of the units of the 3rd and 2nd ranks
(groups - supergroups) is based on one and the same principle: the
groups correspond to individual stages of the pertinent geosyncli-
nal-tectogenic cycle classed as supergroups. The definition of
both, supergroups and groups is based on combined tectogenic and
sedimentologic events, tectogenic processes reflecting in the 1li-
thology of the pertinent deposits. The tectogenic events play,
in both cases, a primordial and determining role. Both, the super-
groups and groups fall into the same category of extension - they
represent regional stratigraphical units. Consequently, the deno-
minating of the supergroups and groups follows the same terminolo-
gical principle, the numes of groups being derived from the names
of the supergroups. (The same is valid for the occasionally distin-
guished subgroups.) By forming the terminology in this way, the
inconvenient, inperspicuous and undesirable increase and accumu-
lation of local names is avoided. This mode ot'subdivision is
already used in both, the Bohemian and Armorican areas where the
subdivisions of the Upper Proterozoic complex - the (local) lower,
middle and upper parts (called prespilitic, spilitic and post-
spilitic "stage" viz. series in the Bohemian Massif) have heen pro-
posed (cf. EKettner, 1917; Cogné, 1972 and other authors). = The
upper subdivisions have beheld their justification and definition
to the present time; moreover, they proved to be correlative sub-
divisions valable for the whole region. Thus, the term "Upper Brio-
verian" may be proposed as appropriate for the pertinent regional
group.

On the contrary, the lowest parts of the subdivisions have lost,
in both areas, their signification and importance. In the "Lower
Brioverian", the "étage d'Erquy” ranged with the Lower Brioverian
by C.Barrois in 1938, shaken by Graindor (1957) and Cogné (1962,
1972), has been definitely removed from the Precambrian (dated as
Ordovician) by Hameurt (1974). The "étage de Cesson-Locguirec" left
as the only contents of the "Lower Brioverian" cannot be reasonably
located into the same rank with the (original) upper and middle
subdivisions, as far as its individuality, genetical and material
importance in concerned. Its thickness (n.10°-n.102 meters) is in
no reasonable relation to the thickness of the two other divisions
(n.105); still worse is the time-relation (duration), as the coarse-
grained terrigeneous deposits + volzanics accumulated much more ra-
pidly than the finer sediments of the overlying Middle Brioverian.
From the quoted papers may be taken that. The extension of the



"étage de Cesson-Lecquirec"” is purely local, limited to the north-
western margin of the Cadomian geosyncline, and is to be considered
a local facial development; the characteristic "transgressional"
lithology is evidently the consequence of the litoral sedimenta-
tion conditions resulting from the uplifting and emerging of the
Pentevrian block (from which the basal Brioverian sediments have
been separated by an important sedimentation break comprehending
the whole of the Middle + Early Proterozoic or an important part
of them; consequently the transgressional facies has not developped
in the by far prevalent part of the region where the beginning of
the Brioverian-Barrandian sedimentation has not been preceded by
the "orogenic" movements of the uncomplete moldanubian socle where
the morphological individualizaticn of mountain chain did not take
place. The "étage de Cesson-Locquirec™ differs lithologically from
the overlying "Mjddle Brioverian" sequences by coarser sedimenta-
tion, but the initial volcanism is already well developed, the
same as in the overlying sequences. The boundary with the "middle
Brioverian" is purely conventional, the rocks of the two subdivi-
sions passing one into another without any observable boundary.
From all this it follows that the "étage" of Cesson-Locquirec (1)
should not be considered a stratigraphical unit but a local late-
ral-facial development; (2) is to be adjoined to the "Middle Brio-
verian" as a local facial development of its basal rocks.

We meet an analogous situation in the Barrandian area where also
the lower (pre-spilitic) division has lost its indivicduality and
substantiation. The emphasized difference in metamorphism proved
to be the result of a normal metamorphic zonality, while the meta-
morphic zones do not correspond to the stratigraphic units (the
P-T-conditions changing also laterally, in ome individual strati=
graphic unit); the initial spilitic volcanism is well developed al-
so in the "pre-spilitic series" (the amphibolites). No structural
or lithological or any other observable boundary exists between the
"pre-spilitic" and "spilitic" sequences.

Thus, the threefold stratigraphical subdivisicn of the Brio-
verian-Barrandian supergroup is to be abandoned in both, the Brio-
verien and Barrandean areas and replaced by the twofcld subdivision
joining the middle and lower "series" into one, the "Lower Briove-
rian group".

Local units, The 4th and 5th ranks of units - formations and
members - are defined by their lithologic char-cter; in this case,
the tectogenic events play a subordinate and not clearly defined
role. They fall into a lower category of units being of local (and
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not regional) extension. Thus, they are distinguished by local
names. (In some cases, appropriate local names have not yet been
proposed; then, -the descriptive names generally used so far have
been left as provisional denominations; they should be substituted
by local names, in agreement with the principles proposed by the
I.8.58.C.).

A simplified regional stratigraphical column of the Upper Pro-
terozoic in Buropean Variscan region comprehending, besides the
regional lithostratigraphic units, the local stratigraphic units
of three different areas of the region, is presented in Table 3.

I have tried to demonstrate some general problems of stratigra-
phy and correlation of Precambrian complexes in younger fold belts
using the Upper Proterczoic sequences as examples. Now, I would but
shortly mention some other Precambrian complexes emphasizing some
general similarities and differences when compared with the Brio-
verian-Barrandian supergroup. When doing this, I shall again rest-
rict myself to some facts, conditions and events which seem to be
of interest from the general viewpoints of classification, termino-
logy and methods in stratigraphical subdivision of the Precambrian
complexes.

Analogically to the Brioverian, two main development stages may
be distinguished in the Moldanubian supergroup - the eugeosynclinal
stage with an important initial-volcanic activity, and the "fly-
schoid" miogeosynclinal stage where initial volcanics are lacking.
In contradistinction to the Brioverian, an initial-volcanic forma-
tion of very characteristic specific composition occurs in the
middle of the moldanubian eugeosynclinal sequence - the leptynitic
("granulitic") formation consisting of contrasting metamorphic vol-
canic rocks of rhyolitic, trachydacitic, basaltic and peridotitic
nature. This formation is largely distributed - almost omnipresent,
though very variable in thickness; the important thickness of more
than 2000 m corresponding to the volcanic centres may reduce in a
short distance to some few tens of meters. But, almost in the whole
extent of the Moldanubian supergroup, at least a thin (tuffaceous)
representatif of the leptynitic formation may be found, represen-
ting a characteristic marker horizon. For these and other reasons,
a threefold subdivision of the Moldanubian Supergroup into the '"mo-
notonous", "variegated" and "flysch" groups is generally used. The
lower part of the Moldanubian supergroup was subdivided iato two
groups ("series" in Czech terminology) - the lower "monotonous
group" consisting of monotonous alternation of (meta) pelitic and
(meta)-greywackeous rocks poor in other inlayers, and the upper
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"yariegated group" strongly differentiated in lithology (e.g. the
stratigrapbic column presented, by Zoubek, 1985, 1972, 1974,).
However, it may be advantageous to keep, if possible, a uniform
regional-stratigraphical model of subdividing the Precambrian com-
plexes. Thus, the twofold model should be applied also for the sub-
division of the Moldanubian supergroup. In this way, the stratigra-
phical scheme so far used should be redenominated as shown in

Table 4 (the sequence of units being left unchanged as presented

in l.c.). Tables 3 and 4, when compared with each other, show that
the lithologic development of the Moldanubian supergroup allows to
subdivide it even to formations as regional (not only local) units,
in spite of the less defined general (standard) stratigraphical
position of the Moldanubian. Unlikely to this, in the geochronolo-
gically well defined Brioverian, this 4th class of lithostratigraphic
units is but of a local importance. The more detailed regional sub-
division of the Moldanubian is due to a volcanic event of the "lep-
tynitic formation"; this again demonstrates the importance of ini-
tial volcanism for the (litho) stratigraphic subdivision of the bio-
stratigraphically and geochronologically "mute" sequences.

RIPHEAN OF THE SOUTH URALS
By the thorough elaboration of the Urals' Proterozoic stratigraphy,
the term Riphean has been introduced inte the stratigraphy as one
of the correlative types of the Proterozoic eonothem. I am referring
in the following remarks to the stratigraphical columns presented
in Figures 1 and 2 of the Guidebook ot the Bashkirian excursion
(Guidebook..., 1975). The stratigraphy proposed here represents a
happy synthesis of results achieved by combination of biostrati-
graphic, lithostratigraphic, chronostratigraphic, structural-tecto-
nic, paleogeographic and paleoclimatic methods, the chronostrati-
graphic data providing the fundamental time-rfet for global correla-
tion, the biostratigraphic methods - the guide horizons, the tecto-
nic events - the boundaries of major subdivisions, the lithologic
methods - the detailed regional stratigraphical subdivisions (for-
mations, members).

In my opinion, the elaboration of the Riphean stratigraphy matu-
red so far that it is not necessary any more toc use a specific "re-
gional”classification of the defined units ("protoerathem", "proto-
system"); at least, the units of the highest rank may be designated
by standard terms (leaving out the prefix proto-). To the units of
lower ranks, the terminolqgy proposed by the ICSC for the lithostra-
tigraphic units may be applied.

87



Stratigraphic scheme of the Moldanubian supergroup

Table 4.
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In the sense of Table 2 of the present contribution, the "Upper
Riphean" taken together with the "Terminal Riphean" should be de-
signated as the Upper Proterozoic erathem (Pti)‘ timed 570 to
(approximately) 1000 Ma. The two subdivisions (designated as "Ter-
minal" and "Upper Riphean") may be designated as systems. The pro-
position of the Soviet authors to correlate the "Terminal Riphean"
with Vendian Eocambrian is well based on geochronological, geotec-
tonical, climatic and other data; the term Vendian, geochronologi-
cally defined 570-670 Ma (proposed symbol: V) may be accepted for
a system of the stancard stratigraphical scale. An appropriate name
should be agreed upon for the lower system (1000-670 Ma); the two
systems can be designated as the upper and lower subdivisions of
the Upper Proterozoic (Pt5 = V, and Pt3 reapectively)'

A general feeling prevails that, consequently to the above menti-
oned and other facts, the South Urals' Riphean may serve for a
stratotype of the Proterozoic eonothem, at least for its upper and
midlle subdivision. It displays many qualities on which some pro-
blems specific for the Precambrian stratigraphy and possible ways
leading to the solution of the problems can be demonstrated.

The Grenvillian tectogenesis (dated in the region-type 1050+
50 Ma) proposed for the lower boundary of Pt5 (chapter 4) is well
expressed by folding of the next lower (older) subdivisior, by un-
conformity, important denudation (reaching in the area studied to
the sequences dated 1260 Ma), by sedimentation break and lithology
of the basal deposits typical of transgression. The thick (1400-
2300 m) basal conglomeratesandstone sequence accumulated during a
relatively short time of some milliona or first tens of millions
of years according to the experience gained in well dated Phanero-
zoic sequences. Thus the beginning 6f the transgression may be es-
timated by the "Grenvillian" age to 1000 Ma approximately. It is
not without interest that the "Grenvillian revolution' is expressed
also in the development of organic life by an abrupt change in the
stromatolite assemblages. This important statement (Guidehook...,
1975) is also in agreement with (or, at least, is not controversial
to) the conception of the Grenvillian events as manifestations and
marks of a high-rank straztigraphical boundary. Radiometric dating
of the uppermost sequences of the "terminal Riphean" (570 Ma for
the Basa formation) corresponds to the provisionally agreed Pre-
cambrian/Cambrian boundary.

The boundary between the two suhdivisions of the Upper Protero-
zoic erathem is well documented geochronologically (670 Ma for the
basal "Uk formation") and paleontologically, by stromatolites (Li-
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nella ukka in the upper subdivision, Gymnosolen ramsayi and Minja-
ria uralica in the lower subdivision - "subsystems" in the proposed
regional terminology). Thus, the two subdivisions of the Upper Pro-
terozoic. erathem can be classed as systems.

The mentioned subdivisions hay be easily correlated with the in-
dividual development stages of the pertinent gecsynclinal-tectoge-
nic cycle. In the lower part of the Urals' Proterozoic Pt, (the
"Upper Riphean protosystem" in the regional terminology), no ini-
tial voleanics occur in the studied Bashkirian region but, from the
stratigraphically correlative sequences in the regicns laying ﬁore
to the east, basic initial volcanics are reported. Thus, the Urals
Pt3 ("Upper Terminal Riphean") may represent a complste geosyncli-
nal-tectogenic cycle correlative with the Cadomian (Baikalign,
Assyntian) cycle in other regions. The lower subdivision Pt5 ("Up-
per Riphean") may correspond to the initial ("eugeosynclinal') sta-
Ze; the upper Vendian subdivision Pt3 - the "Terminal Riphean" or
its "Asha" part (formation) may correspond to the "orogenic", "in-
version" stages (molasse - Bexxep 1968, or flysch and molasse -
Kemnep 1963). .

Thus, -the Soviet geologists when alaborating the Riphean strati-
graphy have shown that it is possible to elaborate detailed stra-
tigraphical columns of the Precambrian complexes when applying
methods and procedures proved in the Phanerozoic stratigraphy. In
the end I should add that the above remarks follow strictly the
schemes presented by the Soviet specialists in the quoted Guide book
(1975); only some alternations in the classification and (general)
terminology are proposed here.
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3TAMN OCAIKOHAKOILUIEHMA M KOPPEJALMA
HUXHETOQ JIOKEMBPUA CPE[IHEA AZVM

L.NBelkova, V.N.Ognev (USSR)
EARLY PRECAMBRIAN SEDIMENTATION STAGES IN MIDDLE ASIA

In the geological kistory of the early Precambrian tkree pro-
longed sedimentation stages can be distinguished: Archean,
early Proterozoic and middle Preterozoic, which have been in-
terrupted by short epochs of tectono-megmatic activity and re-
gional metamorprism. The historical-geological coiplexes of
metamorphic rocks, separated by regional discontinuities are
witnesses of these sedimentation stages. Each complex has spe-
cifie lithological and petrographical characteristics and spe-
cific features of regional metamorphism, structure, and mag-
matism.

The analysis of polymetamorphism snd its "removal" and
lithological features allow to reconstruct the original nature
of the complexes and the environment of their formation.

The Archean stage was characterized by the deposition of
thin-bedded and rhytmically bedded clastic and chemogenic sedi-
ments? sands, silts, clays, clayey carbonates, carbonates,
flints, salines, etc., which were deposited in shallow sea, in
variable and dymanic enviromment. The source areas were flat-
topped mainland elevations, built up by rocks of the "basaltic”
layer. Erosion and redeposition of a residual ‘material and se-
dimentary diffirentiation of thi: material have resulted in the
diversity of composition of the sediments.

At the end of the Archean the sedimentation was concluded
by the formation of the folded structure of sedimentary strata
in combination with the intense regional metamorphism and ultra-
metamorphism. As a result, the Archean crystalline pararock
assemblage of high-rank regional metamorphism (granulite, am-
phibolite, eclogite facies) originated, i.e. gneisses, amphibo-
lites, schists, martles, calciphyres, eclogites, and ultrameta-
morphic formations - migmatites, anatectites, rheomorphic gra-
nitoids. All the diversity of crystalline rocks and ultrameta-
morphic formations was determined by different composition of
the original bedded sedimentary deposits.



Characterictic of the Archean crystalline assamlages are
the bedding determined by the thin and rhythmical intercalation
of rocks of different composition and other lithological indi-
cations of their sedimentary origin. Due to the isochemical
nature of regional metamorphism the beds were not deprived of
their individual feauters of composition during the recrystal-
lization.

The early Proterozoic sedimentation basins were situated
in the regions that in Archean time represented the source
areas. Uplift of the mainland composed of Archean crystalline
rocks was slow, and the sedimentary basins were filled mainly
with finegrained clastic material and products of deep chemi-
cal weathering. The sediment composition and such lithological
features as fine rhythmical bedding accompanied by the presen-
ce of non-rhythmical sedimentary deposits, represented by mono-
mineral quartz sands, clayey, clayey-carbonate and carbonate
rocks, show the further stabilization (in comparison with the
Archean) of tectonic regime.

By the end of the early Proterczoic the sedimentation was
again interrupted by the epoch of folding and intermediate-
rank regional metamorphism. The crystalline rock assemblage
arised at the expense of sedimentary rocks. It was composed of
quartzites, marbles, smphibolites, carbonaceous-ferruginous-
quartzose rocks, etc.

The formation of a system of deep faults and the emplace-
ment of associated basic and ultrabasic rocks took place in
early Proterozoic time.,

‘ The middle Proterozoic sedimentation stage was marked by
the peneplanation of continents and establishment of a platform
regime. In the shallow epicontinental seas of Middle Asia a
thin dolomite and limestone formation accumulated, bearing the
intercalations of finegrained terrigenous-chemogenous material.

In the Riphean the middle Proterozoic platform was broken
up along the inherited faults and Middle Asia's territory
passed into the taphrogenic stage of development, and with tkre
beginning of the Phanerozoic, to the regime of a normal geosyn-
cline.

Archean, early and middle Proterozoic assemblages are dis-
tinguished throughout the Middle Asia (and far beyond this area)}
by the persistence of composition, regicnal metamorphism ranks,
and tectonics. Their limits, marked by regional disconformities
and sharp changes in intensity of regional metamorphism, corres-
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pond completely to the geochronological scheme of distribution
of planation surfaces and weathering crusts upon the Precam-
brien shields of the world proposed by A.V.Sidorenko and
V.M.Chayka. It is the evidence of the world-wide synchronism
in sedimentation stages, regional metamorphism epochs and fol-
ding in the early Precambrian.

The results of the study of the Precambrian in Central
Asia show that the historical-geological principle of subdivi-
sion and correlation of the early Precambrian from the point

of view of sedimentary geology is the leading one at the pre-
sent state of knowledge.

B reonordwCcKof MCTODUM DAHHOI'O ZoKeMOpua CpepHell A3MM BHAEIANT=
CA TPW AJUTOJHHHX 9Tal8 OCALKOHAKONJEHWA - apxefiCKMil, paHHempo-
TepOBOUCKHE M CpeZHenpoTepo30MCKM, KOoTOpDHe NpSpPHBAINACEH CPaBHU-
TEABH) KPaTKOBDOMOHHHMM SI0XAMM DETMOHANEHOTO MeTaMoppuU3ME H
CKABAYATOCTH, . \

CBuzieTeIAMM DTHX BTAMN0B M BNO0X ABIANTCA UCTOPUKO-TO0I0OTH 96C—
K#6 KOMIJIEKCH MeTaMopdyeCKMX IODHHX NOPOA, pasjefie HHHE Deruo-
HANBHO BHASPESHEHMM HOCOIJACHUAMM M XapaKTepHHe 0COOEHHOCTAMH CO-
cTaBa, TEKTOHMKM, PErMOHANBHOT0 MeTaMopinsua. DTM KOMONGKCH, Kak
M MX X8pAKTODHHE 0COGGHHOCTM, 0TAMYANTCH MCRANW TOJABHOA BHJl6pEa&H-
HOCTHD He ToAbKo B CpezBeil AsuM, Ho M H3 CONpeZGJNBHHX T6PDPHTODHAX,
YT0 76T BOBMOXHOCTH yBEPEHHO CONOCTEBAATH U KOPPEJAMDOBATH METE-
MOPHYSCKH® KOMOIOKCH zioKeMGpuA B Cpejpreidl Asuu.

ABaIMB OPONECCOB NOIUMETaMODPHBME HMXHOZOKOMODMUCKMX TOXH M
CHATM6 MeTaMopjusMa, B COYSTAHHM C &HANMBOM DOIMKTOB NEDPBMYHHX
CTDYy KTy P, TOKCTyp, MUHEDAILHOTO COCTEBA M APYyIUX NETOJIOTUYECHMX
OpMBHAKDB NOPBMU"HHX MOPOA, NOBBOJADT PECTABDMPOBATH NEPBMYHHE
QopManuE ¥ yCIOBMA MX 00paBORAHMA.

9T0 BoSMOXHO ONSI'OZBPA TOMy, YT0 DOTHOHANEBHHY MeTaMophusM -
NpOLecC MBOXAMAYECKMM, NpouMcxopamuél B saKkpuTOd cucTeme, (63
IpEBHOCA BEWECTHA MBBHe W (663 MUTpANHM e6ro M3 Cloa B cloil.

Meramoppuuecran zuddepeEqMAnMsA OPH NEPeKPACTANAMBALMM Jaxe
camolf BHCOKOW CTyNeHHM DOrMOHANBHOIO MeTaMopdusma (IpaHyAMTOs i,
aupudoauroBoll, aKEoruTORON Janul) He YJHUYTOXAJNA MEepBMYHO~CJADACTO~
T'0 CTPOGEHA T0JW ¥ MHAMBMAYBABHOCTH COCTABA Kaxzore caos. Ova
MPOMCXOAUNE BHYTDPH CHOEB M NPOCNO6E PABHOTO AXTOAGIMYECKOTD CO-
craBa. , He BHXOJA 88 NPOZGNH AGX6 CAMHX TOHKMX NPOCIO0EB.

B npupoZHHX paspesax BCeX &pXeicKEX Toam CpezHeit AsuMm MH Ha-
GIpzaeM MHOTOKDATHO® TOHK0® M DOHYHD DUTMHUHOS NepeclayBaHHe KpH-
CTHANMYOCKUX MOPOJA PaB8HOr® COCTABA, C DABHHMM MAHEpPAJBHHMM napa-



reHe3UCAMM - rHelIC0B, KPUCTAJAMYEeCKMX CIAHLEB, aMPuGoaMTOB,
E@IbUEQUPOB, MPAMOPOB, PKIOTHTOB, KBAPUATOB 4 APyrMx, 4To o0yc-
JOBAGHD WBOXMMAUBCKMM Xa DAKTODOM DPeOTHOHANBHOID MeTaMopfiusma, sa-
BUCHMMOCTHD MHHG DAJIBHOTO COCTEBA KPHCTAJJMYECKAX NMOPOJA 0T B&A0DBO-
r0 COCTABA MCXOZHWX MEPBMYHHX NOPOZ CJAOHMCTHX OCANOYHHX TOJI.

MeTacoMaT08 np¥ DeTMOBHANBHOM MeTaMOPPMSME MMeX BECHMA 0rpa-
HUUeHHHE® MacuTalh, OH BOSHUKAN NUWE B CEABM C AHATEKCHCUM M
663 MATDaUMH HE8 SHEWITEINBHHE PACCTOHHAA [BXe TAKUX JNETKONOZBAR-
HHX KOMOOHEHTOB, KaK mMeJ04Y4, STOT BHBOJ He DacmpoCTpakfAeTCa Ha
JA0KanBHNE (QopMH MeTaMopiusMa (rMZpOTEpMAaNBHENY, THZPOTEPMATBHO-
MOTACOMATHMYECKMY, CBABAEHHN C ByAKAHWBMOM ¥ HMHTDYSUBHOR Aes-
TOJBHOCTHD, LUPKYJAALUeN TUAPOTEPM B BOEAX TJYGUHHHX pasoMOB),
T.8, H3 OPONecCH, OPOROKEDMNME B OTKPHTHX M M0Jy 0TKDHTHX CHCTEMAX
B CONPOBOEZADWMECH MOABMURHOCTHD M MArpanMell KOMIOHOHTOB. TaKMM
06pasoM, BARMCMMOCTH COCTABA KDUCTEJIMYOCKAX NOPeA 0T cocrasa
MCXOZHHX B COYGTAHMM C POJNMKTAMH IMTOJOTMYECKMX OPUBHAEKOB U
T 0J0TMYSCKHX 0COGeHHOCTel (TOHKONAaCTOBAH (OPME, MHOTOKPATHOS
H DMTMHAYHO® MepeCIaWBaEMe, NPUCYTCTBHE DKATAHEOID UMPKOHA, DyTh-
I8 4 APyrMe OPHBHEKW 0CAZ0YHODO OPOMCXOKAEMAS) H0SBOARET BOCCTA-
HOBHTH OCAZOWHYD MPHPOZYy KPACTAJAAMYSCKMX OOPOX BHCOKOM CTynBEA
perMoHansHOr0 MeTaMoppusma (rpaByauToBoll, aMfuGoIMTOBOA, BKI0-
raTosolf dagait) , MX NOPEMYUHHE JUTONOTHUYOCKME COCTEE U HAMOTUTE
JCIO0BHA MX 06pasoBaHUA,

Jlna apxeiickoro 2Tana XapakTe DHO HAKONJGHWE NpedMymeCcTBOHHOD
00J0MO YHHX H XOMOTOHHHX 0C&AKO0B GoXbWOR MomHEOCTH (6~9 KM B
Tanp-llase, g0 IS5 xuM Ha [lamupe).

B pesyasTaTe ApX6OHCHOrD 0CAZKOHAKONAGHAA BOBHUKIE (opuamus
TOPPHIEHHOTD M TOPPHI'GHHO-KAPOOHSTHOrD COCTABA, DMIMUYHOI'D CTpoe=-
HHA, COCTOANER M3 NOCWHO-QNOBPHTOBHX, I'IMHUCTHX, IIMHUCTO-KEDG0-
HaTHNX 0CAZKO0B, XOMOTeHHHE 00paBs0oBAHMA — BHCOKOrIMHOSEMHCTHG, Kap-
(0BATHHE, KpDOMEHMCTHE - B CpezHeil AsMH MMENT NMOAYMHOHHOE BHAUSHMG,
loBCpZy XA paKTEPHD DUTMAYHO-CIOMCTOE CTPOGHHE Toli ¢ MORHOCTEHD
parmos 0t 0,5-I CM 70 HOCKOIBKMX ZI6CATKOB CAHTMMETDOB (CBMTA
Eylap, aTGaNMHCKAHA, KAPrAmNCKad, KapakyIbJEMHCKan, Geccascras,
KapaTerMHCKAA W JpyI'd4e CBUTH). 5T8 (aMwoMzHas (opuManus HAXa v~
BE&JACH B 0GCTAHOBKO MOIKOMODBA M MAIHX CRopecTeil JA(PepeHiua IBHHX
ABMZOHM! BA QoHe 00merD NOrDyXOHMA 00AACTEN CeZUMEHTANUH.

BaccellBH (HAM oOmMpHR, BOTDPOBAA JMHAMMUHOCTH BOJHOW cpepu
o6ecne YMBAJA WHMDOKAYE DaBHOC MaTepHaia M BHEE6DPXAHHOCTEH TODMEOH=
TaJsHOM CAOMCTOCTH MECTamd B COYETaHAR C Kocofl cIioMcTocTsb. 00—
JECTHAME CHOCA& CHYyXEIM BHCTyIH Cyumd, CIOEEHEN® NopojaMy "Gasais-
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Tos0T0" ciaos. KoHKpeTHasm reorpaua apxeiicKMx odaacreil cHoca

H@ fACHA, HO MOKHO NpPEANOJAraTh, YI0 OHM DPACNONETAAMCH Ha T p-
puTopuUM, BEHATON NOSjHEe HUEKHENDOTEPOSOUCKMMA M DPUQEACKAMH 0OT—
JoEeHNAMM, [lepHOMM YOCKM NOAHMMABUMACS DABHAHEHE peased cyuM OJB-
ronpuATCcTBoBal QopMupOBAHMD NA0OMAZAHOA KOPH BHBOTPUBAHMFA. CMHB M
nepeornoxeHde 9Toll KopW ¥ ocazovHas ZuddepeHmuaidn o0y CAuBM.MA
BCE pasHooOpaszue COCTaBa OCAZKOB M HA JHe (acCeliHoB.

QopMaLUOHHH 8HAJAWS NEDPBM YHHX 00pa80BaHMll zaeT 0CHOBaHMA Npej-
nonareTs, uyro B CpezHedl AWM B TeUOHHE apxelicKoro sTana TEKTOHU-
YECKME ZABUEEHHA O0TIMYEAMCE MEANEHHOCTHND, O0TCyTCIBMEM DaBIOMOB,
BCJGJCTBMEG Y6ro B Paspese NEePBMYHHX OTAOXEHMA pepxum rpydoodio—
MOYHHE M OTCYyTCTBYOT ByJKAHOTE@HHHEe NOPOZH. Mazafg KOHTDPACTHOCTE
CTPOGHAA B86MHON KODH M DABHMHHOCTH €6 pejnefia re CIAr0NpPUATCTS -
Bal¥ 06pa30BEHHUD DABAOMOB M BYJKAHMYECKO! ZAEsTeIBHOCTH,. ByixaHu-
YeCKaA JesTeabpHoCTh B CpezHell AsuM HayaJachr B pudee.

B KoHOe apxedCKod 2pPH 0CEAKOHAKONJASHME CMOGHMJOCE SI0XO0H MHTE H-
CHBHOIO PETMOHE IHHOTO METAMOD)MBME B COYOTAHMM C DETIM0HAJIBHHEM
yasTpaMeTaMopiusMoM M QOpMMPOBAEMEM CKAAZ4ATOR CTPYyKTYPH THNA
00WMPHEX KyN0J0B,.

Pernosannhuii MeTaMopdusM apxelicKoi snoxu M yALTpaAMeTaMopJyaM
NpOMCXOZMIN 0DZHOBPEMEHHO M B 0ZHOM MHTEDBAJE TepPMOZMHEMUYECKHX

ycnosuite HauGolee GraronpUATHHE CJAOM W NpoCiDM YECTUYHO WM
' NOMHOCTBN PECOAABAAANCH, 00PE30BHBANA MUTMETATH, GHATEKTMTH, 8
B CJyYafX paclJaBIeHHA BHA WITOJBHHX M8CC, TOMOTOHMBELMM W [6 pe—
MENeH!ss B COCeAHMe yYaCTKM 00paB80BHBAJACE DPEOMODOM Y8CKHE TIpaHU-
TOMZHNE TEJa,.

B pesyipraTe 8PX6MCKOI BM0XM PErMOHAJIEBHOrD MeéTaMoppusMa sa
C®T apxeiiCKOro 0CaA0YHOIrD KOMIOAEKCE cHopMMUDOEANCA KOMOAGKC
KPHCTAIAMYSCKAX NOPOZ 4 yAbTpaMeTaMophH YeCKAX 00pas0BaHMi (KoMn-
JIOKC KDUCTSIAIMYGCKAX NOPOA BHCOKOW CTyNeHM - IpaHyAUTOBOH, aMdpu-
GoaMTOBOM M BRAOTMTOBON QayMii, C MUTMATHTAMK, BHATSKTATAMU U
peoMopdMYECKMMH TI'PEHUTOMZAMM),

Bce KpucTanaMyecKue MOPOAH 8PX6HCKOrD KOMIXEKCA ABIADTCH
H8ofanManbEHMM, OHM BOSHHK/M B OAMHAKOBHX WA OJMBKUX T6 DMORM-
HAMUAYOCKUX JCIOBMAX. PEBHHO MHHO[pANEHHO NapaTeH6BACH NOPOJ BHYyT-
DU KOMONGKCA 06yCNOBMAEHH DaBHHM COCTEBOM MCXOZHNX nopoz. Taxum
o6pasoM, pasHOOGpaBHHU COCTAR NEPBUYHHX N10POZA OCAZOYHOTD KOMO-
J¢Kca apxes 00yCIHOBHA BCe DAaSHOOOPESME KDPUCTAJIMYECKUX MOpPoA M
yABTpaMeTaMopPM 9eCKUX 06 pasoBaHMM,

HepsuuHO-0CAZ0UHOE NPOMCXOKZeHKe B CpezHeil AsuM uMenT amdu-
GOJATH M SKJIOTHTH, KOTOPHE MHOI'OKPaTHO, TOHKO M DMTMUYHO Mepe-
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CIaMBEDTCA C MpauMopamu, xanpuuupamu ¥ ApyPHMM TUMM UHEMM napa—
nopojamMM, COnepPXAT rpagUT OMOIEHHOID NPOMCXOXJEHMA, OKATAHHHE
36pHA UMPKOHA, PyTWJA W 06pA30BAJUCE 38 CWT CHDEB M NPOCIDEB
TIMHUCT0~-KapOOHATHHX 0CAJKO0B, CPEAM KOTOPHX, HAZ0 AyMaTh, OHMM
CNOM C TIAMHMCTHMM MMHEDalaMl pasHOOGDEsHOIO COCTEBA U pasHOTO
KOJIA Y6CTEEHHOTD COOTHOWOHWA TJAMHMCTHX MMHEDal0B M KapGOHATHOT'O
BEmeCcTHa,

rak, B pesy/bTaTe apxeidcKod BnoXM DETUOHANBHOTO MeTaMophus-
M8 3@ CYeT 0CAZ0YHOI'0 KOMINEKCE apXef BO3HMKNA MeTaMopduyeckan
G opMaliMA KPUCTAAJAMYSCKMX MOPOA BHCOKOU CcTyneHH. PasHHe MMHEpalb-
HHe napareHesicH (MeTaMopguueckue QauuM - TpaHyaUTOBAH, AMpU-
GoauT0EaA, SKJAOTUTUBAR) BHYTPMW 8To# mMeTamopfuyecKoit fopmaLun
06yCADBJEHH D8 3HHM COCTEBOM MCXOZHHX MOPOJA.

Boob6me apxefickuil UCTODPUKO-TEOJAOTM WCKAA KOMIIEKC XapaKTepeH
CBOMMKM 0COC6HHOCTAMM JMTOJ0OI0-NETporpaguyecKoro cocrasa, TEKTO-
HMKM, peTMoHANBHOTO MeTaMopdusMma W yapTpaMeTaMmopdusma, KOTopHe
0TAMYBKT 6r0 DT BCEX APYTMX 60Jiee MOADAHX KOMMJGKCOB ZIOKEMOpPHA.
9T 0COGEHHOCTM 8DXEWUCKOr0 KOMIJEKCE 0TJIMYENTCA BbJIGDPKEHHOC THID
He TOoJABKO H&8 TeppuTopuM CpezHeidl AsMM, HO M, HAK [OKABHBAGT aHa-
JU3 IMTEepaTypH, JAJI6K0 88 €6 npejeJami, YTO 86T BOSMOKHOCTH
KOppeaupoBaTh apXefiCKuil MCTOPUKO-Ie 0J0IY YECKNX KOMIJGKC HE BCEX
KOHTWHBHTEX BEMHOI'0 wWapa.

0O ceoeoGpasui ¥ HeNDBTOPMMOCTH YCJIOBMY 8PXEUCKON anoxum peruo-—
HGJIBHOT'D MeTaMopjuaMa ¥ 0 TOM, YTO apXeACKM{ KOMIJEKC OuWJ cpasy
MHTOHCHBHD MeTaMoppuB80BaH, BOEpBHE duna BHCKaBaEa MHCJAE B.W.Bep-
Hazckum (I939).

[ogHATHE KOHCOMMAKXPOBAHHNX 06A&8CTEH &pxeMCKUX TOJNW IOCIAYyRMIAD
HayaZoM pDaHHENPOTEPOBOUCKODD 3TAlA PaBBMTAR MPOLECCOB O0CAZKOHa-
KonJaeHuA. OGJBCTAMM DEHHENPOTEPOSOWCKOID 0CEJKUHAKOMJIGHWR CTa—
IM crAyxaTh OuBuMe apxelickue oGmactu cuoca, I'paunuamy oGracrel
NOZHATHAA W NOTPYyKGHMA 8Toro aTana B CpezHeit AsMM dame ABIAIACE
TAYyOMHHHG DABJIOMH, BOBHWKHOBEHME KOTOPHX B S6MHON Kope, NO-BUJAMO-
My, Haz0 OTHOCMTH K DyOGexy apxes W DaHHero MpPoTeposod, NOCKOJAb-

Ky HKDyNHHE paBJOMH NJ&8HETAPHOTO M TAyOHMHHOTO THNE HE XA PaKTePHH
ANA CKISAYSTON CTPYKTYpPH 8pXed ¥ OCHYHO HAANOEKGHH Ha HEE JUCKOp-
JaHTHO. li8BecTeH ToapKo ciayuwadt B Kypykrare (Bocrounnil TaHb-llaks),
rje HAXHAD NpoTeposoid BHaleraeT C pPe3KMM YyIJOBHM HecorjacueM Ha
0KpauHy TapMMCKOI'0 M8CCHUBA ApPXEACKMX NOPOZ.

Meane HHOCTD: MOAHATHA DPEHHENPOTepP0B0ACKONd cyuu, CIOmEHHO# Kpuc-
TaJLIK Y8CKMMKM MOpPOJaMHA apxes, 06yCJOBMAE CHOC B CEZMMEHTA LM OHHHE
JAENPECCHM 1IPeMMYSCTBEHED TOHKOOGJOMOYHOTO METEPMETA M NMPOZYKTOB
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XUMMYECKOTD pasJ/iokeHMs nopoz. Huzmuuil nporeposcl CpezHeit Asum
NpeACTaBA8H KBA&pPUATAMM, CJOAMCTO-KBEPHEBHMA ClaHuaMu, aMpuco-
JATaMM, MpaMOpaMm, CJADAMCTHMA MDAMODEMM, yIJI6DOAUCT 0-BEN6BUC—
TO-KB&DUEBHMA L10POAANM, K KOTODHM NPMyDOYEHO 0CAZ0THOE OpYA6HE-
HMe ®eJyesa (XeJe3MCTHe KBADLUMTH W CTPAaTH(POPMHOE C6pHOKO0IYezaH-
HOe DpyZEHeHME). [locJezHee NpUypOoYeHD K TEMHHM CA0fAM, COAepEA-
UMM BHA WTEJNbHDE KOJMAYeCTBO yIAEPOAUCTOTO BOMECTBE DPIaHMus CKo-
I'C NPOMCXORASHURA.

JMTONOTMYSCKHMI COCTAD HMXHENPOTe POBOMCKOr0 0CAZ0YHOID KoMO-
lIeKca CBMZETEABCTBYET 0 TOM, YT0 0H pOpa30BAJCA 88 CYeT HaKoI-
JIGHAA NPOZY KT9P TI8BHHM 00paBsOM XUMMYECKOI0 BHBOTDMBA HARA .
CroeoGpagHoit wepToll paspesa HUKHETD NP0TEP0B0A ABAAGTCH 8CCO—
quanMAa TOHKOCJAOMCTHX DMTMUYHHX OTJAOEEHMHA C TOAMEMM HO DUTMY YHHX
CJIOMCTHX KBApLEBHX MECKOB NPd OTHOCMTOJLHOM OGUIMHM TOJNW WICTO
KapOoHaTHEX NopoA (ocoGeHHO B paspesax KypyKrarcKom ¥ Maxéaas-
CHOM), ABIADWNXCA NPMBHEKOM CTAGMANBBLMH TEKTOHMYECHKOID POXMNME.
B oOzacrax CHoCa paHHeNPOTepPOB30ACKUr0 2Tana B yCAOBMAX MaAONOz-
BUEHODH, CI8G0 pPACY.6HEHHOR cymM Ohia, OUWBMAHD, PasBUTa MO~
H8A NJOWAZHAA Kopa BHWBETDWBAHMA, 7Z8BABI&A MATEDUAN B GECCEHRHH
CeZUMMeHTaLMM,

PaHHuit nporepowoit CrepHeldl AsWM 3aBepuMJCH SN0X0i peruo-
H8JIPHOTD METEMODPMBME CpDEAH6H CTYyNEeHM 063 WHMPOKOI'D NPOABAGHUA
yasTpameTaMopdusMa, CKISZYATOCTED, HOPMMPOBAHMEM IIyGHHHHX
pasioMOB M CBABEHHWX C HMMM MHTDY8M#l 0CHOBHOTO M yAHTPE OCHOBHO-
T'0 COCTaBa,

TeRTOHAKE KPUCTAANMYBCKOID KOMNJEKCA HUEHEI'D NPOTEPOB0A MMe-
€T CBOM cneyuduyeCKMe 0COCEHHOCTH, O0TAMYHHE 0T KYyNOABHHX CTpyE-
Typ apxef. JuHeHHHe CTPYyKTypH 00yCA0BAGHH N8CTKMMM pDaMaMi &pxei-
CHAX TOMN, B OKPyXeHMA KOTODHX D88BUBAJNACH DAHHeNpOTEepPOBOHCKME
npoTuGH,

Onoxa TeKTOHO-MATMATUYECKOM AEATEABHOCTM KOHLE paHHero npo-
TEPOB0A NpUBENa K NOZHATUI M DJayOGoKod NiomazHoR 7€ HyZAauuH,
npespaTUBmeit TeppuTopip Cpezseil AsuM B NeHenaeH, KOTOPH@l B cpep-
HeM NMpoTepoane OWJ YaCTHYHD BAHAT SNMKOHTMHOHTAIGHEIMH MODCKUMY
gdacceilHaMA. OTOT NpOLECC NeHEeNAGHMBALMM WMDPOKO NpofABIeH B Espa-
SMM M HA ZpyTAX KOHTMHeHTEX.

B MEJKAX BNMKOHTMHEHTAJBHHX Mopsx CpezHeil ABMM HAKOMIANACEH
0THOCMTEAbHO ManoMomsas (400-500 M) dopManyus Z0AOMUTOB U MBBECT- .
HAKOB, C MPOCJAOAMM TOHKOBEDHACTOID T6PPUTEHHO~XEMOTEHEOTD CO—
CTaBd, sajerapiias HOCOTASCHOD HA &PX6UCKMY M HMEHENPOTEPOBOACKMX
NopoA&x, NOKPHTHX KOpoidl BHBeTDMBAKMA. B CpepHelt Asum npezcpezre-—
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npeTepos0iiCKas Kopa BHBOTDUBAHMA MBEECTHA NOKA IANG B BoJAbmOM
Kaparay.

CpezHenpoTe posoliCKMil KoMONORC MeTaMopjusosaH BMecTe C pujeii-
CKMM KOMIAGKCOM B HEBKOR CTyNeHM D6 T0HAIBHOTD MeTaMopjusMa (Juz-
IUT0-8616HOCIAENEBAS CTyMeHE), N0 XapaKTepy CEISJUATOCTH 0H TaK-
X6 GIM30K K pudeiicCKoMy ROMNAGKCYy, HO o yCAOBHAM COZAMMEHTANMA M
ApPKO BHDBRKGEHOMY NAaTHOpDMOHHOMY X2 paKTepy OTA0EEHMN CYmecTBeHHD
0TMYaeTCA KAK 0T (0J6e ADEBHHX, TAK M 0T 00JM66 MOJOAHX KOMIO-
J6KCO0B.

lirak, BCe TDH MCTOPUKO-Te0JOTHYECKAX KOMOJAGKCA - &pXeficEui,
HUXHe- M cpezHenpeTeposolMckuil - B CpepHefl AsMM MMENT CBOM X&pdK-
TEPHHE 0TAMYMTONBHNE 0COC@HEOCTH: COCT&BA, DOTMOHAIBHOI9 MeTaMop-
fnsna, TOKTOHMKH, MATMATHSME, METAJIOreHMHM M Ap. OCo0EHHOCTH Co-
CTABA KOMIJAGKCDB 00yCAOBIGHH cnenMduuyeCKHMA yCAOBMAMM 0CAAROHA-
KoNZeHUs KAXAOTD 3Tana M CJBZyDMEMM 58 HAMM BO0XAMM DO I'M0HAIBHO-
r0 MeTaMopjusM8, CHI&ZYaTOCTM, MAIMaTHUYECKMX NPOABIGHME M Ap.

Jrans OCAZKODHAKONJGHMA M SM0XM DPETrMOHANBHOTD MeTaMophnama M
CKNAZYaTOCTH, BHAOIGHHHE HaMM B CpezHell Asud, UMENT BHAUGHWE He
TOABKO AaA CpezEeit AsMM, Ho M B GoJee WAPOKOM niaHe, OHM Xopo—
U0 CONOCTABMMH C IeO0XPOHOJOTMYECKOM cxeMoll pasMemeHMA N0BEPXHOC-
Tell BHpDaBHWBAHMA B ZOKEMODMM HA mMTax BCEro S6MHOI'0 mapa, ZaHHOM
A.B.Cuzopesko #4 B.M, Biika (I970), uro CBAZETEALCTBYyET 0 TIA008 15~
HOCTH 9Tamos 0CAAKOHAKONNGHMA, 0 TA00aABHOCTH TIaBHHX 3MN0X peruo-
H8NBHOr0 MeTaMOp)UsME M CONPAXEHHOTO C HUM guacTpofuama, Gopmupo—
BAHWA NOBEpPXHOCTEl BHPaBHMUBEHMA M T.Z. BCce 5T0 CBMLETEABCTBYET O
NpaBOMePHOCTH ¥ HAZGXHOCTHW KOPPeNALMM DAHHETD Z0KEMOPUA KAK B
npesie 1ax CPeAHEABUATCKOr0 DETMOHE, TAK M B 60166 WMPOKMX MACWTEa-
gax.

Hcropuyeckad cMeHE QODMHDOBAHMA MEeTAMODPMYEGCKUX KOMIOASKCOB
0TPaR8eT 2BOJNLED Ie0J0Id WCKMX OPONECCOB ADKeMODUA — 0CaZKOoHA-
KOONOHAA, DOTHOHAABLHOTD MeTaMoppusMa, TEKTOEMKM, MaruaTHsua, Me-
TaAN0TOHEM,

CymecrsopaHue TPeX DPABHOBOBPACTHHX MeTaMOP)UuUeCKUX QopMauuit,
pasidYaONMXCH MHTEHCUMBHOCTED TONA0BOTO0 N0 CBOER npupose peruo-
HaJBHOTD MOTaMopjusuma, CBHZETENLCTBYET 06 DBOJNNMM TENAOBOTD
Dexuma 3JemuM, Kaxzad anoxa pervoHazlbsHoI'0 MeTaMopdusma (amoxa Mu-
HepanooGpasosaddg mo A.d.Tyrapunory, I1956) xapaKkTepus0Balach Mol
HHM [0ZBeMOM Tenia W8 Heap. [Ipy oToMm HauGoZee BHCOKME TeMmepa-
TypH Nporpesa 3eMHOY KOPH OMAM B Kokne apxes (650-750°C m Bume),
8 Ka®A8s . 0CAGZAYDUAA BN0Xa8 ONJA X8DaKTEDHA BCe G(nlee HUSKUMM
npejeaauu Temmeparyp (B KoEue DaiHero npereposed - ze 650%, B pu-

101



dee - Ze 450%), Dru TeMOEGPATYyPHEG OOADEMH, OMEM, CMOHAAKCH peB—
KHMH COAZ8MH TOMIODATyp, 0TPAXAs 00MyW BOAHOOGPABHYD yOHIL BoM-
HOT'D TONJA8 HA NDOTARGHMM ZoKeMOpulicKoX mcropus (Beasxosa, Orues,
1970).

[lpupoza 8Tore TONAOBOro pexuMa SeMAM B HACTOANEE BPOMA He
UMBOT BCOCTODOHHOID 0GOCHOBAHHOTO 00bACHOHMA. B.U.BepHajckuit
(I939) rosopua o6 OTMMDAHMM DAJMOTEHHHX MCTOYHAKOB TENIA B KoH-
e apxeiickoli opH. Celiwac BHABJSHH pAJMOTeHHHE M Apyrue (rpaBHieH-
HHO, DPOTAMOHHOTeHHHO) MCTOYHMKM B6MHOTO Tenia, HO MX [10B6Z0HHE
B MCTOPMYOCKOM BCNEKT6 paBSBHTHA 3eMIM H6 yCT8 HOBAGHD. OfHAKD
HaIM W¥S STANOB 0CAAK0HAKONAGHHA, B0 BPeMs KOTODHX B Aempec-

CHMEX HAKONARIMCH MOWHHG 0CEZ0YHHEe TOMNWM, HAIMYMe 2TANO0B, BABOD-
WABEHMXCA BNOXAMH DOIMOHEABHOI0 METEMOD)MBME, KOTOPHE B 0THOCHTOLE~
HO KpaTKU# NpOMEXYTOK BPOMEHM NpPeBPAmaNM 5TH TOMWM OCAAKOB B
METAMOPJMISCKME KOMOAEKCH - CRANeTeNeR HepaBHOMODHOCTM T6 IJA0BOTO
pexuMa 3JeMJM, ABAADTCA HOODENOEHHMM M TPAHAMOBHHMH COGHTHAMH
Tre0JeTMYECKDd MCTOPUM, (AKTaMH, EOTODHE 6m6 XAYyT CBOEr0,00BACHE-
HHA C nosunMil nisHeTapHOd QUBHMKOXHMUH,.

B 8aKINYeHME HEOOXOZMMO OTMETHTH, UYTO M3y YGHAS MOTaMoppuuec—
KMX TOJU AOK6MOPAA, B OCOCGOHHOCTM HMEHEID JOKOMOPUA, C NOSMIMI
DCaZioYHO# I'e0JOTMN ABAAETCA BECHME MIDZOTEOPHHM B 0OTHOWEHMM
KoppeNALdd ZOKeMGDUA, KAK B DPOrHOHANBHOM, TAK M B IA062JBHOM
Macmrace.
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0.4.11 y ae Ba (CCCP)
KOHTMHEHTANEHHE [EPEPHBH B T'EQIOTWYECKOH WCTOPMM
PAHHETOQ NOKEMEPUA KOIEBECKOT'O IOIYOCTPOBA W BOMPOCH KOPPRJILALIN

O.I.Lune va (USSR)

CONTINENTAL BREAKS IN THE GEOLOGIC HISTORY OF THE
EARLY PRECAMBRIAN IN THE KOLA PENINSULA AND PROBLEMS
OF CORRELATION

Problems of global correlation of the early Precambrian sedi-
ments are closely associated with the events of the oldest se-
dimentation, and their common character in adjacent and remote
areas. The principal markers of these events are geotectonic
cycles in the Barth's evolution which are reflected in the
structural pattern of some crustal geotectonic elements and in
the history of sedimentogenesis.

Like the Phanerozoic history of continents, the Precamb-
rian history can be divided into several stages reflecting the
general laws of the Earth's crust evolution. However, as the
early Precambrian is not so well studied,and to recomstruct
the processes of the Precambrian tectogenesis and sedimentoge-
nesis is rather a difficult problem, the subdivision cannot
yet be done in detail.

Over the whole Precambrian history of continents the
breaks in sedimentation took place repeatedly. We distinguish
them now when studying in detail cross-sections, the composi-
tion of rocks, degree of metamorphism, tectonic pattern of re-
gions, evalution of tectonic processes, and accomplishing the
structural analysis of metamorphic rocks.

Epochs of prolonged continental intervals in geological
history were commonly accompanied by the formation of continen-
tal weathering profiles, relics of which are found at different
stratigraphic levels of the Precambrian. In addition, products
of erosion and redeposition of the weathered material found in
deposits of various ages, can be an indirect evidence of the
environment of previous weathering.

Precambrian conglomerates which are recorded in the old
successions at various stratigraphic levels always indicate
local or regional, short- or long-time erosions., They may not
nécessarily evidence breaks in sedimentation but often reflect
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in the composition of clastic material and in their position
the time and the place of orogenic movements and of a continen-
tal rock-formation, the geochemical environment of weathering
on the continent and, to some extent, the duration of conti-
nental breaks.

Detailed studies of geology, lithology and metamorphism
of the early Precambrisn in the Kola Peninsula and adjacent
arsas demonstrate distinct stages in sedimentation and enable
us to distinguish in the Precambrian of the Baltic shield some
continental breaks evidenced by weathering profiles, products
of their redeposition, angular unconformities and other geolo-
gic features. The revealed stages of sedimentation give a basis
for the correlation of the early Precambrian sections both
within certain regions and over the whole territory of the Bal-
tic shield. The major continental breaks separating such epochs
of sedimentation and tectonogenesis which correspond to sub-
groups and groups of regional and general stratigraphic scales
can also be used for a reliable global correlation of the Pre-
cambrian.

There were rather many breaks in sedimentation during the
early Precambrian within the Baltic shield. They were not
equal in their dnratioq and importance for the geologic history.
The most significant of the breaks are those separating such
major units as the lower Archean, upper Archean, lower Protero-
zoic, middle Proterozoic, Riphean. These breaks are marked by
angular unconformities and epochs of continental weathering,
multiphase foldinz, and regional metamorphism. The breaks which
are next in significance exhibit well-developed profiles of
chemical weathering, geographic unconformities, conglomerates,
thus permitting the more detailed division of the early Pre-
cambrian, e.g. into groups, and the regional correlation of
these units. There are more breaks indicated by stratigraphic
and geographic unconformities and conglomerates, but, on the
other hand, they are of a shorter duration and of a more local
character. They serve as a basis for distinguishing formations
in the Precambrian metamorphic sequences.

The following major epochs of continental breaks are known
from the early Precambrian geologic history of the Baltic shield.
The pre-Keret is considered to be the earliest epoch, since we
do not yet know any older geologi¢ accumulations within the
Baltic shield. The next major continental break falls on pre-
Loukhi time. This probably marks the boundary between the lower



and upper Archean. The third major break (pre-Liavozero)
serves as & boundary between the Archean and the lower Prote-
rozoic. The fourth epoch of weathering, the pre-Chercurt,
marks a continental gap inside the lower Proterozoic within
the Kola Peninsula. The pre-Romanovo (pre-Earelian) break
marks the boundary between the lower and middle Proterozoic.
The pre-Ilmozero break is the most important one within the
middle Proterozoic. The Riphean cycle of sedimentation was
preceded by the seventh major continental gap.

Thus, in the early Precambrian geologic history of the
Baltic shield seven major breaks can be recognized. The
breaks represent epochs of continental weathering, tectoge-
nesis, magmatism and metzmorphism, which can serve as corre-
lational markers not only for the Baltic shield, but also for
greater territories, embracing the whole continent. At least
five of them can be used for the global correlation of the
Precambrian.

[lpoGaeMn rioGalnsHoll KoppedsnMMd 0Caz0YHHX o6pasoBaHMil paRHeTD
ZAOKEMODUA TECHD CHA88HH C COOHTHFMM UCTODHM ZpeBHeidmero ocaz-
KOHa8KONNGHMA ¥ MX OOMHOCTEN HA COCEZHUX W yAAIOHHHX TEeppUTO-
pusx. OCHOBHHMM pemepaMy OPM STOM ABAANTCA TOKTOHHYECKHe
[MKAH B DASBMTHA 36MAM, KOTODHE 0TDaXeHH B 0COGEHHOCTAX CTpOe-
HAS W SBOIDOMM O0TZEINBHHX CTDYyKTYDHHX SIGMEHTOB SEMHON KOpH M
MCTODUM CEZMMEHTOIEHe BA.

B nochejHMe NeATOpa ZGCATHAETMR 0QOPMHIOCH HOBOD® Hay UHOe
HanpapJeHds - IMTONOTHMA M 0CaZoyvyHad Ie0A0TUA JIOKEMODHA, Ko-
TOP06 OTKPHIO HOEHEe MyTH NOBHAHMA MCTODUM BeMAM HA pAHHMX
9TaNax ee reoAorMyccKoro passuTuA (Cupopenxe, Jymesma, I9I,
1967; Cupoperxo, 1963, 197, 1970, I975; lyHesa, 1972). Drum
HalpaBieHMeM 0G0CHDBAHA BO3BMOXKHOCTH BOCCTAHOBIGHMS XapaKrepa
Npoyeccos 0CALKOHAKOMAGHHA B AOKEeMODHM, NpoBeieHUs (QanwaasHEoTo
4 §opManAOHHOTO 8HANMB0B, pacmMPpoBKM N8I60reorpaduIecKHX oG-
CT3HOBOK fpeBHeiiwero 0CazK0HAKONIGHMA, BOCCOBZAHMA HMCTODUM
Z0KeMOpHiiCKOTD COAMMEHTOTEHE38 M IMTOreHe3a B [ENOM.

JcraHOBIEHO, YTO CpPeAM 0KEeMGDHIICKHX 06pas0BaHMM KOHTHHEH-
T03 NpeoliazapT NpeTepneslde pasiu wiHe Npeo6pasoBaHHA B Te Ue-
HME AMUTENBHOR MCTOPUM CBUETD CYNECTHOBAHMA [6DPBA WHO-0CAZ0%~
HHE MOpojH, 9T0T ¢aKkT MMEeT NPUHLUNMAJNBHO8 BHAUOHMe JJIA MOEH=—
MAHUA COBOKYNHOCTH I0JOTHYECKMX sBA6HEA B apxee, NpoTeposoe
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M faHeposee KAK eAMHOI0 SBOJDUMOHHOI'O MPOLECCA DPasBUTHA 36M-
Ho# Kepu (Cuzopesko, I1969).

[lopgoGED PaHeposodCKOR MCTOPUM KOHTUHEHTOR, Z0KeMOpUilCKaR
JIcTOpPMA MOEET GHTH MOZAPABAGJGHA HA DAA STANOB, 0TPARAKMMX 06—
M6 BEKOHOMBPHOCTHM SBOJKLUAM BEMHOA KOpH. JTOr0 [10Ka HEIb3A
czenaTh C Toif ®e, KaK ¥ zaA $aHeposSOA, CTENEHBD IETANBHOCTH
U3-88 3HAUMTENBHO MEHBWEJ MBYYOHHOCTH ZoKeMOGpua (0CDOBHED paH-
HOr0 ZOKeMOPUA) M CUOXHOCTM BOCCLAHOBJIGHWA LPOLECCOB ZAODKOMO=
DHICKOI0 TOKTOreHEB& M COJMMEHTOIEHESE.

JoxeMOpHiiCKaA ITepJordyecEas IETONAChH, TAK X6 KaK M faHepo-
8olicKas, XapaKTepUsyeTcsa CBo6#l HemoiaHoTol. Ha npoTAEeHMM Zo-
KeMOpMACKO#l MCTODHM KOHTMHOHTOB HO OJHOK[ATHO MMEJHM MECTO OOpe-
PHBH B 0CaAKOHAKOOA6HMA, KOTODHE DACI0BHAWTCA HE OCHOBE Ae-
TAABHOTD M3y YeHUA paspesos, COCTABA Clarapmyx ¥x nopog, cre-
NeHM MeTamopduuecKoro npeoGpasoBaHMA [0Poj, HE OCHOBE M3y UYe-
HMA TOKTOHMYECKUX MPOLBCCOB M CTPyKTYy PHOTD AHAJMBE METaMopgu-
YeCKAX NOopoA.

ONOXM ZAATOABHHX KOQHTHHEHTANBHHX NOPEDHBOB B réolordwcKol
MCTODMM, KBE NpPaBMUI0, CONDOBOEAIMCE (QOPMMPOBAHMEM KOPH KOH-
TUHEHTAIBHOrO BHBETPMBAHMS, POAMKTH KOTOpDOd HACIDASNTCA Ha
pasHHX CTpaTHrpafuyecKMX yPOBHAX JioKeMGpus (lisBexon, IexMH,
1962; KopsruH, I967; BockpeceHckas, 1968; Cupopesko, Wilka,
I1970; TenoBeHok, I971 a,0; Manm, I97I; Beaskosa M Zp., 1975,

M ApP.). Kpome Toro, NPOAYKTH DSSMHBA M NePe0TIOXE HUS KOPH BHBET-
pUBAHMA NPUCYTCTBYDT B PABHDBOBPACTHHX KOMIONGKCEX M MOIyT

OGHTh KOCBOHHHM [0KGBATENEGM yCAOBMH 11pOAWECTBYOLSID0 BHBETPH—
BaHAA.

[epepHB0B B 0CA&AKOHAKONNGHWM B pABPOBAX DAHHETO ZOKOMOPUA
KOHTHMHEHTO0B OHI0 A0CTATOYHO MHOr0., He BCe 0HM DABHOBHA WHH
09 ZAMTONBHOCTH, PACHPOCTPEHGHHOCTH M MOCTYy B Ie0loTM Y CKoM
ucropud. HauGonee 8HAWMMH Té, KOTOPHe DA3JENANT KpylHHe 01—
POBKM BPOMGHM W MADPKMDYWTCHA yILJADBHMM HOCOIAACHAMA, SMOXaMK
KOHTMHEHTAAbHOr0 K0P00OPasoBaHMA, CKIAZYATOCTH M Do TMOHANBED-
ro MoTaMoppU3ME. OTH NepPEPHBH DPABAGAANT Ie0JOrMYeCKYD MCTOPUD
JAOKEMODMA EOHTMHOHTOB HE KPyNHHe 0TPeBKH, BOSMOXHO 0TBOYAD~
mMe HAagrpyooam ¥ rpynneMm cTpardrpadu wCKoR WKaJH,

MeHO® MPOZOAXMTONBHNG NOpPePHBH B 0CEAKOHAKONAGHHH, (QUKCH-
PyDOEMECH X0pOmP DABBHTHMA KODaMM XMMHYECKOIO0 BHBOTPHBAHUA,
reorpaduyeCKMMM HECOTIACHAMM, KOHIIOMODATAMM, [103BOJIADT
OpPOMBBOAMTE O0l66 APOGHDE DPACUISHOHHO TOXN PEHHEI D ZOKOMG-—
puA, HANPHMED HE COpPUM, M OPOBOZUTH MX PEIrMOHANEHY D KOppels-



uup, [[epepHEH, BHPAKEHHHE CTpaTUIrpadudeCKMMM W Ie eTrpady yeCKUMK
HECOTJaCHAMM, KOHIIOMEpaTaMu, C0Je6 MHOTOYACNEHHH, Ho, C Apyroi
CTOPOHH, M Oo0lee I0KaJbHH, [[0 HAM CTDOMTCA BH@JNEHME TEX MM
MHBX CBHT B paspessx A0DKeMOPUACKMX MeTAaMopyuue CKMX NOPOA.

BuaBleHHaAs B KOHKPATHHX WCCJSZO0B&HWSX 3TAMHOCTH 0CaZKOHAKOIF
J8HUA CNOCOGCTBYeT KOPPOJNALMM Daspesod DaHHETD AOKEMOPUA B
npezen8x 0TZEJbHHX DOT'MOHOB M LEJHX KOHTHHeHT0B. HauGonee Kpyn-
HHE KOHTMHOHTAJBHHE N6pPEPHBH, pasleJANNMe TaKWe BMN0XH CeUMeHTa-
oMM M TeKTOreHEB8, KOTODHE 0TBOWNT HajiTpynmnaMm W rpynnam peruo-
HAJNBHON M oOwel cTpaTHrpagu YeCKAX WKAH, MOTYyT OGHTH HAZ6XHOD uC-
N0Ab30BEHH TaKKe M AJA IA06albHOM KoPPeIALuM.

CaMbMy 2p@BHMMM NOPOjAMM, WBBECTHHMM HA TEpPDUTOPMM Balruli-
CKOTO WMTa, ABAANTCA MUIMATHBHPOBAHHHE U TpaHMTHBMPOBAHHHE GUD-
TYTOBHE M aMPuOonp-GMOTUTOBHE THEHCH W I'paHATO-THEWCH, CH&Ian—
m¥e OTPOMHHE NIoWazM. ST0 MOPoAH KepeTHCKOR CBUTH GeJIOMOPCKOMA
CepuM pra 4 wro-sanaza KoAbCKOT0 NolyocTpoBa M ceBepHoit Kapeuuu,
THEMCH M TPAHMTO-THEICH M3 HUBOB PA3PESA KOABCKOH CEpMH, THEMCH
4 TpasuTo-rHeficH MypMaHcKoro cepera, TaK HGBHBEOMHE TI'HEWCH 0C-
HOBaHMA QMEAAHZMM. B 16JIOM 10 coCTaBy 9TH 00paB0BEHHA O0THE W NT
GPKO30BHM [16C W HUKaM, AJ8BPOJUTAM, 8J76EDPONEAKTAM. Ha 0CGIOMOYHYD
npupoAy OMOTUTOBHX I'HEACOB yKABHBAKWT COXPAHMBWMECA DPENMKTH
NCAMMMTOBOM CTPYKTypPH, OKATAHHHE UMDKOHH M JMHBH NOJMMMKTOBHX
KOHTJIOMEDaTOB, HAXOZKA KOTODHX MMEOTCA [10K& AW HA TEDDPUTODHH
PUHARHAMM BOCTOYHAe 08, lHapu. [albKM BTHX KOHIJIOMEPETOB Npeji-
CTEBIGHN EMIBHHM KBapLEM, JN6HiKOKDATOBHMM NASGTHOTDAHUTOMZAMM,
TOHKDBEPHUC THMY OWOTMTOBHMM, EMPUOUA0-OMOTUTOBHNM M 7By GADAAHHMM
THecamu, lleMeHT - 76 UKOKpaTOBH{ GUOTUTOBHE I'Heilc. KoHrioMepaTH
0TPAXaWT JOKS8IBHHO DASMHBH M MMENT AEBHHI BHYTPU(ODME LM OHHHR
0614 K.

Xapakrep paspesa 9TOr0 KoMOJAekca O0POA, MX UCX0JHHN a8pKo3o-
BHii CoCTaB, B3HA WMTOABHAA MOWMHOCTE (nopAzka I-2 KM) CBMAETEIBCT-
ByOT o TOM, YT0 MCTOYHMKA 0CAZ0YHOI'0 Ma8TepHana, NOCIAYKMBUUE AJA
HEKONAGHMA BTod ToJmM, OHAW IAyCO0KO NepepaGoTaHH MpPOLECCAMM
DuaMyYecKOro ¥ XHUMHYECKOrD BHBeTDHBAHWA. [IpoOeccH 0CaAKOHEKOI-
JI6HAA TOr0 BpEMEHM, UMewmue BospacT Goxee 3,0 MApZ JeT, NpouC—
XOZMMM, MO-BUAKMOMY, OPM yYaCTHUM CBOCOZHETD KMCIOPOZA ¥ A0CTaTO Y-
HD AKTHBHOA, X0TA, OHTH MOKOT, M NDUMUTUBHOH 0pPraHMyecKoll maTe-
pud, BeposATHO, MOEHO OpeZNBAAraTh, 4YTO OfHON M3 CaMHX JpeBHUX HA
BanTuilCKOM mUTe OHJNA 300X8 Z0KEPETHCKOID BHBOTPMBAHWFA.

Creayoudid BosSpacTHON KOMIIGKC [M0pPOJ NOJABBYETCH WAPOKMM MJ0-
Na/HHM pa8BUTHMEM B NpejeNax sanafiHo#t M LeHTpansHoll wcTei Hoas-
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CKOrD NOJAYyOCTPOBE M CeBepHOM Kapeauu, wxHOR ¥ Dro-sanagHoii QMH-
IAHZMK,. STOT KOMNJAGRC B I6JOM OPEACTAB/6H KPUCTENJIMIOCKUMA NOPO-
ZiaMil DCHOBHOIO CDCT8B& — DABHOOGDABHHMM ampueoanramu, aMmpucoio-
BHMHM, NMPOKCEHOBHMM, DOXE MJATHOKIAB0BHMM KPHMCTE JLIAYECKUMM
CIaHLaMd, KaabnuupaMmu, MpaMppaMu, E6Je3UCTHMH KBapUUTaMM. 3TO
[opozH XeToJaMGMHCKOU CBUTH OENOMOPCKOR CepuM, aMPucomuTs M oC-
HOBHHE KPMCTEAAMYECKMO CAAHUH I'PAHYyAMTOBOI0 KoMOJAeKca paRoHOEB
KaHpanaruu, Yea-, MoHye-, Boausux, CaapHex, Tyazau-TyHmp,
EeJe30pyHad Qopuauus [IpMMME8HZDOBCKOTO paiioHa, OCHOBHHE KpMCTaI-
JMUBCKME CISELH 43 paspesa KOABCKOM CpuM (nMBEKEABABPCKAT ,
qyZA8BABPCKAA CBUTH W yABTPAMeTaMODPRH W6CKUE 00pasoBaHMsa COOTBOT-
CTBybmer0 COCTABA), NHPOKCOHOBHE KPUCTANIABCKUE CABHIH, K8Ib—
Ou@UpH M MpaMopH JoxsA.

BHyTpeHHee CTpOeHWE STOI0 KOMONOKCA I0P0J B HACTOANMEE BPEMA
HeZIDCTaTOYHD MBY Y9HO, OZHAKOD MOEHO npeznojaraTh, 4YT0 HAXHOD 4BCTH
paspesa CJaarap? pasHOOOpa3HHE aM@UGOMMTH C NPoC/i0AMM aMPUODIOBHX
rEe ficoB, MECTaMM COZepRamMe KOHTJAOMGPAaTH B OCHOBAHMU (JAyBEeHBICKEA
ToJANa)., Beme o paspesy B aMOUGOAMTAEX NOABARAETCA BHA WTENBHOO
KOJMYeCTBO ZUONCHZA M rpaHaTa (KaHZAJAKWCKAA M GeJoTyGCKaA TOJMM),
8 eme BHUE 3816raeT TOJNE NISTMOKI&B0BHX KPUCTAAIMWWCKUX CJAHLES
C rpaHaTOM, AMONCHAOM M TMMEPCTEHOM - KokBMukas Tomua (Benses,
1971). BenvuaeT paspes KOMMJIGKCA OCHOBHHX M0 COCTABYy NOPoA OJAOCKO-
TYHZPOBCKAA TOJmMA ABYOMPOKCEHOBHX M T'MOEDPCTEHOBHX KDMCTaJIMYeCKMX
CHAKL6B, COZGDRAMMX NPOCHOM BKIAOTMTONOZOGHWX [0POA, KOHIIDMEpa-
108 (?), KaIbUWQUPOB M MpaMopoB. Ha DASHHMX CTpaTUrpaguyeCKMX ypos-
HAX BHyTpH 3TOr0 KOMOJEKCA NOPOA BCTPEWNTCA OAACTH, NAUKM U
[6JE6 TOJmM WIABMEHAT- M MBIHOTHTCOZO PEANMX NOPOZ, B TOM WCHS
M8IHOTHTOBX KBAPUMTOB (0A6HEropCcKas Toiua). O0was MOWHOCTS
KOMOJeKCa COCTABJAET OKODJAD 2 KM,

Bonpocd mepBMyHodl npupozH Nopoj KOMOIGKCS A0 KOHLA He pac-
KpHTH., Ha OCHOBAHMM I6 DAOTMUSCKMX, JAMTOAOTMYECKAX A I'60XUMM yeC-
KUX MCCASZ0BaHMN MOEHOD JMWE NpeZNONAraTh N0KE, YTO 9TO0 OHJM
TOPPUTOHHO-X6MOI6HHHE 0CAZKM C WMPOKMM PasBMTUEM TJHHMUCTO-Kapoo=
HATHHX MOPreJUCTHX PasHOCTEl, yYacTKaMyi COJNEHOCHHX, 0 &M I'0BO-
DUT NPHCYTCTBMe B NOPOASX 305.01. B, BosMomHO, MMeNUCH CTpyKTypHO-
(faguanbHHe S0HH, B KOTODHX B TO# MJAM KHOM Mepe NPOABMAMCH BYJIK&—
HAYeCKUE MPOL6CCH, OAHAKO OHM HO MMEJW, HA Ham BBIifZ, WHPOKOTO
PacOpOCTPAHEHAA B 5U0Xy HAKONJGHUS STOT0 KOMIJIEKCS OCHOBHHX
KpACTAIUM YOCKHX N0ppA. Bce Toumu, BXozAmMe B COCTAB KoMIUBEKCA,
MMENT TPAHCTPACCHBHHG KOHTAKTH C HUXGNEXAMMMY nopozamu, GuUECHpyD-
muecs HOGOIBWAMA NEePepHBAMY B O0CAZKOHEKONJS WM ¥ JOKAJBHEMM pas-
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MHBAMM (KOHIJIOMEDATH) M KapTMPYyOmMeCA KaK reorpadu v9CcKue HeCOIIE-—
cus. JloKkaJXrHHe KpPaTKOBDOMOHHHO DasMHBH He Hapymaki o0me il CT pot—
HOCTW OCE8Z0YHOI0 Opouecca, NPoXOoAUBEErD HANPABAGHHD 0T TOPPHIe H-
HOTO K TEpUMTOHHO-XEMOTOHHOMYy M X6MOTOHHOMYy TMO&M 0CaZXO0HaKOMIe-
HiA, MMEBWMM DECODOCTpAHEHWe 0T HAYAJA A0 HOHOA Ha BECHMA BHE UM~
T&ABHEX NPOCTPEHCTBEX BOCTOYHONR YaCTH BaaTuilcRKore mura.

Crparurpaduueckd BHUE B33/76Ir86T KOMOAGKC AUfepe HUHpOBA HEHX
TAAHOBEMMCTHX MOPOX, HAWG0JI66 mMMPOKU PasBUTHU B ceBepHoM Kapenuu,
H8 sanajzie KoJECKOTO NOXyOCTpoBa, B OMHCKOM JlaniaHpuW, OEHON M
pro-sanazHoll QUHIAHAMM. B cocTaBe 3T0ro, yCAOBHO HASHBAGMOTD IJH-
HOBEMUCTHM, KOMIJGKCA BHZGAADTCA NOPOAH ZOYyXCKod CBHTH M €6
aHanOT0B B BexoMopse, BHCOKOIIMHO36MHCTHE I'HEUCH BEpPXHeU 4aCTH
paspesa KoJabCKo#l cepuM (BOJUOABXCKAA CBUTA), MOPOAN TAK HAsHBAE-
MHX KUCIHX IpaHyIuToB. BHyTpeHHee CTpoGHME STOrD KoMOdexca ze-
T3aNEHO HE MBY YOHO B CBABM CO CHORHOH HEOZHOKPETHOR CKI&7YETOCTEHD
¥ MeTaMoppusMoM [10poA. B nesoM xe 0H CH0X8H IDaH& T0-CMOTHTOBHMM
THeficaM¥ ¥ CJBHLAMA C KMAHATOM, 8HZAAYBHTOM, CHINMMEHMTOM, KHHIM-
TATE8MM, KBADHeBO-NO0JEeBOWIATOBHMA CJHAHUAMM U TPaHyAMTIEMH C I'D8HE—
TOM, CHIIMMAHMTOM, KODAMEDATOM, COZEDEANMMA TOHKME NJACTH M
npoclod KBEPLATOB.

[opoaH IIMEEBEMMCTOIC KOMONSKCA — N6PBOHATANBHO TOHKO00JIOMO Y-
HHE [8CYAHO-SNEBPATOBHE M IIMHUCTO-AJOBDUTOBHE OCAAKM - HAKalO-
INBEJIMCH B TOKTOHMYEOKM CHOOKOMHOH 00CT&HOBKE B MOAJI6HHO DOIpyEa-
puMXCH OCLMPHHX GacceilHax cpeau NeHeNAeHMBUPOBAHHO{ cymM, NOKpH-
Toli IomaZHod Kopofl BHMBETDMBAHMA. 38 CYST CHOCA NDPOAYKTOB KODH
BHBETPMBAHMA HE IHOiCAX ¥ I'PAHWTO-THOHUCAX KOPETEHCKO# CBUTH H
66 8HANOr0B M HE OCHOBHHX KDUCTANIMYSCKHX CIBHNAX X6TOJAMOMHCKo i
CBMTH M €6 8HAJNOr0B M HAKANJAMBAJNACEH MONHNG TOMNY NOPoj IAMHDBE-
MECTOTD KOMIZBECE.

TaxkuM 00pasoM, NPEANOYXCKMH AMMTONBHHE KOHTHHE HTAXBHHA Mme—
PepPHB - BT0 BTOPas KPyNHAA 8N0Xa BHBOTDUBAHMA M KOHTHHEHTEIBHO-
I'o KopooG6pasosanus B PaHHeZ0KeMGpuilcKo# (apxeficKoft) mcrTopuu Baa-
THitCKoro muTa. OH8 QuKcupyercA: I) yTAOBHM M CTpaTMIpaduuecKHM
HECOTJACHEM B OCHOBAHHM TAMHOBOMUCTOTI0 KOMNASKCA; 2) EaMM4uMeM
CAeADR KOHTMHOHTANBHOTO PUBMYSCKOTO M XMMMYECKOI0 BHBETPUBAHUA,
COXDAHMBUMXCA B BUZE SADBMAABHHX Gperwui o3, Cedposepa, 03, Bai-
KHC, Xp. KnpailBHHY; 3) pe8K0 OTAMYHHM 0T HUXEJEEAMAX NOPOJA Co-
CTEBOM TAMHOB3EMUCTHX 0CAZKOB JOyXCKOM CBUTH M €9 8HANOros - npo-
JyKTOR NepPeoTHOXeHMA A0CTATOYHO BpeJolf Kopw BHBETpUBAHHA. Bce
nepe WACAeHHO® MO3BOJA6T CYWMTATH STy BN0Xy paszeldapmes no kpal-
Hel Mepe HUXHE6- M BepXHeApXeliCEHe KOMOIBKCH MOPOA.
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Ha pasiMuHHX, K&K N6PBMUHO-0CAZI@YHHX MO6TAMOD)MBOBEHHHX, TAK
W yABTpaMeTAMODEMUSCKHX M MATMATHUECKMX, KOMONGKCAX 8DXed, Opea-
CTABIADMMX Co60f B pasHOM CTeNeHM MUIMATUBMDOBEHHHN, CKI&ZYE-
THA, NMEHONNGHWBMPOBAHHNHA KDPUC T IAMYECKHI PyHAaMeHT, B rpadeHo-
06pasHHX NPOTWGAX B38I6TANT TOMNM NPOTEDOBOHCKAX 0CAZ0YH(-M6TaMOD-
fUIeCKUX M ByJAKAHOTEHHO-0CAZ0YHO-MOoTaMopU yeCKAX 0GpasoBaHMll,

B paspese HHEHEIr? NPOTOPOB0A BHAGAAGTCA DAA CBUT, DaABA6JGHHHX
KpSTKOBPOMEGHHHMH NEDeDHBAMH B 0CajIKOBAKONNGHHH, WACTO Cojepxa-
EMX KOHTIOMGDATH B OCHOB&HMH.

Crezyomuil 88 MpPeANOYyXCKHM BO6CHMA BHAWTENBHH{ NepepHB B ocag-
KOHGKOMAGHMM, TDeTHH mo cYeTy, OTZGJAAET HUERHENpDoTepoB0iiCKUe
TONmMM MOPoZ 0T HUEeNeXAMUX apxeilckux. HumHenpoTeposglckue Teppu-
TEHHWO NOPOZH OTIATANMCH HE HEOAHOKDETHO CHASZYSTOM, MeTaMODhH-—
20BAHHOM, N@HENAOHMBKMDOBAHHOM 8DX6ACKOM MIM HUXHeADX6HCKOM OCHO-
BEHMM, YACTD COZEPRET (884JHHHE KOHI'JIOMEDATH, MPOCAOM MNOJATOBHX
0CcajKoB, KBApUATOB, MHOTJA WSBECTHAKOBE.

HUXHEIPOTOPO30HACKME OTAOREHMA MOTYT OHTH M0APa87eNEHH Ha
yaTHpe KoMnlexca, HumHME — TeDDUIeHHHS® MOpPOZH: GHOTHTOBHe, TpaHa-—
To-0HOTHTOBHE , AMPUO0T0~-CUOTUTOBHE THEMCH C 0asaJBHHMM KpHII0ME—
paTaMd ® OCHOBAHMM (NABOBEDPCKAA CBATA M €6 AHANOTH); BTOPOR KoMOo-
JI6KC = BYJKAHOTOHHO-0CAZ0UHHI: aM@uO0AMTH CJNAHI6BATHO [JBTHOKIE-
80BHA, I'DAHETOBHO WM OBOMZHHO , MPOCJHOM XEJ6BHCTHX KBA DLUUTOSB,
IMH3H MBBECTHAKOB (NOJMOCTYHZDOBCKAA CBMTA M €6 8HANOTU); Tpe-
TUH KOMNNEKC - BYJIK@HOTEHHO-TEPPUIeHHH|: TI'DAHATO-CHOTHTOBHE,
GUOTUTOBHE, ZBYCADAAHWO M MyCKOBMTOBHG TIHEJHCH M CIGHOH, YWCTHD
MBMEHOHHHE RUCIHE 3QPy2MBH M MX Ty(H, DOJMMAKTOBHE KOHIJOMEDETH
B OCHOBAHMA M HA DASHHX yDOBH#AX B paspese ( BOPOHBETYHIDOBCKAS
IeCGARMHCKAA CBATH WU WX 8HANOTH); YeTBODTHI KOMOASKC — BHCOKOIM-
HOBOMUCTHE® THEUCH W CIAHGH C KMAHMTOM, CTABPOIATOM, 8HZAIyBUTOM,
rpaHaTOM, KODAMEDPMTOM, OXACTH M [& UKM KBA PIMTOB, CADAAHO-KBApHE—
BHX CABHIEB, MOAMMUKTOBHE KOHIrJAoMepaTH (4epBypTCKas, TaIBMHCRASR
CBHTH M MX 8HANOTH).

[lepe WICASHEHNG KOMOAOKCH MOPDZ OT/EJN6HH OfUE 0T Zpyroro Xpar-
KOBDOMEHHNMA NePOPHBAMY, MMEDNMMMA MECTHO6 CTpaTUrpadnuyecKoe sHE-
ygHN@, CaMHM CymECTBEHHHM, [0JYy4YMBOMM DETHOHAIBHO® DAcCMpoCTpaHe-
HAG, OHI MPeZYEeDBYPTCKHUA mepepus (YeTBEpTHU) C DABBATHEM OpONEC—
COB XHMHUYSCKOIrD KOHTMHOHTAJBHOTD KOpP00GDaB0B&HWA.JepBypTCRHe 0T-
I0E6HUA OO CYHeCTBY ABAANTCA NPOZYKTOM NEPe0TAORGHMA X0DOWO XMUMU-
Y6CKKM NepepaloTaHHO# KopH KOHTMHOHTANBHOI'0 BHBOTDUBAHUSA H BKIN~
90T B C60A BHCOKOTIMHOB38MHUCTHE NENMTOBHE M aJeBPO-[6JMTOBHE
0CajKM, DEX6 MCAMMUTH, B TOM YICHe KBapMTH., B KpaeBHX WCTAX
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daccefiEA CeZMMEHTAIMM B YoPBYDTCKMX TODPDUIOHHHX ©TA0OKEHEAX OpH-
CyTCTBYDT NOIMMAKTOBHO KOHIAOMOPATH, B KOTOPHX CPejd 0GIOMEOB
MMODTCH BHCOKOTIMHOSOMHCTHe nopozs (Tapadyaus, I975), cBAzeTens~
CTBYOEME 0 ZAMTEALHOM KOHTHHOHTANBHOM N6PEPHBE NEpej 0TIOREHHEM
Nopejs 4YepBYDPTCKOR CBUTH M 0 DPABMHBE KODH BHBETDHBAHHA.

[locue oTHOWOHUA N6PE WMBIGHHHX HAXHONDOTEPOBOHCKAX KOMOJEKCOB
nopoj HACTyOMIE NFTafd BNO0XA I'IY0OKOr0 BEHBOTDMBAHMA, TOKTOHAYAC-
KMX NOZBHXOK M, OHTH MOXOT, MeTaMopiusma - npejpoMaHoBCKAR (npez-
K8DeJSCKMN) KOHTMHOHTAABHHI mepepuB., OH (UKCMpPyeT IpaHMIy HAKHE=
T0 M CPeZHero npoTeposos HE TeppUTopUM KolXbCKOTrD Moy ocTposa,
Kapenun ¥ QUENAHZMM,. [lopoZH 48 DCHOBESHHA CPEZHEID NPOTBPOBDA =
9T0 KBApPUMTH, KBADHEBHE M KBAPOATOBHE KOHIJA0OMODETH, KBA DOUTOBHE
M CIDZAHQ-KBADLOBHE CAAHOH, BHWO [0 paspesy CMEHAONMECH [6JIHTo-
BHMM M KapGoHA THHMM DEBHOGTAMM. PeJMKTH NPEKaPEABCKOM KOHTMHG H—
TaJbHO! KopH BHBETDABAHMA MBBECTHH BO MHOTMX MECTAX HA BalTuiiCKOM
W4T, 8 KapeahCKUe (CpeAHeNpoTepOBONCKKE) 0CAZKM HBAALT coGoll npo-
AYKTH €6 [NepeMHBA W NepenTIONe HUS.

CpezEe npoTepo30iCKUY KOMOAGKC BHCOK0AUGHe peHUMpOEE HHHX 0CAAKOE
H8 KoJAsCKOM NOJIyoCTDPOBE NpPeACTABJNEH NOPOZAMM DOMBHOBCKOM (BHXyp-
TCKDM) CBUTH B OCHOBAHMM, BHIe CMOHADIMMACA 00pas0BaHUAMK Necro-
BOTYHOPOBCKO## M DHEryGCKOR CBMUT M MX aHanoros. B KeilscKoi#l so-

H@ = BT0 TOPPUIeHHNe M TePPUIeHHO-XEMOU6HHNE HaKONNGHAWA, B BOHE
xe [uaHzpa-Bapasyra GoJbOyD 4YaCTh pAB8pesa yKaBaHHHX CBAT COCTEB-
NADT BYJAKAHUTH OCHOBHOID cocTasa,., {HTEHCMBHOE HAKONJEHA® MOMEHX
0C870YHO~BY AKAHOTOHHNX TOJAN NPOAOJAEAJOCH B CyOmMPOTHOM NPOTUGE
WuaHzpa-Bapsyra-CocHoBKa, NPOTAHYBUEMCA C 8anazd H8 BOCTOK MOYTH
yepes 3ech HoasCEMA GoayocTpoB. OAHOBPOMEHHO B NpOTMOaHME BOBIAG—
KaIUCh BCO (0JIE® BanajHHe yuYSCTKM NMpor46a, ¥ B KOHUE KOHLOB OHO
pacmpecTpaHUNIOCh Ha XpaliHuil cepepo-sanaj KoAbCKOTD N0JyOCTPOBA
(MeyeHTCKMiE mporud).

PaGorau# reozol'os Cenepo-sanazEOro Ieo0Z0orMYeCKoro TeppuTopHalb—
HOTO ynpasaesMa M Koasckoro guauana AH CCCP (Bekacosa, [[ymKMEH,
1972; 3aropopHuit U ap., 1972) ocyuecTBA8HO cTpaTurpaduuecKoe
pacuneHeHWe nopoz UMeEzpa-BapsyrcKoro KOMNJIEKcCa U CONDCTABJAGHUE
6r0 paspesa C paspesoM N8YBHICHOM cepnd. B LeJoM B CBOAHOM pas-
pese BYJKAaHOT@HHO-0CAZ0YHHX o6pasosaHufl 3 3pHe lManzpa-Bapsyra-
CoC:40BKA yKABAHHHE ABTODH BHNEJADT BOCOMb 0CAZ0YHO-BYIKAHOTEHHHX
puTMOB (CBMT), KOTODH® 00DEIMHADNTCA B Y8 THPe TPaHCTPECCHBHO-pe-
rpeccuBHHX IMKIa (cepud). OCHOBaHME KAXZ0{l CBUTH CIAarawT 0CaA0 THHE
TOANM, KCTOPHE 3aA6ranT Ha NoACTMIanWMX nopojax, Kaxk npasulio, C
pesKuM crpaturpagugecKuM (KopH BHBE TPUBAHMA, KOHTJIOMBDATH), Te0-
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TpaduYeCcKUM HJM A8Ke yIJIOBHM HecorJacHeM. [Iepexoph 0T 0CaZ0THHX
TOJI, BEEPX N0 paspesy kaxzoil CBUTH K BYJKaHOIPEeHHO-0CA70YHHM MOpPO—
ZaM [10CTeNeHHHE,

[lepepHEH B 0CAZK0OHAKONINEGHWM, HAOIDAAGMHE BEyTDA paspesa
H0pOoZ, DTHOCHMHX MCC/BZOBEATENAMA K CpBZHEMY NpOTEpPOs0w, B Golb-
LNHCTEE CBOEM HOBOJMKW N0 ZAUTOIBHOCTH M pPACNpPUCTPAHEHHOCTH B
CPABHOHMM C Nepe WICIEHHHMA BHmE 5noxaMd. Ho ozuH W8 HUX - npep-
HAPMOBEPCKHII MePepHE NpPejCTABUAGT 3HA WITEABHHE MHTEpPEC, TAK Kax
0H OHI Z0CTATOYHO AJWTE/BHEM M QUKCHDYyeTCA KODO#l BHBETDUBEHMA,
pasBUTOf Ha MoACTMIAOMAX 5PPysuBAX, yIA0BHM HECOTAECHEM MEETLY
HABEMO36DCKUMA W HMESJIEKEmAMM NODOZEMM M HAJMUMEM B TaJbKaX Wb~
M0S6DCHMX KOHIJIOMEDATOB 0CJOMKOB NMOPOA DAa3JiYHNX HUEEISRANMX
CBAT. SN0Xy NPeZMIEMOBEDPCKOI'0 BHBETPMBAHMA MOEHD CUMTATH 3HA W-
Molt ziA BCEro BalTMifiCKoro mMTa, DTO0 WECTAA KPyOHAA SN0X8 B KOHTH-
HEHTEJBHOU MCTOPMHM yKaBEHHOID pDETHOHAE.

Crezyowas, CezmMas SN0Xa BHBOTLLBAHMA, KOpOOGpPasoBaHMfA, CHABZ-
Y§T0CTH, MeraMOppusMa8 W NEeHeNAGHMBALUNW — 3T0 SN0XE MpeIpH-
peilckan. PHjeicKUe ToJmM NP6ACTABJOHH MONHEMK, IIpEHUMYHNECTBEHHD
8PKOB0BHMM TEPPUTOHHEMM OTAOKEHUAMM, KOTOPHMA Ha YMHAETCA HOBHI
KpyNHH} 9Tam B reoJoTHYeCKoill WCTopuM BaaTHilcKoro muTa.

TaguM 00pasoM, ASTEJbHHM WBY YGHWEM I'@0JOTHH, JMTONOTAM U
MeTaMopdueMa MOpPOJ paHHETD AOKeMOpUA KoZBCKOI'o NoJyOoCTpOBE M CO-
NpeZieNEHHX TEPPUTOPUE YETKO BHABAAETCA STANHOCTH 0CAZKO000paso-
BG&HWA, ¥ MOKEO TOBOPUTH 0 BHAGJOHMM B ZOKeMOpUM BaATUHCKOITD muTa
PAZE KDPYOHHX KOHTUHEHTAJBHHX [6PEPHBOB, 3a(QUKCADOBAHHHX KO pauu
BHBE TDUBAHMA, NPOAYKTAMM MX NepPOOTAOXKEHWA, yIPIOBHMM HECOTJACHE-
M M ApyTAMA TE€0JOTHUBCKAMM 0COGEHHOCTAMM,. BHABJIEGHEAA STANHOCTE
0CaZKOBAKONJIGHNA MOSBOJAGT NPOBOZAMTH KODPeNALU® pABPE30B paHHEroD
ZOKEGMODASA K&K B Npezeiiax O0TAGABHHX DErK0HOB, TaK M Ha TEPpPWTODHM
BCero BaaTWilcKoro muTa.

Hrax, B paHHegoKeMmOpuiicKoit re oaoTrMyecKo#d UcTopuu BaaTuiicKoro
IMT8 MOTYT OHTPH BHZGNEHH COME KDYyNHHX N€PEepHBOB — B3M0X KOHTHHE H=
TaJBHOTO KOpo0Gpas0B&HNA, TEKTOreHe3a, MarMaTiUama M MeTaMopdusua ,
KOTOpPHE CJAy®8T KOPDPEAALMOHHEMM pDeONEpaMd He TOABK0 ZaA BaaTulicko-
TO mMTA, HO M AJ8 60766 OCNMPHHX TePPUTODMA, 0XBE THBADNHX HOJHA
KOHTMHEHT, [lo KpaiiHeil Mepe NATH M3 HUX MOIyT NTH MCMOJH30BAHH
47 TA06aIsH0# KOPDEeAANAM ZOKSMODMA.
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IrK.K p oy o ax (CllA)
CTPATUTPA @M YECKOE SHA YEHUE OJEJEHEHMH

J.C.Crowel1l(USA)
THE SIGNIFICANCE OF GLACIATIONS IN PRECAMBRIAN CORRELATION

B rewHue nocaepuux 2200 MaH, T 0o EpailEell Mepe 6 pas

Ha 36MI8 BOBHMEANM KDyOHHE KOHTUHO HTAABHHO OXS70HOHUE, X&—
PaKTepHNEe 0CaZ0YHHE [0POJAH, OTPAXADNME DTH 0IOZEHEHUE, CHy-
ZAT XOPOWMMM XDOHOJOTMYECKMMHM MADKePAMHM B DOTMOHANLEOM MAC-
mTade, Ho HOCKOJABKO (aKTOPOB ZOJXHH OHTH ONeHeHH NpPOXZe,
9eM KOppeIAndM [0 OJeJSHeHMAM HpPUOGPe Ty T MEREOHTHHEEHTSNb-
Huil XapakKTep,

[oszHenaneosolickoe oiejeHeHHE, NDOFBMBNEECH HA TOHABAH-
CEHX KOHTMHOHTAX, CHyXHT MOZOABD AJA OLOHKM OyTéH MCOOIAB30-
BAHNA N6JHAKOBHX 0THOX6HMR AnA TeNeKoppeNAnud. DTa MOA6 I
MDEOT OHTH NONOBHOM ZJ4 DOHMMBHMA NMPUGAeM EKOPpPeJALNMA ZOKeMO-
pHs. [osjEenaneosoiicKoe odezeHeEMe , npozoxasmeecs 90-I00
MIH, 6T, HAYWRJA0OChH B COSAMHOHHEHX B To BpeMs OxHoft AmepHKe
4 AjpuKe B Kap0oHO., B mepuM IOZHMEOBHE NEHTPH MCWBIAM B Ix-
Holt AmepuKe, HO OOXy WAM NHWHPS DABBMTHe B ABCTpaAMM. leHT-
pH 0NEZE6HOHMA FBHO MUTDUPOBANM 00 Mepe TOI0, KaK CyO6pPKOH-
TMHeHT T'0HZBAHA CMEWAJCA N0 OTHOWOHMD K LOHTPYy BpameEMH
3eMIM; CYymMeCTB0BEHWE BTOT0 CMOMOHMA J0KASHBAGTCH NAA6OMAI-
HATHEMM M Zpy MMM 7@ HERMM,. CueZ0BaTeNBHO, JOZHUKeHHE 0TI0-
EOHMA M 0CAZKM XO0NOAHHX OOACOB, 0GPAMAADEMX JeAHMHEOBHO N0-
KPOBH, ABAANTCA AMAXDOHHHME B MOXKOHTHHOHTSIBHOM MacmTade,

[loszHE 0PADEAKCKOO 0A670H6HAG, ZADKABAHHOe B [leHTpalsHol
Caxape, pasBHBANOCH> B T0 BPOMH, KOrja NaX6oMErHHTHHE mneanc
HaxozuicA BHEe Cesepo-AQpMKAHCKOI'0 nodepexkf. IJT0T JNeZHHKG-
BHif BNHBOZ CODTBETICTBYOT ToH MO CXOME MHTPAIMA CyHNepPEOETH-
HOETA 0THOCHTeJbHO UmHerv neJmca., Beznme, sToll cxeme oTBe-
qapT H N08AHeOKeMOpUMCKHEe oiejeHeHMA, KoTopDHe, BODOATHO,
npozoAxamdch cBEme IS0 MaH. 6T Kaxzee. Psy NaleoMarHMTHHX
JGHHHX CBMZOTOLRCTBYET B NOAb3y TAKO# HHTEDODOTAIMH,

HO, CyAA OO0 ADPYTMM NAN6OMATHMTEEM Z8HHHM, MOXHO HpeANOJI0-
EATH, UTD KOHTHHOHTANEEDE 0MOJIOHOHME DACHPOCTPAHANOCH AB—
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I6K0 P HUBKMG WMPOTH. [IOCKOABKY TOYHHO JAATHPOBKM BSTHX
noszHeA0KeMODUACKUX 0JONEOHOHAH 0TCyTICTIBYyDT, KAK M 00J6e HA-
JASEHHO [8Je0MaUHMTHHE JAHHMG, CIOZY 6T AONyCTHTH, YTO NOBA~
HemoKeMOpHiiCRuUe 0M6/6HOHAA OHIN TAKES AMAXDOHHHMM,

B perdoHaXpHOM MacmTade MNOCHS MATOPHMKOBHX 076 ZeHE HUU
ocTapTCA KpallHe HONOAHH® M JAMEXPOHHHG CTpaTHUrpaduuecKue
0Ea3aTeaAsCTEE,, [loNHMe CTpaTHrpaduyecKMe paspesH, KoTopHe
BEADYEDT CJIOM, OTIOEABUMECH B MOMOHT BapOEAGHAf J6ZHWKOBO
mankud, 00HADyEMBAWTCHA TOABKD B OaccellHax, BeChMA y7ZalieHHHX
0T NOABEPTUMXCH 0J67€HEHMD NPUNOAHATHX o0xacreli. Bonee To-
r0, 9TH DTIOEOHWA, BOPOATHO, 00pDESYNTCA CAMMKOM ZaIeKo, ANA
ToT0 WOOH 0TPAEATH NPUBHAKM HAYABNOI0CH oJejeHeHuWA. Toam-
KD TOrp8, KOIZA JOZHMKOBHEe WMTH Daspacraluch HACTOJbKO, W0
I HUKM JOCTHUraj¥ MOPs, & BOBHMEapNMe alicGeprd Moriay pasHo-
CHTH BAAyHH, OOpasyouMe BKPANNeHHNE KAMHM ( dropstones ),

M cIejH 0JN676HEHUA OKASHBANACH MMPOKO PacHpOCTDPaHEHHHMM,

0HM COXDAHANMCH M ZIOCTOBEPHO PacOp3HANTCA B 00HAXGHAAX.

W Toabko Ba 0WHH NOBZHMX STANSX COKPAMEHMA J6JHMKOBHX WAINODK
N8 JHUKOBHE PAANUAIBHHE 0CAfKM Oy AyT NEPOKpPHBATH TI'AyC0K0 3po-
JUpOBEHHO® ¥ MTPUXOBAHHO® JIOX6e M J@BATH DNPEZ6Je HHHWE J0Kasa-
TeJ5CTEE NOKPOBHOrD 0J6ZEHeHWA. ClezoBaTedsH0, NpA N8JA80-
reorpaduyYecKMX M NAJASOKINUMATHYE CKHX DOKOHCTPYKLUAX APOBHUX
QNeZAGHOHM MH J0JAEHH y WITHBATH, YT0 JNOJHMKOBHE YCIOBMA
BOBHUKAAM, BOPOATHD, BAZOJAr0 A0 TOr0D, KAK B Paspese MOABIA-
IACH HECOMHOHHHE J6AHWKOBHE O0TIOKSHWA.

ABSTRACT
At least six times during the past 2200 million years continental
glaciers have flourished on earth. Distinctive sedimentary rocks
recording these glaciations provide useful time markers, especially
on a regional scale, but several factors need evaluation before
correlations are extended intercontinentally. The Late Paleozoic
Ice Age recorded on the Gondwana continents, for example, provides
a model for appreciating the ways that glaciogene deposits can be
used for long-renge correlations. Such studies may be helpful in
understanding correlation problems in the Precambrian.

The Late Paleozoic Ice Age, which lasted for about 90 million
years, began in South America and then-adjoining Africa during the
Carboniferous. By Permian time ice centers had disappeared in South
America but were expanding in Australia. The ice centers apparently
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migrated as the supercontinent of Gondwanaland glided across the
earth's rotational pole, a gliding supported in addition by paleo-
megnetic data. On an intercontinental scale, therefore, glacial
deposits cnd those associated with cold-climate belts bordering ice
sheets are diachronous.

The Late Ordovician Ice Age, recorded in the Sahara, occurred
when the paleomagnete pole lay near the north African coast. This
ice age fits the same scheme of supercontinental migration across
the south pole. So, perhaps, do the late Precambrian glaciations,
which apparently took place over about 150 million years. Some
paleomagnetic data allow such an interpretation but other paleo-
magnetic data suggest that continental glaciation occurred widely
at low latitudes. In the absence of both accurate dating of these
late Precambrian ice ages and better paleomegnetic data we ought
to consider the late Precambrian ice ages as diachronous also.

On a regional scale, continental glaciation leaves a stratigra-
phic record not only woefully incomplete but diachronous as well.
Complete stratigraphic sections that include beds laid down at
the time of the birth of ice caps are found only in basins far dis-
tant from glaciated uplands.Moreover, these deposits are apt to be
too far away to carry an imprint of the glaciation. Only when ice
sheets have grown so that broad ice shelves reach the sea can
icebergs carry dropstones and will the record of the ice age by
widely dispersed and therefore preserved and recognized. And only
very late during the waning of ice caps will continental glaciogene
deposits transgress across deeply eroded and striated pavements,
and provide unequivocal evidence of the ice age on land. In re-
constructing paleogeography and paleoclimates during ice ages we
must therefore appreciate that glacial conditions probably began
long before the interval recorded by distinctive glaciogene depo-
8its, and probably lasted somewhat afterwards.

INTRODUCTION
Upper Precambrian strata over the world include beds that were
deposited by continental glaciers. Distinctive glaciel facies are
preserved on all of the continents, with the possible exception of
Antarctica, and demonstrate that huge ice sheets were bordered by
prisms of glaciogene sediments. Because these Precambrian glacial
facies can by traced from place to place, and even from continent
to continent, approximate stratal correlation using such markers
is established, but it is not clear to what extent time correlation
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is also demonstrated. In this paper we will examine in a prelimi-
nary fashion what we now know concerning this record of continental
glaciations in the light of time correlation. In short, we will ex-
plore answers to the question: are the Precambrian glacial sequences
synchronous or diachronous?

The correlation of late Precambrian glacial sequences is also of
significance in understanding basic causes of climatic change on
earth, Harland (1964), in particular, has suggested that there
might have been a world-wide cooling when ice sheets reached into
near equatorial regions during a "Great Infra-Cambrian Ice Age",
and which probably had a profound effect on the evolution of life,
Some evidence from paleomagnetism even suggests that glaciation
may have occupied near-equatorial regions at sea level during the-
se times (Tarling, 1974). On the other hand, others (e.g., Crowell,
Frakeu, 1970; Crawford, Daily, 1971) interpret the piecemeal
record as showing that glacial centers perhaps followed moving
continents in their tectomic drift upon the globe. These interpre-
tations in part grow out of plate-tectonic concepts involving
marked movement of continents and movement in and out of near-polar
regions where ice sheets might grow. To test these interpretations
it is therefore important to determine the times of glaciations and
rates of continental migration, as well as the latitudes of glacia-
ted regions as precisely as possible. '

The ideal approach to solving these problems would be to obtain
together from the same strata 1) precise geochronologic data, 2)pa-
leomagnetic pole positions at the time of deposition, and 3) in-
disputable evidence that the rocks are of glacial origin. Unfortu-
nately, such a direct approach is mot yet completely feasible. Ra-
diometric dating methods applicable to Precambrian sedimentary
strata are only just now under development (Dasch, 1969; Faure,
Powell, 1972, p. 78-91), and most dating is done by stratigraphic
positioning and through the use of stromatolite zones. At best,
these methods give only approximate time fixes. In addition, for
ancient rocks it is not yet certain that the imprint of magnetiza-
tior upon the sediments 1s concurrent with deposition, or whether
it accompanies or follows later diagenetic and thermal changes.
Investigations of the time interval between sediment deposition
and the imprint of magnetic polarity upon the rocks are therefore
underway. Moreover, the recognitionm of sedimentary facies as un-
doubtedly of glacial origim is also difficult, and critical infor-
mation is too often lacking in the fragmentary record (Crowell,
1957, 1964; Schermerhorn, 1974). But while research is underway
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on these many problems, we can perhaps learn from extrapolating
backwards in time into the late Precambrian from our knowledge of
glacial events in the Phaneroszoic, and draw some inferences of
what might be expected.

THE RECORD OF CONTINENTAL GLACIATION
In the FPhanerozoic widespread continental glaciers flourished on
earth during at loast three major ice ages. These episodes include
1) the Late Cenozoic Ice Age, 2) the Late Paleozoic or Gondwanan
Ice Age, and 3) the Early Ordovician or Saharan Ice Age (Fig. 1).
The evidence for all three is unequivocal, and information on their
extent and timing is more complete than for ice ages in the Prepha-
nerozoic. The Phanerozoic record also shows that during long inter-
vals there were no continental glaciers, such as during the
Cretaceous. Mountain glaciers within high ranges may have develo=~
ped at many times during the past; but in this paper we are concer-
ned with widespread ice sheets upon broad low-lying regions. Only
the record of such ice sheets, reaching into middle latitudes, do-
cument times on earth when there was major earthwide cooling. Mo-
reover, because they leave a more widespread record, they are far
more useful in long=-distant stratal correlation.

At present the earth is witnessing the Late Cenozoic Ice Age,
but probably an interglacial stage within it. Ice still lies upon
Antarctica and Greenland. During the Pleistocene, however, conti-
nental ice sheets extended over large parts of North America,
Europe and Asia, and waxed and waned several times (Flint, 1971).
In the southern hemisphere glacial caps expanded and coalesced to
form piedmont glaciers bordering the southern Andes (Flint, 1971,
p. 707). Ice first expanded on Antarctica into a true ice sheet
in the Miocene (Denton et al., 1971; Shackleton, ¥ennatt, 1975)
and large glaciers began to grow at about the same time in Alaska
(Denton, Armstrong, 1969). The Late Cenozoic Ice Age truly began
about 10 or 15 million years ago and culminated in the late
Pleistocene, but whether ice sheets corresponding to glacial stages
will expand again to as great an extent in the near geologic future
is of course not known.

No evidence for continental glaciation has been recognized for
a long time interval previously; from the waxing of the Late Ceno-
zoic Ice Age in the Miocene back in time to the waning of the Late
Paleozoic Ice Age about 235 million years ago, a duration of at
least 220 million years (Crowell, Frakes, 1975). The Late Paleozoic
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Ice Age is distinctly recorded om all of the Gondwana continents:
South America and the Falkland Islands, Africa and Madagascar,
India, Australis, and Antarctica. Correlation methods, including
biostratigraphic technigues, show that the ice sheets built up
rapidly during the Carboniferous over then-joined Africa and South
America. By the end of the Carboniferous they had disappeared in
now-western South America, but flourished well into the Permian in
Austrelia. The record is interpreted as showing that irregularly
shaped ice sheets, with ungiaciated regions and seas between them,
moved slowly across the huge united supercontinent of Gondwanaland.
This pattern of waxing and waning of ice centers is interpreted
from paleogeographic reconstructions based on stratal facies analy-
sis, and is anchored primarily with respect to time correlations in
biostratigraphic methods. Locally, however, isotopic dating lends
important support to the biostratigraphic time scale. Note that
this conclusion concerning the migration of ice centers is indepen-
dent of data from paleomagnetism, and has been long inferred (Du
Toit, 1921, p. 223). It is reinforced by much modern paleomagnetic
information showing that united Gondwanaland moved across the
earth's south pole (Creer, 1970; McElhinny, 1973). However, it is
more appropriate to use the rotational axis of the earth as a re-
ference and to visualize Gondwanaland as gliding across the pole,
but employing the customary assumption that the earth's magnetic
field has been dipolar and that the dipole averages sbout the rota-
tional axis.

The Late Paleozoic Ice Age reached its maximum intensity and
extent in the latest Carboniferous and earliest Permian when the
southern Africa-Antarctic part of Gondwanaland lay over the pole.
Paleomagnetic data show that Gondwanaland continued its glide in
such a way that by late Permian time the supercontinent had moved
away from the south pole. By the end of the Permian the pole appa-
rently lay within an oceanic region, well off the coast of themn-
united Antarctica and Australia. In its drift, the elongate super-
continent had rotated from a near-meridional orientation to a near-
latitudinal orientation. In fact, it seems plausible that this
rotation had a marked effect upon the oceanic and atmospheric cir-
culation which in turn may have brought about the end of the Late
Paleozoic Ice Age (Crowell, Frakes, 1975, p. 329).

Although the timing of the end of the Late Paleozoic glaciation
is reasonably well established (about 235 million years ago), the
timing of the beginning of this long ice age is not so clear. Ice
sheets were extensive by the mid-Carboniferous, but the preserved
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stratigraphic record does not yet permit us to date the onset of
the ice age precisely. The nature of ice accumulation and glacial
erosion prevents this in most circumstances. is ice caps wax and
expand, rocks beneath them are successively more deeply eroded.
Early sedimentary dapdsits laid down at ice margins are overridden
as the ice caps grow, and are eroded away. Stratigraphic sections
peripheral to the growing ice sheets, and now preserved for our
examination, are usually too far away to preserve an imprint of the
original glacial origin of the detritus. This detritus, upon being
first carried by ice to the glacial margin, is then carried by
streams and other non-glacial agents to 1ts resting place within
beds laid down at distance. Such strata probably preserve a record
only of their mode of transport just before deposition, and not of
their original glacial derivation. For this reason largely, lower
Carboniferous and Devonian beds, such as those within the southern
Cape Ranges of South Africa, are not particularly helpful in dating
the beginning of the Late Paleozoic Ice Age. They were laid down
too far distant from the growing ice caps. Moreover, strata imme-
diately overlying glacially striated basement pavements, such as
those near Kimberley, South Africa, were deposited much later, du-
ring transgression (Crowell, Frakes, 1972). They were laid down as
the glaciers dwindled and as younger beds transgressed and overla-
pped upon the deeply eroded basement.

Despite the difficulties in determining the time of onset of the
Late Paleozoic Ice Age, it probably began about 325 million years
ago, and lasted for some 90 million years. During this long inter-
val, many separate ice caps grew and then melted away, and these
were separated by irrvegular lowlands which were at times flooded
by the sea. The complex of growing and then dwindling continental
glaciers probably began in south-central Africa and then expanded
peripherally to then-joined South America, India, and Antarctica.
With time the ice complex migrated toward Australia, so that gla-
ciers first disappeared in South America and lasted longest in now-
eastern Austrzlia and attached Antarctica. Beds containing a record
of this ice age, especially when followed laterally over distan-
ces of serveral hundreds of kilometers, are therefore diachronous.
Time correlation ¢i the basis only of the occurrence of a glacioge-
ne signature within the sediments can be resolved no closer than
somewhere within this 90 million years interval.

The stratigraphic record for any ice age is most convincing for
those parts lying near or at the glacial margin. As ice caps begin
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to accumulate, this margin is continental, and it may lie upon a
deeply eroded and striated pavement out into basement rocks. Only
when the ice sheet has expanded to reach the sea will glacial
debris, including huge blocks rafted by icebergs and subsequently
dropped into deep-water sediments, reach environments likely to be
long preserved in the geologic record. As we go back in geologic
time, therefore,when the geologic record becomes successively more
piecemeal, we are progressively less and less likely to find evi-
dence of continental glaciation. In particular, evidence showing
when the ice age began and when it ended becomes increasingly more
elusive. So if we can conclude from ancient beds, including those
of the Precauwbrian, that glaciation actually took place we can
also infer that it probably began before the age of the preserved
record, and lasted longer.

The next earlier ice sge, incontrovertibly established, is the
Barly Paleozoic Ice Age that primarily flourished in the Ordovician
but probably extended into the Silurian. Its remnants are now
centered within the Sahara (Beuf et al,, 1971) where glacial and
periglacial features are repletely preserved in the Ahaggar Moun-
tains of southern Algeria and at many places elsewhere in northern
Africa (Deynoux et al., 1972; Reid, Tucker, 1972; Harland, 1972).
An ice sheet capped the Saharan region znd reached westward and
northward, but its extent to the south and east is unknown. Far to
the south, however, in the western Cape Kanges of South Africa
(Pakhuis Pass region, near Clanwilliam), is a record of a major ice
sheet coming from the north or west (Rust, 1973), Possible somewhat
younger glaciation - middle Silurian (Wenlockian) instead of late
Ordovician (Ashgillian) - is also reported for the Bolivian Andes
(Lohmann, 1965) but, if truly glacial, the contributing ice cen-
ters probably lay within the proto-Andean mountains to the south
and west and were not connected with lowland continental ice sheets
of northern Africa. The Ordovician Ice Age in Africa apparently
waxed in the early Ordovician, about 470 million years ago, and
waned in the early Silurian, about 435 million years ago. It
therefore lasted about 35 million years although its distributions
and fluctuations are still incompletely known. During this interval,
paleomagnetic information indicates that northwestern Africa lay
near the south pole (McElhinny, 1973, Fig. 136a).

We therefore note that both during the Late Paleozoic Ice Age &and
the Ordovician Ice Age, the parts of Gondwanaland affected were for
the most part polar situated. In addition, plots of the "polar-wan-
der path" (a misnomer: it is actually the path of the polar piercing
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point as the continental masses moved across the polar axis) show
an orderly migration of the supercontinent from southeast to north-
west. If this migration is largely responsible for the positioning
of glaciated regions, perhaps we should look for evideance of conti-
nental glaciation during the Silurian and Devonian in the interve-
ning region: within central Africa and then-adjoined Brazil, Un-
fortunately, very few sediments of these ages are preserved, and
those that still remain, are as yet mainly unstudied critically.
The central Africa region lay bemeath huge ice sheets later during
the Carboniferous (Frakes, Crowell, 1970), ice sheets that deeply
eroded and carried away any evidences of previous glaciations. It
is accordingly unknown whether glaciation was continuous between
the Ordovician and Carboniferous within central Condwanaland. It
may well have been discontinuous, however, because in the western
Cape Ranges of South Africa there is at least a local record of a
long lapse between two marked glaciations, a lapse of about 115
million years without glaciation. Mere, within the same region,

the Ordovician lce Age is recorded in the Pakhuis Formation along
with the Late Paleozoic Ice Age in the Dwyka Tillite.

The next older ice age, or series of ice ages, before the Ordo-
vician is recorded in the latest Precambrian. Ages reported mainly
range from 750 to 600 millioa years (Erdrasr, Rankama, 1972, p. 1),
and therefore span at least 150 million yeara.‘Strata interpreted
as showing a glacial imprint are found on all of the continents,
with the possible exception of Antarctica although even here the
likelihood has been suggested for exposures in Queen Maud Land
(Neethling, 1970). In general, the Late Precambrian Ice Ages in-
clude two marked glacial episodes separated by a nonglacial inter-
val; for this reason it seems appropriate to speak of Late Precam-
brian Ice Ages rather than of a single ice age. The occurrences of
upper Precambrian glacial beds have been recently reviewed br Kr&-
ner and Ranksma (1972), Schermerhorn (1974), and Harland and Herod
(1975).

Older ice ages, but still within the Proterozoic, may be recor-
ded in Greenland (Gnejssd Tillite Spitzbergen (Vimsodden and Ritter-
vatnet units), Finnmark (Varangerhalvya "tilleid"), snd China
(Huishan Tillite) (Harland, Herod, 1975, p. 201). These units,
which are plotted with a query of Figure 1, may have ages between
950 and 850 million years. In addition, continental glaciation
clearly affected Minas Gerais, Brazil (Isotta et al., 1969), but
its age, although Proterozoic, is unknown (Pflug, Schdll, 1975).
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The next older ice age - the Huronian Ice Age (including the
Gowganda) of south-central Canada - is dated between 2335 and
2200 million years, Knowledge at present therefore suggests that
the earth was without continental glaciers during the long span
from 950 to 2200 million years, or for 1250 million years. Note
that this apparent nonglacial span is more than twice the dura-
tion of the Phanerozoic!

DISCUSSION
This brief review of ice ages brings out several relations of pro=-
bable significance in utilizing glacial horizons in correlation,
and especially within the Precambrian. First we need to consider
patterns of glaciation and sedimentation within local regions, and
secondly, the prospects for correlation between regions and on an
intercontinental scale.

Within regions of subcontinental extent or within single basins,
distinctive glacial horizons can be used with caution for lateral
chronostratigraphic correlation, especially if correlation is un-
dertaken parallel to the depositional strike. Sedimentary prisms
deposited within such basins, or at ocean-facing margins of centi-
nents, however, will display transgressive and regressive faciles.
During stratal transgression, for example, when continental gla-
ciers retreat and sediment is laid down by agents other than ice
farther and farther inland upon a previously glaciated craton or
upland margin, such facies as sandur, fluviatile, lacustrine, pa-
ludal, coastal, and marine can be expected to overlap landward,
Glaciogenic beds at the base and also at the continental or upland
edge of the sedimentary wedge will be deposited in a time-transgre-
ssive sheet. Such beds are diachronous and the sheets of tillite
and other glaciogene sediments will not record a truly synchronous
glacial event.

On the other hand, the time scale of such transgressions and
regressions within a single basin or sedimentary prism may be so

short that we will not be concerned practically with this small
amount of diachroneity when dealing with Precambrian correlation
problems. By comparison with Phanerozoic reconstructions, trans-
gressions up upon a basin margin toward the direction of ssdiment
inflow may amount to several hundred kilometers laterally during a
few hundred thousand to several millions of years. Such short dura-
tions are of little significance in view of the hugeness of time
spans in the Precambrian. Sound procedures of basin analysis
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even for Precambrian strata should evaluate this diachroneity,
however, but it is not this aspect of time correlation that con-
cerns us most here.

On an intercontinental scale as described above, the record of
Phanerozoic glaciations shows a migration of glacial centers con-
comittantly with the drift of continents across near-polar regions.
Glacial strata, in following and documenting these movements, are
therefore diachronous. The close association of the polar wander
path for Gondwanaland as now reconstructed from paleomagnetic stu-
dies suggests strongly that the mobility of the continents in
gliding in and out of polar regions-is one of the prime causes of
glaciation (Crowell, Frakes, 1970), If glacial centers have migra-
ted in following these continental movements during the Phanero-
zoic, and as far back as about 500 million years, it is presumed
likely that similar movements and migrations took place in the la-
te Precambrian between 600 and 750 or 800 million years ago. A main
argument of the present paper is that such relations probably took
place.

In fact, apparent polar wander paths, recently published, re-
veal such a pattern (Piper et al., 1973; McElhinny et al., 1974).
According to these palao*agnetic studies (Fig. 2), northwestern
Africa moved out of a near-polar region in the late Precambrian,
and back into it in the Ordovician. Eastern South America and
adjoining Africa were glaciated from south to north just previous-
ly. Note, however, that the late Precambrian glaciations of
Australia do not fit into this pattern directly: late Precambrian
glaciation of Australia probably occurred around the north pole
(Crowell, Frakes, 1970, p. 203-204). If glaciation followed such
continental movements, ice caps may have grown in Australia some-
what earlier or somewhat later than tbose clustered around the
south polar regiocns.

¥cElhinny et al. (1974, p. 560) note, however, that between
750 and 600 millicn years ago Gondwanaland moved at least 180°
of latitude. Moreover, similar large shifts are observed for al-
most all of the continents during the late Precambrian and Cam-
brian. Since it will require much more stratigraphic information
and perhaps the development of new dating techniques to prove or
disprove the possibility, a pattern of moving ice centers in the
late Precambrian needs serious consideraticn. If these rapid con-
tinental movements are confirmed by future work, the glaciesl sequen-
ces may be strongly diachronous. Glacial beds deposited on the
flanks of cne glaciated craton will almost certainly not be of the
Same age as those laid down on the flanks of another,
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In contrast to this model of diachroneity of glacial sequences
is the possibility of intense glaciation, more or less world wide
in extent and essentially .synchronous (Harland, 1964). A test of
this hypothesis is to find that paleomagnetic measurements from
tillitic rocks are from low latitudes (McElhinny et &l., 1974,

p. 560; Tarling, 1974). For such tests to be definitive, however,
it must be certain that the magnetic polarity was impressed upon
the rock nearly at the time of deposition and not long afterwards
as the result of diagenetic changes or thermal metamorphic .events
that affected the magnetic minerals. Paleomagnetic studies of gla-
cial Precambrian rocks from northwestern Europe are now underway
by D.H. Tarling with the cooperation of W.B. Harland.

The record of major ice ages during the part 800 million years
shows that their occurrence on earth was intermittent (Fig. 1), and
present information suggests that more than a near-pelar position
of continental masses is required to bring about an ice age. On
the one hand, the cause may be rooted in complex climatologic and
oceanographic arrangements (Crowell, Frakes, 1970). Other terres-
trial factors that may influence the inception of an ice age
include the amount of volcanic dust in the atmosphere (Kennett,
Thunell, 197%; Schneider, Mass, 1975), the mean level of the sea
upon the continents as influenced by the vigor of sea-floor
spreading (Pitman, Hays, 1973), or by the position within the ocean
basins of mid-ocean ridges that may affect tle volume of the ba-
sins. On the other hand, extraterrestrizl factors influencing the
amount of rsdiation reaching the earth may have contributed sign®-
ficantly. Whatever the combination of causes responsible for ice
ages, however, there appears to have been discrete ice ages of
unequal duration separated by long intervals without continental
glaciation, and also of unequal duration. This observation suggests
that glaciation can be used for correlation within the limits of
the known duration of ice ages: within the late Precambrian to
within 150 million years. Perhaps as more precise information on
ages and on tectonic reconstructions becomes available, this wide
intervsl of about 150 million years may be restricted and become
more useful. )

Global reconstructions of the arrangement of continental masses
are rapidly becoming more acceptable for pre-Mesozoic times (Dewey,
Spall, 1975). Paleomagnetic data applied to well dated rock se-
quences in particular are aiding in these reconstructions and
hopefully in the near future polar positions can be refined and
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restricted for short time intervals. In addition, geologic studies
coupled with geochronologic and paleomagnetic investigations may
disclose intracontinental suture zones. For example, the huge su-
percontinent of Gondwanaland that apparently migrated as a simple
coherent mass across the south pole in late Paleozoic time and was
fragmented and dispersed in the Mesozoic, may have been comsolida-
ted from earlier dispersed continental masses in the late Precam-
brian and early Paleozoic. Uceans both wide and narrow may have
disappeared owing to plate convergence and continental collision.
Paleomagnetic pole positions snd stratal sequences now close toge-
ther on either side of such a convergence suture may have origina-
ted far apart. Although such a tectonic situation is not yet do-

cumented, the duration o® an ice age might be misestimated. Gla-
cial sequences on both sides of the suture zone might suggest a
long duration of glaciation when in fact, each sequence had moved
in and out a near-polar position rather quickly at different
times and when they were separated by an ocean between them. In
short, the mobility of lithospheric plates as suggested by plate-

tectonic concepts, if applicable to Proterozoic times, will modify
the degree to which we can correlate stratal sequences showing a
paleoclimatological imprint, such as glacial sequences. At the
same time, it is through the careful investigation of such strata
along with all other available data that our understanding of these
very events unfolds.

SUMMARY

_Stratal sequences witn a glaciogenic imprint -can be used for corre-

lation in the late Precambrian but only with awareness of several
complicating factors. Within single intracontinental basins or
along miogeoclinal prisms, correlation is probably satisfactory
provided sound stratigraphic principles are adhered vo., In such
rock sequences, transgression and regression of facies will intro-
duce an element of diachroneity to chronostratigraphic correla-
tions, but in the Precambrian the time duration represented by
these facies changes may not be of practical significance. Offsho-
re facies distant from glacial centers will not disclose any evi-
dence of glaciation on land, however, so any shred of evidence
clearly indicating ancient glaciation probably indicates fairly
widespread ice upon the continents. This glaciation as well probab-
1y begar well before the time of deposition of the beds containing
the shred of evidence, and probably lasted long afterwards.
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Studies of crustal mobility throughout the Phanerozoic, utili-
zing all approaches available such as those from stratigraphy, pa-
leomagnetiam, geochronology, paleontology, and tectonics, are re-
vealing a complex history. On Gondwanaland, for example, ice cen=-
ters apparently waxed and waned as the supercontinent moved in and
out of near-polar regions. Glacial strata deposited during these
migrations are therefore diachronous on an intercratounic scale.
Because such a mobile record and diachronous facies can be recogni-
zed back in time for about 500 million years, it seems reasonable
to expect that a similar mobile pattern prevailed for an additional
300 million years, or back to about 800 million years before the
present. This time span includes the Late Precambrian Ice Ages.
Nonetheless, times of continental ice with intervening intervals
without ice have apparently prevailed, so correlation in a gross
way can be based on glaciogenic sequences. In the late Precambrian,
for example, two ice ages apparently lasted together from about
750 to 6CO million years ago - for 150 million years. It is only
when we attempt to correlate in time more precisely that the dia-
chroneity of glacial sequences becomes quite significant.

Research on the glacial history of the earth has been supported
by the United States National Science Foundation, Office of Polar
Programs and Office for Climate Dynamics, and by the University
of California, Santa Barbara.
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1974, Fig. 4. Pos=-
sible positions of
Laurasia not shown
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0.M.P o 3 e B (CCCP)
9K30TEHE3 B JOKEMEPUlCKOHW MCTOPMM 3EMIM :
[TPORIEMA 3BOJIOLMH

O.M.R 0 z e n (USSR)
EXOGENESIS OF THE PRECAMBRIAN HISTORY OF THE EARTH:
PROBLEM OF THE EVOLUTION

Conditions which exist on a planet's surface determine the
combination of exogenic processes as a result of which an
initial matter undergoes the chemical decomposition and physi-
cal disintegration then is transported and, while being depo-
sited, forms sedimentary rocks and ores. The unidirectional
and irreversible action of these processes on the exposed
rocks in the course of the Barth's geological history resulted
in generation of the main mass of the crustal matter. We can
evaluate the exogenic processes of the past both directly, by
sedimentary rocks, and indirectly, by the degree of planet's
crust evolution, expecially by the occurrence of the gramitic-
metamorphic layer.

It is quite obvious, that the Precambrian in the broad
sense includes the whole history of the Earth, beginning from
its emergence as a cosmic body. Accordingly, it seems reaso-
nable to consider the processes of the exogenesis (1) on the
basis of analysis of the most ancient geological formations
within the Barth's crust which are accessible to the study amd
(2) on the basis of data on rocks, minerals, and processes
obtained recently on the Moon's surface.

For the oldest formations of the Earth accessible to the
geological study, the fundamental similarity with younger Pre-
cambrian and Phanerozoic formation is established, which
applies in particular to the exogenic processes too. This is
shown on high alumina metasediments.

The second part of the report deals with processes occu-
rring on the Moon's surface, their geological results and con-
formity with the concept of exogenesis. It shows that these
processes correspond to the definition of exogenic ones and
embrace the decomposition of initial rocks, irreversible alte-
ration of their chemical composition, tramsportation, and depo-
sition in the form of regolith,



It is suggested that under Earth's conditions, such pro-
cesses have occurred with an incomparably greater intemaity
due to the greater gravity and possibly have led to an appea-
rance of the first fragments of the granitic layer on the
Earth's surface.

The data contained in the report, suggest that the evolu-
tion of exogenesis in the course of the Earth's history can

be divided into the following sta?u: (1) the preatmospheric
stage similar to the Moon's one; (2) the intermediate stage

embracing the epoch of heating and degassing of initial matter
and the formation of atmosphere and hydrosphere and (3) the
mature stage mainly similar to the present-day one.

Ycaosia, CymecTEybmMe HA MDBEPXHOCTHM NJISHETH, ONPEZ6IANT COBOKyO=—
HOCTE SKBOIPEHHHX NpPOLECCO0B, B PE3YJABTATe KOTOPHX MCXO0AHO® BEHOCTBO
paspyuaercs UsMYECKM W pasjaraeTCs XMMWUECKM, BaTEM NEPOHOCHTCA #,
pTiHaTEACHE, 00pasyeT 0CAZOYHHE HOPOAH ¥ PyZH. B QMBUKO-XUMMUSCHMX
napamMeTpax SKS0TeHES3a 3T NpPONECCH ZeWcTBynT oXHOHANDABIGHHD U He-
o6paTuMo. PesyapraToM UX BOBZ6HCTBMA HA 0CHAXSHHN® TOPHHE NOPOZH

B T6 YeHWE IEO0JOTMYECKOR MCTODMM 3eMIM gBMA0CH (opMUpoBaHHe IIABHOI
MacCH BeNeCTBA B6MHOW KopH. O NpOABAGHMM NPOLECCOB BDKBOTGHES& B OpO-
W/HEe SMOXW MH MOXOM CyZMTH KAK HeIIOCPeZCTBEHHO -~ [0 0CAZOWHHM I ODHHM
nopozaM, TAK ¥4 KOCBEHHD - N0 CTEMEHM DESBMTHE KODH NAAHETH, B
0COOGHHOCTY N0 NPOABIEHAD IPAaHMTHO-MOTAMODPOMUECKOTD CIOH.

BroJiHe 0WBMZHO, W0 NOHATHE JOKOMODMA B MAPOKOM CMHCI6 CIoBa
0XBaTHBAET BCH MCTOPMD 36MIM, HaWHER C 66 BOBHUKHOBOHMA KaK KOCMH-
4gcKoTro 1exaa. O0 SKB0reHHHMX npogeccax Ha SeMmie o0HYHD CyZAT HA o0C-
HOBAHUM TOTD OTPE3KA €6 WCTOPHM, KOTODHY ZocTyneH HeNOCpPOJACTBEeHHO—
My Ie0J0OPMYECKOMY WCCISJI0BAHMD, ITH ZIAHHHG KACanICH 00BEKTOB HoM—
Horo Golee ApeBHMX, 4deM 3,0 * I09 neT. Mexzy TeMm BospacT BeMiu
8Ha WTEJAHHO OOABWNE, W 6CAN NPOBOAMTH AHANOTMD C IyHHHMA NpoLeccaMM,
TQ BO3pACT [NAHGTH KaK eZAUHOTD HOJOI'0 0KaBsHBAGTCH Golee
4,2 * 10° mer. JloTMYHO OpPEANONETEThH, YTO HA 3eMA6 B BTODT OTDPEBOK
Bpemens (oT 4,2 xe 3,0 ° 109 ZzeT), TAK X6 KaK 4 NospHee, IpOXoAM-
J MpOLECCH BKBOIeHEBa, 0DAHAKD UX QOpMH HAM HOKA HEMSBECTHH, Be-
DOATHO, YTO H8 OZHOM W3 3TamoB, NO0Z00HOM JyHEo# cTazuM, HMEXNH Mec-
T0 COBEDUSHHD cnenuduyeCKuUe NMPoOecCH BKBOTEHHEOTD mpeoGpasoBaHMsA
KpUCTalLIMYeCKUX Nopoj. CymecTBo STHUX NpeANOJATEeMHX NPONeCCOB M
WX CODTHOLGHME C SKBOTEHEWMM MPOLECCAMM MBBECTHHX HAM HA WA INBHHX
9TAN0B TEOADTMYSCEOTD DAsBMTUS 3eMIM ABARDTCH ODPEERMETOM DacCMOT-
peHus B JaHHo# padoTe.
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I. NPEANOCHUIKK
Celiyac yxe BnoJHe 0YeBMAHO, YTO NEDEHM BKTOM HA [yTH BOSHUKHOBO-
HHA 0cazKka M NMocaezyomero GOPMMPOB&HAA BCOTO0 PABHOOGDE3WA TUIOB
0CAA0YHEX NOPOA ABARETICH BOSAENCTBHE K0P BHBETPUBEHUA HA npej-~
WECTBYUWME TBEPAHE rophue mopozu ( Van Hise, 1904; Leith, Mea-
de, 1915). BosHMKuME 0TIOKEHMA, NOTPyXAACH, MOCTyNapT B 30HH
N0BHWEHHHX TEMNepaTyp W AaBJAGHWN ¥ npeolpasywTCa B KpUCTa JLau—
YyeCKMe CHaHUW M NaJMHreHHNe rpaHUToMzn ( Barth, 1961), 06pasyk-
¥e rJIaBHYD M8CCy A0KEeMOPMACKUX 00pa30BaHMI KPUCTANIM WCHUX mM-
TOB M OCHOBAEMA TeocHHKIMEaIeR (Cuzopenko, 1963). Takkm oGpasou,
BOBHUKAET - KaK MPOAYKT AJAMTEJABHO cenapauii BEWeCTHEa B yCIOBUAX
SK30reHesa - 8HAWMTeJBHAA YaCTh BemeCTBA BOMHOH KOpH, COCTSB
KoTopoli xapaxkTepusyeTcs MBCHTKOM KDoMHOBEME, NP6 06JAJEHMEM OKU-
CH KaJdf HAJ OKUCHL HATDUA M B LeJoM N0oZ0GeH rpaﬂnnunpumy (Moanep-
BapT, I957; PoHom, Murgucos, I970).

[pnuuman runoresy O.0.luMuzaTa 06 06pasoBaHKM 3EMI4 38 CYST 8K-
Kpenuu mpoTONJaHETHOTO METEOPMTHOTO BEWECTBE, MH JI0JKHH, CIB-
7l0BaTeJNBHO, NPUBHATH, YT0 BOBHUKHOBEHAE I'DaHKTHO-METaMopdH yeckKo-
T0 CI0A ABJAGTCA NPH3HAKOM WMPOKOW ¥ AAMTENBHON XUMHUBCKOE 3EU-
JIONMA 3TOT0 WCXOZHOTO BEwWeCTBA, TOH 2BOJKOMM, KOTODad B 8HEUM-
PEABHOA YaCTM OHIE BHBBAHA M 0NDPEAGJIANACH DasfleleHWeM SIEMEHTOE
B 9K30TU@HE3@ § CHHXDOHHO MPOTEKABmUMM MPOLECCaMM TUyCuHHOA zudpe-
peHLuManMy MCXOZHOTO BEWSCTBA C (JOPMUPOBAHUEM ATMOCPEPH M BHIIJD B-
JeHMEeM NEPBHX JHAOTeHHHX TPaHUToUZ0B. CJEZ0BATENBHD, ITOMMMO
NpAMEX HaOJDZeHUY HAZ Kopamu BHBETPUBAHAA MH MOXEM CyZAAUTH 0 Cy-
H8CTBOBAHMM M NMPOABAEHMAX NPOLECCOB DK30IEHE3a MO0 KOCBEHHHM
NnpMsHAKEM, 0TPEXELMMMCA B CEAMMEHTOTEHHWX MOpojsx, W, B HAWGDIee
o6meit popme, no CymecTBOBAHMK PPaHMTHO-MeTaMopduuecKoil semHolk
KODH B Z8HHOM DeruoHe.

2. ACCOLMALMM JZIPEBHENWMX T'OPHHX NOPOJ

! MUHEPAJIOB KAK MOKASATEIL YCIOBMA SK30TEHE3A
Ha Bcex KOHTMHEHTaX WMPOKD DACIIPUCTPaHE HH DTJA0KEHMA, BOBPACT Ko-
TOpHX NpeBHUaer 2,6 ° 10° ser. OTH OTI0KEHMf CO/8PXAT accolnua-
LMK Nopoz, AOCTATODYHD GAWBKHE K NapareHesaM 0CazKoB (aHepos0s
(CuzopeHko ¥ zp., I973). B HemeTaMopfM30BaHHHX 86J6HOKAMOHHHX
noacax KaHape, AQDUKM ¥ ABCTpalMM 9TO KOHIJIOMepaTH, IpayBaKKM,
8pKOSH, @PTUIMATH, TJAAHUCTHE CHAHLH, QUIAMTH, KBApuMTH (KaK 00—
JIoMOYHHE, TAK M XOMOTGHHHE), MBBECTHAKH, ZOJOMUTH M §Iiepoauc-
THE OTJOEGHMA, 8 TAKKE CUAGPUTH W ZIXECOMIMTH, HAPHZAY C KOTOPH-
MM NPUCYTCTBYPT JABH, [0 COCTABY 0DTBOVADWME GasaAbTaM M JUa—
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puraM. B meTaMoppuuUECKMX KOMIJNEKCAX TOI'0 X6 BOBpacTa, O0THOC ANMX-
CA K rpauymuToBodl Qauuu Ha Axpane, AHacape, HoAbCKOM noayocTpo-
Be, B I'peHnanzuu, Afpuke, dHpuK, Ha Maparackape, B ['Buase, TaKxe
yCTAHABIMBANTCH LOCTATOYHO XAPAKTODHHE BCCOIMAIMM: KUCIHE T paHy-
IMTH (TEPPHTEHHNE OTJADKOHKS), MBBECTHAKM M ZA0AOMMTH, KBa PIATH
(no KBapueBHM NOCYWHMKAM), KODYHAOBHE ¥ MAarHeTHTOBHE MODOAH,
TOHAMTH (MepPBOHA YaABH0 — GOKCHTH, XEJE3WCTHE M MapPIEHI0BMCTHE
OTJOXEHMA COOTBOTCTEEHHD), 8 TaKxe rpaduTosHe MopojH, UHTE pApe-
TUpPyeMHE KaK YTAeDONACTHe 0TAo®6HUA, OueBUZHO, UT0 KAK B HeMe- '
1aMop@MB0BaEHNX, TAK M B IAYyG0K0 NpeoGpasoBaHHHX HOPOJAX &apxes
MH Ha(IpzaeM Z0CTATOYHO eZMHOOGpASHHE aCCONMAnMA 0CAZO0YHHX M
BYJIKAHOTEHHO— 0CA7I0 YHHX NOPOZA.

Qco0eHHD KHTEPECHH B 5ToM OTHOWOHWM HauGolee [peEHUE NOPOAH
HA 3eMze, B03PACT KOTOPHX B HACTDANEe BPEMA NPEACTABAAETCA
feccnopHuM. HanGozee BaxHH B CBA3H C 3TAM J8HHHE N0 JpeRHE K-
WMM OTJOMEHUWAM BaNajHOd I'peHIaHZMM (CepuK 8MHTCOX W Zp.,

BOBpAacT KoTopHX Goaee ueM 3,65 * I0” metT) u WEHoi Agpuxu
(rpynone OsBepBaxT M Bumeaemamue - Mozuc u Qur-Tpu cucTeMH CBa-
8UJeH7 C Bo3pacToM Goiee 3,1 « IO9 neT). Cpezu aTix 0TA0KEHM
WUPOKO NpezcTaBJeHH KOHrJoMepaTH, B TOM WCHe U (aB8ajBHHE, CIO0-
XEHHHE TajibKoli KBapuuTa, rpaHuTa, MOJNOCYATHX EEN6BHWX DyA,
NecyaHHe ¥ IKHUCTHE O0T/ADHEHWA, GUINMTOBHE CIAHUH, MBBECTHAKM M
ZIDJIOMUTH, DCAA0UHHE KEJO3HHE pyZAil.

InA moHMMaHMA yoaoBMii ZpeBHefiuero sK30reHesa BamHO NOJ YepDK-
HYTH 7ABa MoMeHTa: I) B HauGo/ee APeBHUX NOCTYDHHX M3y Y6 HAD 07—
I0XeHUAX CYymeCTBYyET acCOLManUsA MBBECTHAK (A0DNOMUT) - IIUHA -
KBApUEBHt N6CUBHMK (+AXKECIOUIMTH, CUZEPUTH M ZPyTHe 0CaAZA0UHHE
OTI0K6HMA ), KOTOPas COBEDUEHHO 8HAJOrWYHA ACCOLMALMM TAABHHX
THNos nopoz faseposos. OYeBuaHO, 4YTO 6ZAMHAA COBOKYNHOCTH STUX
XA DAKTOPHHX 5J6MEHTOB COZUMEHTALMM, orTBewbmas faunazbHoMy Opo—
$uap (pazy) ocazkos B GacceilHax GaHeposos, KK [6J06 MOTAS Bo-
SHMKHYTH TOJNBKO MPA HAJA WM MOZOGHHX MM 8HAJOIM YHHX Y CIOBMIA
BKB0TeHesa; 2) Cpeid OGIOMKOB BCTDEUEHH HE TOJBKO [0DOAH MECTHHX
TOJm M OCHOBHHE BYJAKAHMTH,.HO ¥ KAAMEBHE T'DaHUTOAAN, YTO CBUZSE—
TOJECTBYET 0 CyLECTBOBAHWM K STOMYy BPEMEHM TI'paHuTHO-MeTaMopdu-
YeGKOT0 OCHOBaHMA.

Oco606. 3EaWHME KMEOT NPOBeJEEHHE B MOCIGAHWE IOAH CUCTEMa-
TUYeCKUe HCCJAeZ0BAEMA MB0TONMM yTJAEpOZa M KUCIOPOAa JAPeBHUX M
ApeBEeMNMX KapOoHATHHX 0TAoR6HMIU CoBeTckroro Cowsa (oxoiae 200
o6pasnoB; CHpopeHKo ¥ zp., I974) u DxHo#l Afpuxm (Gonee 200 na-
painensHHX onpezeneHuil; Schidlowski et al,, 1975), JCTaHaBANBA-
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6TCA MCKANYATOAHHAA CTAGMABHOCTH MBOTONHHX OTI0XEHMI 1301120

u 180/160 HA BCEM JOCTYOHOM MCCJAGZOBAHMD 0TPEBKE I'60JI0IHYeCKOli
MCTOpUM BeMiIM, YTO CBMZGTEJLCTBYET 00 yCTOHUIMBOCTU TasoBoro Ga-
naHca aTMocepH. B yacTHocTM, MoJarawT, uro Hawkas ¢ 3,0 °IO
8T B Nponecce GHOAOTMUCKDTD (OTOCAHTES8 KOJMYECTED BHAGIAEMOTO
B aTMocdepy KMCHOpoAa COCTEBAANAD He MeHee B80% COBpPEMEHHOID ypouB-
Ba ( Schidlowski et al.,1975).

[IpAMHM CBUZE T6 AECTBOM QHUBHKO-XUMMYECKAX NAPAMETDDB SKB0I'@HHHX
NpoLeccos B Z0KeMODMM ABAANTCA NEPBMUHHE 8CCOLMALUM MUHEPal0B B
ZpeBHOMNKX RopaAX BHBETPUBAHMA M CHASAHHHX C HUMM OTAOXEHWsX,B
G0ABUMECTES CIy WOB DTH 8CCONUAINMM HeNoCpPeACTBEHHD HAaGMOZaTh: He
yZ86eTCA BCJEACTBUO NEPBKPMCTANIMSALMM npU MeTauoDjusme. OfHaAKD
BOPOATHHY MCXO0ZHHM MUHepasbHHI COCTAB MOKHO BHUWICJMTE HE O0CHOBE
npeZzIoEeHHOTD OOJyaMoMpuyeckoro MeToaa (PoseH, 1975,; Rozen, 1971).
OcHoBy pacweTa COCTABJIAET DACHpPeAGNOHNe melouedl MeXZy WEI0YHO-
PIAEOBEMUCTHME KOMIoHeHTaMM (HopMaTHBHHE TMApOCINAE ¥ MOHTMODHI-
JIOEMT) M MOJNOBHME mOaTaMmi, 8 MAGTHMA W XeNe38 — MeMZy NeN0YHO-IJk-
HOBOMMCTHMY 1 EOI6B0-MATHOBMANEHHMA (HODMATUBHHY XJODPUT) KOMOO-
HOHTAMM B COOTBETCTEBMH C COJ6pEAHMEM B Nopose IAMHOBeMA. [locnepo-
BATEABHOCTH onepanuil yBEudunupobaHa. JaA TAMHUCTHX MUHEDAN0B HpH-
HATH COCTAaBH: TUApoCIDZE - 2!20-l50-!'oa-6.511203-163102-5320,'
MOHTMODHANOHHT = 1120-%0-&1205-248102°6520; 1
XI0pHT -k1I30-k2]‘cO-k5A1203'k45102 (~2) E,0. Koad@unuerTH
k1, ks ka. k, onpezieAeHH Ka GyHKOUM Koad@MuMeHTa Eee3uCToC-
@ ( £ ) xuepuTa, KOTODH{ NPAHMMAGTCHA DABHHM Kod(PPUIMEOHTY MEIEBHC—
TocTH mopoan (PoseH, .I9751). [IpuMeHeHME MepecyeTa Npeznojaraet
COXDaHHOCTH XMMHYECKOI'0 COCTABA MOPOZ MpH MeTaMDpMBME, UTO OM-
paB7@HHG OpM ONpeAONeHHHX ychoBMAX (Posen, I9‘?52). HauGonee po-
CTOBEOPHEM ABAAETCA DECYT 0000WLEHHHX KOMIOODHeHTOB WCX0ZHOTD 0Caz~
K8 (pGUOMOYHOID, BHCOKOIJIMHDBEMUCTOTD M T.ZA.). JKasuBaoMuil MuHe-
palbHH COCTAB BTMX KOMIOHEHTOB COOTBETCTRYET SMIMDHUECKH HauGones
YacTP BCTPE Yapmeiicd KOMGMHANMM NMeTPOTOHHHEX OKMCAOB MM dopue uX
npogBuerus (Hampumep, A1203-25102— K8 0IMHUT) B JCADBMAX,
NpUGANSMTOIEED COOTEETCTBYDNUX DETUOHEJNBHOMYy bmMTeHesy (Hoccom-
cKas, [ipuy, I975). [loaToMy pacCWTAHHH{ HOpPMETMBHHY MMHeDAIBHH
COCTAB MCXOZHHX MOPOZ NPejCcTaBIfeT Co60il BepoATHOCTHO® DOWEHZsS
Bompoca, COPaBeZIMBOCTE KOTOPOrG MOXeT OHTH CHOPHOM B NpHMEHe HWH
K 0T76JABED BBATOMY 00pasmy, HO MCNOI530BAHAE cepAM GHANMBOE, X8-
DaXTGDMBYDMUX ©ZMHHI GacceliH coaMMeHTAUME C DOMMMM DCOGEHHODCTAMY
MCXDZHOI0 cocTaBa, N0BBO0AAET yBEPEHHD XapaKTepMB0BATH IJIAaBHHE
TOHZOHOUM B MAHEDANEHOM COCTABO DAZOB MCXOZHHX NopoZ.
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Jus onpejeleEHs HCISXHOr0 HMES PANEHETY CPCTABA HB(DaHH: Ope-
Quxs MeramMepdusesamHHoll RODH BHBOTIDMBAENE B 0CHOBEGHHH NpOTOpPOBOSs
C B0BpacCTeM SKOI0 2,6 MIpZ. ZeT (OOACTHIADEME NepofN ¥ GaBaIBEHSE
TOpPMSOHTH EDMBOPOXCEOM COpDHM ZoKeMODMA JKDAHHH), BHCOKOIAMHESe-
MECTHe OTIOXEHMs 8DX6s C BeBpacToM Goxee 3,2 MAPZ. ler (8ApAE-
CKMil EOMONOEC 0ZHOHMOHHOT® WHTA) ¥ NPeTODUSeS C BODXEHMM Hpeze-
ZoM sespacta I,9 MIApA. AeT (TenToruHcEag cepHs Cucupu, KopExom-
CEHll, 9ezopoBCEME, I970), a Takxe NOPEM WHO-TIMEHCTHE 0TAOXOEHAS
HMEHOr'o npoTepesos (KedBCEAs CepHf KoXBCKers OeXyocTpesa). XuMmu-
YeCKMil H MHEe paibEHE cocTas meTaMepdH wecKAX MOPe7 OPEUBEZSH B
rada, I, BepogTHH# McxepEuilt MMHepaiabEN# cocTa® - B Tall. 2. Xo-
Tq [0Xy W HEH® J@HHHO 9THOCHTCA K HOMHOT'HM THDAN OTIONOHWE H pe-
THDHaM, TeM HO MeH6e H30DAHHHE I'6QIOTMYeCEMe NPMMEepPH BACTOABED
XADAKTOPEN M pABHOBOSPACTHH, 8 NOXy WHHHO JAHHHO - N0E338TEIEHH
H 9ABEOPOAEN Ne cBeefl WHTepnpeTanMM, UT0 BHEOZAH MOTyT OHTH OpeA-
cTaBI6HH B 0GodmeEEe# Qepume.

Hcxepuu#t cocTas (8B3aABHHX rOpMSOHTOB OP0TEp0S80d B WBYYOHHOM
npumepe (o6p. 2) BEABAICH IOTHT-IHADECIDAMCTO-EBADNEBHEM H COBIAX
C pacyeTHHM COCTABOM NOJCTHIADEO{l KopH BHBeTDHBAHMA, 4WMeBmefl cy-
EPCTBEHHP IeTHT-THZpPocHDZMCTHE cocTaB (ofp. I). MomHO BHCKEBATH
NpeANOASKOHKe, UTY MCCIEZOBAHH JMES QTHOCHTOABH0 HMXEMe IOpH30E-
TH CyWECTBEHHO KAoIMHMTOBOI® NpofHis BHBeTPUBEHHs (C YeM Corzacy-
OTCA DOBMOKHO® ODACYTCTBHE DeIMKTOBHX HON6BHX HNATOB H [{B6 THHX
MUHEPBNOB), TOrZS EBK BeDXHM{l %eNeBMCTO-KAQIMHHTOBHIE I'OpPHSO0HT
OHI D8BMHT.

- Jlna ecazoWHHX OTHOXeHMN CyXZeHHe 0 MMHEDANBHHX 0C006HHOCTHAX
MCXoAHEOR KopH BHBETDMBAHMSA OK8BHBAGTCH BOBMOXHHM H8 OCHOBO MX
CBHASH C COCTABOM 0CAZKOB, BHPAXADEEUCA KAK B XuMUBMe (opMEDyOmEX-
cs oraoxenEil ( Leith, Mead, 1915 ), ®ak ¥ B 8CCOOUANKE mOpoz,
DoJy UABMMX Ha BBAEMe Qopuanuit xep BuBeTpuBaHMs (KasapuEes,

1958). HekoTopHe TUOH MEIOBMCTHX DyA, GORCHTH, TOAMM K8OXMHATOBHX
TAME, 0CIOMOYHHE EBAPUUTH ABAADTCH NIPAMHM NPOAyKTOM DASBMHEBE Kep
BHBETDVBAHMA, H MOXHO B OeDBOM NDUGIMEEHHM ZONyCTATH, 9T0 crarap-
mUe MX MMEOPANE NOCTyOAIM HeNOCPOeACTBEHHO HB 3JNBAA HIM ¢TIaIE-~
IWCH M8 DAacTBOPOB OpH HeBHE W TeAFHOM OepeEoce, TOrga KaE Am OO-
IMMMKTOBHX (CMEMAHHHX) OTN0meHHE 3To Oy 7T COPaBOAAMBO JMES GAC-
THUEG.

B cocTeBe Kep BHBeTpMBEHMA B apxee (e0p, 3-6) DKa3HBAETCA B0
MOXHHM NpPEANOIETATH A0CTATOUHO HOXHH{ HaGop mopej IZaTePUTHOTO
npofEay BHBETDABGEAA: TAMEMCTHI M816DHEI T'MAPOCIDAMCTO0-MOHTMOPUI-
IOEMTOEOTO COCTARE, TUO6CHT, TMZPOGKKUCIH X6H688, BOBMOXHO, XAOPMT
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Tadwoma 1
Yuvugecruft cocTAR HEeROTOPHX HAEGOJNee NPeBHEX CeIHMeHTOIeHZHX

]

o]
w

L
(=]
2]

si0, ' 51,45 87,67 76,31 53,00 @ 38,48 @ 12,50
140, 1,02 0, 0,9 0,3 2,15 ' 0,8
AL0; 20,33 542 6,48 8,64 36,06 78,30
Fe,0, 2,42 0,68 2,57 2,17 3,69 0,90
FeO Hel 438 @8Iz 2,% ' 9I 0,88
M0 0,12 0,02 009 0,09 0,II 0,0I
¥g0 2,52 0,49 3,63 3,10 4,64 2,II
ca0 0,3 0,04 0,30 2,04 073 2,52
Na,0 0,22 0, 0,8 0,09 I0¢ 0,55
K0 6,8 0,9 0,8 0,09 4,00 0,2I
Hy0* - - 0,67 0,4 I, I,22
Hy0 - - - - - -
co, - - - c = =
Pﬁag 0,I3 0,09 - - - <
0. 4,18 1,60 = = L 5

Cymea 100,54 I0I,50 100,30 I00,29 99,73 100,09

I - 2 - ropa BuBeTpHBaHM?, OCHOBAHNe KDUBODORCKOH CepMH, CaKca-
rauckuft paftor (Tomoerok, laxex, 1975): I - GHOTEHTO-C®PUIETORHH
ClaHell B NOKPHBOPOXCKO# KOpe BHBeTpHBAHEA, 00p, 1733, 2 - cum-
IHCTHE KBAPUHTO-NECUAHMK B OCHOBAHHE KPHBODOXCKON cepu:, o6p.
173u; 3-6 - BHCOROTUmHOSeMECTHI THN oTXOXeHEM, apxeit Anpanma,
annasckuft xommwrexc (Kymum, I973); 3 - kBapmTo-THefic ¢ Ipamarom
Tadn.3, k I0, 4 - xBapieBo-TENepCTeHOBHH cianen, Tadm.6, K T 1
5 - CHUmMaHET-CEOTET-KODIMEDHTOBHA THefic, Tadn.9, & 10, 6 - zo-
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MeTamoppa9eCcKAX TOPOX

7 8 9 10 11 12 13
65,50 47,26 33,74 5,33 ' 77,58 47,60 43,77
0,62 I,36 0,84 I,23 0,75 2,30 3,29
18,18 37,07 39,42 33,24 10,67 16,20 28,03
I,65 - 8,74 0,62 0,83 3,54 8,80
5,33 10,89 6,98 0,26 5,30 10,56 1,77
0,09 0,27 I,I5 0,0I 0,II 0,39 0,66
I,01 0,9 0,70 0,I2 0,II 2,6 0,63
I,I4 0,65 0,20 0,59 5,30 9,86 0,80
- 0,II 0,50 0,95 0,97 2,24 0,I4
2,94 0,53 I,63 2,16 1,84 1,33 0,I3
- - - 3,20 0,94 1,00 -
0,42 - 0,22 0,33 0,22 0,09 0,5I
- - - 0,I2 - - E
- - - 0,09 0,0I I,37 0,09
3,48 0,95 5,45 0,18 - 1,21 -

100,26 I00,22 99,70 99,65 1I00,I7 99,66 100,26

pyumeT, Taénr.I0, % 7y 7-9 - BHCOKOTVIMHO3eMACTHHt THI oTaOXeHuH,
npoTeposoit Bafixarsckoft ropro#t odracT®, TeNTOPTHHCKAA CepUA (To-
zoBeHOK, 1966): 7 - craBpoamToBHE ciadel, o6p.II, 8 - muCTeHO-
crappoanToBHi caaen, ofp.% I5, 9 - oTrpesmTOBNlt Ciamel, o6p. ¥
IB; 10-I3 - TUMHMCTH?t TAOD OTJIOXeHEHN, kelBCcKas cepud, ITpOTeposoi
KONBCKOTO mMoNyocTpoBa: I0 - CTEBPOJAT-REAHATO-CIOIMCTHR ciaHel,
11 - rpasaTo-cimmAHO! ciaHenm, I2 - rpasaroBhit ampucomuT, I3 -
TDaHATHT.
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Tadmma 2

[leper9HH? MEHepANBHHE COCTAB HEKOTODHX HAHOOJNEe IpeBHHX
adam3oB, Posem,I975)

oTaoxeHult, pec.? (amroxmmmueckE® mepecdeT CHIMKATHHX

Be poATHH{ PacueTHHT] Kopa BHBeT- | BHCOKOTJIHHOBEMHC—
KOMIIOHeHT— HOPMATHBHO- | PUBAHUA et TMD OTsOReHEM,
Hult cocras MHEHE DAJIOTH- apxeit
HCXOIHHX geckuft coc-
nopoxn TaB HCXOH- I 2 3 4 5
HHX TODOX
OdmomouHH Ksapix 21,23 77,I2 65,48 40,69 -~
[lnarmorxnaz 2,14 - 1385 - 1,093,41
OpTorsas 5,80 - - - 3
Cymma 29,17 7T,I2 67,33 41,78 3,41
TmaaucTHE
BucokorymHO- Tuddeur - - - - 38,08
seMECTHY KaommauT LI9 D25 - - -
llesogno~-T/ma- Vot 48,74 7,33 7,53 1,38 25,59
HOBeMuC THi MoxTMO Pt~
JIOHHT - 4,29 - - Ie,07
XXX
MarHesmanbHo-  XIODET 3,21% 3,40 16,72%%29,88 4,72%
XKeJie 3AC THit Cynma 53,14 15,27 24,25 30,24 84,46
Kenesumcruft TeTaT 15,37 %.,26 6,64 "21,51 8,52
KapGoraThuft Kanpuur - - = = =
JomoMuT 0,64 - 0,74 6,09 1,79
AxrepnT - - - - -
Cymma 0,64 - 0,74 6,09 1,79
[Ipoune. MmHepaJH THTaHAa,
Pocdopa m ap. 1,7 0,3¢ 1,14 10,38 I,8I

HopuaTvpHHe HCXOXHHe MODPOmH (HOMEpa aHATM30B COOTBeTC TEYBT
Tadn,I): I - reTMTO-IVMHNCTAA NMOPOXA KODH BHBETPUBAHEA C KBApLeM
¥ MOJeBHMA WMITATEME, 2 — TeTHTO-KBapUeBHH rumHECTHI mecw
3 - KBapueBHN mecyaH;k ¢ e TUTO-TVIMHAC TO-XJOPUTOBHM LIEMEHTOM;
4 - mecyaHasa TeTUTO-NIAMO3UTOBAA MOPOXA ¢ KADOOHATHHM MaTepHuasoM;
5 - reTHTO-IMGGCETO-IJMENCTAA NOPOIA; 6 - IEGGCHTOBAA mopozna
(doxcur) ¢ rapdoHaTHHM MaTeprEanoM; 7 - KBaplleBH{t MecYaHWK ¢ maMo-—
SHTO-TJIMHACTHM LEMEHTOM; 8 - mamMO3MTO-KAOJMHATOBAA rmopoma; 9 -
THOOCUTO-TUMHACTAA mopoma; I0 - KAOJMHUTORAA IVIMHA € IeCYaHHM
maTepuasom; II - kpapueBH#t mecuaHEK C KapGOHATHHM MATEDHAJOM;

BHCOKOTIMHOSeMECTHE | TmmemcTHft TMm oOTIOReHHH,
Tun oTiaoxeHuft, mpo- | mpoTepozoft
Tepo3oi
6 4 8 9 10 ;5 | I2 I3
- 44,23 3,256 = 8,32 51,92 20,15 2,56
0,73 - - I,75 8,37 7,80 21,65 -
- - - - 8,57 6,50 - -
0,73 44,23 3,25 [I,75 25,26 66,22 41,80 2,56
78300 T < 22.06 - - - -
- 16,91 63,84 38,71 67,58 12,27 - 51,99
I,04 < 23,81 2,71 11,41 4,34 4,05 10,41 9,76
12,20 - 3,96 8,36 - - - 4,08
- 7,86 2I,45 - - - 26,36 16,75
91,24 48,58 91,91 80,54 7I,92 16,32 36,77 E2,%8
1,45 [,88 ' Ti024:74,89"10,3T - = 8,56
- = . - > 0'99 IU'm L.
4,47 - - - - - 0,73 -
1,50 4,56 2,89 0,62 0,83 15,69 705 2:2F
5,97 4,56 2,33 0,62 0,83 16,68 1778 2,21
0,62 0,75~ 1448 : 2,20 .. 1;67 0,78 3,65 4,09

12 - xaploHaTHO-NeCYaHO-TVIMHECTAA DOPOZa C MAMOSATOM; I3 - raoum-
HUTOBAA IJIXHA C T'eTHTOM B MAMOBKTOM.
X JUsouTox Mg , DACCUMTAH KaK CeDIEeHTHH,
XX p pom wmcae 3,89% - paccuETAHHHI KAE Ce[NEHTHH H3CHTOR Mg.
XXX 7o xe, I,28%.

XXX Tepvue "meCUaHHK" ECHONB3YeTCA YCJOBHO JUIA HPOCTOTH HSJOKe-
Hust, (aKTHYecKM B paBHO#t Mepe BePOATHH M AJeBPETOBHE pas-
MeDHOCTH OGJIOMOYHHX YACTHN,



HAMOBHTOBOT® THNA. PasMuB NDHBOAMA K pasjensHeMy (opuuposaHMD
E8E KB&DNEBO-X6I6BHCTHX, TAK M OOKCHTOBHX O0pof. OTIuMuMTeNbHOM
0C006EHOCTED STHX NOPOJ ABAAGTCA, BO-NOPBHX, BHCOKAJ MATHEB8UAIb~
HOCTEH, 8 BO-BTOPHX, 0TCyTCTBME KAOAMHATOBOr0 KOMIOHeHTAa, B M8-
BECTHOHl CTONOHM 5T0 MOXET GHTH 00BPACHOHO DNUTEHOTHYOCKMMM IpO-
neccaMd, 4 B YACTHOCTH OpOLSCCAMM KapOOHATMBALMM, TTO YCTAHOB-
meH® Aaf GoEcdToB (BymuEcEait, I97I, crp. 222). MomHO Tamxe
OpeznoA9XMTE, UT0 BHBOTDHBAHME MA0 B COMMADHZHHX, NEPEXOZHHX K
ApMAENM, JCHOBMAX, KAK, HANDHMED, NeP6Z 0TIA0OESHMeM JOKeMspuii-
cKoil cepur Kusso B CesepHoi Amepuxe ( Kalliokoski, 1975).

Ho cesMecTHO® NPOgBIGHHEe 5TMX 0COCGHHOCTeH B COBEPmWeEHD pas-—
JH YHHX - KONOBMCTHX, TIMEMCTHX M COKCHTOBHX - OTIOXS HMAX yKa-
8HBAET, CKOpee Bcere, HA To, Yr0 06me# NpMUMHON ONIA cnenuduka
cocT8B4 BHBETDHBADMMXCH NOP0A. DeCKA0AMHMTOBHE MarHesLalbHO-
XOIOBHCTHO KODH BHBOTDUBEHW§ PaBBUBANTCA HA cepneHTHHMTax (Pa-
symeBa, I967; lerpen, I967), 4, BepoATHO, WMPOKD® pacnpoCTpaHe-
HE@ OOCJBZAHMX B 0OXACTH DASMHBA 00yCAOBMNQ yKaBAHHHE O0CODGEHHOC-
TH COCTABA BHCOKOIrIMHOBOMHCTHX NOPOZ.

BHCOKSIZAMHE0BEMECTHE 0TIOXeHMA npoTeposes (Tada. 2, k 7=9),
no-BEJEMOMY , 00PSS0BANMCE B PESyIALTATO DABMHES JATODMTHOR KoDH
BHBOTDMBAHMA, B E0Topol, BepoaTHO, OHNA DABBHTH BCE TIIaBHHE
MMEO DBIBEH® B0HH — MOHTMODMIIOEMT-XNOPHUT-TUADOCIDAMCTAS, K80IMHE-
TeBadg, IMOOCHTOBAA, XBJEBHCTASH.

HoxoZEHM MaTepHaTOM ZAH IAMHMCTErD THOS OTA0XKEHMR mpoTeposos
(radx, 2, ¥ I0~I3) cayxuaM NopoZH TAMHMUCTOR, CyHOCTBOHHD KAO0Ji-
HHTOBOR ROpH BHBOTDMBAEAA C XONOBMCTHMH OOPOZEMH B 36 DXHeH
B80He, OPOAyKTH DasMHBA KoTopux (radi. 2, & II-I3) oxasamucs B
OCHOBSHHM M8y WOHHOr0 paspesd, HaomuHuToBHE cocTal KODH MOI OHTH,
B WACTHOCTM, 00yCIOBIGH T6M, UT0 BHBOTDPUBANMCH KBA PIj6BO-[0I6E 0=
mD8 TOBHe, KMCAHG [0 COCTABY NOZACTHISDEME NOPOZH.

BoonHe 0WBHAHO, YTD BCO N0Ay W HHHE A8HHNG N0 MUHEDAABHOMY
COCTABY yA0BUOTBODHTOAHH) COOTEETCTBYDT UBSBOCTHHEM M MBY U0 HHHM
MoZeXaM Kop BHBOTDUBAHHS NOBAHEr? JoKeMOpus H daHepeses. QOco-
H9BA KOHTHHOHTSXBHOI'0 IMTOreH688 — KODH BHBOTpHBAHHA (B cel-
CTROHHOM CMHCA® CH0BA) CHIH, 0YGBMZHO, H B JOKOMODHM I'AABHHM
MCTOWHAKOM BOHOCTEA JAA 6CAZ0YHMX Toim. CoBOKyOHOCTH Ooly WE~
HHX DAC®THMX AAEEMX BHyTPOHH® HONDOTHBODO YIBA M 07HOSHA THO
yEasWBaeT HA T, Y0 B DAHHOM JIOKOMODHM CymeCTBOBAAM BHC OKOIM—
He8OMUCTHO (HODPMATHBHO-TUOGCHTOBHE), IIMHOBOMMCTHO (HODMATMBHO-
KAQUHENTOBHO) M 1i0JN0UHO-TIMESSOMACTHS (HODPMATUBHO-THIDOCIADAMC—
THe) KepH BHBOTDUBAHME H OpPOAYKTH KX DASMHBA OHIM HMHPOKO pac—



npocrpaselk, CXoACTB0 MMHODAABHHX COCTABOB AoKeMOpuilckux u da-
HOpoBOCKMX KOp BHBOTDPHBAHMA M 0CPASOBAHHHX [MDPH MX DaSMHBE 0T-
JoKe EMil ZocTATOYHO ONpezeNeHHO yK&BHMBA6GT HA NOA06Me yCIOBUR BK3O-
reHe 88 Ha BCOM, ZOCTyNHOM HENOCPEACTBEHHOMY Ie0JOTMYECKOMy HC-
CI8ZI0BAHAD, 0TPEBKEe WCTOPMM SeMiu.

Ecay vMmepmyec JaHHHe JIOCTOBEPHH (a8 COMHEBATLCA B BTOM HET
OCHOBaEMl, NOCKOJABKY OAMBAKOBO® DONO6HM® ODKAapgHBAETCHA CIHGACTBHEM
NpUMEHOHMA DABJMAYHHX MOTOZ0B), MH JIOMXHH CZEJBTH BHBOZ, Y0 Hau-
1 GoZee APOBHME I'e0JOTMWECKA JOKyMEHTUPYOMHE NPOLECCH BHBE TpUBA-—

1 Hif, KK M BOOOME UPONECCH BKBOreHesa, NPOTEKANd B yCIOBUAX,
NoAOGHHX MM GaMsKMX (HO He TOEASCTBOHHHX) K COBpeMeHHHM, Oz~
HAK0, C TOYKM BPeHME pasBUTUA NIBHETH KAK KOCMUYECKOI'D LeJoro,
] 6CTEeCTBEHHO NPBANDIATATE, YTO BTOMY OpP6AWECTBOBANM HOKOTOpHE Apy=-
Tde (QopMH PKBOIEHEB38, 0 KOTOPHX MOEHO CyZHTH M0 KOCBOHHWM [pMBH&E-
L KaM, Hanpamep Oo OCOGOHHOCTAM NpeoGpasoBaHMA JYHHOTO BEMECTBE.
BaxHOCTH TEKOI'0 poJ8 MCCH6GAOBAHMN OHNA moxasaHa A.B.CuzopeHKo
(1975, c2p.13).

3. OK30T'EHES HA JIOATMOCQEPHOV (JYHHOW) CTAZMM

PASBUTUA NJAHETH
CoBpeMeHHAA KOCMOTOHAYECKAA TOOPUA MOBBOJMET NpeAnNoAaraTsh, Yro
nocae aKKpenud NpPoTONNAHETHOI0 BEmMECTBA W 00pas0DBaHUMA BeMid Kak
OIMHOTO KOCMMYECKOTD T6J8 M A0 HA YRR MHTOHCHBHOT'0 BHAENEHUR
NeTy WIX KOMIOHOHTOB M BOBHMKHOBGHMA N6PBAYHNX a8TMOCHepH M @Kea-
Ha Ha B860MHOJ NOBEPXHOCTH I'OCHOACTBOBAJNM YCUOBUFA, NOZOGHHE TEM,
KOTODH8 B HACT 0fll6eé BPOMA W8y YeHH Ha JyHe M B KoTOpHX QopMmupyer-—
CH peroaur.

OwBUAHD, 4YT0 38 BPEMA CBOErD CymeCTEDBAHAA (HawHaA no Kpali-
He#f mepe ¢ 4,2 - I0” ZeT) DeroaMT nNpeTepnes BHE WTOABEHE SKB0-
TeHHHEe BOSZeUCTBMfA. B 8To0ill CBf8M HOOOX0ZMMO OCTAHOBUTECA HA CO-
CTABO M COCTOAHMM STOr0 CI0R M HE €r0 XMMAUSCKOR 2BOJNMMM,

C TeM WoOH PACCMOTPETH, COOTBOTCTBYDT I HAGIDABOMHS FBI6 HUA
NOHATHD BSKB0I6HEsa, M 6CIM COOTBETCTBYDT, T0 KAKOBH HAOPABIEHHOCTE
M TeoJOrMYsCKMe CJ6JCTBHA NPOTERADNEX NPOLECCOE,

B cooTBETCTBMM C 9CHENPUHATOHE TPAKTOBK0 TOpMUH "DKS0rEHEes"
(eKB0reHHHO NPONOCCH) 0XBATHBAET I DLOTMYWCKME OPOLECCH, KOTO-
pue BHSHBADTCA BHOWMHMMM N0 0THONGHMD K 3eMie cuzamu, jelicTBypT Ha
N0BEPXHOCTMA 3eMIM W B CAMHX BODXHHX U8CTAX IUTOCHOPH M BKANYADT: 1)
(QUBHYECKDO DABPYNOHHe M XMMHUECK0® DaBIOXeHHe, CBABaHHNe C Boazeli-
CTBMGN 0BG PXHOCTHHX &IOHTOB, 2) NEPOMEMEHMe BOBHMKADIMX MNPOAYK-
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TOB, 3) 06paBoBAHMG CIOMCTHX OTIOREHMUE M3 NPOAYKTOB ZeBUHTEIDa-
OUM M pasloxeHus. [IpepcTaBiseTCA, TAKUM 00pasoM, W0 HaMm jo-
CTATOYHO, C OZHON CTODOHH, yCTAHOBUTH TAKME (USUWCKMUe ABJIEHMA,
KaK IesMHTEIpPanuf, NepeMeNeHMe M DTHOXOHH6 B BUZE CI06B BOBHUKA-—
PWET0 HA NOB6PXHOCTH BOWECTsA, & C Apyrofi = BHABATE HanpaBleHHHE
XMMWYECKAEe MBMEHEHMA, NOZoOGHHe TeM, KOTO[HE A6JanT CTOJAb pasn-
TEABEH0 HECXOEMMM MCXOZHHE NOPOZH M ROHEYHHOe NPOAYKTH DKBOIeHEBa
B WHPOKOMSBECTHHX IEO0A0OTHYSCKAX ABJAEHAAX HA 3eMie,

Cnepuduyeckue GasaIbTOUZH ¥ QHOPTO3MTH ABIADTCA MUCXOZHHM BEH-
Z0TeHHHM BOWECTEOM AAA 06pasoBaius perouara (BUEOrpazos, 19‘?42).
OcHoBHEMY QaxTopaMi, onpejielaDm4MA NpeBpameHds TOPHHX O0po7 Ha
n0B6 PXHOCTM JlyHH (BHOWHMMM, SK30TEHHHMA (QaKropaMu), ABIANTCH 0a-
Zl6HHe MeTeOpHTOB M GoMOSDAMPDOBKA DABAMUHHMM 76 DHHNMHA dacTUNaNM,
DOCTyNEBUMMM B OCHOBHOM B BMAE COIHE YHOT'O BETDA M KOCMHYSCKOID
U3y yeHus, OZHAKD POXB MBJY YOHWN B QOPMUPOBEHUM OOBE PXHOCTHHX No-
Doj HA Z8HHOM yDOBHE DACCMOTPEHAA BONPOCE MOXHD CYATATH COBEPUEH-
HO HESHAWITEABLHOM.

[loz BoszeiicTEMEM yA4GPOB METEOPATOR BEMECTBO NOBEPXHOCTH HpE=—
o6pasyercs, OAHAKO 0HO BCErj8 ABIAGTCA MECTHHM, M METOODMTH, IN0-
BUZMMOMYy, MIDaLT DOJNb JMNE SHEPTOHOCHTEJA, TOIJ@ KAK IPHHOCUMOE
HMW BEUECTBO He OKA3HBAGT CYHOCTBOHHOI'0, SAMETHOI'0 BIAMAHMA HA
cocTaB BosHMKawmMx nopoz (MaiicoE, MeacoH, 1973). BosHKKawT no-
po;ui. 00yCA0BNOHHHE yZAPHHM BoszelfictBuem: I) pasHoofpasEHe 06JoM—
KH, BHODOWG@HENG W8 MMOaKTHHX RPATeépPOs ¥ COCTABIADNUE Npeosiazan-
OyD Y8CTH POroAuTa, 2) MMKDOGpPEKUMM, o0pasoBaHMe  KOTODHX CBABA-
Ho ¢ muTUUKanMeit moj BOSAGHCTEMEM yZ8PHO-BSPHBHHX NPONECCOB HIM
CO CleKaHMeM 0TAoEeHMM B ypapHo# BolHe, Cpean 0THENBHHX QparMeH-
THB HAPAAY C 0GHOMKaMM MOPOA M MMHE DAIDB BHZOAANTCA Takke: I)
wapukKd ¥ yraopaTHe 0GNOMKK CTEKIQBATOrD MaTepuana, 2) CTeKI0RA-
THE GpPHBI'M HA [0BEDXHOCTH 0OCJNOMKOB HOPOZK, 3) XeleB0-HUKeJEBHE
TpaHyiH (wapMEM) B DEroJuTe M BHYTPU APyTMX CTOKIOBATHX (paruesn-
TO0B.

KomveecTseHHHEe COOTHOWGHAA PABIMYHHX 10 COCTaBy (QparMeHToB
peroauTa B palloHe NoCajKM aBTOMATUYecKo# cranuuu "Jysa-Ie",

oo A.l.BuHOTpazoBy (19‘?41 2). NpezcTaBIeHH B Tadm, 3.

[pussEaKyM yAapHHX nnanaicun (puxcHpyoTCH N0 ZedopManuaM
MHHEDANOB M NPUCYTCTBMD OCKoAKOB (PpaHy¥, I974). OUEHKM HHTEHCME-
HOCTH y78DHOT'0 BOBZ6UCTBMA N0KaBHBANT, YT0 ZABJGHAA AOCTATENM Co-
TeH KNAe0ap, @ TeMIepaTypH, BOSMOXHO NpeBHmapmue 3000°C (Touka
KHNeHus xenesa), OHIM ZOCTETOYHH AJAA A0CTHEGHWH BHA WITEIBHHX MO
BeJMuiHE 5PPeKTOoB McnApeHWA T OPHHX MOPOA.
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NoxseprapmdifcA TAKMM BOBAGHCTBMAM DETONMT HONpPePHBH OO pe-

. MemaeTcCA B NPOCTPAHCTBO W NpH STOM NepeMemMBaeTCA. [lepeMmemeHue

W nepeMemupaEMe MNPOMCXOZAT NpPH o0pas0BAHMM COIBWMX M MAJHX Epa-
T6p0B. 3y wHME TPOKER AZ6PHHX YACTHN KOCMMYECKOT0 MBIy WHHA Ha
pasHHX CTOpPOHAX 0TZeAbHHX 0CJOMKOR OODOZ W MHE6DAN0B, COCTABIAL-
DMX PeroidT, [0KABHBA6T, U0 CKOPOCTE SPOBMA MOPOZ HA JyHHoH
M0BODXHOCTH pPaBHA ITDUMEDHD 1077 CM/roZ, & NPOLEecCH nepeMemMBaHUsA
78{iCTBYy T NOCTOAHHO, X0TH M DporeRawT MezaeHEo ( Fleischer et

al., 1970).JlaEEHe © CEOPOCTAX NepeMeumeHHH cefiuac, mo-BUZAMOMY,
6me BECHhMa IPUGIMBUTENBHN, NOCEKOABKYy OHM QCHOBHBADTCA HA papHMelo-
TMYOCKOM ZlaTHPOBAHHH NPOZYKTOB KOCMMUSCROTD 00Xy WHMR B HADYEEHX
YaCTAX OTAEABHHX (ParMeHTOB NoPOZ ¥ MHHEpaXeB.

lisy4eHue ycnoBMit 32J6raHMR NOKABHEAET, YTO POrOXMT pdpasyer
CI0 HA NOBEPXHOCTH, MONHECTH KOTOPOr0 ONEHMBEGTCA 0T AGCATKOB
canrumeTpos (35 cM, BuHOrpazos, 19‘?42) Z0 3-I0 M W B cpejHeM
cocTaBaAeT okoxo 4 M (Me#coH, Meacosn, 1973). HaGapzaeTch 0Tue T-
J4BAA TOPHBOHTAABHAH CIHDMCTOCTH, ONMCHBAEMAA, HANpDAMED, CI6 Ay DMUM
p6pasoM (CBepXy BHM3): I) ToHKMEA nuneBoi caoit, 3 MMj; 2) TOHEMIE
TeMHO-CepHil cAol Kpenkelt mopozH, pPacTPeCKUBANNMIChy NpPH NDPHTORe—
HAM CHMIH, 6 MMj; 3) CHO#l MATKOID, CIEIKA CLEMEHTHDOBSHHOID NOCURHO-
NHIEB8TOTD MaTepUazZa TOMHO-Cepore iuBeT™a, 5-I5 cM; 4) cuolf, mpez-
craBaAnmMit codoff mepexoa K HMNeJexamuM HOpPoZAM ¥ oOaZazapmEit 6oas-
me# NpovHOCTEO ¥ MEXaHWYOCKEM COMPOTHBASHUGM.

[Ie rpasy IeMeTPUIECKOMy COCTEBYy pETQJAT CHOMEH I'JABHHNM 00pasoM
gacrumaMM passmepoM oxode 0,1 MM (MeAMGHEHN zMameTp), 0TBE YA DEMEMM
MEJK0B68 DHACTOMYy NECKYy MJM AaNeBDHTYy : B BHA WITOILHOM KOIMYeCTBE Opu-
CyTCTBYNT [HAOBATHE YacTUUH pasuepoMm meHee 0,002 mM H 06AOMEH
pasMepoM 2-30 MM.

B necuaHo-aneBpUTOBOM PpaKmMM npe oGaazenT 0CIOMKE MUEepaIes,
HADAZY C KOTOPHMU NPHCY TCTBYDT MHOPOUWACNeHHHWe NPOAYKTH pacnias-
JGHUA U DasOpHBruBaEMA (TpaHyiH, WAPUEE), 0 EOTODNX yNOMAHYTO BH-
me. I'paBuilEHe® 0CHOMKH CHOXSHH I'IARHHY 00pasoM OOPeZSMH - 088&8Xb—
Taud 4 8HOPTOSMTAMM,

MlaydeHne rpaHyNoMeTDUM X MOPHoAOrHM YaCTUD, B YACTHECTH,
NoKasHpaeT, 970 "B CoCTaBe DEroJMTA DESEO0 HPe0GASZADT BTEDM HHS
GECTHNH, 00ASAHHHe CBOHM NDOHCXOEGHMOM SK30TeHHHMM BOsgeicTBU-
AM" (QuopeHCKHAN M ADe, I974, cTp, 42). B KPyNEHX HPaKOUAX MHOTO.
Opexwiit, ¢ yMcHBN@HWOM pasMépa 9YaCTHI BOBpACTAOT COZOPEAHMe mia-
K98, COOKOB M B 0COOGHHOCTM CTeEma (Tadd. 4). Buonme odueBMzEA
CBfA3h PaSMOPHOCTM H COCTABA 00AOMKOB, 00yCI0BIOHHAF BKBOI'6 HHHMA
npogeccaMd ux GopMUpOBEHMA.

145
10 743



Tadmma 3

Pacnpenenende 9YACTHIl PaSJNYHHX MOPOX B peroxmre Mops MsoCwmis
oo KepHy aBToMaTRiecKoX crasumM "Jyma-I6" mas dpaxuum
40,45 s (3 %) mo AN, Bamorpamosy (I9741)

Hurepsan (csepxy 0-I5 cm 15-33 om
BHH3) TomrosepHECTHE MaTe- PasrosepaEmcTult Ma-
DHAX C MANHM COXEDEA-| TepEAN ¢ BRANYEHHA—

HEeM Ipyoux @paxumft, M OGJOMKOE MOPOR
Odxomeos Gones 3 MM H NpyTEX 9YacTHI

He CoxepxET pasmepoM doJsee
3 mu
Sows A Al . | il
Tad6po 3.1 17,5 8,1 15,2
BasaisT 7.8 9,0 4,9 7,9
AHOpPTOBHT I, T 3,7 2,5 4,5
Bpexunn 33,9 41,4 35,5 8,3
[raxy ¥ coer: 40,0 1765 41,8 53,5
CTersa m MOHOSEpHA 249 4,0 6,2 6,1
e persc I;2 I8 1,2 1,6
Paz/myANe 4YacTROH L2 B,7 - 2,6
OOmee wmcno wacTHEN,mT. 838 297 2351 755
Bec Ppaxmum, T 0,230 0,I00 0,560 0,260
Tadmina 4

Comepxanue CTeEJa B MeJKEX (paxumsx peroyura (B % or odmero
qucaa vactmn) mo K.I.dmopemckoMmy ¢ coasropamm (I1974)

Soma* PasmepH 4ac MEM
80 - 70 | 50 - 40 20 - I0 4 -2

A 24 2T 63 88
B I7 26 51 94
B 32 29 52 92
T I4 29 43 92

X Onmcanme som om.B Tadm.I.
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e cmoemy nerperpaduvecEoMy COCTABYy STM OTAGXOHHA HENOCPSACTBOH-
H9 CBAB8HH C NOACTUAADMEME EDUCTAANM WCKHMHM NOPOZAMH, TUTO 01—
YeTIMBG yCTAEABIMBAOTCA 10 CX0/CTBy MHHODANFHOTS cocTaBa M Ha(o-
py nopea B 0GIOME&X M, C 0COCOHEOH ACHECTHD, NPH CONOCTABJGHMAX
XMMHYBCKOTO COCTABA KDHCTANEMUSCEMX NOPOZ B LOIOM, PErOI4TaE M
CTOKIOBATHY (parmesTes (M&DHKOB), COGPAHEHX B OZHOM M TOM X8 Mec-
re (BMHOrpazes M Ap., 1974; Tmacc, I974, crp. 238).

Takum o6paseMm, BEA N0BEPXHOCTH BOBHMKAET MAACT 06pepaloTaHHHX
BHONMHMMM JaxTopamd oTiaoxeHM#. CnenuduEa ¥ CKoPOCTH MX BOBHUKHOBE-
HAA ONPeAGAADTCA ZBYMA TISBHHMHM yeDTAMM: UACTOTOH NAZI0HUA KOCME—
YOCKMX TOJ M YpesBHYAIHD BHCOES MHTOHCHBHOCTHD BOBA6HCTRMA KAz~
070 0TZOABEOTY NAAGHMA, KOTOP0O® MOXST BHSBETH DAacNIaBIOHMe, EMIe-
HH6, DasGpHBIMBAEMG ¥ MCIADeHMe TIABHHX TUOOB Hopox QyEpaMeHTs —
0aBs8AbT0HAOE M AHOPTOBHTDE, DTy rpynny QHuUsEYeCEMX MPONECCOBd
IpeACTABIA6TCA OCTOCTBGHHHM O0THOCTM K K4TEroDUM DKSOreHesa,

OaHaKe NpereCcCH SKBOIeHEs8 B COUCTBOHHOM O0GHENDHHATOM CMHCIE
CI9BA DXBATHBADT HO TONBKD QUBMUGCKMO, HO M XUMMUSCKHe, Bo MHOI'OM
HOOOpPaTUMHO B NpOZ6AAX CaAMOTD oKBOredesa, npeoGpasoBaHMA MCXOAHO-
't BOmECTBA, BoNpoC © XMMMYECRMX MBMOHOHMAX He CTOJAb 0WBHICH M
88CIyXMBA6T CHELMANBHOID PACCMOTPOHHA..

CymecTByDmM6 AGHHHE NOBBONADT BHCKABATEH NpPeAN0ON0OXGHHE, 9T0 B
. paccMaTpMBAGMHX yCUOBMAX SKS0I6HEB8 MAYT HOOGPATHMHE NPONECCH
XUMKYECROr0 (PAaRUMOHMPOBEHEA WUCXOZHOI'0 0a3aXBTOMZHOID BEMECTEE C
06paBOBAHMOM KMCAHX I'DAHMTOMAHHX Nopoz. [ozaBianmee OO0JAbMHHCTEO
MBYy Y9HHHX 06pasno® KPUCTANIMYECHMX IyHHHX OOpPOZ, KAK [N0Jarapr,
fausKe K Casaupry (Tadi. 5, ® I, 2)u E amoprosury (e 3). Buecme
C TeM DCHADYXMBEDTCA H NPUBHAKE CyMOCTBOBAHMA RMCIHX NOPOA B Bi-
7@ DHOIMTOBOTO MHTE DCTHLMANBHOTO CTOKIOBATOI® MeS0CTABMCE B IyEH-
HHX (88aibTax, HODOAKD 00DABYyDEEr0 CAMOCTOATENSHHS® "RAnIM™ MUK-
‘pocKonduecEEX pasmepoB (30 MEM), CBUZ@TONHCTBYDEUE 0 JAKBALEK
IyHHHX DACHAABOB OCHOBEHOI® COCTABA HA 7186 HOCMOWMBADMMECH XMJ-
goctH ( Roedder, Weiblen, 1970), OHA M3 KOTODHX COOTBROT-
CTByOT rpaEMTy (TA0H. 5, K 4, 6).

OcoGoe BHEMAHME® NpPUBAGRANT B 5T0# CBABH HOPOAH KMCIOTD Co-
crasa (Tadd. 5, ¥ 5), He oCHapyRUBADEMe NpPAMOA CBABHM C (asa b~
ToY. MOXHO DODAGraTh, YT0 PACOPOCTDAHEHH MONOGHHE IIODOIH NOCTAaToU-
H® WMMPOKOD, MOCKONBKY OHM, KAR WBBECTHO, A0BOALEOD X0pOWNO CODTBE T=
CTBYDT ONpOJGNOHHHM THnAM TOKTHTOR (K 7-9), WSPECTHHX Ha SeMie
KaK npoGneMaTvyeCKHe 00 a80BAHMA M HEPEZKD OTHOCHMMHX K JyHHOMY
MaTepually, 0 96M, BEDOATHO, KOCBEHHO CBMZAETOIECTBY6T NpHCY TCTBUE
B HEX Koscura (Walter, 1965).
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Tadmua 5

Xummgeckuit cocTaB IVIABHHX THIOB JIYHHHX NMOPON B HEKOTODHX TEeKTHATOB

I e T b L 7 8 |9
510, 40,38 40 454 7,I 6l 7,8 63,5 68,88 73,31
™0, 10,9 3,7 Giems 0,5 I,2 046 0,8 3,64 0,69
AL,0, 9,43 II,2 33,8 IL,7 I2 123 126 560 IL68
eO ~ 19,82 21,3 2,8° 2,6 0. 3,28 8,5 ' I583 . 4,55
w0 0,26 0,2 0,2 = 0,12 0,00
MeO e LT - IR 408 16,00 6,8 300 2,08
ce0 II06 10,7 I7,6 1,9 63 I,38 38 2,50 8,5
Na,0 0,46 0,45 0,4 0,4 0,69 0,5% 0,7 0,03 1,25
E,0 0,17 0,065Crems 6,6 2,0 8,93 I,5  I,43 2,2
P0s 002 - - - - 003 - - -
cr0; 0,33 0,5 Crems -  0,I5 - - - -
00, - = = - " "px - - - -
s 019 - - - - - - - -
P 0,20 - - - il - - -
100,01 - - 1000 - - - 100,50 99,3

I - cpenree mna II o0pasuoB KPECTAMYECKHX mopox (OasamsTh, Msftcom m
Mescon, I973; Tadm. 4,I, J 3); 2 - cpennee mua 9 odpasuos (ram xe, Tadn.
4,2, % 5); 3 - amoprosur (ram xe, Tadn.5.2, ¥ 2); 4 - cpenHeBsBemeHHO®
¥3 37 aHaNM30B BRINYEeHEN DHONIITOBOIO CTeKna B MesocTasuce (eppodasansra
(ram xe, Tadn.4.3, ¥ 6); 5 - o6pasen noxesomnaropoft mopomu ¥ 12013, dora-
Toft MAATMOKNASOM W caHEmuHOM (Tam xe, Tadm,4.2, % 6); 6 - ocrarouHoe
CTeKNo B Gasanmbromoft mopoze (Tapacos ¥ xp., Tadn.I0, & I55-7); 7-8 - Tex-
TUTH; 7 - TeKTHT ¢ o.flea (Cassidy et al., I969), 8 - TerTuT 3anamHoli
Caxape (Smith , Hey , I952); 9 - aBoTpaumTH, cpelHee m3 43 onpeneneHnit
( Taylor, Sachs, 1964).



[o-BupuMoMy , HAMGODEE PACHOPOCTPAHOHHEHM HPOLECCOM HA8 NOBODX-
HocTH JlyHH MOE6T OHTH 00DaB0BAHMe B CBAB3M C yZADHHM METO ODUTHHM
BBPHBOM CHepUYeCRAX YACTMI Npd BCHOHMBEAHHM, MpPOJOIEADEOMCH A0
paspHBA CTOHOK MyBHPHKOB, KOTODHe BaTEM CTATWBADTCA B CcfepH
CHJiaMil N0BOPXHOCTHOrD HaTARGHMA, liMepTCH HPUBHARM NpAMOM KoBgeH-
CanW¥ CUIMKATOB M8 BBPHBHOT0 00J8Ka, [IpMHANMNMEIBHO BAEHO AAA A8IA5~
Hellmere pacCMOTDOHMS OOAYGPKHYTH TAKyD A6Talb, KaK BOSHUKHOBEHUe
H8 CTOHKAX DABDPyNEHEHX Iy 8HPHKOB TJIAZKOIre CTEKAFHHOI® MOKDHTUA, B
EKOTOPOM 0GHAPyXMBAETCH NOBHUOHME COJePEAHMA KPOMHUA M Kamus (Mali-
coH, Meacos, I973; Mc Kay et al., 1970). Taxoll cocTas MOEEO
npeznoZAraTh AJA KOHZeHcaTa, eCIM OH BOSHMKaN 38 CYeT (asaibTa
npy PpaKyuOHHOM KCI&DEHMM B BAKyyMe.

OKCNepUMBHTE IBHOO MCMEPOHEE 0ABAABTOMA0B B BAKyyMe J6HCTBU-
TeJNBHO 00HADyXABE6T COJOKTHUBHHY BHHOC HATPHA M KAJMA, WCTHYHO
xenesa (IyTRME M Zp., 1969). OTMeweHO, 9TO MOJAHOTD YZA8JNOHHSA me-
aAovelt npu STOM He npoucxozur. OZHEKe nponecc B LEJOM OPHBOAMT K
TOMy, Y0 COAEPE&MAE CPABHMTENBHO MBJ0 KPOMHOB3eMa JyHHWE MopozH
[pd pacyeTax HOPMATMBHOI'0O MUHEDAABHOI'G COCTEBA OKABHBADICH
nepecumeEHHMM S10, ¥ HOpMaTHBHO-KBapLUCONepramuMn ( Ringwood,
‘Green, 1972).  \MpxHo NpezmoJaTaTh, o "TaKoll NPONECC ABAICA
b M7eANEBHHM B 0GBACHOHWM 06pA30BAHMA CHAAMYECKON 0CGOIDYKH 86M—
Ho#t Kopu" (Xurapos ¥ zp., 1972, crp. I480).

PaszensH08 QpaKnUOHAPOBAHME KAIWA ¥ HATDUA MPH MCHEPBHMH
[0opo7 pasHOrD cocrasa ocymecTBIeHo O.M.fKoBIeBHM C CoaBTDpaMM
(1972, 1973). Ya@aoch noxkasaTh (cM.DHC.), YT CAeACTBMA Mcnape-
HUA B OZMBAKOBHX YCJAOBMAX OPUHNUNMEABHO PEBJNMWHH ZIA (a3aipTa M
rpaEMTa. B vacTHOCTH, M3 (asalsTa yX0oZMT B nap, 4 8aTeM B KoHpeH-
caT npeMMymeCTBOHHO KEIMHA, & M3 PpaHNTA - HATpHA., DTO MOXET
OHTH 0CBACHOHO KMCHOTHO-OCHOBHHM B38UMOZEACTBHOM: moCKoisky K0
fIBAAGTCH G0J6e CUIBHHM OCHOBAHMEM, YeM Na20 s TO C yBeuHYe-
HAeM OCHOBHOCTM pacniaBa Koad{UnueHT aKTUBHOCTH uao OyAe8T pacTH
fucTpee, WM Ha20, A B COOTBETCTBHMM C BHBGJOHHHMM ypaBHOHMAMN
(AxoBues® ¥ zp., I1973) eTo NpuBeZeT K TOMy, WYTO K20 GyAeT OHCT-
pee NoKMAaTH 0a38ILTOBHIl PACHAAB M, HANPOTHB, Na0 Gyzer GHCT-
pee yAaAaTHCA M3 IDAHUTHOIO pacniasa.

[puBeZ@HEHE JAKHNE 0TPAEADT, I0-BUZMMOMY, PIABHHI npogecc xu-
MUYECKOT'D MBMOHEHUA MOPOZ AyHHOU NOBEPXHOCTH, NPOTEKaDMMEE IpH
HenpepHBHO#l MeTeopuTHOH CGomGapjupoBKe. [lepexeos npu yzAape e pes
TOUYRYy OJQBJ6HMS M, BOSMOEKHO, KHNEHHH Z0JIXeE NPHBOIATE K HeoOpaTA-
MoMy (QpaKuMoHMpPOBAHHD MCX0ZHNX N0P0Z HA OCHOBHHE M RuUCIHe. [lo-
ABJNIOHU® KUCHHX [0 COCTE&By KANGNb M KODOK B yKASAHHHX yCHOBHAX

149



KHCHOTHOCTH - WOJNOYHOCTH pacnlIaBa A6JAOT FOBHAKNE® IDAHHTHOO Be-
LECTBO YCTOWYMBHM N0 OTHONOHHD K 00paTHOM roMoreHMsanguu Npd ODoBTop-
HOM yZapHOM McOapeHHHd,

Cyme CTBOHHHM M0/TBEDEGHMOM CKE8BAHHOI'D ABIAAGTCA (paKmuoHdpo-
BAHME WBOTONOB KMCHOpOZE M KpeMHdAs (MaMcoE, Memcom, I973,
Epstein, Taylor, 1970; Walter, Clayton, 1967).

OKasuBaeTcd, Y0 PIABHHE KOMIOHOHTH DPerolMTd - CTOKIA, MUKDPOGpPER-
Td M MEIK0BODHHCTH maTepHal - 00HAPYEWBANT CHCTEMETHYECEDE
060ramMeHNe TAKOIHMA MB0TONAMM KMCAGPOZA M KPOMHHA N0 OTHOWEHHD K
GasaApTOBHM MopojaM. [IpyudHei#t 3Toro, K&AK nNoIarapt, ABAAETCA Qpak-
OMOHMDOBEHMe B NpeLecCe KUNeHHs NPM CHIBHOM yzape. LAA KuUCIOpO=
78 NoZoGHEY Npomecc yZasTCH MOZ@AMPOBATH B JAGOPETOPHHX yCAOBMAX
(Walter, Clayton, 1967).

Bce paccueTpeHHN® MpOLECCH XMMUUOCKOM audfepeHnManuy nose px-
HOCTHHX MOpo7 ZA6HCTEYDT B yCLOBMAX MMIIEKTHOI'O NJaBAeHMA. Taxoe
nia BAeHMe, Kak noiarapr (Hulme, 1974 ), B KDynHHX M&CuTA08X
CONPOBOXABET NOABJIEHMe NyHHHX KpaTepoB. [loa HUMM, BCIEACTBME pa=-
80TpeBaHUA NPW TPOHKM BO BPEMA DENAKCALMM HANDAXEHHOTD MW MB0CTATH-
YeCKH HODABHOBECHOT'0 COCTOAHUA HeNOCPEeACTBEHH® Nocie yzapa, Bo-
SHMKGUT N0KAABHHE 0Wrd pacniasmedds ( Hulme, 1974). BHOXeCKH-
BEDEMECH OPM STOM pacnjaBH TAKxe NoABeprapTcs QpaknMoHHOMYy McOoa-
peENMD. Taxkud o0pasoM, CTAHOBMTCA OYeBMZHHM riaBHOE BD BCOX BTHX
ABNGEAAX: [OCTOAHCTBO Ae#CTBMA M CTAGMIBHAR HAIpaBJeHHOCTEH KBMe-
HOHMM XMMMECKOro cocrasa (DaCKUCASHME) MOPOZ, HAXOAANMMXCH HA
086 PXHOCTH,

B paccMoTpeHHO# MoZeaM (QMKCMpYTCA BCE IJaBHHE NpHBHAKM Npo-
qeccoB 9K30IreHesa, KaEk Quauveckue (AeBHHTErpanus, NepeMemeHHe M
0THOKOHUE), TAK M XUMEYeckMe (paspeleHWe UCXOAHOTO G&B475TOBO-
T9 BOMECTBA M NOABNGHME KUCHHX MO COCTABY NPOAYKTOB NpH (paKmyoH-
HOM MCIBDOHHM M noCIeaypomef KOHZGHCANMM, & TAKXe HaKDOJeHue TA-
XOJHX MB0TONOB KMCAOPOAS B OTINOXGHMAX, BOBHURADMAX HA I10BE PXHOC-
TH). 376CH yCMATDUBADTCA B SMODPUOHAXNBHOA JopMe DCHOBHHE TeOXHMU-
Y9CKNO Y8PTH COBPEOMEHHOTO SKB0TeHesa Ha 3Jemue: xudde peHguaius
B6MECTBA W 0TAGJNOHMe B NEPBYN 04Yepexs meAouwei M KpemHesema, fop-
MUpDOBASHNE KBAPLEBO-NOA6BOWNATOBOr0, KMCUOT0 I'PAHHTHOIO BEMECTBE M
060TaMEHKe TAXOMHM KMCAODOZOM HAKANAMBADEMXCA 0TIomeHWiA. Ecau
8T0 OPOANONOXEHME COPAaBOAIMED — & B HTOM Hac yjOExXZR6T BECh Halo—
EeHHHE MaTepHand, - MOXHO HOISTaTh, Y70 HUMOHHD B ZoaTMOCHepHyD
(nyHEyD) CTAZMD PASBUTAA NJAHETH EA WIOCH SKB0TEHHOE 3aDOXJOHHME
TOT0 CnenuP¥9eCcKore NoBepXHOCTHOI'OD CIO0A, KOTOPHE B HacToAmee
BpeMA NpejCTaBIAeT CoGoM SeMHYy® KOpY.
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CymecTBOHHO pABNMYHEA CHAA TAXECTH JeMmau M JyHH oOpege ARZA,
BODOATHO, PABNMYEDE TOYEHHe SKBOIOHHHX NpPOLOCCEE AearMecdepHalt
CrajMMA: HA JeMIe PHEDPPHA STHX NPONOCCOE OHNA HeCpDAaBHEHHO BHWe U,
clie [0BATO IBHO, NpONeccH AuffepeHNUANMN BOEECTBA NPETOKAIM Iopas-—
A0 HHTEHCHBHEO, -

4, BAKJD HEHUE
Paccmarpusas ZpeBHefimde OpoHeccH DKBOr6HOBA HA 36MI6, MH OpUXe-
ZMM K NOEMMAHHD CJI8JZyDEEX TPEX TIA8BHNX ACNEKTQE COBDEMEHHOI'0 CO-—
CToAHNA BHAHUE B aTo#f oCEECTH.

I. Bce M3BECTHH® B HACTOAMOO BDOMA I'e0AOTMYOCKHe JAHHHE 0
ZADSBHHX ¥ ZID6BHOWNMX 0TAORGHHAX MOBBOIADT COCTABMTH BOOXES ONpe-
J6NeHHD® OpejCTaBAeHMe 0 OPOO6CCAX BHBO TDHBAHHA BOMHpi NoBepx-
HOCTH B T0 BpeMd., I'7aBHHO ABNGHMA: ACCONMANMM 0CAZOYHHX mepoj,
accorpaiMe  CHATANMMX MX MUHEDANeE M COOTHOMOHHME HBOTONER KACHD-
PoZa M ZpyrMX DISMEHTOB - 0ZH0OBHA WHO yKABHBADT HA To, UTO QuBE-
KO-XUMMYECKHO yCJUOBHA OCAZKOHAKONAGHMA OHad yxe 3,0 Mmapz. z;er
Hasaj AOCTATOYHO GAMBKM MIM, TOYH66, HOA0CHH CPBPOMEHHHM. B
arMocfepe cozepxalicd B SHAWTONBHHX KOJIAYSCTBAX KACIOPeA, 8 BH-
BOTDHBAHMe , NEPEHOC M 0TADXOHUO OCYNPCTBIANMCH I'AREHHM 0GpasoM
B BOZHHX yoZoBMAX. Eme He yzaeTcA AOCTOBODHP JCTAHOBMTH CKOIBKE-
HBGY AP MMDOKOTO PACHPOCTPAHOHMA CYHOCTBOHHP MHHX yCHOBHYE Cc6u-—
MGHTANHMM B HAWAINBHHE DTANH Ie0NOTAYSCEOM MCTODEM, E0TODHE MH
MOXOM MCCIeeBATH, MB8YWEA HACIDAAOMHE HA N0BOPXHOCTH TOPEHe NO-
DOZH.

2. O6pamaAck B HaMO0166 ZOCTOBEDHHM HOCMOIOIHYSCKMM IHO0TE-
B&M, CIeAyeT NoIATraTh, W0 S6MAA NPOXOAMEA IyHHyD CTazAD, O0-
cIeZ0BABIyN Cpasy BCJ6j B8a ARKpenMe#t mepBiYHOrD BOMECTBA OAAHE—
TH M NPeZuecTBYDNyD OTEHONNOHHD A6Ty Y4X KOMOOHOHTOE M e6paseBaHHND
renpocHepH M arMocdepu,

PaccuaTpupas MMODEMSCH B STOM OTHORMGHHMM ZBHENG, MH nplxun
BHBEDAY, Yr0 HMOHHO B 9T0 BPOMa HAUAJH ZeHCTHEBATH NODBNO NDO-~
neccH 9K80IMeHEB8: N6DB06 DABZGN6HHE MCXDZHOIG BOMOCTBA NEBEDX-
HOCTH INaHEeTH HA KHCIHe M OCHOBHHe NOpPOJH, OTHONJOEMe K pasjeidb-
HBf DBOIMOHSR MON0YSH M EpeMHMH, pasjelleHMe  HSOTONOB, B YACT-
HOCTH, HACIOpDOZA M D6GOrameHHe TAKGNHM HBOTONOM MEPEHX MPOAYKTOD
cepuMeHTanMM, OCHOBHHMM (JAKTODAMM, BHSHBABMMMM BT MPONECCH,
GHIM 8 Z6HA® KOCMHEYOCKMX TN M OOTOHM KOCMAYOCKUX W3y I6HHMN.

3. OrasuBaeTCA, 4YTO MCTODHS SKSOIMeHHHX NPONECCOR HA 36MIe
(necne GopuMpoB8HEA NIBHETH KaK NeN0ro) MOEKeT OHTH DACWIEHOEA
H8 TPM TAABHHX 3TAma:
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‘I) ®sram, npezmecTBoBABEME NoHBAGHMD aTMocfepH ¥ ruzpocdepH
(zoazmocdepras crazus);

2) 9Tan BOBHHKHOBOHMS DAHHEN SBONNUMMA aTMocPep U rUzpochepH
(mpeMexyTouHaH CTAZMA);

3) arTanm COZMMEHTANMM B YCAOBAAX, NONOGHHX COBDEMEHHHM (3pe-
Iaf CTAZMA).

Ecam nepBHRl 9Tam yzaeTcs PACKPHTE HA OCHOBAHMM Ipe ACTaBI6 HAll
0 IyHHEO# cTAZMHM, 8 NOCAeZHMIl STAN ABAAETCA 0CJBCTHD MHTEHCHBHHX
HCcCIezZ0BaBMfl HONOCPEACTBEHHNX NPOZYKTPR SKBOIOHE 38 — DCAZD YHHX
mopeZ TOTO BPONEHH, T0 0 BTOPOM 5TANe Celivac A0CTOBEPHHX JAHHHX
ONpaKTHYeCKM HeT. MexHo NpejNol8raTh, YTO0 BHABAGHMe MNPELECCOB K-
S0TeHESa 2TOre sTAnA OyAeT (asMpOBATECA HO TOJALKO HA Ire0Jord®mc-
KAX HaOADAeHMAX, H0 M, BePOATHO B mepRyD 0w peAk, HA OnpeAe]eHMH
OoCA6Z 088 TIBHEOCTH M oCeCdeHHoCTeM OpOLECCOB JlerasauuM MEPBMYHOTD
BOHNECTEA NIBEOTH B0 BPeMa QopMMpoBAHMHA NEPHH YHWX aTMocfeps ¥ THj-
Docjep.
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M.C y k (Yexocaomaxus)
OEPASOBAHUE KBAPIEBO-IOIEBOMOATOBNX HOPOJ
B PETHOHANBRHO METAMOPQUS0OBAHHHX OBJACTAX JOKEMEPHA

.5 u X (Chechoslovakia)
LA GENESE DES METAMORPEITES QUARTZO-FELDSPATHIQUES DANS
LES DOMAINES PRECAMBRIENNES DU METAMORPHISME REGIONAL

-

Leucocratic metamorphites may originate by chemically conser-
vative metamorphic processes from granitic intrusives or
dykes, rhyolite or trachyte volcanosedimentary formations,
graywackes and arkoses. This type of metsmorphosis may lead
up to origin of migmatitic structures in the rocks. Leucocra-
tic metamorphites of similar composition may also be due to
metamorphic processes connected with considerable chemical
changes, e.g., by penetration of granitic magma through a
sedimentary complex, by metasomatic processes in granitoids
and by depletion of Fe and Mg (debasification) of rocks of

n various composition. i

.
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Ha mocKoBCKOM cummosuyme B IS73 r., NOCBANGHHOM JATOJNOIAR HOKEMO-
pus, GOJABILOS BHUMBHWE yJA6NAN0CH METOZAM DABJIONOHMA HA 0CHOBE
XMMMBMA napa- ¥ 0pToaMPUGOMMTOB, Napa- M OPTOYWE PHOKMTOR M napa-
¥ OPTOSKAOTMTOB. PaslMuMe B2 OCHOBG I'00XMMHYBCKAX MOTOA0B MOEET
OHTH NPOBEASHO TOABKO B CAyW@6, 6CNH METAMOD)MNOCKMe npomecCCH,
KOTOPHM NOZBEPTalMCH AAHHHO NOPOAH, OHIM MBOXMMEYECKHMM, DTO,
OflEAED, B HOEOTODHX CJIy WAAX BECHMA HenmpaBZonofofHe, W IUTOXOTH
YeCKUil aHANMS, NPORGZGHHHE HA OCHOBO 0AHOTe MOTOZA, Hampumep
Te0XVMMMM MIM neTpOTpAgMM, MOXET 0KasaThCH OWMGOUHHM. MBE XoTe-
10Ch OH Z0KE8B8TH 9T0 HA NpUMEpPe KBApPNESo-[0IA6BOUNETOBHX OOPOZ,
7.6, JA6HKOKPATOBHX METAMOP)HTOB, CPEIHET O @ BEPXHero NpoTeposod
YsmcKoro Maccusa,

Cpeau MeTaMopu30BAHHHX noxemOpafickmx NOpPoA YemcKore mac-
CHBA yCTAHABAMBAGTCH N0 KpailHe#l Mepe CeMb CHOC0G0B 06pasoBa-—
Hdg CXOAHHX B MOTEMOD)M WBCKOM 0THOWEHMM X6HKOKDATOBHX MeTaMOp-
¢uToB, [Ip4 XMMHWCKM KOHCODBATHUBHOM MeTaMoppUsMe DTH MOPOAH
06pasypTCA B DO3YIHTATO METAMODOMBMA TNyCOMEHHX M EMJIBENX rpa-
HEMTHHX MBBEPXEHHHX OODOZ, B DOByALTATE MeTaMmoplusma BYIEEHO-
TOHHO-0CAZ0UHHX OTA0X6HMM (pPUOIMTOBHX HIM TDAXMTOBHX I8B, Ty-
fos, TyHPuToB), 88 CUeT MeTAMOPPMBMA OCEZ0UHHX OTIOEEHHH COOT-
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BETCTByDEETO COCTABA, TAABHEM 06pa8oM IPayBaKK M apKo3os, H,
HEKOHeN, B CBABH C DABBMTHOM MUTMATHTOBHX TOKCTYyD B N6ilKo-
KpDaTOBHX MMI'MATHTAX DaBiMYHOT'® OPOMCXOXJ6HMA, [IPH MeTaMopdHs-
M6, C KOTODHM CBHB8HO0 CyNMOCTBOHHOS HBMOHOHME XMMUYECKOTO Co-
CcTapa, AHANOTMYENE MOPOZN 06pasyNTCs B PesyAbTA Te MATMATH3a-
nu4, T.8, OPONMTHBAHWA OCEBAOYHOM CODHM TPAHMTHHM MATEDUEIIOM,
B pesyALTATE METACOMATHYECKOr0 METAMOD)UBME IDAHMTHHX HOPOX

c BuHocoM Fe g Mg , T.e. C DOHMKEHNEM OCHOBHOCTH METAMODDUTOB,
nepBOHA WABHO GOraTHX [BOTHHMA MUHE DalaMH,

I. OBEPABOBAHME JE[HOKPATOBHMX METAMOPQUTOB B PEBYJBTATE

XUMIA YECKH KOHCEPBATUBHOIO METAMOPRVH3MA [OPOZ

COOTBETCTBYOIEI'O [IEPBi YHOT'O COCTABA

I.1. O6pasoBaEde mOpoA HE OCHOBE pErMOHANBHOTOD

MeTaMOPPHBME I'paHMUTHHX MHTDY BMit
K BacTeAmMM OpTOTHecaM, T,6., METAMOpP{MB0BAHHHM I'paHMTEM, MOKHO
OTHOCTH TAKMEe Tela, KOTOPHe HE ABJAADTCA CoCTABHAM w@CTHD 0CazD %
HOTO LMKNa, & 06pasynNT OBEABHHO TEJA B AApPAX AHTHRIMHAJBENX
CTPYKTyP. B MX KpaeBHX YaCTAX DASBMTH TOHKOBODHUCTHE (QanuH,
OKDyX80MME TAKEe KCOHOJMTH, C HUMH CBASAHH MeTah0p(us0BaHHHE
KMIBHHO OOPOZH PaslIMYHOID COCTABA M DEJMKTH KOHTAKTOBOID M6 Ta-
Moppusma (HaOPUMED, DOTOBMKOBHE TOKCTYPH MM MUIMATHUTH B UX
naEme). B peHTpansHofl yacTM Ha 0CHOBE NETPOrpafuuyecKHX HCCle-
ZA0BEHAY OHAM BHABA6HH DEJMKTH WCXOZHHX N0JEeBOMO&TOBHX Hoppupo-
BUJHHX BHBN6HMIt, 8 N6pPBOHA YAAbHHE BIGMOHTH CTpPYyKTYpPH MHOIrZa
X8DAKTe PMBYDTCA GAMHHM HANpaBAGHWOM XMMMBME MaIMaTHYECKOi
Audge peHLManEM, [IpUMEPOM MOTYT CAYXMTH RAGDHHE OPTOIHOHCH B
Kpymsux ropax ( Sattram, 1963), wuacTh HHB6DCEUX OPTOIHEICOB
B0 QpupmaEZcKoM orpore ( Domecka, 1970), [ay0BCKUe 0pTO=
PHe{ICH MoAZaByGCKoll 80HH M 0pTOTHeMCH OJA3 T. ﬁnnnp:nxyn
Tpanen.

OTH nopezs OTIMYEDTCA MOTEMODHOreHHHMM CTpyKTypDaMd, HAJI0-
EOHHWMM HA NOPBMYHHE MBIMATMYGCKEe CTDyKTypH. HecMoTps Ha aTo,
pacnpocT paEMNOCE OpeAcTaBleHde, YTO OHM pDASBHBANMCE HA OCHOBE
CUHTOKTOHMYECKOr0 BHEJAPEHAA TIpaHHTHOH mMarms (Hanmpumep, Ideas—
CKMO ODTOIH6/CH MOAAAHYyOCKOM B30HH - -Zoubek, 1951, 1965; Kodym,
19%6, u np.). OmEaKko ¢ TeONOTHYECKO# TOYKM 3pDEHAR AB—

NAeTCA HENpPABJONOZOOHHM BHOZDEHME® MATMH B 0CAZ0OTEYD C6PUD,
H8 KOTOPYyD 0AHOBPOMOHHO ZeHCTBYeT AaBA6HMEe 0TTyA8, I'A6 OHO
Z0JKHD TOHARATECA B POSyABTATE BHOZDOHMA MATMH,. dopMa8 TeX Tak-
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%6 H9 COOTBOTCTBYeT THO0TEBE CHHTEKTOHHYECKOT® BHOADOHUF. B
pesyJsTaTe ANATENHHOTO BHOADEHHA MATMH 00pasoBalMCh OH TEXA
npepuBucTold QopuMH, B KOTOpHX BosaelicTsMe zaBIeHMA MOCTENEHHOD
NOHMXANOCH OH 0T HAMGoAee ZPEBEMX K HAMGDIE® MOJOZHM 06paso—
BAHMAM. IR GOABWMHECTBA DACCMATPUBAGBMHX TAKHM 0DGPESOM NOpPOA
B YBECKOM M8CCHBE OHJ yCTEHOBLGH ZpPyTroM cnocol 06pas0BaHMA.

I.2. OGpasoBaHde N9iKOKPATOBHX METaMOphUTOB

B pesyAbTATe WSMEHEHMA BYIKaHO—-0CAZO0YHDA fopmamuu
[lepsoHE WABMER BYAKAHO-0CAZ0YHAA fopMauMs NpeZCTABJGHA yac-
TD TAKAMM NeMKOKpaTOBHMM MeTaMOppuTAMM, KOTOpDHE 06pasywpT
crpaTud@opuMHEHe TeNa CpeZd OepPBMYHOR MaruaTuyecKoll accomuanuu,
saleras COBMeCTHO C meradasuraMu (aMPuOoIuTH, NMPOKCEHHTH) M
NecTPHMA 00 COCTABY NOPOASMM 0CAAOYHOTD MPOMCXOXA6HHA (MpaMo-
pH, Tpa@MTOBHE KBApDLUUTH, KBADHUTH C MACHETHWTOM ¥ 7p.). Tumuy-
HO U8 pej0BAHME C [ApArHe fiCEMA ¥ PEBKO6 0rPAHMYOHME OTA6JBHHX
JI6 AR 0K pAaT 0BHX OpoCHoeB, TaKu6 NOJOCYETHO NOPOAH PaHBWe CUATE-
JACE MUTMaTHTAMM,. [IpoTMR MHTepNpeTALUM UX KAK CHHTOKTOHW YGCKMUX
MEBOKLMRt aOAMTOBOr0 MAaTeEPUAaNa CBUAGTEILCTBYDT BEDTUKAJIBEHE M
rOpMBOHTANBHNS N6PeX0ZN B OApPaTHedCH, AJZMHA NOJOCOK N0 OTHOWE-
HAD K MOMHOCTH M HOBAKOHOMEDHO DAcCpeje A6HHH{ MBCHTOK aiap-
MWHHA , NPOABIALNMIACA B HAIMUMM KMBHMTE U rpanara, [poTus uX
BOBHMKHDBEHMA B DOByABTATe GHATEKCMCA I'DBOPUT ToT (axT, 4To
0EM 06pasypT NoCHOAHHe NOJOCKM B naparHeicax, y KOTOpWX 0T-
CyTCTBYDT NDUBBAKM MAIMaTH3amad. HpoMme Toro, OBEH B8HMMADT NO-
CTOAHHO® CTpaTMrpaduuecKoe MOJOXGHA® W 06pasyDT PBKMM KOHTAKT
¢ naparseiicams. MHOrOKDaTHOE 46 pPej0BaHME IONMKOKpaTOBHX M 08pa-
THOHCOBHX N0J0COK HANOMMHAGT METAMODHAWBCKYD AMQHe pe HOUMALMD .
Ho ecau OH naparHelics Mexzy OTA@IBHHMM [0I0CKEMH ZeMCTBUTENABHO
NpeACTaBJAAM COGO# ocTATOWHHE MaTepuan, TO OHA OTIMYANHCE
OH 0T OCTalBHHX Naparke lCoB (oJee BHCOKWM CozepxaHNeM Fe, Ti,
Mg, Ca M, BOBMOXHO, APYyTMX KOMIOHEHTO0B. B pelicTBUTEIE
HOCTM OHH XBDAKTepMsynTCsA CJAMBKUM COCTaBOM. [IpuBHOC mea0DYeit
TAKK® fABAAGTCA HENpPABZAONOZOCHHM, TAK KaK HEBOSMOKHO, YTOCH We-
1044 KOHOHTDUDPOB&IUCH MCKADYMTEABHO B ONPEJeJie KHHX CTpaTiurpa-
GuueCKUX ropMB0HTEX B KOMIJIGKCe NaparHeiicoB M 4YTo6H Meraco-
MaTMYECKHe MOJOCKA X&8PAKTEDPUSOBANMCE NPY 5TOM DESKHM KOHTAKTOM
M NOCTORHHHM XWMUYOCKMM COCTEEOM., K OCTAIBHHM [PUMEHFEOMHM KpH-
TOPUAM OTHOCATCA XADAKTOD LUDKOHOB, BHCOKaA CTONEHD yNopaZovyeH—
"HOCTM CTPyKTyDHOM DOWOTKM M TOHK&H "BYJIKaHWYSCKas" BOHAIBHOCTS
PEIMKTOBHX K8JMO6BHX NOJNOBHX WNATOB, 18 reoXMMUUeCKUX KpUTEpUeEB
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HyXEO OTMETHTH IPOXJZe BCOr0 BHAWATONBHYyD CTENEHH MarMaTHuecK ol
Lupge peByManuM, BHCOK0DE COJIODEAHW6 Sr, Na M BHCOK0OG 0THOWG EME
K/Rb , BaxHoll ABAA6TCA TaKxe QopMa C0M0e KpyNHHX TON; HAIpH-
MOp, TAK HaGHBAGMHEe GMTENCKHe IHB{iCH B 06IACTH MODAaBHUKCKOT®
KpUCTENAMYECKOTD KOMOIGKCA o0pasynT NJAMTy znMHEe# 120 KM K Mom-
HOCTHD BCEro HECKOJABKS JI@CATKOB WIM COTeH METPoB. EjBa Id MOEHD
8Ty NAMTy CUATATH COANCHYTHM, NEPBOEAYAJBLHO 0BAJBHEM INJIyTOHOM;
Golee BOPOATHD 66 00GPa30BAHHG B PeBYABTATE MeTaMoppusMa 0GHYEOID
nvEe iE0TD ofQysMBHEOTO TeXa.

TUnuuENM OpeACTABATENOM NefKOKDATOBHX MOTaMOPQH 9 CKUX mOpox
ByAKAHO-0CAZDUHO'0 MPOMCXOXAGHMA FABAADTCA TAK HASHBAGMANE HONTH-
HUTH MM TpaEyauTH, Kak nozuepkEyaM KoHEs M Bamep (Cogné, Eller,
1961), Koyrer ( Koutek, 1966 ) u BoyOer (Zoubek,1971)eo-
X0ZMMD OTAMUATH: 0T HACTOANMX I'paHyAdTOB, 06pasyDEUX B0HH HAWGO0-
Jle@ BHCOKOTO DOIMOESIBHOTD MeTAMOpDpMBME, HanpHumep B AZMpOHZARe
HmM H8 AnjiaHe, TEKME HOPOZH rpAHYIMTOBOr0 COCTaBA, HA3BHBAOMHE
00 YHO JONTUEATAMMA, KOTOPHe BCTPONANTCA CPeAM KOMIJEKCOB §piee
HMBKKMX CcTeneHei meramopdusma, OpeTepnelyd cxozHoe ueTamopduveckos
pasBUTHe, K8K ¥ OKDyXaDmME NOPOZH, 8 NPUBEAKH rpaHyauToBOl fa-
OuE NoJy Y4A¥ ToJbKo 6JAarofapA CBOMM CnenupuueckKEM cBoiicream. Co-
raacHO 30y0eKy, 8T0 OHAD 00yCJAOBAEHO IIGBHHEM 0GPASOM I[6 PBM YHHNM
HUBKMM CopepmaHueM Bozu B offysHBax, HO C0AbMO6 BHAYSHA® UMEXM
TEKES® NOpPBMYHHE CTDyRTypH 8THX N0Poj. B zokeMOpuM YsmCKOro MaC—
CUBa OHM BSHMMANT CTpaTUrpafuIecKkee MOJNORSEMe, BHCTyOADT B acCo-
OuanAM ¢ OCHOBHEMM (aMPUGONMTH) M cpezHUMM (CBOTIH® OMOTATEBHS
¥ anu@ue0N0BHe ODPTOTHE}CH) NOPOZAMH, C KOTODHME @0 CEOEMY XMMUB~
My o6pasynT ezMHEN{ pAz Ax@depe EOMELMM 0TYETIMBO MATMATHWCKOTD
THNOE.

B TaKoidl acconuWanMyu nopoj BCTPEWABMTCH Ji6 HKOKDAT 0BHE METAMODHH-
TH CO CBEPXBHCOKAM COZGDXSHWEM Kalud, 9TH MopogH TAaKWe 06pasypr
nnacToo0pasHHe Telna ¥ YW POAYyDTCA C NAparHe icaMM W KBA pOUTEMA,

B KOTOpHX DeBKO NOBHEGHO CoZ@pxaHMe Kaaus (5-6 Bec. % K?_O). 06—
mee HanmpaBienHe AUfie peHOUANMM MaTMETMYSCKDS, M NODTOMy MOXHO
CyZAUTH, YT0 MCXODZHHM M3TeDUANOM ABIAAAMCEH TPAXHTH ¥ TPAXHTOBHE
Tydu, npucyTcTBMe KOTODHX, X0TH ¥ B NOAWIHOHHOM KOAMYECTRE,

THIAYRD AJA FEOCHHERAMEAABHOTO COMIATO-KEPATODMPOBOTe ByIKAHMS-
M8,

I.3, MeTamopdhsM rpaysagk 4 8pK0BOB
B AoxeMOpM¥ YSmCKOTD MACCHBE WWPOKO PACHPOCTPAHEHH I'payBAKEH,

KOTOpHEe B HeMETAMODPMBDBAHHHX 0CIACTAX 0TBOTADT 8Bre eCHERIN-
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HEABHHM "nec y@HMKAM" aMopDUKaHCKMX aBTO0p0B. B McTaMoplMsoBas-
HHX 0GEACTAX OHM XaPAKTODUBYNTCH COIJACHHM 3aJeTaHUeM Cpezy
papareeiicos, o6pasyd MNOIOCH, MBMEDPHAEMHE B ZenuMeTpax MM
M@Epax. B oTIMUMe 0T NpPOCIO6B JGNTMHUTOB OHA N0 OTHOWEHHUR X
naparseficaM XapaKTe pUSYHTCA MEHE6 KOHTDACTHHMA COCTABOM M
CTPyKTypoll M BCErZa COZEPRAT TAKME We MWHEDAJNH, KAK M OKPyKa-
OIMe naparHefiCH, ¢ KOTOPHME 0HM CBHB3HH JATEpPaIBHEMY M I'pa-

w ZALUMOHHHMY MOepeXoZaMd, B HOCKOIBKMX CAyYasx B Bepxax ampu-

? GoxdToBO# GauuM cpezn HAX yASIOCEH Z0KA34TEH POJNMKTH CTpyK-
i

TYp 0CEZ0UHOr0 NpoMCXoEpeHUs ( Vajner, 1967 ). ilo XuMuUUeCHO-
| My COCTABy BTH OODoAH TAKEE CXOAHH C rpayBaxKaumi., OHM X&paK=
E TOPEBYDTCA OTHOCHTOABED G0NS6 BHCOKUM Coje pmammeM AL mpu
E 06meM NOBHUEHHEOM COXEPEAHMM KDOMHMA, BCASZCTBME Y8TD KIHC-
THYBCKAA COCTABJADNAS HE OCHOBE AMTOXMMMUECKOTD Nepecyera
opeofnagaeT ® HMX HaZ PAVHMCTHMM KOMOOHEHTaMH B OTHOWMEHAM
3:I. DO sBreoCHHKIASANEEOM NPOMCXOEAEENM CBMJOTEAERCTBYET Caa-
Goe npeofiazeHWe HaTpUA HaZ KaaueM. OOmee cozepmaHue mexoueldl B
MeTAMODPMBDBAHHHX TpayBaKRAX O0ZMHEK0BO, KAK W B HewmeTamopli-
B0BAHHHX, 8 WSMOHEEMEe OTHOWOHWA KAJNE K HATpUD npu meTaMmopdus-
M@, NpSZANONETacM0e MapaRymeBHM, TAK X@ KAK ¥ YMEHBUGHHE CO-
ZAepEaHMs Kails B HemeTaMoppM30BaEENX SKBMBANGHTAX 0CHOBHHX
affys#BoB, He OuAo AoKasaHo, Cpezu STHX Nopoj B aMfuGomiTo-
BOit fagum BCTPEWANTCH CHINMMAHKTOBHE BHAGNGHMA, KOTOPHO,
COrnacHO o0HWHOH MHTepNpeTANMH, yKABHBADT HA 0THOCHIOJBHOE
npeoGrengHAe aXOMAEEA, & CASZ0BATeNBHO,M HA 0CAZO0UEQE HpO-
HCX0xZeHUe, OUHS 9ACTO0 OHN BCTpPEYADTCA B Nopojsx, KoTo-
PHE H8 OCHOBE OCTAIBHHX KDHTEDUEB HEAB3A CWMTATH METAMOD(HU-
SOBAHEHMA K3PEDIGHHHMM I'DSHATHHMM MNOPOZAMH. JTH BHZENGHWA
He HMEDT HMYere DOWEro C NepROHA WALHHM COZI6DEAHUEM 8JDMU-
HUA, TBK KAK 0HE o(pasyDTCA HA BEKINYATONBHHX CTAZMAX MeTa-
MoppUeMa B pOByABTATE OOMOHHWX MOHHHX DOAKNUit OpM MSMEHEHHH
RaJ4eBOrD HOXeBOTD WnaTa ¥ Myckosura (Losert, 1968 ), B
TPOyroUBHEKAX ACF MAKF 974 nopojh NonafanT B OOAA TpayBakk,
a4 0oNee HUBKMMM BHA YHUAMH STUX I8DAMETDOB OTAMYANTCH 0T
MeTaRy IRAHKT 0B, 3HAWITENbH06 DAacNpoCTpaHeHHe I'payBaKK Co0T-—
BETCTBYOT TAKEG JHTONOTMIECKOMy X8paKTepy WEHCKOro JA0KeMOpHsd,
B KOTDPOM BO BCEX CTyNeHAX MeTampppusMma npejcTaBleHA BBTE0-
CHHEIMHAIbHEAR §opManisn.

ApcTpuiicKME @BTOPH OpeANOiATANT, YT0 MOMJI@HYOCKAE JGITHHA-
TH 006pa80BANMCE B pesyApraTe MmeTamopdusua apKosss. B KayecT-
BO Z0KABATENLCTHA DHH HPUBOART MODEX0AH B KBAPNUTH W HANUYME

161
11 743



8KN6ecCOopHOre rpaguTa, HO OCWMMM XMMHBM BTHX NMOPOJ CKOPEe 0IBE-
waer meraByakanutam ( Mat&jovska, 1967). ApKO30BHE OTIORGHASA
{apakTepA30Bajich OH O0JNee BHCOKAM COJEpRandeM Kaludg, conee
HABKAM KOJMYECTBOM HODMATHBHOT'O albCuTa M GoJee BHCOKAM CO-
ZepxaHMEM HOPMATUBHOrO KBApua, YoM JAHHHe MOPOZH, KOTOpDHE HA
OCHOBE OTHOWSHMA HOKAasaTenell HopMaTMBHOIrOD KBapna, ais6uTa, op-
TOKJ238 0TBOYAWT rpaHuTaM. HKpoue Torp, OP4CyTCTBME TUIH YHHX
KOHYMHOHTAABHHX 0TJA0K6HMA (ApK030B) HE COOTEE TCTBYET AMTOIOIM—
YECKO}l accoyManuil Ie0CHMHKIMHAABHON BYIKAHO-0CAZ0WHOM §opma-
nuu,

I.4, 0OpasoBadue® MHTMATATOBHX TEKCTYD B

6 AKOKPaTOBHX NMOPOZSX DABAMYHOI'D IIPOMCXOXZAS HUA
BolsUMHCTEO N6 UKOKDATOBHX METaMODPPMTOB, KOTOPHE 70 CHMX 0P
WHTOPNPETUPOBEAMCE KAK NPOAYKT CHHTEKTOHMWCKOTD BHOJDEHMA
TPaHMTHHX O0GPa30BAHMA B 0C8LO0YHYyD CEDMKN, B AECTBATEJIEHOCTM
npepAcTaBAART CoC0d J6 iKOKPATOBHE MEeTaMopiUTH OZHOT0 K8 NDHBE-
JGHHEX BHWE CO0C0G0B 06GpDAB30BaHWA; CPBAN HMX B B0HAX Mo3ZHEe# Bepx-
Henane 080CKON NepunayToEMYeCKoi MHETMaTH3amMid 00pa30BaJUCh TEK-
CTypH, DTB6Yapmie COOTBETCTBYDNUM B0HAM MAIMATA3aldM. [[pu
3TOM MOPOJH NOLBEPIVIACE e PEKPHCTANAMBALMM, BCASACTBMO Y8TD O
nepBoHA YWWIBHOM XADAKTEPOe MOXHO CYAMTH TOJBKO 00 DOJIMKTAM UC—
X0AHHX O0pP0Z, YBME BCEIr0 JENTHHWTOB. [IpM INepPeKpHCTaIINBaLiK
06pa30BaJMCH MATMATHTOBHE TEKCTypDH M NpOMBOWJA A6CTDYKuMa nep-
BOH&WAIbHON MUHepaXpHON accouuanui. [IpoucxofuT yKpyNHEeHWE 3ep—
HUCTOCTM, NOBHWAGTCH KOJMYECTBO GMOTUTE 38 CYeT IpAHATA M CUl-
AMMEHMTA B8 CYST KMAHNWTE. XMNWYECKHMEe M NETPOTPEYUYECKMEe KpuTe—
PUM COrZacHO yKaB3HBANT HA NPMUBHOC BOZH IPM STOM mpouyecce; Apy-
THO CMCTEMATH YSCKME MBMEHEHMS B COCTABe HE HAOGHDABNUCEH. Bo MHO-
TUX CAYyYEAX MOKHO B34MOTHTH NPAMON Nepexoj NpPocH08B JeNKOKPaTOBHX
MOTAMOD(MTOB B MATMATUTH C [P606/&JAHMEM CBETJHX CUCTEBHHX uaC-
Teif (TAK HABHBAEGMHE HEOYJAMTH W AD.) TAKOTD TEKCTyPHOTO THOa, Ko-
TOopuit npeoGiazaeT B OKPyXapmeil soHe. [IpM 3ToM ofuwee KOJAMYECTHO
CBOTJHX KOMIOHEHTOB B 0TZOJNBENX 30H8X MAIVMaTH3alMl B mpeleJax
OZHOTD T'OPMBOHTA HE MEHAETCA. JTO WMEeT BagHOe 3HAUeHWe NpU Kap-
THPOBAHMM 00IACTEH MAIMATA3AIMM, B KOTOPHX B DAZE CJyw@es
HOOYIMTH, AHATEOKTHTH M ZpyIHe He NpoACTABIANT COGOH CUIBHO MUI-
ME8TUTHBMDOBAHHHG NOPOJH, & ABAANTCA OCTATKAMM [16 DBOHE Y JIBHHX
naacToo0fpasHo saIerapmuX IeMKOKpPaTOBHX MeTaMopiMTOB.
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2. OBPASOBAHUE JEUKOKPATOBHX METAMOPOUTOB MPH

METAMOP®M3ME, C KOTOPbM CBASAHO CYWECTBEHHCE

W3MEHEHWE XMV YECKOT'0 COCTABA
Te0XUMUYBCKME KPUTEDMM AJA yCTAHOBAGHMA JIGHKOKpPaTOBHX MeTaMop-
¢uT0B OUeHP HOHAJEXHH, O0COG6HHO AJA TAKMX J6MKOKpPaTOBHX OOPOA,
KOTOpHE 00pas0BaIMCE Op¥ MeTaMmoppusMme, CHASGHHOM C CymECTBEH-
HHMM WBMEHEHHWAMA B XUMMUYECKOM COCTa@Be, XapaKTepUCTHKRON MOEBT
ABIATHCA TOJNBKO UCKIDYKTEJBHO GONBUAA WSMEHWBOCTE XMMU3ME BTUX
nopoA, KOTOpas PesKo BHAEAAETCA HpPM CTATMCTMYeCKo# o6pacdoTKe
JaBHHX. [lpy 3ToOM M3MEHEHHR He 00J4ZaWT ONpeA6NeHHOW HanpasieHHOD-
CTED ¥ MOTYT OHTEH ZAXe HPOTHBODE YUBHMM.

2.l.006pasoBanue JeiKOKpaTOBHX MeTaMop)HTOB

B pesy/pTaTeé NPOONMTHBEHMA OCBAO0YHOH CepHH

TpAHMTHHM MaTepuazoM (MATMATH3AIAA)
Jaa YemcKOI'0 Maccusa TWNMYHH N0S7HENAJNE080HCKME BAPUCCKAE NJIy-
TOHH, C KOTOpHMMA CBAB8H MOGAHAL NepuniyToHM4eCKUit meTamopduam
ZI0KeMODMA. B HEKOTOpHE 30HH nnawa, 38TPOHYTOIO TEKTOHMYECKUMM
npogeccaMu, BHEZPMNACH MarMa ¥ TOTJOTANA €I0 y4acTKH, BCAsl-
CTBME Wr0 06pA8B0BAJMCH HErOMOPEHHHE MMTMATHUTOBHO MOPOZW, BNJIOTH
70 PUOPUZHHYX I'paHOZMODPUTOB € GOJABWUM KOJWYECTBOM BK/WDYGHHR, HE-
XOAAMAXCA Ha PasAMyHOid cTamid MNepPeKpUCTANJMBALMHM M NODIO0WE HAA.
K oro#t KaTeropuu OTHOCHTCA TAKKe NAaCCUBHHAR cnocol 06 pas0BaHUA
CMEOWAHHHX NMOPOZ. HeapsA MCKANWITH, YT0 B KPAaeBHX vacTAx Jeiko-
KpPAT 0BHX MeTaMop)MB0BAHHHX T6J Opu G0lee MHTEHCHBHOM DEruOoHaJNE~
HOM METaMOD{M3Meé BOSHUKAET XMMUYBCKHV noTeHUMAN MEXZy Ii0CIeZHH-
MM ¥ OKDYEADMMMM KDUCTEJNJM WCKUMM NapaciaHyaMu pasiMyHOro cocra-
B8, KOTOPH KOMNOHCHDyeTCs 060ramsHAEM [8parHeiiCoB KBa pLEeB0-
NoJeBONN&TOBHM MaTepnanoM, CooTBEETCTBYDMME KaiiMh MET DOBHX MON-
HOCTEH Ha KOHTaKTaxX 06€MX MmOpoZ OHAM yCTaHOBNEHH, HANMpUmep, B
DEHOYeucKolf MonpaHy6CcKolt soHe, HO OJHO3HAWHO 3TOT NpoUECC HE
OHI A0Ka3&H.

2.2. MeTacoMaTi YeCKUA MeTaMOpyMaEM TPaHNUTHHX [MOpoj
Ecau npu pervoHaJbHOM HOPMalbHoM NPOTPeCCUBHOM MeTaMopfusMe,
Ka8K npaBMiio, CyLECTBEHHHE WBMEHEHMA B XMMUYIECKOM CoCTaBe He
NpOMCXO0ZAT, TO MeTaMoppusM, CBABAHHHH C NMPUBHOCOM BOJH, OGHTHO
CONpPOBOEZAETCH SHAWATENBHON MMTpayueil BemecTs. B 3anagHux Kapna-
TAX MEeraMopdMBMOM ZAHHOTO TMOA OHJM 33TDPOHY TH BADHCCKME TIDaHATH
M KB4 pDUEBHE Z;i0pHTH. CONOCTABAGHWO XUMMBMAE MOPOZ Da3MyHHX CTE-
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neHelt zefopMandE ¥ NepPeKpUCTAIIMBENMM B npezerdax GamuM BseN0HHEX
CN8HLGB yKasHBEGT HA MBMEHOHMA XuUMM3MA, HauGoree BAXHHMH NpPosAB-
NeHUAMM fABJIADTCA aAROMTHBALMA NJAATHOKI838, NOHMEGHWNe COASDEAHARA
¥€Jesa, AGCTPYROMA CMOTMTE W NEPOKPACTAANMSANHA KBAapna. XuMAYeC—
Kie 8HEJWSH NOKasHBEWT, YTO0 CO CTENEHBN MBMOHEHAR BospacraeT
K0J4 Y8CTBO Hao. 1{20 U CTeneHs UKMCIeHMA, OZHOBPEMEHHO NapaeT
cozepxaHue Gocdopa, KaubpnuAa, MapraHuya M, BOBMORHO, AIOMMHWA,

s paccefHHHX SNEMEHTOB M0HMEAETCA COZEPEAHAE CTDOHNMA, XpoMa,
CBMHLNA, BOBMOEHO, W BaHajus, TOTZA Ka8K COZepEaHAe HUKeNd, Ial-
A, MeaM, Gapud ¥ APyTAX He mMeHASTCA. MBMeHEHHyD TAKEM 06pasoM
NopoAy Nocae NePeKpUCTEIAMBANMM NpPH (0766 BHCOKAX CTONGHAX MeTa —
MopdusMa8 HENEBA MCHOAB30BATH ANA TI6HETHYECKUX CYXA6HMH, OCHOBAH-
HHX TOJZBKO HA TEOXAMAYECKAX KDPUTEDPUAX,.

2.3« JledasuduEands NopoZA NepBOES YWAIABHD

pasaMygHOro cocrasa
Ha KoHTEKT® reacdOpoamduCoiMTOB M POPHGUEHZMTEB COCOTHHCKOIO Mac—
cuna B HeceHukax ¢ GMOTUTOBHMM NapaTHeRCAMM MECTAME NDOMCKOZMT,
cornacHo MHeHMW [loyoa, COKpameHH® MaPUYEGCKAX KOMODHeHTOB, TaK
YTOo B IHe#cax 06pasynTCAd KBapLEBO-N0ASBOWNATORHEG KalMH, Xapax-
TpUBYOIMECH TPaHYNMTO0BO} MWHeDAIBHOM accouMaugueit (KBapn, miaTh-
oKnas, K-nonesoil mnar, rpasar, KMBHAT, DyTHI). XUMHBM DTHX Hs—
MBHEHVU NMOKasHBaeT, UYT0 M0 HANDEBIAGHMD K KOETE8KTYy B rHeflcax so-
8pacTaeT FoJAMYECTBO KPEMHMA M TMTAHA , NMOHUEAETCA COAGPEAHME
aNOMUHHA, MaTUHWA, KaNbUMA ¥ WEJAOYeR, &8 NOSTOMYy DEBKO BHAGAADTCH
NONTHHATH, B OCHOBHHEX MBBEDEEHHHX MOpPOAAX B SHAOKOHTAKTOBHX
80H8X BOBpPACTAET COAGPHKAHWE BOZH, HATDHA M QUOMUHMA M yMEHbilaeTch
CoJie pkaHine KBapla, KalkA, K6N638 W MArHWSA. AHAJOTWUHHE MBMeHe-
HAf NBBECTHH HE pAZle KOHTAKTOB OCHOBHHX NOPOX, M IeoJoruvYecKoe
NoJI0XeHXe MOKaBHBAET, YT0 OHM MOTYT MMETH MECTD ¥ IpPM 06pa30Ba-—
HUM IENTUHATOB, CBABAHHHX C METadagsuTaMM. BnoiHe BoSMOXHO, 9TO
T0 X6 CAM0é NPOMCXO0AMT B GOJBEOM 00BEM6 HE CTHKE TI'paHyAMTOB,
obpasyomux OoJaee IJyOUuKMe yYaCTKM 36MHOM KopH, C (GaB3aibTOBHM
cCnoeM. Bce WBBECTHHE J HAC CJIy UM HO OWJM [0KE BHABJEHH B pe-
THOHANIBHOM MacuTage,

ToT 06300 BOSMOEHHX CllyYaed pasmdHOre o6pasoBaHMs KBapyeso-
[0NEBOWNA TOBEX METAMOP(MTOB NOKASHBAET, YTO B MOTAMOPJHMUSCKUX
0G4 CTAX ZAOKEMODMR OHW MOTIM BOBHHMKATEH Ipd DA 3JM WHHX NPONECCEX,
KOTODHE MMENT HEOAWHAKOBO6 HAaNp&BAeHWe. Ie0XMMAYECKME KpUTE—
pun caMu 1o ceGe H6 MOTYT ZOK&88Th HM B UJHOM CJy 486 MX mpouc—
X0xEae Hue,. [lerporpadu yeCKKe NpUBHAKM M IE0JOCHYECKOE MOJOKEHME
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MOXHO TAKKe B OONBUMECTES CIy WeB 00BACHUTE HOCKOABKMMH COOCO-
Gamu, M IDOSTOMy S87ava ZemufpEPOBAHMA STENOB pPa3BMTHg A nepe-
BEJIGHUA MeTaNopiMTOB B HCXOZHHE NOPOZH PaBpOmMEMA TONER0 HA 0C-—
HOB® TEHATENBHOTD KOMINOKCHDOBAEMA BCOX 70CTyIHNX METOA0B, 0CO~
GeHHO 8HANMBA MOTAMODHMIBCHAX ¥ AMTOJOTHWBCREX COOTHOWS HUR Mem-
Ay AnGolt meygaemoll nopozeil ¥ oxpymapme il cpejsit. Fes Taxoro asa-
Z¥B8 JUA MOTAMODOM UGCKMX NOPOA HOAb3A NDUMOEATE I6HETHUUECKYD

T6 PMMH0IOTHD,
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4

Puc. I. Ione nelikoKpaTOBHX METAMODPUTOB YersKOr'O Maccusa B
TpeyToMBHHX muarpammax ACE v A’KF (¢ uCHOJNB30OBAHHEM NaHHHX
T.T.9.Bunkrepa, A.Jynexa m M.Cyxa)

I - #msepckne OpTOTHefiCH; 2 - METATPAHUTOMNH BENCDEN IO NaHHHM
Bpanuu, 3 - JelxOKpaToBHE MeTAMOPPHUTH MOJNAHYGCKOH BOHH:
KpyXKaM# NCO3HAYEHH MOPOXH OPTOTHEHCOBOIO pANA, KPeCcTHKaMy — Jel-—
TUHHTH, RMPHOK CoTpeJiKO# NOKAa3aHO HampanieRue IufdepeHUMalud mar-
MaTUTOB, WTpUXaMu M300DaKeHO IoJe IVIMHACTHX CJaHleB, TOHKOH Jii—
HUe#t - mnNJe TpayBakk, OYHKTHDOM — IIOJe apKO30B
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Prc. 2, UsmeseHRA XUMM3MA TDAHMTOMNOB BENODMN IDH A&JIBIMHFCKOM
MeTamopfname, CpelHMe 2IHaYeHHA MO HAHHEM BpaHH

GMOTATOBHE MeTETDEHHTH ¥ MeTATPAHOLMODHATH ;

2 - YacTH9HO NepPeKpECTAM30BAHHHE MeTAIDAHMTOHIH C YeTKof caaH-
IeBaToCTED; 3 - OYKOBHEe MeTarpaHUTONIH C 4YeTKO BHpaxeHHo! ciaHle-
BATOCTED M C MpeOCJISNaHHEM BHOBB OCPA3OBEHHHX MHHEDATOE; 4 — OUKO-
BHe THefich ¢ muHamodumumanbHO# TeKcTypolt; 5 - fuumTOBLE (AacTOME-

I - maccuBHHe

JIOHATH
168

4

Abgly
77

r42

Mnrl
408

am

404

Fe, Oy

7

Mgl
Z

Nay0+Kz0

T

Tily

48 E
42

\\

x

™
Y

~




T

Sr
V74 \H bl \\

190 N i
N N Haar

\ N 208

Pb 7 M~
wh [T Ba
By
700
\ """/\\
V4 N; fﬂﬂ
V4
] 3
7 27
Co ]
/w[ 7
0 T—— Cu
sn P74 S ol e S
/4 ™~
[ — ] b/
Vi
r z2 I # F 7 2 J 4 5

P u c. 3, VsMeHeHNs B COJepRAHNM HEKOTODHX BTOPOCTENEHHHX ¥ pac-
CeAHHHX 3JIeMEHTOB T'DAHMTOMIOB BENODHI IDK anbmuiCKOM MeTamopfna-—
Me @0 JHaHHhM EpaHH

I - maccusHHE CUOTUTOBHE MEeTATPAHUTH ¥ MeTATDAHONAODHTH ;

2 - YacTHYHO NePeKpPUCTALTM30RAHHHE MeTATDAHUTOMIN C YeTrko# ciaaH-
[eBaToCTER; 3 — OYKOBHE MeTATpDaHHTOMIH C 9eTKO BHpamxeHHO! ciaHlle-
BATOCTED ¥ C MpeoCnagaHMeM HOBOOODS3OBAHHHX MUHEDANoOB; 4 — OYKOBHE
rHeftcH ¢ nEAAMOGVINUIAJNBHOR TekcTypolt; 5 — (HMMTOBHE OJACTOMHEIO-
HATH
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P u ¢. 4., VaMeHeHMA XxuMu3aMa naparHeficop (medasmmkalusm) Ha KOHTAK-
Te ¢ Mmeradasuramu B llecemuxax (Pouba , I97I)

I - amMpuGOJMTH, radépo-amMinGo/MTH 1 TOPHGIEHTATE COCOTAHCKOTO
maccusa; 2 - NeCasufumEpoBaHHHE TOPOIH (MENTHHUTH); 3 — JENTUHMT

¢ donee BHCOKMM CONepXaHHmeM MOJeBHX mmarToB, Fe - cyabdumamu H C
OCTaTKaM# CJI; 4 - Imnaryoxnaasosuil duoTuTOBHE maparHeitc
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KapensCKuit perdoE TeppyUTOpUaJBHO 0XBATHBAET NIE—BOCTOYHyD WCTH
oCEUpPHO{t nuomazu pasBUTUA J0KeMODHICKKX 006pasoBaHKil BaaTuiicKoro
muTa, AA8 KeTOPOT0 PETHCTPUPyeMHI MHTepDRAJ AOK6MOpHACKeR reoio-
ruyecKot ucTopuM cecrapiader Gonee 2000 MaEH, Xer. [Ipd STOM B Ope-
JeJax COBOTCKDH yacTH mETA, B YACTHOCTM B KapenmmH, SpoSHOHHHMH
Cpes BCEpHBAET Ie0JOTUYECKHE 0GPasoBAHWMA HAMGDNEE TAyOOKUX 80H
36MHOM HODH, GIAI0ZEPA YeMy 2TOT DEIMOH ABIAGTCA O0ZHMM M8 Hauoo-
166 GJATONDPUATHHX AJA KOMIJOKCEOIO M3y YeHHA CTPO6HMA W I'e0J0IH-
ugCKoff 2BOMOIMM TIIyGMHHEX TOPMBOHTOB KODH M MCTOPMM I'e0IoTH ®c-
KOr0 DPasBHTHM ZOKeMOpUA. I'epiorMysckrMe M reofHBsMvUecKMe WHCcCIeZoBa-
HAA B Kapeaud, BCe (0766 pacmUpPADmMMEcH M yrAyO ADNEECA B OOCI6-
HHe TOAH, HOCAT KOMNJEKCHH{ xapaKTep, W ODH STHX MCCIOZ0BE EMAX
nepBocTeNeHHOe B8HAYHWe NPUZAETCA BoOpocaM cTpaTmrpafdd, TOKTOHK—
Kd, MarMaTHsMa ¥ MeTeMoppusMa, 0T NPABMABHOrD PONOHWS KOTOPHX BO
MHOTOM BaBUCHT BHACHBHWO 0COCAHHOCTEH reOTOKTOHMYECKOI'® POXHMA
pasBUTUA 3€MHOW KOPH M JCTAHOBAGHA® 38K0HOMODHOCTEH JMTOIeHesa

W pyzooOpasopanusA, OTpazeHMeM yKaABaHHNX MCCIHeJ0B8HMU ABAAE TCA
NoABAGHHO BHAWMTEABHOID KOJWYEeCTBE 0000maDmAX DACoT {Ie0]0rH4Ysec-
KMX, TOKTOHMYSCKMX, Ie0fuasdUeCKMX Kapr, KapT MeTaMopdusma ,
MoHOTpaduif) ¥ CoOTBETCTBEHHO HOBHX NpeAcTaBIe HH. OHAKO 3TH 0000=
UGHASA HOCHT MPEMMYyNOCTBEHHO CnenuaiMaMpoBAHHME Xapakrep, Kacapr-
CA 0T/GJBHHX 8CHERTOB reoJordd. B zaHHo# cTaTheé B KpaTkeit dop-
M@ pacCMaTpPMBANTCA B0 BBAUMOCBABM D6 BYAHTATH KOMOJOKCHHX UCCIBJe-
BaHMH cTpaTUrpaguM, TEKTDHMKM, MBTMATUSMA M MeTaMopfuaMa Z0KeMO-
PMACKMX KoMIJeKco® Hapeiud.

B ocHoBy CTpaTMrpauueCKOr0D pac WIGHEHWA pacCMaTpyBa OMHX
00pasoBaHNi MOJNOKGH NPUHIMO UCTOPUKO-TE0AOTMYECKOr0 PABBMTHA Do—
TUOHA B JO0KEMOpdM, PacuwieHeHWe NMPOBOAMTCA HE DCHOBO HBY WeHHA
BBAMMOOTHOWE HAY! DABHOBOBPACTHNX OCpa30BaHdl, BHABNGHMA W PUEH-
KM CTPyKTy PHNX HOCOTIJACHIA M nepepHsos, sa(uKCHpoBEHHWX F nepecrpoil-

17



Eax CTPyKTyp, CMOHAX Ie0TOKTOHMUSCKHX DOXMMOB, KOpPAX BHBETDWBa—
HHf, KOHTJOMEDATAX M T.0O., C MOMOMBD MCCIEA0BAHAA TEKTOHAYECHHX
Aefopuanuit, ABAeHMl MeTaMopPMBME M MarMaTMBME BHABAADTCA COBOKYI-
HOCTH M NOCH6A0BATEABHOCTH T'e0JOTMYECKAX NPONECCOB, B pe3yIETaTe
BBAKMOJ8 HCTBMA KOTOPHX cHOPMADOBAHH KOMONGKCH MOPOZ PeTHOHE. B
XDOHOJIOTHYECKO# WACTH yWTHBANTCA DAZMONOTEYSCKAE BOBPACTHHE
Z8HHHG, KDMTHYECKHM ONOHOHHH® C I'e0J0TMYSCKAX Mesumufi.

TexkToEM BCKO6 DACWIGHOHW® 0CHOBHBAGTCH HA MuMHUMANG COBOKYI-
HOT'9 8HAIMBA pO3YNbTATOB HBYYGHHS TOKTOHMHKM B HANPABNOHUEX — MOp-
foxoruyecKoro HIM CTpyKTIypHOro, najeoreoerpafuYecKOro MIM A 76 0-—
TOKTOHM YECKOIr'S ¥ TOHETHUSCKOTD.

PemeHHe BOoOpPOCOB 06 oOmMMX M CHeNMPUYSCKMX YepTaX MATMaTisMa
OTJONBHHX I'6 0AOIMYECKHX CTPyKTypP ¥ SN0X, BHABIBHWO CBABOH B3BOID-
OHA MBTMATHBMAE C NOPHOZBMH H dasaMH TOKTOHHYECKOID DaBBHTHA Oasu—
PyDTCH Ha NpRHIMOAX A OpaMeHeHMM (HOPMALMOHHOTO aHaIMSa MArMaTAYeC-
KHX oOpasosanmil,

JoTaHOBIOHM® TODMOAMHEMAWCEAX yCHoBME meraMmepdusua, 6ro 8Bo-
IvgME M ocoC6EHOCTO! NPOEBIGHUA CasMpPyeTCA HE MCNOAbBOBAHWE (fa-
QH8NBEOre NpMENENE (PanMaNBEHX Cepull A,Musmupo, Miyashiro, 1961).

B npezenax TepPPMTODHM pacOIpocTpaHeHMA J0KEMGDHHACKMX o0pasopa-
HuYf Kepemus no OCHOBHHM 9Y8pTAM re0J0THYSCKEre CTDOGHEMR WOTED pas—
IRYANTCA TPH I60N0rMY6CKMX paiioHa: Bexomopckmit, NpUIeTapmHit K
sanspHeONy [OoGe pexsM Fenoro Mepd B Ha CeBepe HepeXozAmMii Ea Teppu-
Topup KeanrcKoro noayocTpesa; JazoxcKuil, pachnoloxeHHHY{ HA ©Iro-—
ganaje, ® palfoHe JlajoXCKOrD 08epa; C WA 0H OrpaEMvYeE NaxeosolicKu-
MM 96pasoBaHMAMM, 8 HA B380AJe, COBEpPO-B8aNAZe paCNPOCTPAHAOTCA HA
ToppATOpED QHENAEZME; KapeascKMli, saHMManmEit BCO DCTAABHyD TEp-
paTopun Kapenmy, orpaENvYeHHY® 006JaCTHD DACNPOCTPAHEHMA [aJ]e0seii-
CRHX o0pasoBaEMit DEHOM M Pro-BOCTOYHOM CKAOHAX IATA, _

JoxeMOpuitckMe oGpasoBaHdAs HA TeppUTOpPHE Kapeaumu noppaspeaapTcA
Ha ZBO IPynmH — &pXeHCKyD M mpoTeposoiiCKyn ¢ rpaEuneil B cooTeT-
CTBHM Co wEamol I9%4 r. 3 2600 3 I50 miE. zer. [poTeposoli moa-
paszelzseTCAs HA NOATPYyNmH: HUE:HMU, cpezHMi W BepxHufi, Bonpocd o
TPaHHN® MOXAy ApXeeM M NpoTeposoeM, © rpaHMNax NOATPYOn npeTepo-
B0 M WX XDOEDAOTHYeOKeH aTHpPOBEe ABAADTICA 0CTPO JUCKYCCHOHHH-
Mi, HauGozee ofocHeBaHHOH, ¢ MoBMNUIl MCTODUKO=Te 0I0IHMUECHErD
pasBMTHA, ABIAGTCA yCTAHOBJAGHHAA HA 0CHOB@ COBOKYNHOCTH I€0IOTH-
YeCEMX JAHHHX NOCAGZ0BATEABHOCTH JOPMUPOBAHHMA CTPyKTypPEO-BEMECTHE B~
HHX KOMOJNEKCOB, K0TOpas HAmNA ©TPAX6HHe B DOTMOHA IBHOH# CTpETH-
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rpaguyecKoft mxaze B NoApPASAONEHMM Ha oTZeiH (pasgesH) - oT Goiee
MOJIOZHX K Conee ZpeBHAM: runeplopelt, sencuit, cyiicapuii, aTymal,
capuoinil, cywmmit, momuii, caamuit™ (cm.puc.). B npepenax BeaoMopcko-
T0 pailoEa PasBUTH CyNEpPKPyCTAALHNE 00pa30BAHMA TOIEKD caamus (Ge-
ZoMOopcRaA cepus), B Kapensckem pafioHe — 0T caaMus 70 BOMNCHs
BKIDUWMTONEHO, & B JIAZI0RCKOM EpoMe (0Jiee JpeBHMX NODPOA BHABME Eu
CaMue MOIDAHe runepdopeiicKue JoKeMOpuitckiue obpasoBaHua Kape-
Jmu.

C mosunuit TEKTOHMUYECKOTD DACUWIOHEHUs TEPPUTODUY yKaBaHHHS
paiioHH COOTBOTCTBEHHO OTHOCATCA: BeloMopckMil — K HauG0Iee ZpeBHE-
My CKIAZYATOMy MoACy GeXoMopHz, Kape.bCKult - K CKIBZUATO cucTe-
M6 Kapenuz M JlazoxCKu#t - K CKAAZYATOR o6/MACIM CBeKoDeHHU].

o npoABNGHKAM ONPEZSJEHHOT0 NOTDOrEHOTHYSCKOTO THNA MO TaMOD)M3-
M8, 0TPAEADMEr0 TOPMOJMHAMAYECKYD 00CTAHOBKY B MOABAXHOE oGuacTy
M CBASAHHOTOD CO cHeNUPHKON TEKTOHMYECKOTO DASBMTUS, yKABIHEWS .aii-
DHH COOTBETCTBOHHD OTHOCATCA K BHAGJGHEHM B.A.Tne6osuuxum (I973)
MeTaMoppu W CKUM noAcaM: BenoMopckuit = K Belomopcko-JlaniaHACKOMY,
Kapeasckuit = K [leHTpaApHOKapenbrCKoMy M JlajloXCRuit - R cBeK0beH-
HCKOMY. liayvyeHde MmarwmaTiusua Ha (opuManuMoHHONA OCHOB® TaKKe NOKasa-
0 BAKOHOMEPHYD CMEHy MArMaTHYeCKMX QopMauMii ¥ KoMOAEKCOB B Opo-
[jecce MX I'e9J0TlMYBCKOr0 pasBUTUA ¥ cnenquduweCKUe 0COGEHHOCTH ANA
paccmaTpUBaeMHX DA 0HDB.

B cooTBETCTBMH C 0COGEHHOCTAMM I'€0JIOTH WOCKOI'D CTPOGHMA M pas-
BUTUA BHZGJAGHHHX pailoHOB HX XapPAKTEPHCTHKa B JANbHE AeM 7B eTCHA
nocaezoBaTeABHD N0 BezoMopcKoMy, KapeascKoMy M JlazoXCKoMy pai-
0HAM, F

BEJOMOPCKUll PAUGH

Ha ocHoB® COBOKyOHOCTH re0J0rMyYecKWX, reodusy9eCcKMX, pajuoxpo-
HOJNOTKWCKAX ZAHHNX NOZ8BJAANNEe OO0XBUMHCTEO MCCIHe ZloBaTenedl Ha-
pPeAbCKOT0 pPerMoHA 0THOCAT 00paBsoBaHMn QyHaMeHTa Hapemuzy M 6e-
ZOMOPCKOH cepun 3anamHoro BenomopsaA K apxen. (OmHaKo CAEIyeT OTME-
TATE, YTO BONpPOC O O0BEeMe apxed B PernoHe ABAASTCA ONHAM M3 Hau-
donee IMCKYCCHOHHHX, 9TO OCYCHOBIEHO OTCYTCTBAEBM YETKAX I'€@0JOTH-
YeCKH JOKYMEHTHDYEMHX CTpaTiArpafA4ecKnX IDaHAIl MERDY KOMIUIeKCA-

Iﬂo; TepMUEOM "caaMuit™ yciosHe 06DeZMHEHH BCe 00paBsOBAHMH J0KEMG-
pas Kapeauy JpeBHe6 IoNHsH.
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Mi Dopoj, OTHOCHMHX K apXew M NDpoTeposob, 4 TaKKe pAaBHODE WBO i
WHTEpNpeTa el pajau 0XpoHONOTY YeCKUX (B0 MHOTOM EWE He CO0BE DueH-
HHX) JAHHHX. [IpM 3T0M yCTAHOBZEHD PO3K0e paaidude 3 IeoA0THYeC—
KOM CTPOGHAM M COCTaBE APXe/CKUX 00pasodanuii 3 HapeascKoM (BsoHa
Kapemuzn) ¥ BesoMopcKoM paileHax. I'e0pJ0TMYSCKAH I'pa HALA MEKZY yKa-
BQHHHMM pajioHaMM UBTKO yCTAHABAABAETCHA 00 S0HE DABJIOMOB 0T
03.HoTosepo Ha cesepe o p. OHETM HA WI'O~BOCTOKS. Hepezko sy
80HY B JMTEpPaType HABHBAKWT BOHOR COWIGHOHWA GENOMOpHJ M Kape-
IuA. WCCNeXOBAHMSA NOCIOJHMX JIOT NOKAsald, 4TO ZAHHAA 30HE pPaoJ0-
M0B He ABIAETCA B0HOA COYWIGHEHMH ZBYX pABHOBOBPACTHHX CKJAJ 4a-
THX cucTeM (GeJOMOPMZ ¥ KApelun), a NpejCTaBIAET CoGOl 80Hy Co=
YIeHEHM7y JBYX B pasHOW cTeNeHW nepepaCoTAHHHX G0A66 MOA0ZHMA
fnpoHeccaMi TEKTOHM YSCKAX CTPYyKTyP. PasBuTHii B FeloMopcKoM palioHe
CIADXHOCKA8Z UWTHI CyMepPKPyCTANbHHII HOMOJEKC — BT0 OTHOCUTEIBHD
X0powo CoxpaHMBNAACH YBCTH (GJ0K) CKIQAUATOr'0 [OACA GONOMEpUJ
(NepBOHA YA NBEHE DASMEPH He W3BECTHH) A BHCTyNAKNMA B AHTUKIWHOD-
HHX CTPYKTypax OCWMPHOTO M0ACA K&peduj, CTPYKTY DHO-BEHEC THOHHHI
KOMOJGKC O6J0MOPMZ PA&CCMATDHBAOTCH B KA UWCTBE (yHZEBMEHTA,

B reonoruyecKoM CTpoeHMM BeNoMODCKOTD pailoHa y yacTBYDT Cymep-
KpycTalbpHHe 00pasoBaHMA GeloMoDCKo#f cepud M unyrnnuﬁacxﬂe nopo-
Jill pasHOTD BOBpPacTa. BCO PA3BATHE 3 paitoHE NOPOJZH WADOKD WBRECT-
HH NMoZ 0OmMMM Ha3BaHKGM "GeJoMODCKMN KoMmnuekc", BmepsHe oH
CTpaTurpaguuecKn OuJ BHZAelNAH B.M.TumofeesnM (I935) nop HasBaHU-
euM "Gemomopcxasa QopMauus" M N0 BOSPACLY DTHECEH K GO0THUICKMM,

& [l.H.I'puropsesuam (I935) u H.l.Cyzosuxosum (1937, 1939) -

K CBUODHMICKMM 00Da30BaHUAM apxes., OTOT KOMOJAGKC CJIATE6T M0JI0CY
unpuso# or 30-40 z0 I00 KM, NPOTATMBEWMYDCA BAONEL KapearcKoro
nodepexss Bexore Mops HA8 paccrosEMe zo 500 KM M zazee Ha ceBep,
cemepo-sanas sa npezeld KapenuH,

BeZouopcKas CepHA CTpaTMrpaQUUecKH NoApaszelfeTcs Ha Tpu
N0CNeZ0BaTeABHHE (CHUBY BBEPX) CBUTH — KGDPETCKYH, X6 T0JAMGUH-
CKyw, YINMHCKyW, KaXjas W3 KOTOPHX COCTOMT M8 ZBYX HOZCBMT
- HUXHeW W BepxHeif, KepeTckas CBUTE CIDxeHa NIarMorLeicaum, TpaHUTO-
THe ficaMM (HMEHAA NOACBMTA) ¥ THelicaMu C MIACTaMM &MDMG0IMTOB
(BepxHAs). X6TOABMOMHCKAR CBHTA COCTOMT M3 PEBIMYHHX aMpus oau~-
TOB C MIACTAMM TIMHOBOMMCTHX M APyTMX rPHeliCOR (HMUXMsA mojCBMTA)
Vi NpeMMymecTEe HHO aMpUC0JC0/6 UXAWMX THEWCOB C NAacTaMy aMfus ou—
708 (BepxHaf). B paspese HumHell NoACBUTH UyTMHCKOHA CBUTH Nepeue-
HEWTCH aMEUOO0JMTH, IIMHOBEMUCTHE U I6KOKPATOBHE ZBYCINAAHHE
THEWCH, B BEDXHE# - JZOMMEMDYWT IPaHaT M KUABKTCOZe PKANME IVIMHD-
BEMMCTHE I'HEJICH C NIaCTAMA aMPUODIMTOE. B coCTaBE CEDUM MECTauu
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M.M.Crenaps, B.A.Coxonos, A.M.Boraues
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JCTE8HOBIGHO HAIMYME AMONCHUAOBHX KaIbuAQupes, "SKIoTHTONoZoCHEX"

¥ ZMONCHZ-TJIATHOKIA30BHX NOPOZ, OTHOCANMXCA K 00pDaBOBAHUAM IpaHy-
J4ToBo# QauM¥ perMoHa;bHOTD MeTaMmopdusMa M NpeZCTABAANMUX Co6OH
PelIUKTH HauGoMee ZPeBHUX Nopey CepUM CpeAM PasBUTHX N0 HUM Goxee -
NO3ZHMX METAMOP)M B CKUX THECOB, aMPUOOAMTEE M MUTMATUTOB aMpu-
GoJUTOBOE M OoJiee HUSKoTeMmepaTypHHX PanMil perMoHANEBHOTO MOTA-
MophKUBMa,.

JleTalbHEMM OOTPONOIY YOCKHME MCClenoBaHMaMHA (Boaopuves, I975)
JCTEHOBIEHO HALMYA6 B COCTABE CEDUM NOPOA, 06pa80BABNMXCA MPH
npoyeccai meraMopyusua, ANA KOTODHX X8paKTeDHA (160DeMeXaeMOCTh
B paspese (MeTaMopduuecKAs B304aIbHOCTH); HO, HOCOMHEHHO, B LOIOM
npeofIazswT NOpoZH N6PBAYHO-0CAZOYHHE, 0 YeM CBUZETEIBCTBYOT
HaIMuMe MecTaMid BHZEDEIHHHX MPOCA08B JMONCHAOBHX KAABNMPUPOS,
nepeMexdpmUxcA ¢ aMpuboAuTaAMY M KMEHWT-IpPaHE T~GUOTHTDBHMU THeil-
caMu (peNMKTOB&S CIDMCTOCTH). [epBMYEAR NPUPOZA NOPOZ CepUd B
GOJBUMHCTEE CIYyWeB HO ACHA. I'e0NOr0-NEeTPOJNOTMYECKHAE M IS pXUMHA-
WCKME JAHHHE CBUZGTEIHCTBYNT 0 BHA YATOJNBHOM BIMAHMM MEIMETHYEC-
Kol 7@ATENFHOCTH HA COCTAB CODHUM, H C HAMOGODIABLE ! ZBCTOBEPHOCTED
MDEHD CWiTaTh, Y70 B 66 COCTABE ByARAHOTOHHNe M 0CAZDYHU~BYIKAHD-
TeHHHE® 00paB0BAaHMA NpPE0GIaZADT HAY TOPPUTOHHHMM,

XapakTe pHolf 0COGEHHOCTHD CEpMH gBIAeTCd TO, YTO0 0HA (AKTHUECEH
COCTOMT MB TPCX BAPHUDYOWUX MexAy coleff B KoaM4eCTBOHHHX COOTHO-
WeHUAX B paspese mopog - aMmpuOeaMToB, NJATHOKIESBOBHX M INIMHOSOMHC—
THX THEHC0B, B KOTOPHX NPAKTHYSCKHM HOOJHOCTED 0TCYyTCTBYWT DOJMKTO0-
BHE CTpyKTyPHHE W TEKCTYDHHE® [epBMYHNG DeHOTUYOCKHE NDHBH4EH. B
COCTaB® CepUM OTCYyTCTBYOT KAKME-NNG0 KOHTIOMOpAaTH, GpPEHYMM, KBAp-
UUTH, yTAGPOACOAEPEANME W pAZ APYyTMX O0p0j, KuTOPHe SABIADTCA XA8-
paKTepHHMM COCTABHHMM UISHAMM paspesos GoZee MoaoAore (JomHiicKo-
ro) Komonexkca Kape.bCKoro pafioHa, B HEX BCerja YeTKO yCTAHABIMBaE-
eTCA, HO3ABHCHMD 0T CTONEHM DOIMOHAIBHEI9 MeTaMoppusua, NEPBM yHAR
opupoza 6JarozapA HeAMYMD DAasHOre TUOA CHOMCTOCTH, MMHZANEGKAMEHHHX,
mapoBHX, OPEKUMEBHX M ZPyTWX TEKCTYpP M CTPYETyp. [IpMueM BecEMa
NpuMe Y TeNEHE TeCHad, BUAUMO, NQpAareHeTHYBCKAd CBASE B GeaoMop-
CKO#f cepuli IANHOBEMUCTHX THE{IC0B ¢ aMpuCeINTaMM, B TO BPOME KaK
B (0Jee MOJOAHX KOMOJEKCAX TAMHOB6MMCTHE NOPOJH NPEHMymeCTBEHHD
accogMMpypT ¢ TEPPUIeHHHMM KBA PUUTOBHMM Hopezawd., XapakTepHo TagR-
¥e 0TCyICTBME B paspese CepPHM xeI6B0COZeDESWMX NOpPoZ, CTONL Xa-
PaKTepPHHX ZNA G0J€6 MOJAOZHX KOMIJNEKCOB, 0CO06eHHD NomHus.

Hocuez0BaTe.bHOCTH NOPOA B CODUM yCTAHABIKBAGTCHA N0 YACTHHM
pasMepaM.B npejesax A6TaIbHO 38KaDTHPOBAHHHX CKIAJ YATHX CTpYyE-
Typ, BHA®IEHHHe B COCTAaB6 CEPHM CBUTH OO CYyTH NPeZCTABIAANT COOOH
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pATMH, HMXHEM uneH KeTopux (HHRHAS NOACBMTA) ONOXOH MPO MMy HOCTS 6H-
Ho amfudomuramu, a8 BOPXHMH - rHeficamd. OOHYHO PUTMAUHOCTH yCTa-
HABNMBAGTCA IMMG N0 HOKOTODHM MBMOHOHHAM B IAMEOBEMUCTOCTH IHefl-
COB ¥ BADHMALEAX KOIMYeCTB8 aN(HOOZETOB B pasHHX cBuTaX. (OweBHpHR,
YTo NOPBMYHO® CTDPOOHAS CODHM M COOTBETCTBOHHD yCX0BMA 66 HopMHpo~—
BEHWA OHAM DTHOCHTONBHO OXHODOZHHMH (yWMTHBAA HOBHA WTE I5HOCTH
dageansHHX HSMeHeHHH B COCTABO CEDAM [0 JATepald B NpeZeA8X BCEr'D
usywHHOre BesoMopcKore paitoHa), BREZy Tore uTo yHZBMOHT He Bh-
fABJN6H, 8 BOPXHMO UACTH paspesa OWIH NOABGPTHYTH BPOSHH, MOEHOCTH
COpMH B NOJHOM 006M6 HO yCTAHOBJIGHA, Y WTHBAA MBORUMHANBHE{ Xa=
paKTep CKIAZO0E ¥ HeODAHOKDATHHE NpPUABASHMA ZeQopuMand¥ pasHers nNiaHa,
nolorue NOrDyxeHds MaPHUPOB CKAAZDOK, 006BEM MHTDYBSMBHHX OOPOX M
np., MOUHOCTE HaOINZaeMO#l YacTH CepUM B Npezenax TeppurTopuM Kape-
JHM MOXKHO ODLOHMTH HO (G0I66 YeM B 6=7 KM,

llepsge npeacTanIeHMe 00 oOmeil cTPyKType GeXOMODUZ K&K 0 Ieo-
CHHKJIMEANMA C WADHMPOM, NPOXoZANMMM N0 HaEZANEKNCKOMY BaiuBy Belo-
T0 Mops, Ouu0 BHCEAB38HO A.A.[doxnxaHophM (I939). [lepsas cxema TeK-
TOHAYECKOI'® CTPOGEMA ZJNA CeBepHOM gvacTd beJoMopCKoOro paioEa M oro-
sanajHoil vacTH KoAsCKoTe nexyecTpesa OHNa paspadoTaHa B 50-X ro-
zax (Mumapes ¥ Ap., I960). B aTeli cxeMe o0mAs CTPyKTypa CeJoMOpHA
paccMaTpUBAJACH KAK QHTURAMHODUHA, ¥MewEmMil CAIOEHOCKIAZYAT0e BHY TPOH-
Hee CTpoeHMe, JlampHeiimee pasBMTME BBTUAZDB HA TOKTOHKWCKO6 CTDOe=-
EHe WaI0KeHe B DAze o0oOmapmpx paceoT N0 paidoHy M KapeahCKOMy peruo-
Hy B nedod (lypxkuE M zp., 1962; llyprue, I968; Iyk, I967, ¥ AD.).

[leTposor¥yeCcKHe HMCCHOZ0BAHMA JlefopManuil M MeTaMoppMaMa noKa-
8814, 4YTO0 PESBHUTHE B pailoHe KOMIIOKC [0p0j CIAraeT CAORHD MOCTpPO-
@HHY O NOJMOUKIM YOCKYD TOKTOHMYE CKy® CUCTEMYy M YTO MEPHUOAH TOKTO-
HAYeCKAX zedopmMamUit CONpPOBOXZAINCEH COOTBETCT ByDUMMA NPOABIAGHMAMA
perdoHaNbHOT0 MeTamopgusua (nepuozs MeTaMmopuswa), METDY 3UBH 0
MArMATHYOCKeH J6ATEABHOCTA W MurMaTHsampedl (DTanH TOKTOHA W CKo-
T0 pA8BUTHAe..., 1973). CaMmbud pEEHMMH SBAADTCA S8BT OHOMEHE MONKHMO
CEI8JIKH, COXPAHMBEMOCA B HAMO0JG6 ZPOBHMX HBBECTHHX K HACTOAMEMY
BPOMEHHM DOJMKTAX mopoj rpaHymuToBolt fauum meramopdusua (CreHaps,
Bonmozuuer, 1970). Hs0XpOHHHM PyGHZMH~CTPOHUMEBHM METOZUM AAH
I@HHHX Mopox rpasyauToBolt gauud onpezeaeH BospacT 2950 MIH. BT
(Gorokhov et al., 1973) 4, BUZMMD, ZATUDYyOTCA BEPXHMI npezex
BOaMOEHOr0 BOBpacTa MeTaMOpfUaMa M CoeTBETCTBEHHD BospacTa odpa-
30BAHUA CYNEPKDPYyCTANBHHX N0P0Z CepuH, & gedopMamyu, o6yCIoBMBmNE
GopuupoBaHENe CKJASAOK B DEJHKTaX NOPOA IPaHyEMToR0M ganuu, ocyme-
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CTRIAIMCE paHee 2900 MIH., ;eT. JedepMand¥ CONDOBORAAAUCH HopMu-
posaHEenM HauOeAee ZDOBHMX MHTPY 8MBHHX H9P0J yABTPAOCHOBHOID M
0CHOBHOTE cocTABA, MerTaradfpe H reddpe—amiuCozMTH ne HOpPMATHBEEM
COCTABAN ZBDT CHOKTD 0T OJMBMEGBHX 2@ KBAPNOBHX T0AeMTOB, YIETpa-
(agMTH THNA NOPHAOTHTOR NpH MeTaMopdusMe npeotpasoBaly B CepnoE-
TUHUTH, MOCTAMM [0 HAM 00p8 30BAHH NMAPOKCOHMTH. HexoTopue Memxue
T6J18 NPGBPAMEHH B TPOMOIUTOBHE, K8POOHATO-TPOMONMTOBHO M JApyTHe
CIaHNH, PaHEMe CRISZWATHO CTPYKTypDH OHNM pABPYNeEH B MOCISZAYOEAM
9Tal HHTEHCHABHHX TEKTOHMYECKAX mefopmMaidil, B pe3yNIbTATE KOTODHX
ciopuupoBasaChE CHCTEM3 CKABZAWETHX CTDYKTyp o0mers cyGMepazuo=—
HAIBHOT'O NPOCTMpAHMA (CUMHXIMHODUM M AHTURAMHODUM). Jedopmanuu co=-
NPOBOXJANNCE MATMATMBELNMUEH, BHEZPEHAEM CHHTOKTODHHMY6CKMX TI'DaHMTOB
NpeuMymecTBOHHO NJATrHOKISS0BOIe COCTABA, AJNA KOTODHX WB0XPOHHHM
pyOMpMit-Cc TPOHNMEOBHM METOZOM SOPOZSZGH BospacT 2700 MaH. 18T, uTO,
BU/MMO, COOTBETCTBYET BOBPACTY MX MeTaMoppusMa. I'DAHMTOMZH B 0C—
HOBHOM Da3BUTH B NpejelaX aHTHKAMEAIBHHX CTDYKTYD.

llapareHeTUYe CKUIl @HANNS NMOSBOJMI BHFBATH B8CCOLMELUM M reHepa-
1ME MMHepanos, 00pas0oBAHMe KOTODHX CBfAsaHO ¢ QopuMMpOBAHMEN ompeze-
JeHED OPMEETHPOBEHHHX CACTOM CKISAOK B nopozax paitoHa, M HA oC-
HOBE XUMM3BME N@p PABHOBECHHX XK6J630MAIHO3WANBHHX MHWHEpPAN0B yCTaHO-
BATH TEDMOZMHAMUYECKA® yCH0BMA QOpMMDOBAEMA CKISZAYSTHX CTDYKTyD.
Tax, ZaA 0APoj TpPaBymiToBOK (Qauuu (dagua ABYOMPOKCEHOBHX THell-
C0B) MeTaMopusMa DaHHETO 9TANA AMONCHUA-TUNEPCTEHOBHI M KaAEgATe-
BHit (I0-II% MarseTdTa B RAABNHTE) Te0TEPMOMETDH yKasHBADT HE TeM-
mepaTypy Kpucraimusapud okoze 700° (Bemomuwer, I975). Gopumpopanme
CHCTEMH CyOMeDUAMOHANBHHX, CKAGANATHX CTPYRTYyP A PErUoHANBHHE Me-
ramophuam (cycdauus AUCTeH-DDPTOKIAB0BHX IHelicoB), KAK HA 0CHOBE
PT-cxeMs mMaHepaneHHX Ganuit A.A.Mapakywesa, TaK M He 0CHOBE IpaHaT-
GuoTHTOBOrD reorepuometpa J.J.[lepuyka, NPOMCXOZMIN MPH TeMIepaTy=-
pax 650-700° u z@Baesuax I2-I4 k6ap.

PasH 06JNOMOPCKOHM CKIAZWETOCTH, B PE3YyALTATE KoTOPHX cHopMUpoBa-
I8CH pPErMOHAJIEHAR CHCTEME CYOMEDMZMOHAJBHHX CKJAZ YW@ THX CTPyKTyp,
paccMaTpuBanTCA B CUBOKYMHOCTH KaK 6AMEHN wynMECKMA nepuoz aedopma-
Ouit, KoTopHe B8TeM CMOHANTCA (0Ze6 MoJoZuMM zedopMmauusMu, 00DOzA-
HAGMHMM 1107 HAB3BaHUeM NoyxcKoro nepuoza (CreHaps, I973). YclosHo,
B CEfSH C HEADCTATOWHOCTHD HAKTMUYBCKOrO MaTepuazna, K Ty MMHCKOMY
NepUozy OTHECOHH HaMOGONee DaHHME WS MBBECTHHX B HacTOAl6e BPEMA
nedopuanuin, KoTOPHMM OHAM CHOPMMPOBAHH CKABJKA HEMBBECTHOID
HanpaBleHUA, yCTAHOBAGHHH® B peJMKTAX N0p0J TpaHyIMToBON Gaiuu
MeTamopfusMa, MOTYMMX NPUHAANEEATE K G0lI66 ZpeBHEMY CaAMOCTOA-
TEJBHOMY NEPHOZY.
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JlefopManiaMA J0yXCKOr0 N6pH0ZA TOKTOTeHesa cfopMupoBaHA CUCTE-
M8 CKI8ZYATHX CTPYyKTyp 00mero CyOmMpPOTHOIrO NMPOCTMUPAHMA, KOTOpwe
HAI0EeHH H& CTPyKTYypH YyOMHCKOrD NepUoz@ B NOpozax GeJoMopCKO#
cepud. B aT0T nepuoz QOPMMPYOTCA MHTDY3MBHHO NOPOAH HECKOJEBKD BAph-
MPyomeT0 CoCTaBa, NPOACTABIOHHHE TIDAHATOBHMM METAradlpo ¢ peIAKTa=
Mi NMEpPBUYHHX racopo M KeIMPUTOBHX CTPyKTyp. Jedopuan4u compoBoxja-
JUCH POrdoHAJBHHM MeTaMOpOUBMOM, METMETHBALNMEld W (opMUDOBAEMEM CHEH—
TEKTOHYYECKUX I'DaHATOMZOB; HauGolee NO3HWe M3 HWX, 8 TAKKE Nersa-
THTH BHEZAPUIMCH N0 CYOWAPOTHHM DaBJOMEM B yE6 O0THOCHTENEHO KOHCDIM=
ZMpOBAHHHE NMopozH. JMHeliHHe CKIAAKM CyGMepUzu0HAJABHOTO NPOCTLpa=
HMA NpeiuecTByDEEro 9yOMHCKOID [epuoza ZeQopMuUPYyNTCH, W NPH BTOM
06pasynTCA KyNoJ0OBMZHHE, MyJIbZ006pasHHE CTPYyKTypH M CTpy KTypH TUma
yeToE (B nmaHe), MMEDUME CHOEHOE BHYTpPeHHee CTpoeHue, HynmoaosupHHe
CTPyKypH o06pasymwTCs B Npejeiax SHTUKAMHANG {i YynMMHCKOIro nepuoza,
e NMPOKO OHJM DasBATH paHHWE TPaRMTOMZHHE Mopozd. [IpM zedopuaquax
JN0yXCKOT0 NepPHOZA B STUX CTPY KTy paxX NPOMCXOZMT 4YacTUuHH{ peomopdusm
pPaHHWY: TPAHUTOB ¥ QOpPMMPOBAHME HOBWX TPAHUTOMAOB, B De3yaAnTaTe
yero ST CTPYKTYDH NpHOGPEeTanT 0GJMK TDAHMTHHX KymoXoB, KOTOpHE
HeB.TopaosuM (I967) ¥ HOKOTOPHMM ZPyTUMM MCCHEZOBATeNAMM BeioMop-
CKOTO paiioHa pacCMaTpuBAJMCH KAK KYNOJILHHE CTPYKTYpH yHA8MEHTE
GenoMmopuz. Ha reTeporeHHoCTH IPaHUTOMZO0B, (OPMMPYDMMXCA B JOyXC-
KUl nepuoz Aedopmanuit, yKasHBAKWT W SHA WHMA MX BOBPACTOB, MOy~
YeHHHE WBIXDOHHHM pyOMZMi-CTDOHOMEBHM METoZoM, - 2420 MIH. JeT
(Gorokhov et al., 1973) ¥ 2700 MaH. neT (I'e0XPOHONOTHYECKAG
pyGeEM..., I973). BosmoxHo, uro yM@pH 2700 MAH. JeT, MOXy WWHHHE
W Mo rpaHMTHHM NopoZaM, cPopMMDOBAHHHM B YyNWHCKM@ nepuoz aefopma-
Uit ¥ MHTEHCUBHO JeQOPMHDOBAHHHM ¥ MEeTAMODPUBOBAHHHM B JNOYXCKMH
nepuoy, yKasHBEANT HE BO3PACT IPEHMTOB WYNMHCKOID Nepuoza, a aa-
TAPYOT BOBpPacCT UX MeTamopdusMa B JIoyXCKMii mepuoz. Ha sT0 KOCBEH-
HO yKa8HBAKWT JAHHHO 0NpPEA6A6HWA BOSPACTOE IpEHMTHHX NOPOZ, COKy-
WAX Ie0J0TMYECKA Go.ee MoJoade (ueM GejoMOPCKad Ce PMA) KOMIJIEKCH
nopej JA0NMF M MADOKC pPa3BATHE B KOMIIEKCe MOpomH (iyHmamenTa B Ka-
PelBCKUM paioHe, KOTOPHEe ZaTupyoreA Takxe B 2700 maH. xeT (Kparnm,
Jlo6a w-KyueHKo, I975). QopMUPOBaHME CKIAZUATHX CTPYKTYD J0yXCKOTo
nepuopa TEKTOreHesa B pafioHe COMNDOBOXA8J0CH MeTaMmopjusMoM Cyo-
dammm AMCTeH-MUKPOKAMHOBHX THeficoB (amdudoiurosas amua) ¥ B yc-
JIOBMAX DOrPaHd @HHX ¢ fapueél AMCTEeH-MyCKOBMTOBHX rHelficoB (amuzor—
ampaGoauTopan Qauus). I'eoTepMOMETpUA Zi@eT ZIH STOTD NEpHOZE TeM—
nepaTypH P MHTEDBAXE 620~550°. MuHepaabHHO accoHanu¥ KMBHHTE C
KaJMeBHM MOJGBHM WMNATOM M ZAMONCHZA C TPAHATOM DacCMATpMBANTCA
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K8K MOKAsaTeJd HAJIM WA BHCOKOTO AABIGHWA B 2T0T nepuop (Bomegu-
weB, 1975).

B KOEL® JOYXCKOT0 NEpUOZa TEKT0HNYECKUX ZedopMauMit npoAcxozuT
pnpejeleHHan cTadMAMsaniA 86MHONH Kopd. C nNepuojioM OTHOCHTEIBHOMH
CTE0MIMBELMA CBABAHOD QupMUpoBAHMEe DABDHBHNX HapyuweHMii, Mo KoTo-
PHM BHEADAJMCH MHTDYSMM CAMOCTOATENLHOID KOMIJNEKCE JIeDPNOAATOR —
radopo-HopuToB. [leTporpaguyecknit cocTap zaHHOro Komnaexca (Cre-
naHoB, 1971) BapeupyeT 0T A6PLOJIMTOE WPE3 OIMBUEOBHE IaGGpo-
HOPATH M ra6GPO-HOPUTH A0 JBAKOKDETOBHX raG0p0—-HOPUTOB (KpUC—
raamMsanvonnad aufde peHUMALMA MBTMH T0JEMTOBDID XAPAKTepa C
TOMOAPOMHO{ HanpaBAEHHOCTHD). 'eHETUUBCKM C BTMM KOMINIEKCOM CBF3a-
HH Z@#Ed W RUJIH METAN0PHUPATOB M MeTa(83MTUB. bauke AWAM neTpo-
JOTUUECKAM AHBJIOTOM JAEHHOTO Komnnekca B Hapeauu asiaaeTca fopua—
LMA NepuzoTUT-radepo-HOPDATOB B 30HAX KapeIni.

JoyxcKuil nepuoz TeKTOIeHe3a paccuarpusanci panee (CTeHaps,
1972, 1973) KaK cocTaBHas YACTH OOmMER MOCAEZ0B&TEALHOCTHM COCHTAN
E€ZMEOT0 GEJOMDPCKOTD TEKTOHO-MATMaTHYECKOIrD LMKIA. 3T0 00y CA0BIM=
B&JOCH TeM, YT0 CHOPMAPOBABWAACH B 3TOT OEPUOZ ClhcTema CyOwupor-
HHX CHIGZWRTHX CTPYKTyp OHAE YCTAHOBAGHA TOJBKD B NpejeJax Tep=
pUTOpUM DaBBMTMUA NOPOZ GONOMODCKDY CODUM ¥ HE CHJa BHABJEHA B
G0JIB6 MDJOZHX KOMMJAEKCAX NOpOj JoNMA, B NMPEAENEX KOTOPHX C&MHMU
ZPOBHUMMA CHCTOMaMM CKIAZYTHX CTDYKTYD CWMTEJNACH CACTOMH CKISZOK
CEBEPO-BOCTOYHOA W CyOMepUAMOHAABHOA ODMEHTHMPOBEM, C(opMipoBaE-~
HHe (fasaMi DeGOJBCKOID Nepuoja KapeibCKHOID TEKIDHO-MATMETHYECKOIO
LUMKJ8., B HacToamee BpeMs, GJAT0J8PA KOMIIEKCHHM WCCIHEZO0B3HMAM B
C6B6 DOKAPENBCKON N0A30HE Kapeluz, B 66 CyCOMepUAMOHANBHO OPMHTHDO-
BaHHO#t wacTu (rpanune Beaomopckoro M Kapeasckoro pafioHop or HoTose-
pa Ha cesepe A0 p. Keup Ha mre), nolyyeHs JAHHHe, KOTOPHE YKA&SBH-
BE&WT HA To0, YT0 PABBUTHO BA6CH CyNeDKDYyCTEABHHE KOMNJGKCH, D BOS-
pacTy OTHOCHMMHE K IOMHD (puxmo3epcKas Cepun), [epsoHa WJBHO GHJM
Ze(GopMUMpOBAHH 5 CKI&ZY8THO CTPYKTyDH 00mere CyomMpoTHOIrD NpOCTH-
panid C MOJNOTMME yrjaMmd NOTPyHX6HMA WaPHMPOB, AHANOTMYHO CKIE -
KaM J0yXCKOTo Nepuoja B NoPojax GeNoMOPCKO# CepuM, AHBIOIMUHEE
CKIaZKM, HO NOYTM NOJHOCTHD NepepadoTaHHHe M B8TyWEBAHHHE Halo-
EGHHHMM l0CHeZyPUAME a6QopMaluAMM HaMe WHTCH ZOCTATOUHO 0TYET—
IWB0 HA DAZe yYBCTKOB B Npezenax KapelbCKoro pailoHA B MOpPojax
(QyHzaMEHTa GHTUKJIMHODHHX II0Z30H KepeJuz 4 B 00pas0BAHMAX JIOOUsA Ha
JYaCTKAX MX CyOmMpPOTHOI'0 DasBATMA, 88 NpejesaMy CyOMepUzMoHAJE-
HHX TEKTOHWYECKMX B80H, QOmd# CTPyKTYDPHHA NJBH onpejielAeTCA TEM,
YTg B 9TUX CEATHX MERGJOKOBHX 80HAX, O0TPaHMUYEHHHX TEKTOHNYE CKUMU
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KOHTEKTAMM MIM y9ACTKAMA MAIMATHMB8LMM, COXPaHMACH 0CHOBHDHU 06BoM
nopoa xonks. QOPMMPOBARHME CYCWMPOTHHX CHIAZUBTHX CTDyKTyD CONPOB 0x~
JA6ICH BHOADEOHMOM CHHTOKTOHWYOCKHX IpaHMToB. [lo Go0J6e Ho37HMM CyO—-
WAPOTHHM paB3PHBHHM HAPYWOHHAM BHOZADANMCEH MHTPY 8MH 0CHOBHOIO COCTaBa,
chopMupOBABIME CHCTeMy ZaHKOBHX TeX. TaKMM 00pasoM, CKIAAYATHE
CTPyKTypH, BOEDBHO BHZSNGHHHe B BeNoMODCKoM palioEe HaK CTPyKTypH
J0yXCKOTD NnepuoZa TeKTOreHes8 06AOMOPCKOTD TOKTOHO-MaTMATHYeC-

KOr0 OUKJIA, BOSMOEHD, CBAB8HH C CAMOCTOATOJIBHHM TOKTOHO-MAIMaTH-
YOCKMAM IMKEJLOM MJM Z0peloabCRAMM GasaMM KapeldbCKOre TeKTOHO-METIMATH-
YeCKOTD HUKIA.

[locie NmoyxCHoTe O@PUOJA TOKTOHM YeCKMX zedopmanuit 3 BeAoMopCKeM
paftoHe HauMHAETCH AANTONbHAA 9noxa zefepmanali, KoTopHe NPOABAIMCE
HepaBHOMEpHO, ED X0pomo EKeppeaMpynTCA CO CHIAZUATHMA ZedopMamumMy
B Kapemuzax Kapeasckoro palleHa, TaKk RaE CHopMADOBAHHHG® AMA C TPy K-
TyDH ABIANTCA CKBOBHHMM. 376CH QopMmupymTed Mo CA6Z0BATeNBHO CHIAZ-
YaTHe CTPYKTyDH WAM 30HH pasrHecoBaHMs, OPUEHTHDOBAHHHE HA CeBepO—
BOCTOK, CyGMepHZMOHANBHO, W CEBEpPO-3aNa7, AHAJNOTHYHO CTPYKTypau,
chopmupoBaHHHM (a3aMi RapeAECKOf CKIaaUaTOCTM B peCOAbCKu H ce-
neuku# nepuozs B Kapenascrou paifoHe, C sTuMM gedopMauusMu B BenoMop-
CKOM paitloHe CBAB&HO (QODMMpOBa&HMe Za{K0BOT0 KoMONeKCa, NpeAcTaBRIeR-
HOrD muadasoBHME OoPPUpPMTEMM M IDAHA TOBHMM radope. STOT KOMIOAGKC
0TZ6eA6HE 0T G0Zee DAHHOTD KOMNIOKCA JepnoiMToB-Iaé6po-HOPHUTOE Bpe-
M@HOM BHOJIPeHMA W KOHCOMNMZANHM MHTPYSsU} rpaHOZMOpMTOR. B medoM ze-
(fepMamMy NOCTAOYXCKOIO MEDHOAS COUPOBOEZAWTCA GopMMpoBaHMeM rpa-
EMTOMZOB 0T IPAHOAXUOPUTOR ZE TPAaEUTOB K YACTH UHHM DeoMopHUBMOM
GoJee DAHHEX I'DAHATOB. JAA TPAHMTOB TUMMYeH CymeCTROHHO KaIeBH
COCTAB M TAGPUZHNY XapaKTep rpaHoZMOpUTOB, COYETANMEX Y PTH Dao-
MopdusMa ¢ PyNTHBHHME NPOABIGHMAMA. C HaMOoIee MosAEEMA zedopua-
LUMAMM CBAB8HO 00paBs0BAHMA NOrMATHTOBHX EMJ (CHADAOHOCHHX H ¢ poji-
KoueTanbHO# MMHepanusanueir), MeTamoppusu, KaK ¥ zefopmapuu, B 5TD
BPeMfA MPOABAAJCA HEDABHOMEDHO H B OCHOBHOM CODTBETCTBYET yCIOBMAM
dayuy ZMCTOH-MYCKOBUTOBHX THeUCOB (MM snuzerT-aMpucouuToBol da-
uMM): TeMnepaTypH oT 550-480 Ze 400°, AaBueHHR He HHxe 9 K6ap
(Bonoauwen, I975). JuA sToit snoxum zedopuamuil 3 FeloMopCEeM DailoHe
NoJy 46HH paBJNMYHHMA DAaZMOI0TdYeCKUMA MOTOZEMM HUQPH BospacTa Imo=
poz meHee 2600 mmH, IeT. BospacT HAUG0A66 MOJNOZHX CADZOHOCHHX
NeruMaTiToB yCTAHOBAeH mprmepHo B IB00 maH., nmer (BuHerpazuos, Ty-
rapuHoB, I264; I'e0XPOHONOTMYECKUE DyOORH..., 1973, H AP.).

B pesoM mMpoKdi BpeMeHHo# METEDBAJ BOBPACTHHX A8THUPOBOE (mpusiu-
gurensHo I700-3500 MIH, n6T), moayvYcHEH{t pasHEHMM pazuoIOIY U8 CKM-.

MU MeTonEMM 247 NopoA BexoMopcKorp pafiosa, 00y Cl0 BA6H HOOZHOKpaT-
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HHMH TOKTOHHYOCKEMM JedopMamyaMu, MeTAMOPDYBMOM W DABHOBOBDACTHO-

. CTHD MHTDYSMBHHX NMOPOZ. B PeSyAsTaTe ZAMMTEABHOY MCTODMM I'e0d0TH-

YeCKOT0 pasBUTUA, B KOTopoil B HacTOAmE® BPOMA ZOCTATOYHO YETKO
BHAGNAWTCA TPM BTEANA, QUECHDyeMHe NepMOAaMM TOKTOIreHesa, MeTaMopdua-
M8, MHTNGTHBALME W MEBrHOTHBMA, 6MHAH CYNEPKPyCTAIBHAA GEIOMOPCKas
cepds npeo6pasoBAEA B IeTePOreHHHH, HOMMMETAMOD)M YSCKUIl KoMIASKC
PASEOBOBPACTHNX NEPOA, MBBECTHHYM B IMTepaType 07 HASBSHUOM
GeI0MODCKOI'0 KOMIIeKca,

KAPEIGCKAH PANOH
[le 0CcOG@HEECTAM Ie0JOId ¥CKOID CTPOGHMA M PasBUTAA BJAECH BHJGAADT—

CA T6 0J0T0CTPyKTypHHe N0Z80EH (pailoHH) - BanajEaf, LeHTpaJbHAH,
BOCTOYHAH M COBODHARA, KOTODHe DACCMATDUBADTCA B KaYeCoTBe BA6MEEH-
TOB EApeNLCKOM (HeHTpalbHOKAPeNECKON) B0HH 0OWMDHOrD Nosca Kape-
AUz, I'e0NOTMYBCKOS DAsBATUE WJI0 He OJHOBPOMOHHO, M MCTOPUA 0CaZKD-
HARQNIOHMA, MATMATHBME 4 MeTaMoppMsSMa chnenuMusa A Kaxjoik us
nezseE, e oTolt NpUYMES XADAKTEPACTMKA O0ZHOBOBPACTHHX KOMIJIGKCOS
ABETCA B CPABHEHMM N0 OTAGNBHHM NOZ30HEM, IMNEL AJA apxeiicKoro
KoMOAeKca mopoa QyHzeMeHTa Kapemuz (KoMOIeKC GeXOMODHA) XApaKTe-
PUCTHEE NpUBEOHA B NENOM Adj peTrHoHA.

HauGomee zpeskMe B Kapelanckoum paitoHe oOpasoBaBMs B JyEAaMeHTE
Kapenuy pesKe OTIMYANTCA 0T KOMNOOKCE BeXoMOpCKoT® palioH8 CTeneHED
nepepaCeTKE Golee MONOZHMM NPOOECCEMHA, 3A8CH CPEAM TPAHMTOMAHHX
nepej, BCTPe WNTCA yUACTKM, CHOMEGHHHE MMIMATHBMDOBEHHHMM TIHeiicauy
B au@uComiTaMi, B rpaHHTOMZAX TAKXe DACHDOCTPAHS HH MOCTaMM INHGH
H OIOKHM JpeBE6UmMX THOHCO-IPAHOZMOPHTOB, [lAA pPACCMATDHBEGMHX
o0pasoBaHKil XBapaKTepeH pazMoI0TMWBCKUR BospacT doxee 2600-2700 MaH.
aet (Kparn, Jeda w=KyuyemKo, I975). K HauGonee ZpeBHMM OTHOCATCH
CTPyKTypH, 8@ Yame — JMUb MX DOJAMKTH, KOTODHO MOKHO OTHECEH K CH-
cToMe CyOmMpoTHeH opuMeHTHPOBKM., OHM MpeTepneaAN MoIEyD MepecTpoii-
Ky, B rHEefico-rpaHOZMepPHTH B GONBUHHCTBEE CIyvY8 6B MOZBODPKOHH
pesuopdusMy B CBABM C (OPMEDOBEHMOM DaBHOBOBDACTHHX I'DaHNTOMZDE,
NIaT¥orpaHUToB, TPAHOZMOPMTOB, NAETMOMAKDOKIMHOBHX IDaEATOB M
APyrUX DOpOZ M 00pPaBOBAHMOM MMILMATHTOB pABMMGHOr0 TMNE, KaK sa
cuer nopox PyHzameHTa, TAK M 88 CY6T NOPOKPHBADEMX ero cepuil.

CynepepycransHHe 06pasoBaHMA, (0166 MON0AHS, YoM KOMOIEKC
@yEzamenTa, B npoBHENManBHOM cTpaTUrpaduvecKoft mKANe DTHECOHH K
HONCEONy 0TZeNy. OTHOXeHMA ZSHHOTO 0TXEIE B DABHHX MOAB0HAX pail-
9HA OpejcTaBieHH DABl]H YHMMA CODHAMM: IMMONBCKO# - B BanazHod,
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THMONBCKOY M napaHzoBCKoft - B NeHTpalbHO{, NApaHZ0BCKOW - B BoCc-
TOYHO{l, TMKWOBEPCKOHl - B CeBepHOM. JIA BCEX STUX CEDHM xaparTepen
pasHDoOpasHH# cocTas O0TJADEGHAR, CPeZM KOTODHX ZOMHHMDYKT BYJARAHOD-
TOHHHO M 0C8Z0YHO-BYJK8HODOHHHe NOPOAH B TOCHOH accouuauuy c

X©J6 3UCTO~KPOMHACTHMYU IODOLami, 8@ TaKEe C TpaduTUCTHMM CJaHIaMMU
A KBapuuTAMA,.

O6pasoBaHMA I'MMOIBCKOU CepUM pacipoCTpaHeHH NpepHBMCTO Ha pac-
CTOAHMM 20 400 KM - 0T TpalMnH C JazOXCKAM pafioHOM A0 CHCTEMH
psep HyliTo Ha cesepe, B 3anaZHOi M DEHOE YaCTAX LEHTpPAXBHOK nog-
80HN, CpeZAM OGWHPHOTO MOJ MHTOHCHBHO MAIMATU3MPOBEHHHX, T'paHM-
TUBMPOBAHHEX TIHE{COB ¥ TPaEMTOMA0B PaBAMYHOID COCTEEA W Bo3pac—
74, COBOKyNHOCTEH 9TMX 06pasoBaHuil cocTaBaAeT (QPeHHO-K&peJbCKoe
aHTMKIMEA IBHOE nogBATHe (KpaTy ¥ ap., 1969). BHyTpeHHee CTDDEHME
JYBCTKOB PaBBMTUA 00Pa30BAHMA IMMOABCKOH CepMM, COCTAB M CTpaTu-
rpafugeckan NOOC/EZ0BATENEHOCTE NOPOA NOZPOGHO 0XapaKTePUBDBAHH B
ony0aMKopaHuNx padorax (Yepues, Crewaps, I960, I96I; Kparty, I963;
YepHOB M Ap., 1970; Jasapes, 1971, W zp.). O nepepuBe M pa3MHBE
TPaHMTO-THEHCOBOrD (yHAAMBHTE Nepej 0TJAOXEHMOM I'MMONBLCKOA €6pUU
CBUZIE TOJBCTBY T (438 JbHHE KOHIJOMEPaTH, YyCTAHOBAGHHHE HA TIMMOAB-
CKoM yuyacTKe ( JepHoB, I964), & TAKEe ADK0B0BHE CIEHOH M NeCBHM-
K4 (Jasapes, I97I). B cocrase CepuM BHASAADTCA 00pas0BAHMA ABYX
KPyOHHX BYJKE8HOIOHHO-0CAZ0YHHX [UKJIOB, HHKHAE YaCT¥ KOTODHX Npej-
CTaBJOHH BYJKAHNYS CKUMA, BYJIKEHOTEHHO-0CAZ0 WHMN ¥ T6 pPUTEHHO~
0CaZ0 WHHMM NOPOZAMM, @ BEDXHWE BKJINUADT X6J63MCTHE KBAPDUATH. B
DEEOQ 9ACTH neHTpanbHOM MozsoHH (yuacTkM Mawera, CoBjosepo) M B
cesepHo#t yacTH sanazHoft mozscHu (KocToMyKwa) o6pasoBaEMA Hepso-
T0 OUEJA NpeACTaBJEGHH MeTaMopdMsoBaHHEMKM JAaBaMu W Tydamu Oaaanxp—-
TOBOTD M 8HZE3MTO-08B8aA5TOBOTD COCTABA C NIACTAMA X6JN68UCTHX
KBADHUTOB M rpaguTUCTHX KBapLes0-OCMOTHTOBHX cladnes. Ha y ®mcTHax
Bonsuosepo, Pumony (B sanazHoit nozisoHe oxHee KocToMykuu) o6paso-
BaHMA MEpPBOID LMLJI8 NpPeACTABIGHH TEPDUTOHHHMM 0TI0REHUAMM (KOHI-
JoMEPATH, IIMHOBEMMCTHE IHEHCH M CAAHOH), B BOpXaX C MaJOoMOMHHMUA
NpocHofAME X6ZEBMCTHX KBApOUToB., O6pasoBaHuA BTOPOTO LMKE (Qop-
MUpDOBAHMA TMMOJBCKO{ CepPMM MOBCEMECTHD MpPEJCTABJEHH METaMDpPHu—
S0BEHHHMM NABaMM M TyPamu AEQUTOBOrD cOCcTasa (JNENTHTOBHE IHel-
CH, nopfupouaH, reJie@uuHTH), 8 TAKKe 4YePEAyOUMMUACH NAACTAMA K=
Ie3HCTHX KBAPOUTOB C DPASVYHHMA caaHpaMd (ywacTkM KocToMmyKua,
TuMoJH). OCWAR yCTAaHABAMBAGMAA MOWHOCTE JJA COXPAHMBUEHCH Y&CTH
paspesa TUMOJABCKOM cepuu onpegenseTca B I1800-2500 M.

B KapenscEoM paifoHe WMGOTCH DAZ Y WCTKOB, HA KOTOPHX DASBUTH

00pasoBaHUA NAPAHAOBCKOM CepuM, HO HAMG0JEe MOJHO M XUDPOWO Usy YeH
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paspes Ha XayTapaapcKOM yUacTKe B LOHTDAJbHOK MOZB0HE M HA yuwacT-
Ke [lapaHZ0BCKOr0 MBCTOPOXZGHAA B BOCTOdHON nozsoHe ([poGreME reo-
A0TMM,.., 1974). Ha XayTaBaapcKoM yvyacTKe MOPOZH CEDUM NpoOCIEEMBaA—-
‘pTea Ha I00 KM 0T 08. Bojnosepo Ha cesep, Husw paspesa napaHjosc-
Ko (xayrasaapckoit) cepds (llpodmemn recxoruu..., 1976) szecs
 MpeicTaBAGHH METAMODPMI0BEHEHMA BYIKGHMTAMM CPEZAHETO M KACIO-

ro cocraBa (aHZE3MTH, AQUATH C NOAYMHEHHHM KOJMUSCTBOM 6a3aJBTOB
M JMMAapMTOB) HATPOBOTD pasa MomHocTHO I500-2000 M. B paspese oHA
NepeKPHBANTCA JaBaAMM, lIPeUMyUMECTBEHHD 083aJLT0B, MOLHOCTHO A0
2000 M; Ha HMX BaJ6I8NT BYIK&HOTEHHO-0C&Z04YHHE 00paBsOBaHM#A,
npexcTaBaeHHNe TyQamu u TydduTaMH 8HAEB3MTO-ZA@QUTOE M rpaduTMcTH-
MM CIa4uaMu, CpPefM KOTODHX BAJETaDT KOJNUelaHHHSE pyZH. Jlaidas Toa-
W8 MMeeT MomHOCTH Z0 900 M M BBEpPX N0 Paspesy CMEHAGTCA ABBOBCI
ToMued npeMMymecTBeHH0 (6a3aIBTOBOr0 COCTABA, MOMHOCTHD HE MeHee
600 M, KoTopas nmepeKpHBaeTcA Toame#x TyPoR M TYG@MTOB CpeaHero

M KHCIOTD COCTABA, MOWHOCTHW Goaee 200 M. CyMMapHas MOWMHOCTH CE PUM
H8 XayTaBaapcROM y WACTKe zocrurae? 4500-5000 M.

Ha yvacTke apauZioECKOr0 MECTOPOKZeHWA B BOUCTOYHON NOAB0HE
paspes napaEZOBCKOM CepuUM HauwHAGTCH C BYIKAHMTOE OCHOBHOTO CO-
crapa, NpejCTABIEGHHHX 7ABaMd B mepecaauBanuu ¢ Tydamu M Tydnra-
MM CpezHero ¥ KMCHOIO COCT&BA M rpagMTUCTHMA CJj8 HGaMM, cpejad KoTo-
| PHX B4M6TANT K0JYeJBHHNE DyZH. Bepxd CoXpaHMBUENCA YBCTH paapess
CHOXEHH 3lZe3MTOBHMA By axaHWTaMM, O6mas MOLHOCTH COXpaHuBmelcs
- yacTi paspesa okKodao I500 M.

OGpasosaHuf TUKwWosepckoll (MpMHOTOpCKOit) cepud MMENT I1P8 PHBUC—
T06 pasBuTUG, M HAUGOJGE MONHO MX pASpPEs WByYH HA yyacTKe 03.
TuKwosepo B cesepHOM mozsoHe (Kpary, T963; MockoBuerko, TypueHxo,
I971, u ap.). HumHAA YacTh paspesa 326Ch cCloxeHA ampubouTami,
8MpUC DA0OBHMY CHASHAMM W THeficaMd, KOTOPWE BHEE B paspese CMeHANT-
Cs J6MKOKpaTOBHMM IHe{ico-CIaHNaMy, KNaHUT-IDaHdT-CINZUC THMM
. CIaHLaMA, IpaQMTUCTHMM M KBADI-CEPUIATOBHMMA CJgHIAMA, KBApUATAMH.
MowHocTs o6pasoBaHMit cepuu npesBHwae? 500 M. Crezyer 0TMETUTEL,
Yro AaHHAA NOZ30HA HauGoaee cuna0n WBywwHA, M B HACTOALEE BPEMA
BZ6CH NPOBOZATCHA A6TAABHHE MCCIHEJuBAHMSA. .

B nesoMm ana HauGoJee Xopowo M3y WBHHHX TUMOARCKo#ft (Cozspxamelt
OCHOBHyD MBCCY X6I8BHHX DyA) M NapaHZ0BCKOil (BRIDwWOmed KoavensH-
HHE pysH) Cepdil yCTAHABAMBAGTCA CXOZCTHBO PASBUTUA B JONUA, KOTD-—
poe ueTHD MPOABAAETCA B CMGHE OCHOBHHX BYJK&HMTOB KMCJHLMM HATPO-
BOT0 pAjia, HO B NapaHfoBCKOl cepuM B BepXax paspesa BHOBL [0AB-
JARTCA BYJKAHOTEHHHE NOPOAH OCHOBHOID COCTABA. YCTaHOBJAGHHHE ByJ-
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KaHOTeHHHe OOpoZH B cocTaBe cepuil XonusA oTHOCATCA K QopuaguoB~
HEM TMOaM - Hezu@depe HuMpoRaHHHX ToJ6MT-CAB&JALTOB M I0C/6AUBa—
TeAbHO ZUQde P HUMPOBAHEHX NANAPUT-aHZS SUT-048AABTOR M JANEDHT-
ABUMTOB. JJIf HMX yCTa@HOBIGHH WHTPYSMBHHO 8HANOTH: IracGpe-~NMPOK-
CEHATOBHE ,, TA0O6P0-aMPuO0aMTOBRE M I800Po-JIATAOTPAHATHHE .

liccnegoBanus TEKTOHMKM (DranH TEKTOHAYECKOIO..., 1973) noxa-
38JM, YTO CyNepKpyCTaNBHHEe CEepPUM JNonuA OHJM T10ZB6PEEHEH zedo puwa-
ufM, KOTODHE NPOABAANACH 0T HAEYANA HAKONJIGHMs 0TAOXOHAE oTze-
78 A0 HaYWwJB OTJ0E6HM{ CHAGAyLWSTD 0TApJa (CyMusa), W 4To ZEHHAA
9M10X8 TOKTOHNYECKHX ABHKEHMl CoOTBOTCTBYyET NEpHOZy TOKTOreHesd,
KOTOpH{ moJdy w4/ HasBaHUe DeCOJBCKOT0 nepuoza. TeKT0HMI6CKUE IBU-
EOHUA DECOABCKOT0 Nepdoza Ha TeppuTopeyu Kapemumu npoABMIWCH HNOBCE-
M8CTHD, HO B HAUMOHE©® WBMOHOHHOM BHZS DEGOJBCKHME CTPYKTypH coxpa-
HWJMCH B 3a0nafZHOJ NoZsoHe. Ha nepBoM s HAWGONEe W TKD yCTAHOB-
NEHHNX BTAN0B CRJAAJAYATOCTH CHOPMMPOBAJIMCH CTPYKIypH CeBepo-
BUCTOYHOI'0 NpoCTHpaHHA. JedopManuu 5TOre 3TANA CONPOBORZAINCH
GopMMpOBEHUEN AMOPMT-NAATHOTPEHUTHOR COPUM M DOPEBOBAHMEM I'M=
neptasUToB0d QopMandd, &8 C BEKIDWMTONLHHMU (asaMh CBASEHO HA WE-
L0 CTE@HOBIGHMA TPaHUTHOH cepmii. TeNTOHMYSCKHE ABUEEHMA BETODOTO
aTana BH3BAJA 006pAB0BAHME HAJOXKOHHHX CKJAZ0K, DMPOKMX 80H CIaH-
eBaToCTH ¥ THOHCOBMZHOCTH 00WEI'0 CSBEpPO-CeBEpo-BANAZHOTD, CyO-
MePUJMOHANBHOTO, HANPaBAGHUA, C ZEHHHMY TOKTOHMYSCKHMM JBAEOHMAMM
CBABAHH 00pas0BAHME Zi@eK, EMX ¥ HOOOJBMMX MACCABOEB MMKDOKJMHOBHX
TpaHNTOB, MHTEHCUBHAA MMUTMATWBALMR ¥ NopdupocGracTes (olee JpeB-
HMX mopof. PerdoHajsHHE MeTaMopfusM B peCOABCHMY nNepuoZ NPoTeKAX
B yCAOBMAX BODXHell Ww@CTM 3ejJ6HocAaHueBol Qanum ¥ B Oojee IEyOuH-
HHX = 710 TPAHYJAMTOBOH (auun KMEaHMT-CUAMMMEHWTOBOR QanguaacHoi
cepHu,. [laleoByKaHOJOIMYECKNe DeKOHCTDYKUUM yKasHBADT HA CAOK -
HO® CTpoeHMe palioHa B neproa QopMMPOBAHMA CODHUil Ionua M Ha HEOJ -
HODOZHOCTE KOPH Nepej NpofBJeHWeM IJaBHHX a3 peGo/isCKOre lNepu-
078 CKIAZYATOCTH. [BUEGHMA PeCUJBCKOTD NOPUOZA TEKTOTeHesa npu-
BEJNM K PacuJeHeHMD TeppHTopuM Kapeasckoro pailoHa Ha y WCTRH,
KOTOpHE Mp87HSG, B CyMUH, X8PAKTEPUBOBAJNUCE DEBKD pPaB/MYHHEMM TI60-
TEKT OHAYOCKUMM DOXMMEMM .

B nocae zHeée BpeMsA ZAJA I'DaHMTOB, COKyWAX OOPOAH JONAsd, 0npe-
neneH ‘BospacT 2700 maH, xeT (AaHEHe ’XadGoparopud TEQXU). Crmezo-
BaTeJ5HD, CyNePKDyCTalAbHHE TOAmMd JONWA Ipd COBPEMEHHOH XDoHo-
JIOTHYe CKON B TMPOBKE IpPaHMOH MOXAYy &8PX6eM ¥ NPoTEp0306M B
2600 4+ I00 MuH. ZTeT ZOJXHH DACCMATDUBATHCA KAK apxeiickue, Ilo
CBO6BMY COCT&BY, CTDYKTypDHOU JNOKAAMBALMUM, CTDPATUIDE M JeCKOMY
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NONOKOEWN, MBTMATHBMYy M NP, KOMOABKCH Oepoj aonuA Kapeauu ananord ¢
HH ZOKOMODUHCKEM KOMIONEKCEM APyTMX KOETHHOHTOB, KOTODHE UBBEC THH
noz oOmuN HASBAHAOM BONOHOKAMOEHMX N0ACOB 8pX6d., OZHAKO C NOBMIMM
TeONOTHYECKOT0 DaBBUTHH MOGHIBHHX (reoCHHERIMEAIBHNX) NOACOB 06pa-
BOBAHWA JNONMA B BAMGOABWOH CTENEGHM COOTEETCIBYDT Ie0CHHKIMHAIBHOI
CTAZMN T'60JNOTHYECKOTD DASBATHA @ZMHOIO NPoTepoBoMCKOI0 NHURIA B pe-
- IMMOHO MIM HAMOO0ZOE TOCHD I'6HETHYOCKM CBASAHH ¢ KapeNBCKEM TEKTOHC-
MATME THYOCKMM LMKAOM OPH 0TCYyTCTBHM Tagol CBASM C 00Je6 DaEHEMMA
KoMnueKcams GeaoMOPHZA.

B cooTBETCTBAM C NpPOBMHLMANBHONA CTpaTurpaduveckoi wxaxol (Kparo,
1958) k cymum B KapeabCKeM DalioHe 0THOCEHH 0CAJ0YHO-BYIKAHOIS HEHE
ToMM 6OIBNO0BODCKON COpMM B 88NaZHOM Nozs0HE, BYJKAHMTH TYHTYACK i
COpHM B LEHTPANHHDA M BocTowHOM nmozsoHax, Bce T o0pasoBaHMA C
JyTIoBHM HOCOrJBCMEM BBJeranT HA HOPOZEX JNONWUA ¥ NBPOXDHTH TOJmaMH,
CHOXO HHHMY NPOHMYyWOCTBOHHO NONMMUKTOBHMM KOHIZOMEpATAMM, KOTOPHE
paccMaTpUBAJMCE B K8YECTBO (a88/bHHMX 06pasoBaHMll CPEAHEr0 OpoTe—
posos ¥ ONMIM BKIDYeHH B COCTAE capuolMifckoro orTaensa. lcciezozanus-
ME nocaezunx zeT (CoKosum, laagoOMEa @ Zp., I970; [po6aeus Iepdo-
I'dH, .., 1972) B LeHTpanbHoil MOZ30He BHEBIGHH MepeclauBaHMe M Jamu~
8IbHEHE BAMOMOHMA MOEAY BY/KAHATAMH cyMds (KOTODHO He MHTDyAMPOBAHH
TpaHATAMA) M KOHINOMEDATAMH CE&pUMOIMA. JUMTHBAH TOCHYD I'60I0Idyec-
KyD M NAPaT6HOTHYECKYD CBABH CYMUHCKMAX M CADPHOAMUCKAX 00pasoBaHMil
M 70, YT0 OHW OTIGNEHH OT BHUGNEEANMX OTIOKSHM{l ATyJAMA YyrI0BHM He-
COrJACKHOM M MiomazHo# Ropoit suseTpupanua (Coxoaos, XelickareH,
1966), 8T 00pasoBaHus 0CDeAMENNM B ©ZMHEHI CyMHECKo=-capuoaniickuii
KOMOJNOKC., JKasaHHNe TpaK1oBKM 00D6MA CyMds HE NpPOTUEOpe 98T 07EHA
Apyreoil, a8 repaorMyecKd XxapaxTepusymT auddepeHyMaIBHOS CAMOCTORTEAE~
K06 DasBUTMe 0TZOALHNX OOZ80H B cywmud. Tak, B ueHTpaxpHol nozsoHe
cyuuiicEMe (TyHIyACKO-HA7BOMUKAA Cepus) 5@fysuBH OCHOBHOIO COCTARA
M capuomilCKMe KOHrIoMEPaToBHE 00p8B80BaHHA QOPMAPYOT T'E@HETHYOCKHU
@ZMEL Y ByJIKAHOTGHHO-0CGZ0YREHY KOMONGKC, MMEDMMA MOCTE HOHHHE Aa-
TEpPaAbHHE M3MEHOHUA B COCTABE, KOTOPHE CBOZATCA K ZByM OCHOBHHM
THOam paspesd.

I. CexenKuit TN paspesa XapAKTEpUSYSTCHA [PEMMy WECTBE HEHM p&BBA—
THEM KOHTIOMEpDaTOBHX 06pascBaHMii, HecCOrJacHo salerapmdx BHa QyHza-
MEHT®, CHOXEHHOM IDaHMTO-THOUCEMM W HopoZ8MM Xonus. B BepxHell wac-
T{ pagpesa BCTPO YANTCA 8J6BPOJMTH M CAaHUb. OOCmWEA MOMHOCTH, BOSMOE~
HO, npeBmuaeT 700 M.

2. KyMCHMHCKMA THI paspesa XapaKTepUsyeTCA WMDOKUM DEBBHTHEM
ByIK8HOIM@HHHX 06pas0BaHM{l 8HZE8MT0-6888NHTOBOr0 M Ga8aJIBTOBOID

185




cecrasa, GopMApyOmMX TOAEM MOMHOCTED Ao 2000 M, MGCTAMH Co B3HA-
QUTONLENN KOIMYOCTBOM OMPOKJACTHTOR, Hapazy ¢ ByIKaHMTAMM B pas-
puB6 yw@CTBYDT 00DaB0BAHMA CMOWEHHOTO M THOMYHO 0CAZ0YHOTOD CO-
cTasa, Cpezd KofopHX npeofnaj@nT STJNOMEPATH M KoHraouepaTH., O6-
mafd MOMEOCTEH 0TA0OXGEHMH pocTHraeT 2500 M.

Ha cesepe BocTouHoll noZBo0HH paspes paccMaTpUBAEMHX o06pasonamHuil,
YyCIOBHO BHAGAAGMHX K&K railkoARCKMA THD, 0TIAYEETCHA T6M, W0 B8Z6CH
HapAAy ¢ o0maM KOAMYECTBOM JB8B OCHOBHOTO COCTABA M TIPy0000J0MOYHHX
TOPPUIO HENX OTA0RKOHMLE WMPOKO pasBUTH NOCYAHMKOBHE ¥ CISHLGBHE
TOHKOCAOMCTHO NOPOAH, AOCTUraNEMS MOMHOCTH B HECKOJLKO COT6H MET-
poB. O6maA MOMHOCTH CyMMACKO-CapHUAMHCKHX NOPOZ BA6CH ZuCTHraer
I000~I500 M.

B sanajHOX nopAB0He 0OPABOBAHMA CyMMs NPEACTABA6FH GO0IbMO38pC-
Koft cepuelt, HauGonee noAHHN paspes KOToPOi WSy Y6H HA y UBCTKE 03,
Boasmosepo (Crenaps, 1960, I968). B76eCh HMBH COPUM CIOREHH KOHI-
ZoMepaTaMd M KUcIHMM 2fdysusamu (anpCuTodupaud), KoTOpHE C yTio-
BHM HECOTZACHMOM 88/6TabT HA nopozax QyHAaMeHTE KADOMMZ M TUMOJBC—
Xolt cepun nonMs. Bume B paspese sanerant TYQoGpPEKUMM M TOHKOCHODMUC-
THe Ty(H 8HZSBMTE-A8UMTOBOI0 COCTEBA, KOTODHe CMEHAUNTCA NEpecIauBa-
pmUMKCA TydonecuaHMKaMHA i TyQoxoHTAoMeparaMmu. OCuAA MONHOCTH OO-
poz Toamp KoneGneTcA B npejesax 500 M, Bbwe ZaHHoU ocazoyHo-BY -
KGHOTOHHO! ToJmM HeCcorIacHo sazerapT aPdysuBH OCHOBHOID COCTABA
BOPXHeA ToamM CoAbN086PCKOR cepuM. OOmas MOWLHOCTE CEpMM BAGCH
npesnmaer 700 M, HecorzacHo H8 06pasoBAHMAX OGOALUOBEDPCKOE cepuu
CyM4d M CUMOJBCKOA CODUM JIONMA SAJN6TEET 10JWA CADMOIUMACKUX II0Iu=—
MUKTODBHX KOHIJIOMEDATOB.

B uyeJoM H0BCEMECTHO BYyJAKAHOTOHHO-0CE70WHHE NOPOAH CYMHA M
caphoaMA DEBKO HECOTAACHO 8aJ9rapT Ha SPOAMPOBAHHO{ M0B6 PXHOCTH
[{88HO06DaBHHEX KDUCTEAJIAYECKAX MOPOA Jomusg M QyHAGMEHTE KEDe 7.
BepxHfg TrPaHMNE WX 0NpejeNAeTCA yrJAOBHM HeCOTrJacHeM M Kopoli
BHBOTDUBAHMSA B OCHOBAHMM NEpPEKDLBADUMX ATYIAWCKUX 0TI0XeHU.

QopMMDOBAHME NMOPOL CYyMMA ¥ CADUOJMA ONPEABJA-I0CE M COOPOB 0B~
ZaloCh TEKT DHMUSCKMMM JABUKOHMAME, KOTOpHe 00BeZUHANTCA MOJ
H33BaHWEM COJeLKOT0 NepUoj8 TeKTOr<Hesa. L DesylAbT4Te pAHHECE—
I6LKMX ZABMEGHME 00pa30BAAMCH CHCTOMH CHJIA7I0K CEBEpD0-3&NajHOTO
HanpaBieHWsd. B KOHLG CelNeLKoro Nepuoza CHopMUpoBaNACH TEKTOHM 9ec—
KW@ CTDyKTYypPH CEBEDPO-BOCTOYHOrD HANDEaBAOHMA. PeruMoHAIBHHY MeTaMop—
(fusM B CENIBLKMI MEPUOZ OIPAHMUMBANCA B OCHOBHOM yCJODBMAMM BNUADT-
aMpuGoauToBOYM M 36JeHOCHaHuneBoil gamuit., C aTamamu cesenxoro me-
pHoza CKJIAZYaTHX JBMEPHKHA CBASAHO BHeZpeHMe IaGOpo-NepUZAOTUTOEHX,
nepuzoTUT-ra6Cpo-HOPATOBHX KOMONEFZ0B W MOPOA AMOPUT-TPOHABEMM-



70804 cepud. C rzaBHHMM (asau¥ TEKTOIeHesa CBRBAHO (opMuMpOBaHME
MUTMETUT-TPEHMTOB, KOTOPHE NDAYyPOYEHH K JIMHO iHHM B30HAM TEKT 0HMYEC—
Koll aRTHBMBAKMK. B 5TOT mepuos GOPMUPYOTCH BHA WTEALHHE M0 NJoma-
AM rpaHuTHHe Maccusx (Hyopymses, Kopmanka # zp.). B oTiuume or
TPAHNTOB PEGUJIBCKOr0 NEPHDZA CpPEZM aKUECCODHHX MMHEDAJ0B BJECh
NOABAANTCA (IOOPUT, TYPMBINH, PEEe MOJAGZAEHMT, KaCCUTEPUT, MOHALMUT.
K nosgHuM pacKoJaM NpuUypPoYeHH &AB0MTHTH.

COBOKYyNHOCTS JAHHHX N0 PABIMYHHM SCNEKTAM I'6 0J0TMM BhJE.8 HHHX
N0AS0H pajloHa yKAa8WBAGT HA 0CmMM DPOTEHHHH XapaKTep Ie0TeKTOoHU-
YeCKOT0 DEXMMa B CyMHM, KOTODHY NpomABMACA WSIMAHWAMM J8E OCHOBHOTD,
CpeAHero M KMCIOID COCTaBA W B ONPCAGJGHHOM pOJM TIHGOOBHX TOKTOHU-
YeCKUX [BUREHMI K M0os8ZHEOMy BTally CeJeUKOr0 NEPUOA& B KOHCOJIM7MPORE H-
HOM (QyHzaMenTe,

QopMUPpUBAENE CYyMHACKO-CAPUOIKHACKOTO BYJKAHOTE€HHO-0CAZ0YHOTD
KOMI/I8KCA NPOMCXOZMI0 B yCHOBMAX, KOTODHE ONPEAGAANTCA KaK CTAfuA
AonzaTgopmenHolt (Masaposuy, 1972), riHGoBO-CBOAOBOM 8KTUBABELAM.

O6pasoBaHua ATYJMUCKOID, CYiCAPCKOID M BENCKOID 0TZEJN0B JOpMA—
PYOT Cepu¥ ¥ CBUTH, COIJECHO CMEHAOMMECH B pABPEBE, @ B LEJIOM UNE-
BT elMHOE Te0ADIMYECKOe DAaBBUTHE.

B cocraBe sTyMMA 00DEAMHARTCA TOJWM BYJKEHOIGHHO-0CAZO0YHHX MO-
poa (KBapueBHEe KOHTJIOMEPSTH, KBADLWUTH, Z0JOMUTH, MECTPOLBETHHE
CIGHUH ¥ NMECYaHWKN, MYHTMTOBHE NOPOZH, BYJKAHATH OCHOBHOI'0 COCTEBE
W T.n.), duewmue MomHocThs 0T 500 zo 2000 M. 3TH 06pas0BaHug C yr—
J0BHM HECOIJacveM OcpPeKLHBANT BCE MDACTHIADUME KOMIJIEKCH M 0TA6JANT-
CA 0T HUX [nJaomaZHO# Kopoil BHBOTpUBaHUA, ATyIMICKHe 06pas0BAHAR Xa-
PAKTO U3y OTCA BHE WITENBHO{ NATEPANEHO MBWEHYMBOCTED K8K M0 COCTARY,
TAK ¥ N0 MOWHOCTYM OTJOKEHM{l, YTO NOBBOAAET BHAEAMTH HE [JIOWAAN
KapenscKkoro paiioHa TPY OCHOBHHX THNE DABPEsa ATYAMICKUX OTIOKEHMI:
CerosepcKuii, KoliKAPCKO-M@ZBEOXEOIOPCKHY ¥ ODHEECKMI,

flry 14l cerosepCKoOro TWMa DABPEsA NPEACTABI6H B OCHOBHOM TrpaBeiyu-
T0-6CUYSHUCTHMM 0CAZKAMM C NPOCHOAMA KBaPLNEBHX KOHTJOMEDATOB,
TIMHACTHX CTAHLE@B; HOGOABUMM DPASBUTHOM NOJNB3YWTCA KapOOHATHHE M0-
PoziH, M B pasHoM 06BeMeé NpUCYyTCTBYNT OCHOBHNG 3j¢y3KBH. (TA0REHMFA
370r0 TMNA DAB3BMTH HA SHAWITENLHO! NAOMAZM MOXAY KpyIHHMM CA0KaMM
AOATYIMACKOT0 OCHOBAHUA, MMERWEr0 reTeporeHHoe cTpoeHue. B ocHoBa-
HAM ATyJNf7 B8aNeranT ZPeBHHE KODH BHBETDUBAHWMA, SADBAAIBHHE 6pPEK-
YuM, MHOT7ZIA C KApOGOHATHHM [OMEHTOM, HUXHeATYy AMUCKME OTIDKOHUA,
BEChMa W3MeHwBoil MomsocTM (0T 300 mo IIO0 M), CHOXeHH B OCHOBHOM
UGNOMOYHHMA [OPoJAMM GAcCCeRHOBOT0 THNA, B cpeziHeM fTYJMM MOPOZH
NpescTABIGHE NSCUBHMCTHMM OCAZKAMM C MPOCAOAMM TAMHUCTHX N0POA U
NECYEHAKOB C Dasli WHbM KOAMYeCTBOM KaDOGOHATHOID LEMEHTE M pexe -
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KapsoHATHHX N0poZ. BepXHesATyAMiiCKMe OTAOKEHAA B OCHOBAHMM Tpa-
BOIMTO0~N6CYAHACTHE, BHNE NECUAHO-TIMHWCTHE X B KpOBIe paspesa
TAMHUC TO-KapOoHaTHEe . B BABHCHMOCTM 0T (QauMalBHHX 0CDOSHHOC Tei
0CAZKOB M MACWTAGOB BYJIKAHMYESCKUX WBIMAHMYA, Yr0 CBASAHD C
pnpezeeHHHM MOIOEEHUEM B COZMMOHTELUWOHEOA 06NacTM, BA6CH BHZE-
IANTCA CJeZybILMe MOATMIN paspesa:

8) CerosepCcKo-CeNeLKM# mojTHN XB8PAKTePABYETCA HAJMUMOM B KPOB-
Ie HUKHETD M CPOJHETD ATYJMF OCHOBHHX 3)¢ysuBor o0uwed MouHD-
¢Te0 40 500 M. OTZoXeHus pachnolaraprcg OIMEe K Kpap Oonee cra-
GUALHENEX GJI0KOB 36MHONl KOpH M TPaHUYAT ¢ OTAOEEHAAMM KojRapcKo-
MEZBEEBET0PCKOTD TUR8, PASBMTH B O0CHOBHOM 0CIOMOYHHS, [8panMyec-
Kie 4 0acceliHpBHE 0CAJKM C YETKOR DUTMUYHOCTEHO M LUKIAMYHOCTHHS

6) ceBepDeIMOBEPCKAN MOATUN OTAMYSETCA TEM, 4T0 DD yBO IUYEHUA
cyMMapHoil MomHocTHM oTankeHuid (600-I200 M) W3 paspesa BHKIMHMBADT-
CH HAEHOATyAMUCKHe ofdysuss, Ocazku B OCHOBHOM DOIOMOUHHE dac-
CeHHOBHE ;

B) WPKA-KE@MCKM{ NOZTMN 06GpASYeTCA B UCHOBHOM [9CUYAHHCTHMA I10-
poZiaMi, CPaBHUTENEH® (C ZAPyTMMM NOATUNAMA) Iy We COPTAPUBAHHHMM,
Golee MOJIKO3EDHACTHMM, C HEYOTKO BHPARGHHON LUKJMYHOCTED H pHUT-
MU UHOCTEHW. 376CH QTCYTCTBYDT ¥ BYJARAHOTOHHHO® NOPOAH, XBTH CyMMapHas
MOLHEOCTE OTJA0EeHH Ooxee IS00 M. OTiZomeHMs aToro HozTuna (paifteH
pex Yspra-Kems, Boaoma) zocTuUrapT GolXsmol MOMHOCTH M S&HMMANWT LEH-
TPaJBHYD UECTE 00JACTM ATYAMACKOTD 0CAZKOHAKONJIGHAR B LEHTDANBHOU
Kapemun; '

r) NaHaAPBMHCKMHA MOZTUN MoEeT OuTH B ZSXbHE/mEM BHelNeH Kar
0COON# THO paspesa ATyMMA. B COCTABE HMKHErD ATYAHA B346ChH HApALY
C NOCYAHUCTHMM 0CAZKAMHA MMDOKO PE&8BUTH TJMHACTHE NOPeZH. B KpoBie
HUXHETO0 ATYIAA WMPOKO PasBUTH OCHOBHHO 3(dysuBH, MMeDmYe MOMHOCTH
Zie 300 M. B cpepEeM ATyJdM WMPOKO NPeACTABAGHH NeCW@HMCTHE, Tydo-
I'6HHHE, IJMHMCTHO M K8PODHATHHE 0CAJKH.

flTrynA#l KoliKa pCKO-MeABeXEOTODCKOTD THIA Pa3pe33 OTAMTHETCH TeM,
9UT0 B 6I'0 COCTABO PABEMTH B OCHOBHOM M3ZOMOWHHS oOXoMDYHNe (0B36p-
HHe M alnpBAalbHHE) 0C47KM, EMPOKD NPEZCTABAGHH OCHOBHHE afdysuBH
A B MGHBNOM KOJMYECTEE DABBATH KapGoHATHHEe NOPOJH., DTH OTIOKOHUS
pacnpocTpaHeHH Ha TepPPUToDUM cTACMAbHeT? CeBepDOHEXCKOT® CIoka
36MHOY KopH. B OCHOBAHMM ATYJIMUCKMX TOXN DasBUTH APeBHHEe KODH BH—
HOTDUBAHAF, DADBUEILHHO OPEKUMA M yWACTKH HUTPEeCEHHOTD MAKPO— M
uMesopenseda. HuxHeaTyIMlicKkne oTlomeHMa MmomHecTsR 0-200 M npeacTas-—
ZeHH 0GNOMOYEHMH (B OCHOBHOM [€C®HO-TDaBOMTO-KOHTIOMEPETOBHMY)
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pcazkauM, B cocraBe cpegHero ATYIMs 0CA7Z0YHHE OOPOAH HMAONT He-
Goasuy0 MowWHOCTH (A0 25 M). CpesM HAX PaBIMUANTCH TPaBeIHTO-NEC-
QAHACTHE M TyQOreHHO-KPeMHHCTO-TIMEMCTHE 0CAZEHM. B KpoBNe HMxHe-
TO W CpeZHers ATYIMs WHPOK® DaBBETH OCHOBHHE 3@{ysHMBH. BepxaHit
ATyIM# CAOXEH MECWAHe-TJMHACTHME M K8DOGOHATHME 0CAZKaME, Cym-
MapHas MOmHOCTH 0TXoXeHMM prore THmA 450-I200 M.

B cocraBe ATYJMA OHEECKOTD THNA Pa3pesd MUPOKD PASBATH K& p6o-
HATHHEe M WyErHTCOZA6DEANME OOPOAH NPH MOHBUEM KOJMWCTBE TOPPHIeH-~
HHX M BYJIKAHOT'EHHHX MOPOXL.

B OCHOBAHMHA HATYIAA WAPOKO DPA3BATH NpPeBHME KOPH BHBET-
pMB&HMS HA DA3HHX NOpojax. HUXHeATyIHUCKHe 0TIOREHHE NpeACTaAR-
IOHH IA8BHHM 00pasoM 0CI0MOUHHMM KOHTMHOETANHHHMHM OCAZKaMH pas-
n4gHo# MomBEecTH (or O Ae 400 M), npuwem HS BHAUATOABHOM DEema-—
A4 pPasBHTH MAAOMONENG® 0CazkM. CpelHeATyAHHCKYe TOJMM CJAONOHH 3
OCHOBHEM KapOoHATHHMH MNOPeZAMH C NOCW@He~TIMENCTHME OpPOCIOAMH
4 reMaTMTOBHMM DyASMH B KDOBAO NOJOTZONE; BepPXHEATY ARHCKME -
BOZODOCHGBHMHE Z0JNOMMTANM M ZpyTHMM NOPOZAMH. B 828BHCHMOCTH Of
yAaneHMs 0T CTACMALHHX GA0K0B S6MHOY KODH M HAZMUMA B CouTase
9TUX 0TIoEeHME (B GoXxsmel w@CTH MODCKMX) ByJAKAEOUéHHHX 00paso-—
BAHMR BHZE IANTCA NOATHOH:

8) CyDAPBCKO-NANOS6PCEA# C MDKPOBAMM OCHOBHHX NepoZ 3 KpoBIe
EMXHOTD B CDOJHOI'Y ATyAMA. OTH OTIOXOHNS OOMCEHH B pailoHe 986D
Cyenpsd ¥ QOHeXCKOre, T.6, HE IpaEdne ¢ CeBepo0HOXCEHM GIeKOM 30—
Holt KopHj

G) TyAeMoB6DCKMit, rze b(dysuMBHEe O0CHOBHHE NOPOAH, S8 HCEMOTE—
HHOM BODXHOATYAMUCKHX, He DASBHTH, DIfM OTUOXOHWA GNHMCAHH B pail-
9He 08.TyaoMesepa. MomEoCT: 0HOECKOI'® THNA DASpPeSE MOHAETCA B
npegexex 500-I000 m.

B o6oHX OoATHOSX B COCTABE BEPXHEI'D HTyJMs BHEE BOZOPOCISBHX
ZOJOMUTOB OUMCAHH POPA80BAHWSA BA0HOMCKOH! CBATH, KOTODHe Iy e
WByueHH B peifoHe OHexcKors onzepa. BAeck B cocTaBe sagHexcEel cmu-
TH, HMEDmE# CyMMADHY® MOEEOCTE Ao 800 M, BHASARWICH jABe OeACBU-
TH., B cocTame HumHe# mOACEHTH, MONHOCTH EeTepeil zecTEraer 200 w,
pasBUTH TOMHHO M MOIKOBODHACTHE TOMHO-CODHS, 36I8EJRATe-CEpHE
KB&PLEBO-COPULUTOBHE, KBAPNOBO-KAPOUHATEO-XIOPATOBHE CIAKNM X
~ AONOMETH C TOHKOM ropHBOHTANBHOM CAOMCTOCTEN (EPHBOBEDHTH),

CocTa® ¥ CTPDOGHM® BODXHEi NOZCBMTH CYyHMECTBOHHO DASIM YAWICH B
DaBHHX B0HAX. Ha wnro-sanane OHeXCEO# CTPYyKTypPH BepXHAR
NOACBMTa npezcTaBIeHA Gompue#l uwACTEN JIABOBHMM OOKDOBAMH, CANZHAC—
THMM NIATHOKIAB0BHMM ¥ NHPOKCOE~NNArMOKIABOBEME NOpHUpMTaME,
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AuacasaMM, WApOBHME JAaBAMHM, KOTOPHE NepPecCIAMBADTCHA C pasHooOpas-—
HHMH Ne cecrTaBy Tydamu, TyHPuTaMM, myHTUTCOZEPEAMMMA NODOZAMM,

B nesrpaasEoi, cesepHoll M CeBepo-BOCTOYHOH wCTAX OHexCKoll
CTPY KTypPH BODXHAS MOACBMTA COCTOMT M3 PABIMUHWX N0 COCTABy Ty-
¢oB, TyfoanespuTos, TyHHuT0B, KAPOGOHATHHX, KPDOMHHCTHX M APy I'HMX
nepoz, B pasHoit cTeneHM 060rameHHHX WyHIUTOBHM MaTepHalzod. Oc-
HoBEH® B3(flysMBH BCTDeWDICH pexe. OTNOX6HMA BAOHOXCKOI CBMTH me-
pecexapTCs GOIBEHEM KOIHMYOCTROM CHIIOB TAaGOp0-7MatasoB cyMmapHoit
MPEHOCTHD 78 500 M.

Sajeranm@e BHIE TOIEM NPOACTABIGHH CyHAC&DCKMMH 00Da30BaHHAMM,
KOTODH® M8-88 CBOe9CPASHE CBOers cocrasa (5{fysdBH yIHTDEOCHOB-
HOre COCTABA M COABHO® KOXMYSCTEO NMDORIACTHTOB) ©CH WHO BHJS AA-
pTCE B panre cy#icapckero orjens, 9TH 00pasoBaHMA ONMCAHH B pail~
oHe OHexCKero o2epa, HA Kpsaxe BeTpeHu# moAc W B ceBepHoi#f HKapemuu.
B BacTesmes BpPOME OHHM Iy Wme n3yd9eHH B paieHe OHexXCKero osepa,
THe saZerapT HA B30HOGXCKMX 0TIOXOHMSX COTIGCHD, MOCTAMH C He-
GOXEEHMH DaBMHBEME, QUECHDYeMHME nascrTaM TyPOKOHETZOMePATOR M
Tyfenec WMHEMKOB M MMENT CyMMaDHEYD MomHeCTH z0 500 M. JleTainHoe
repIoT0~ByAKAHONOTMYOCKOO K3y YOHWS® STHX o(pa 80BAHHY MOK&3aN0 MX
QanuarsEyD HEOZHOPOAHOCTh. B76CH yCTAHOBJNGHM TDM THN& paspesos -
ByIAKaHereHHH# (OpeeGiazapT OCHOBHHE M yALTPAOCHOBHHe 5(fysHBH
pasHooOpasHHX npuxeprodux fapuit), ocazowe-ByIKaHOTeHHNR (B oC-
HOBHOM pasBuTH 5PfysHBH, & BHE® NHPOKIACTHTH M 0CAZKH) M Byl
K8HOTOHHO-0CAZ0 WHHM (WMDOKe DPEBBHTH NHDPOKIACTHTH, 0CAZ0YHHE H
CMem&HHHO 00 COCTABY NOPOAH), KOTOpHE CBABAHH MOXJy Co6o#f mocre-
NOHHHMM O6peXoZaMi. B BODTUKANEHOM PaBpeBe YKABAHHWX 0TAOXGHMY
BHJIONOHH CTpATHrpadMyecKMe e MHALH MOAKOID HNOPAZKA, KOTODHe Jo=
BOABE® 0TYOTAHBO OPOCAGEHBANTCA B pasHOPaMaNBHHX 0TI0OXOHMAX.

HagcyMcapckue oTaoxeHHMsA, DasBUTHE B [[pMOHeXHe HA Goxsmo#t muo-
EAZH, N0 KpyOHHM pasioMaM (MIM CeDHH PasNOMOB) CyOmEpeTHOTO Opo-
CTHpaEMA, NPOXoZANEM B paitoHEe [leTPosaB0JACKA, I'eeJorHYOCKH pasol-
WeHH HA OXoKM. CesepHee [leTpoB3aBojiCKA B HAPEX NOAOTHX OpaxuMCHE~
EIMEANG{ BHMO CyHCAPCKMX 0TAOXOHH{ COrIZBCHO, 8 MOCTaMM C paaMu-
BOM, MMOF B OCHOBGHMH IORSIBHO DPasBHTYD K0Py BHBOTDHBAHWA, BalE—
reeT TeJmA 0ZH00CPAaSHHX N6DECIAMBADMMXCH CUAHIEE, O6CWHUKOB M
ADyTHX mopej cymuspHo#t mMomHecTs D mepaaxka I000 M. Sra Toima op-
HEMM 8BTODAMHM DasZelalaCh HA NMAZ8CCEYD M mylicKyp cBuTh (laxpeCuHa,
Muxaflmox, I97I), @ ApyIuME - 00BeMEGHA B COCTABE GeCOBENKoHM
CBUTH MXM copuM (Halipak, I973) ¢ BHjeleHHeM ZBYX OoZCEAT., KxHee
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[leTpo3aBojCKa pAcCHOABTAGTCA BTOPON KpynHuHM GZox, BepeATHO Jny-
MeHHNY 0THOCHTOAbHO CEBEDHOID, I'/I6 B COBPEMOHHOM DPOBMOHHOM Cpe-—
36 COHAXADTCHA B NCHOBAHWM paspesa OTIOKGHMA N8 ZACCKo#l CBATH, &
BHI® ~ 38NaJH00HOXCKHM® KBAPUMTO-UGCYAHMKM, 0THOCHBUMECH paHee k
MOTHMD, & B NOCIS7Hee BPOMA MDY WICHeHHHe K Bencuw. Cpeau nocasg-
HMX, MMODMAX 00766 YeM KMIOMOTDOBYD MOLHOCTH, BHZBJADTCA MNETPO-
BABOZCKAA M WOKmHHCKAs CBATH (laxnzoluEa, Muxaltmox, I966). 3zecs
BaxeH BONPOC 0 KopPeJNANMA HazcylcapCEEX OTHOREHHM# cesepHoro Gao-
K8 C HAJCyicaDCKMMU-BEICKAMN OTINORGHMAMH KWEHOTO OJoka. JL.[.Tan-
ZoouHA ¥ E.M MuxaflaoK cudTanNT, W0 0TAOEEHMA, JGJOTEDNHE EAXO
neTposaBOACKOR CBMTH (DxHEH# GI0K), KODPeNMPYyDTCA C OTIOXEEMAMH
GecoBenko# (mo A.U.Haitpary) cepun (cemepHH{l GIOK) M wTo 8AECH
HEO6IDAA0TCH HempepHBHH{ paspes 0T coGCTEEHHO HAZACYCEpPCKUX K
BEICKUM OTIDEOHMAM,

firyauitckae (BRADUEHA BE0HOECKMe), CyUCADCKU® M BENCKAE 0T-
N0E6HMA, KOTODHe 34J6IrapT DJHO HA JpyroM CoriacHo, ClarapT ezd-
HHO TOKTOHMUOCKME® CTDYyKTypH, CHOPMHDOBAHHHE B X0A6 KOHZAONOECKOID
Nepuoja8 TOKTOreHesa (DramH TEKTOHHYECKOIO..., 1973), 06ycaopus-
uero o6pas0BAHME KOHCEAMMOHTALMOHHWX CTPYKTyp cpezHere npoTepo-
808 M NOCTCOZMMEHTENMOHE0® NPe0CpPa3DBAHKe TOKTOHWYECKHX CTPyKE-
Typ. BHyTpH mepUOZA COOTBETCTBEHHO BHAGAADICA 788 srana. Ha mep-
BoM QopMMpyOTCH KOHCOZMMEHTANMOHHEE CTPYKTYPH B X046 ATyauiicKo-
o CezUMeHTOreHesa: Kapeanckas (B HUXHEM ATYyJAM) M KEEIKEpeNb-
CKafA BOAAUEN, CeBEPOOHEXCKUR GIoK (B cpejHeM ATyAuM). B npege-
18X STHX CTDYKTyp 06pasoBajiMCh WBUMETDUYHHO® BHTMKIMHANLEHe CKIaj-
KM 4 O0IOTHe, WMPOKMEe UIN IMHeWHO-BHTHHYTHEe CHHKIMHANM CeBep —
CeBepU-8aN87HOTO NPOCTUPAHNA, MEOTZA8 C (QUEKCYpaM¥ HA KPHIBHAX,
QOPMHDOBAHMO MX CONPOBOXJAJNOCH MBIMAHMOM OCHOBHHX JIaB, NOZBOAA-
Hde KaHANN KOTOPHX GHNM NDUYPOYeHH K TpaHMIe BOAZMHH,

Ha BTopoM 3Tame TEKTOHMYOCKME CTPyKTyDPH NEPBOr0 STana OozBep-
raprcA nepepadoTKe, (QOPMADYDTCi. HOBHE TMUNOH CKAAA0K, HAJOXEHHHX
H8 KOHCOJMMOHTALMOHHHE CTDYKTypH, KpyNHHE BEPTUKEIBHHO INepeMe—
mMeEMA GIOKOB NMPHBEJM K 00D830BAHMD I'oPCTOB, 1'DAGEHOB M K pac wie-
HOHHD OJMHHX, DaHOE® ATYIMHUCKUX CTDYETyP.

Ha HoHCOZMMEHTANMOHHOM 5TaNe KOHZONOXCKOI0 NMEPHOZE TEKTOIe-
HE6B38 NpoMsoma0 JopuupeBaHMe radOpo-14acasoBofl M ToAeMTo-04 38 Ik~
ToBo#, racepo-nepUoAUTATOBOHE M MUKPMTO-0ABAIHTOEON MATMETMUEC-
KAx Qopuanu#t B ATYIMM K CyiicapuE, 8 TAKEe CHIUIOBOTO KOMIZBKCA
racépo-zoaepuTos (Ponpywe#) ¥ zailkoBore KoMOAeKCE Z0J6PUTOB M
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auadasosux nopdupuros (CemepEas NOABOHA) B BemcuMd. C nocreezuMen-
TayUOHEEM BTANOM CBAS8HO (OPMUpPOBAHME HA rpaHune ¢ JaZoxCKHM paii-
0HOM TPREMTOB panaKuBd. BHe oGiacrell paspuTHa ByJKAHM3Ma, B CTa-
OMIM3MPOBAHENX GJ0K&X DA3BHTH MHTPysMM radepo-menowolt dopuanuu
(EnersosepcKUit Maccus),

firyauiickie M BHmeJexamue AOKeMOPHIICKUe 00pasoBaHus B Hapenn-
CKOM pailoHe MeTaMpp(pUBOBAHN DOHTHO B JCHOBMAX HMBKMX cTyneHelt
perMoHambHOro MeTamopdusma (MyCKOBUTO-XJ0pUTOBARA CyGHauMa).

[lo TMOy OCAAKOB ¥ MATrMATM3ME, XADAKTADY TEKTOHMYBCKAX CTDYH-
Typ ¥4 BSAMMOOTHOWEHME C MOACTHISDEYMM NOPSZaME 06GpPaB0OBAHMA Cpe A
HEro NpoTepos0s SHANOTMUHH 0CAZDYHOMY UeXIy MONOANX NIATHOPM
(Tapenku# u Ap.,I1972).

JAZIOXCKUll PAHOE
B npepensx CoBETCKO} WCTH BalTHHCKOI0 mMT& HAa CEBOPHOM M CeBepO-
sanazHoM Geperax JlaZoxCKoIo 03epa pacnoiaraercs JAAuUL HeGOIbBUES
YaCTh NpocaexuBaemof Ha TeppUToDHM OQUHAAHZUKM DEHOOMHEIAHJCKOH
CRIA/ 9 To# 06JAaCTH.

HauGonee ApesHde NoPOZH, OPOANONOXMTEJABHD DTHOCHWMECA K (yH~
JAMEHTy Kapelnp, NpPEACTARJEHH 3/6CH CHABHOD DEOMOPEHMBOBAHHHMM M
AMCIOMPOBEHHHMU TPa8HATO-THOHUCOBHMN KOMONOKCAMM C DO AMKTaMU auM-
GuGonUTER ¥ BHCOKOIAMHOBEMUCTHX HOPOZ.

BumenexamMe oOpasoBaHMsA NOOMA HBBECTHW B DalioHe r.faoHBaapa,
T7@ pasBHUT BYIKAHOTGHHH{ KOMNNOKC TAK HasuBaeMmoll snoHBaapcKol
cepui, B OCHOBEGHMM ee DaBpeBa BHZEJN6HA TOMNA &HAEBUTOBEX, @HZE-
8MT0-088aAETOBNX MOPHUPHUTOBR ¥ BYJIKAHOIEHHHX GPOK Wil CyMMapHOii
MONHOCTED A0 1400 M. BHme BaI8TaeT THCAUSMETDOBAH TOJLE TJHG 0~
BHX TyDHoOperwMii ZanMTOBHX NopfupuTOS C ropM30HTAEME METaKpPUCTAE -
JOKABCTHYECKUX TygoB, CMeHAMNAACA ToJimei™ NomHOCYED 800 M MeARD-
36PHUCTHX TyPoB IunapuTO-JEUMTOB, TyPOHTOR ¥ XeMOTOHHHX KBEDIU=-
TOB C JMHB3AMM M NIACTAMM KONYSZAHHHX DyZA. BeHWETCA paspes Tol-
nelf mapoBHX M MACCUBHHX 183 (asalbTOBOID COCTEBA, MOLEOCTED KO-
no I000 M. K momup msEOrMMu reonoramyu (Kpary, I963) eTHOCATCHA M
00pa 30BaHMA COPTABANLCKON cepur, WMewned sHE wiTeNRHOEe pacmpo-
crpaHeHMe B 9TOM palivHe., B cocraBe 5T0if CepHM oNMCAHH BYJKEHM-
yeCKue NnopojH (MeTazMacask, MeTAMAHZGJbUTOXHH, 1MapOBHe I&EH,
Ty§oGpeKwME), MpaMOpAS0BAHHNG MBBECTHAKM M ZOJOMHTH, rpajaTuc—
THe M aMbPUOON0BHE CIAHLH, napaaMueoNMTH, KBApUUTH M ApyTHe mo-
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pozy. [To MHEHMD APyTMX MCCAeZoBaTe]e#f, 5TH o06pasoBaHMs OTHOCAT—
CA K ATYIMD,. h

B cesepo-BoCcTOUHONR uwacTH paitoHa y 08.Mal. fEACEAPBM DaBBHTH
ATYJMICKHe OTHN0OKOHHF, MOZ0OHNE OTHOXEHHMAM B palloHe Tyxomosepa,
Cyospsd ¥ OHeECKOTD 086pa M OTHOCANMMOCH K OHOECKOMy TUMy paape-
38. 3716Ch BHNE IOPM30HTA KOPH XMMMYECKOTI'0 BHBOTDHUBAHMH BAIETAET
Toima KBapuyuTod (Zo 400 M), saTeM TepPUIreHHO-KADGOHATHHX NOPOJ
(Zo 300 M), @ ewe BHWEe WYHIWTO-KADOOHATHO-CIBHNeBAs Toxma (A0
I50 M), KoTOpaA CMeHASTCA 0CAA0YHO-BYAKAHOTEeHHO! ToJmel (Genee
500 M). [lBe BepxHMe TOAMM COOTBETCTBYNT 380HOXCKo# CBMTO B pafi-
pEe OHEXCKNI'D 08epa. [MpoKo pacnpoCTPaHeHH B BTOM paileHe oGpa-
80BaHUs JAzoxcKolt cepunm (Kparu, I963), npeacTaBieHHEeH B 0CHOBHOM
DUTMM YHOCAOMCTHMY TOPPUTEHHHMM N0DPOASMM CyMMaDHO! MOmHOCTED 0
4000 u, JazpECKHMe 00pas0BaEMA C NMOPEPHBEOM 38JOrapT HA 0TI0KE-
HUAX CGPTABANBCKEH cepuM, C STHM NONOXOHMOM B [NPUHOMN® COINACHO
G0JBUMECTBO MCCHejoBaTeNefl paiioEa, HO BOODOC 0 B3AMMODTHOMOHME
nazoECKUX (KaIeBMACKAX) 06pAB0BAHAY C ATYMMHUCKMME yXe AIHTEINH-
HO® BpeMA ABIAETCH NPEAMETOM AMCKYyCCUM. ECIA npuzepxuBaTiCH MEE-
HMf (QUEIGHZCKMX reoloroB, KoTODHe HamaM, Kasanoch OH, yoezHTelNs—
HHO JI0K@BAT6JECTRE HAJNEraHMA IaZORCKMX 00pasoBaHMY H& OTAOXGHAA
33 0HOXCKD}# CBUTH ATYNHA, TO MOXHO CA6I8TH S8KIDUYEHHe § CHHXDOH-
HOCTY BH0HOXCKMX M COPTaBaNBCKHX 00pa30BaHRH. B STOM cIywe HAesA
0 cBeKoDeHCKoll OpOTeHMH M CHeLHPUYeCKOM I'e0TOKTOHH Y9CKOM DAasBH-
M DEHOQUHAAHACKO# B0HH B MOCTBRATYJHACKOE BpEMA HAXONAT I'€0AOIH-
YeCK0® NO0ATBOPKIeHMe, W Torza, CyAA OO0 CTMUIO MHOTOKPATHHX TEKTO-
HUYECKUX npeoOpasoBaHMil, cTeneHn MerTaMmopdusma (SoHAJNBHEE MeTaMOp-
(QueM 0T BeJeHOCIaHNeBOM 70 rpaEyaMTOBOH (fanWE) o6pasoBaHAN XaJeE-
CKO{ Cepul, XapaKTepy M CTONEHM NPOLEcCeB IpaHUTOOGDA30BAHMA B
o6I8CTH X pasBUTHa (MHTepBax 1850-I750 MaH,Zer), BAECH yCTABAB-
JMBAGTCS T'e0DCHHKINEA THHAH BOHA, BOBHUKNAR B neproz mnus TdopMeHHD i
craduaMsauue B ZPyrEx paitosax Kapeamu. PassuTHe AaHH0# S0HH conpe-
BOXZ8N0CH (OpPMMDOBEHMOM MATMATHYOCKMX KOMOZSBKCOB: BYIKS8HOTOHHHEX -
He U GepeHIMPOBAHHOT 0 T0NeMT~0a B8 [bT0BOT0, TIMHOBEMHACTOTD AHJe-
SUTO-ZANHTOBOTr0, HETDYSHBHHX - ratGpo-NMpOKCOHMTeBOr0, OHPOKCe—
HHT-ra00p0-ZM0pPHTOBOI0, ra60po—8HOPTOSMTOBOTD M T'pPaHATOB pana-
KUBA, :
E JazoxcKoM paiioHe Da3BUTH CaMHE MOJNOZHE NOPOAH ZOKeMGPHA Ha-
DeluM, KO0TOpHe O0THOCATCA K rumepéopeliCKoMy eTJeJdy M paccMarTpu-
BaNTCA B KAYOCTEO 00pasoBaHMil BepxHere nporepesos ([podaem#
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Ie0AOHA.se, [976). OHM DABBUTH EA COBEPO-BOCTOWOM Gepery Ja-
AOXCKOTO 0B6pa, IZe npezcTABIOHH caiaMmHckoll cepuelt, kKoTopas
876CH BAJOrasT HA I'DAHMTAX DANAKUEM C Kopoli BHBeTDHBAHMA B 0C-
HOBAHMM, 5Ta Cepus (N0 AAHHNM Oy DOHMA) AGAMTCA HA ZBE TOMNHM
(CBMTH): HUXHDD, 0CAJ0WHYyD, M BeDXHDD, ByIKAHOreHEyD. OcazouHas
NpeACTABNGHA KOHIAOMEpPSTAMH, I'DABOJIMTAME, N6CYRHHKAMM, OHHM YHH-
MM CIDAMM OypHX W B6N6HOBATO-COPHX CJ3HIOBHX 8PTHILIATOB, Tydomec—
YaHUKOB, M TydduTes. TydonecwHHERM H TyGIWTH 0TIMGENTCR 0T O6C—
YAHHKOB HAJNMYM6M 0CTDPOYI'OABHHX 0CIOMKOB OCHOBHOIro cocrasa. Mom-
HOCTH 0CaZ0YEO# CBMTH ZoCcTHraer 37 M, ByIKaHOrPeHHAA TOJmMA NpeZ-
CTABIGHA ZMA0A30BHMM, ZONOPUTOBHMH, AHAEBMTO0-0888ITOBHMA M Ga-
88 ABTOBHMA MOPOUPHTAMM, UYSPEZyOMMMMCH CO CIoAMM Ty(JoB 6&8B83ABTO-
BHX nopuparos. MomHocThr 66 KoaedasTcAa of I2 zo II3 M.

CaMbMy MONOZHMHM JOK@MODUUCKMMM 06p830BAHHMAME FBAADTCHA 0CAZD Y-
HH@ MOPOAH PAOBCKOr0 4 PHUOJZSXAMEI'0 KOTIMHCKOIO TOPHBOHTOB BaI-
Aalickoli cepuH, OTHOCHMO! K BeHAy. OHM JOXATCA POSKO HECOIZACHD
Ha BCe (oIee ZpeBHME A0KeMODHHCKMe o0paseBaHMf, B TOM wWicHe M
9cajki CAAMMECKOH CepuH, '

B nex;eu MarMaTHBM B BODXHEM OPOTOpPOB06 OP6ACTaBI6H BYIKAHOISH-
HHM TPaEXMOABAINLTOBHM M MHTDYBMBHHM TPEXMZONEDHTOBHM KOMIIEKCAMH,
TaaBHO! B8KOHOMEDHOCTHD BBOJADLHM 0CHOBHOI'O-YJABTDAOCHOBHOIO
MaruaTHsma xapemuz Kapemud fBAfeTCH KOMNIEeMeHTapHECTE ero a@fy-
BMBHHX M WHTDYBMBHHX NDOMBBOJHHX, 0TDPAXEDEAA JM8I6KTMYeCKMe Npo-

THBOPO WA er0D DASBUTMA, KOTODHO NPOABAANTCA HA BCEX ypOBHAX.

B reHepalMsoBaHHOM BMZ6 5T8 KOMIIOMEHTADHOCTH BHDAX6HA B GHTH-
APOMEO} SBOJDIMM ByIAKSHASMA H T'OMOADPOMHOHR - WMETDy SMBHOI'D Marua-
THsMa, C Zpyroff CTOPOHH, KOMIJIEMEHTEDHOCTH OPOABHMIACEH B yMOHBHES HMM
KOHTDACTHOCTH 9(fyBsMBHOrD M MHTDY3HBHOIrO MarMaTHsM@ B Raxgult
nocIeAyRmEA NepReZ TeKTOoreHesa, B cylcapum, B KOHLe SHTHADOMEH
9BOIDIHEM ByAKAHHSBMA, NpPOHCX0ZMT CMEKEEHEe 5PJysuBHOI®D M HHTLYBHUE-
HOTO MBrMaTHEBMA, KOTOPHM NpejCTABI6H TONBKO OPOMBBOHMMA MHKDH-
ToBHX Marm, C BONCHA MArMATHSM NPeACTABNER TOABKD OPOMSHOZHEEMM
TOAGHTOBHX MATM C HX 5BoJpyUde#t 0 rPaHHTOB PANAKHBM.

OOmas 8HTUAPOMHAR SB0INLME BYAKGHMSBME M TOMOZDOMESs - HHTpy-
SHBHOTO MAGrMaTHsMa8 OPOHCXOZRT OpPeTEHBePoWE0. AHTHADOMHEAA HANpas—
IeHHQCTH ByIKAHHSMA CONDOBOXZAOTCA MBEECTKOBO-MEONOWHOH (Iome-
APOMEO{) HANPABAGHHOCTED AMPHEpPeHNUANWE 9TACABHHX KOMIAGKCOE;
00mas rOMOADOMHAR BRGINNHA METDYBMBHOI'® MErMATUSMA NDOHCXOZMT
B8 QoHe mpeeGuapammell ToxeuTeRoM M feHHEepoBCKoR HANDABAGHHOCTH
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aaddepeHnuanMi. l83BeCTKOBO-NGN0YE0E HANDABIOHAE NMPOABMIOCH TONB~
K0 B NEPAZOTHTOBHX cepUsaX radOpo-NepUA0THTOBOY ¥ nepuzoTMT-TEC-
Gpo~HopuToBO#t Gopuanuit, & TARKEE HA BAKANWTEIHHOM BTane B0~
UM TONGMTOBHX MATM,

Taxoe zeTePMHHMDOBAEHO® DABBMTAO MATMATHBMA B HUXHOM M cpei-
HeM npoTeposce Kapeamd NpoAoIXMTENHHOCTED OKONO ORHOTD MUIIMAp-
A2 ZIeT H8 CpABHUTENBHD OrDAHMYEHHO nIowWazM M CoXpaHeHMe ycToli-
wupo#t crnenuanMaandd OTAGABEHX CTpYKTypHHX 80H (Tallkoanckam CHH-
KN{Hans) M 80H IAyGMHHENX pDaSAOMOB, KOHTPOAMPyDEAX, B YECTHOCTH,
pasMemeEde meI0YHOr0 MBI'MATHBMAE, CBHETeBCTEBYDT 06 yCToAWwMBOH}
CHABM N0 BOPTHKAJM MexZy HepxHeff maHTMel M Kopodi, 4ro He pzaer
oCHoBaHMA MCMOABB0BATH AAA OOCTDOGHMA MOZENM MArMATHSME NpPUHIHE-
nu Ho3off raoGanpHoft TOKTOHHKM NAMT.

PyGexaumi K8 9eCTBEGHHDH CMOHH DBOJDIMM MATMATHBME MOKHO CWIETH
rpaHMyH AONMA-CYMMs M cylcapus-Bemcuf, BABEPUMBMMXCH 00pa30BaHA~
-6M MeDUAIDTUTOBHX W OMKPHTOBHX MATM.

KpaTkoe paccuMoTpeHMe oCoGeHHOCTOH# CTPOSHMA TPOX I'e0JOIMysc—
KuX paltoHoB Hapeluu NoKaBHBAET, YTOD B KEXZOM M3 HMX B38M6UATIP HH
cnenufuyeckue myTd DaSBATHA PASHHX YacTell KADENLCKOID CerMeHTa
36MHOY KOpH B ZoKeMOpuM,

JUTEPATYPA

Busorpapgos AL, Tyrapusos A.d., 1964, O
PeOXPOHOZOTHE AOEeMODMA BecTouHoHd wacyM BaaTuiicKers mura no
AGHEHN CBUHLOBO-YPE&EO-TODHOBOID METOZ MBMEDOHMS 80CHIDTHOIO
Boppacra. - Tp. Jad. reea. AexemCpEs, Bum. I9. M.-1., “Hayka".

Beoanoauwen O.i, I975. Meramophusy famuu AuCTe HOBHX
rHelices, I., "Hayka".

Fraanzgodounsa JLO,Muxathapk E.M, I966, Homue
JGHEHE » CTPATHrPA(MM BepPXHOr0 OPOTEPOBOA BAIAAHOTD [PHOEEXEH.=
B EH.: BOmpoCH IeeiorMM @ SaKSHOMEDHOOTH DASMeNOHMs H0N0S-
HEX MOKoDAeMmux Kapexum, [erposamoack, Kapea., EH, MSA-E0.

lTazxocornsa LO.,MNuxabdaok EM., I97I. Iutrexo-

" Pus ® naxeersorpadus ocazovEMX oGpasomaHMl CpepHers
nperepesos mxHEOR Kapemwm, = B ¥H.: [IpoGaomMH AMTOZOTHE Xo-
Eem0pad. L. ﬂl}l".

Fapengxuft Pl.,lxesunErep AE,fdABunyu AL,
I972. lpoGnema JyHzameETa MoRoANX naaTgopmM. - B EH.: Czpoe-
HWe (QyEzameETa Mcaoxux naardepm. M., "Hayxa®,

T'e0XDOEONOrHY6CKHEe DyGexH H IeelorsveckKas SROANGMs BazriicEo-
ro wara , I973. 1., "Hayza®,

195



Taned6os3unKuBR BeAey I973. [IpoGAOMH SBONDLUME M6 T8M0OD-
(HYBCKMX NpONeCCOB B HOABWEEHX ofiacTsx. J., "Hayka".

Tepaop H.B., I967. Crpyrrypa dexomopup. J., "Hayra".

Tpuropsesd I[.K., 1935, Marepuau mo neruaTuTaM Cesep—
Hoit Kapenuu, - Tp. UHUTPH, Bun. 37. J.-M., OHTH.

Iy kK Byl., I97. CRiazkd 8oHH yarTpaMmeTamoppusma, L.,
"Hayka",

Kai#tpag AJM., 1973, Becosenkasd cepHa B OHeXCKOH# CTpyK-
type. L, "Heapa".

Kparny K.., I958. K pacwmlHOHMD M TePMAHONOTMA OPOTEPOBOR
Kapemud, - "iss, Kapeanckoro H Koisckore fuiamaxmes AH CCCP",
! 2! .

Eparuy K.0., 1963, T'eonorda Kapeuuz Kapeauu. - Tp. Jad.
reol, JoKeMepAs, Bum. I6. M.-J., Usg-Be AH CCCP.

Kparn K.O., T0oG6Gau-Xkyue 8B Ko C.B., I975. Teoxe-
PHYOCKMO THNH IDAHMTO06DSB0BAHMA B ZOKOMODME BaiaTHiiCKoro mu-
™8, - B KH,: BoCcTouEAA wACTH BANTHUCEOIrD WMTA, IOOJOTHA M IAy-
ouHE0e crpoense, J,, "Hayka".

Kpary KiOwy 1068 u-EyvuoeExo CBey oKy IA -
o3 BJle, AicEeB® Mg HMUNy BOopuncosna K.,
Ceoeroxn P.C,, IS99, I'eonorda 4 O6TPOAOIMA TpPaHUTO-
THOHCOBOH o6aactH oro-sanazHoll Kapsauw. J., "Hayka".

Jasapes DU, [97I, CrpyKkrypHAs M METAMOD({HM YeCEad neT-
POJNOTAA XOAGBUCTHX KBAPUUTOR KOCTOMyRUCKOID MOCTODOEZOEHAA.
I., "Haywa".

Masapos»uuw 0.A, I972. TeoTexToEMYECKUE yCHOBMA fop-
MHDOBAHMA MoJBCC. - "'eoTeKToHMKA™, Rk I,

Mrwapes J.T.,AMenxasgos A.C.,3axap-
yoeHKOD AM., CMupHOBAE B.C., I960. Crparurpagus,
TOKTOHAKA M NOIMATUTOHOGHOCTH C6BEpPO-8anajHOT0 BeloMopha. -
Tp. BCETEd, T. 3I. N., "Heppa". -

MockxoavgeHBEKO Hioy Typue arge C.H, I97I.
CrpaTurpaua CynepKpycTaABEMX TOJH ceBepHe#t Kapenmm u
PoAs GNOKOBHX ZABMEGHUR B MX GopuupOEaHMM, - B KH,: Crpars-
rpapua ¥4 M30TONHEA D6 OXPOHONOTHA Z0KeMGDHA BOCTOYHOHU
gacTH Baarufickoro mera, J., "Hayka®.

HoaxaHeor A.A., 1939, JloveTsepTv usaa reoXords HoascKo=—
ro noiyocrposa M Kapemunm uau BaMGolee BOCTOYHOR w@eTH QeH-

HOCKG@HJMBABCKOI0 KpMcTaZIMYeCKOTO muTa, - Tp. X¥I ceccun
BI'K. !o 2- Jlo-"-| OHTHQ

196



[poGaeuH reolordd cpejHere nporeposcs Kapeauu, I972. [lerposa-
BOACK, "Hapeausa".

[IpeGaeus reonordd HEXHOr0 OpoTeposon Hapeaud, 1974, lerposa-
BOJACK, Maf-Bo "Kapemus",

[poGaeMs reoJordid AoKeMGpds Hapedo-Koarckore pervosa, I976.
[leTposaBoicK, Haa-Bo Kapeasckoro guamana AH CCCP.

Coxkeounos BAey, Tangaoo6rwna NI, PuHaee B A.B.,
1970, leonorua, JMTOAOTHA K nazeoreorpadua ATYyAUs 06 HTPANI~
Hoft Kapenuu, [leTposaBojicK, Msz-Bo "Kapemua".

CoKoldlos BJA., Xeftlcrkatue 8 K.U, I966. Teodore-
IMTONOTUYECKAA X8DAKTODUCTHUKA NDOTEPOSOHCKMX (ATYIMUCKEX)
Kop BHBOTDUMBAHMA B Kapeauu, — B KH,: [IpoGieMb 0C8A09HO# reoio=-
THM 70KemOpusa, Bum. I. M., "Hezpa".

Crera pp M.M., I960. OcazoqHe=ByAKS8HOIOHHHS 00p88OBAHUA
pafloEa BonsmOB6pa. = B KH.: Hatepuanu 00 I'60I0THH Eapannu.
lleTposaBoack, Wsg=-Bo Kapeanckoit ACCP.

CreEaps MM., 1968, ¢ HEUXHENPOTEpPOBOMCKOM BYIKAHMBMO B
sanagHodl Kapeaud. - B KH.: ByAKaHoreHHHWe ¥ IidnepOasUToBHE
KOMIIGKCH npeTeposod Kapeaun, [eTposaBojck, Msa-se Kapemspc-
Kot ACCP.

CreHnaps MM., I972. ['e0TeKTOH4YSCKO6 DOSBHTHO &DX6jCKO-
ro KoMmoaekca Kepeidd. - "I'eoTexkToHaka™, k 5.

CroeHnaps M.M., IY73. Apxell. = B KH.: S7ame TeKTOHAYECKOTW
pasBuTHA ZoKOMOpMA Kapeaud. J., "Hayka",

Crenaps MM., Boxnopgu ges 0.d, I970. K Bonpocy o
PBAMKTOBOY rpaHyIuToBOA JALMM PErvOHENBHOTO METaM0opjHudsMa B
sanazHoM BenoMops6,- B KH.: PervcHAAbHEEYR ueTaMopfusM U Me-
rTaMopporestHoe pyzoocpasosanue, J., "Hayka",

Crenakos B.C., I97I. JipysuTH ryGu JloMauHe Feaoro Mops.
= B KH.: Teoxumug rdncp6asdToB Kapemo-KoIbCKOIO pOTHOHS.

J., "Hayka",

Cyaosuwkos HI., I937. KpaTkuil 0630p AovYeTBEpTH wHOH reo-
Jordd Hapemwd, - B KH.: MexayHapoasul IeoaorHwecKEll KoHTpecc,
XY ceccus, NyTOBOAMTONE CEBEPHON BKCHYypCHM Mo Kapearck ol
ACCP. l.-M., OHTH.

Cyanosuwrgosn H.J., 1939, Marepuans ne neTpolordyM Ba&na -
Horo Beaomopsd. - Tp, JlekMHrpazg. reod. yop., BuHm, I9.

Jl.-M., OHTH.

Tuwodeesr B.M., 1935, [lerporpadus Kapeauu. - B kH.: [leTpo-
rpagua CCCP, cepua I, peruosansHaA nerperpadus, T. I3, BHMO.
5. M.~J., OHTH.

197



YepHEo»®» B.M., I9%4, Crpatirpaia H yoNoBMA eCAAK0OESKONIE-
HM7 BYAKGHOTOHHNX (HNONTHTOBHX) XONB3HCTO~EpDOMHMeBHX (opmamuil
Kapeauu, M., "Hayka".

Yyepaos BM., HERES KA., TopskEoBen B.f.,
Paesnckasna M.B., I970. ¥exesucTo—KpDOMHECTHO (opMamHH
Kapenus., - Tp. ME-r8 recaerdd Kapeasckero guasam AH CCCP,
BHO, 5, [leTpesaBoacK, usa-30 "Kapemma".

YyepHoB B.M., CTeEADP3H M.M. , I90. Crparurpagus
KapeanCEMX o0pasoBeHMi sanazsodt Kapeauw. - Tp. UE-ra recac-
rum Kapeasckore gumsana AH CCCP, BHn. 26, [eTposaBojicK,

Usz-so Kapeasckoi#t ACCP.

YJepHEe3B BM.,CrTernaps MM, I9I. Xexesopyasas fep-
MangeA Hepenud M 6e CONOCTABAGHM® C BHANOTHYHHMME dopMAnHmK
BanTuiiCKoro M YEPaMHCKOre KPMCTANIE SBCEMX mMUTOB,~B KH.:
NlpoGuemMd reoXordd K2peiid ® Komsckore nenyocrposa. lypwas-
CED6 EH, HBA~BO.

BypewuH K.A,, I98, ['zapEne Y0pPTH Te0A0TAYECKOr0 CTP06HAR
M pasBMTMA BoCTouHOHi wvacTH Baarmilckers mEma, - B kH.: Teomo-
g M IayCMEHES CTPOGHEe BOCTOYHeHl WCTA BaaTMlcKore muma.

L., "Hayka®,

Dypeus KAwTopaos UB.,Caase ME., I9%2.
GenoMopckuft KoMnaskc ceBepHoit Kapeam H pro-samaza KoZscke-
ro noayocrposa. M.-J., Wsa-mo AH CCCP,

Drand TOKTOHMYOCKOr® PASBATHA aoKeMOpus Kapeauw, I973, IL.,
-Hﬂ’m'o

Gorokhov I.Mi, Eutyavin EP.,, Volodichev
Oeley, Duk Ve, Varshavskya ES., Samsonov
SePey, Erylov I.N., 1973. Rb-Sr systems in polymetamorphic
rocks of West Coast of the White sea. - ECOG Ill, Abstracts,
Oxford.

Miyashir oA., 1961, Evolution of the metamorphic belts. -
"J.Petrol.", N 1.



T ———

LR I

I.B.M a x 1 a e 3 (CCCP)

PEKOHCTPYKUMA NEPBAGHON JMTOJOTAA ¥ IHTPAMETAMOPOM WECKUX
KOMIIJEKCOB JOKEMBPUA KAK BAXHEWDAU SIEMEHT iX

T'EOJOTY YECKOWN KOPPEMALMMA

L.VMakhlaev (USSR)

RECONSTRUCTION OF PRIMARY LITEOLOGY OF PRECAMBRIAN
METAMORPHIC COMPLEXES AS AN IMPORTANT ELEMENT

OF THEIR GEOLOGICAL CORRELATION

" NocTaHoBKE NpoGJeMH KoppeaAsnMMd ZOKEMGDHA B MMPOBOM MacurTade I0Bo-

puT © TOM, KAK ZANOK0 NpPOZBMHYIACH I'€0JOTHA A0KeMOGDHA 88 NocHez-
Hue IO zer., DT0T nporpecc o0yCA0BA6H KaK paCHpPOCTPaHEHMEM [PUEMOB
KIACCHY8CKoM nexeBoll reosordd HE ZpeBHeilmMe OTIOXEHMA, TAK M MUC-
001530BaHHEM HOBOMUMX JaG0DATOPHO-B8HENMTMYECKUX METOD0B. Bolap-
WMECTBO NpPEACTABJEHHHX HA CHUMNOBMYME JZOKI&Z0B NOCBAWGHO BepPXHeMY
ADKeMOpAD, BHEUMTONBHO MOHENG® — CPOAHEMy M COBCEM MAID - apXeK.
9To o6yCaAOBAEHD TOM, YTO COUGTAHHE WHTEHCHBHHX (M HEODAHOKDATHHX)
AMcHoKanu# ¢ rayOGoKHM MOTAMODYMBMOM MCXOJHHX O0TAOXEHAYM B DaHHOM
ZAOKGMGDHY yCIOXES@TCH MMPOKHM DABBUTHOM YIBTPAMETaMOPHUYECKAX
odpasosabuil. Kiouom X mpoGieMe Koppedsnuu APGBHEEHNMX KOMIAEKCOB
Z0IXHD OHTH BHACHOHME BOMPOCA, HACAGAYDT XM YAHTDAMETAMODJHUECKHe
06pa 30BAHMA (MATMATHTH, I'H6JCO-TPAHMTH, yIBTPAMETATSHHHE TpaKuTO-
H7H) MCXOJHH® 0COCEHHOCTH MCXOAHWX NOPOA B TAKOH Meps, 4ToOH 0O
STHM 0COGOHHOCTAM MOXHO OHNO CyAMTH 0 N6PBMYHON NpUpOZe DTUX
nopej.

B oTolt cBABH NpPeACTABAANT MHTEDOC POBYyABTATH HAWMX MHOTDIET-
HAEX MCCHOA0BEHHH ZoKeMODMHCKOro CKiazw@Tors nofca Taltumpa, B
CAOXGHMM KOTOPOT0 WAPOKO NPEACTABIGHH HADAAY C METaMopJH 4eC KUMY
B yaIpTpaMeTaAMOPHUYOCKME 06pas0oBAHMA, 8 DTAMYHAR OGEAREHHOCTE B
COYSTAHMM C NONHOM MeTaMopfuyeCKOR BOHANBHOCTED NOSBOJAET HO
TOABKD HAGIOZETH B ;i0TANAX BBAMMOOTHONOHMA D&BIMYHHX MOpof, HO
H NDPOCHeZMTEH WAT B8 WATOM BCO CTAaZuM BoBpacTADWe i MHTEHCHBHOCTM
npeeGpasoBabuA - 0T HAYANEHOIO MeTaMOD@UBMA 26 ieHocIaHLeBoll da-
[UM, HA yDOBHE KOTOPOro NeDBHYHAs NPUDOAE MOPOA ONpeje JA6 TCH,
Kag mpaBHlio, 07HOBHAYHO W 063 KAKMX-IMG0 COMHeHME, A0 MoJHOTO
nepeniaBleHuds, ODPUBORANEro K GopMUpOBEHMD N8JMHre HE0-8HaTeKTk-
YeCKOl I'DAHMTOMZHOR MarMH,
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JloxenGpuiickuit noAc TaiMHpa NpUHAAJGRUT K NMPOTEDPO30HCKOMY
CHIGAYaTOMy 06P3aMAeHAD CHOMPCKOH NJATPODMH M CIATaeT KpyNHWI
Kapckuit a HTMKAMHOPWIt, nNpoTATMBapmUiicA nodTe na I000 KM B7046
no6epexss Kapckoro Mops. OH cloxeH QuAXMTAMU, KDHCTENJINYEC KMMK
CI8HLAMM, THECEMM W MATMATUTEMM, NPOHM3AHHHMM TEJaMM pasHODOG-
paBHHX TPAHWTOMZAOE. OTH NMOPOJH MNEPEKPHTH C yTJIOBHM HeCorzacu-
6M yMEDEHHD AMCJONMPOBAHHON TeppureHHo#d Toxmei# nmosaHepudeiicKo-
T0 MM BEHACKOTD BOBpPACTd, KOTOP4A B CBOD 0YepeAb C JOKAIBHHM
Da3MHBOM NOPEKPHBAITCA (AayHACTUUBCKA 0X8PAKTEDUBOBAHHHM HHE~
HUM KeMGpueM.

Hay wHMe paspes0s NPOTEPO30ACKOrD KOMIJAEGKCA, NPOBEAGHHDE B
npezesiax 30H HAauMeHbue ! WHTEHCUBHOCTY NpeoOpas3oBaEuA (Xaopur-
cepunuToBaA CyOQauua seneHocIaHgeBoil famuMKM), rze B MeTaMophu—
Tax XOPOWO COXPAHMIMCH DOJMKTH NEPBUYHHX CTPYKTyp 4 TEKCTYP M
Zpyrue 0C00eHHOCTH WCXOZHHX NOPOA, MOKasal0, YI0 B OCHOBaHMM
BCKDHTO{f wacTH paspesa zoxeMmepua TailMupa sajerawT 0TA0EEHUR aC—
nnzHoR QauuouAHo# QopMaimMm - DUTMMUYBCKM CJHDUCTHE AJN6BPONEAATOBHE
0Ca87KM, 38Y8CTYyPD C CymeCTBGHHOY NpuMecsD I'paguTH3UPODEHHOTO
opraiy wcKoro BewecTsa (MomHocTs 2500-2700 M). BHue nexuT dopma-
qU4f TeppuTeHHoro QaMwa - NA0X0 0TCOPTMPOBEHHHE TEppUIEHHHE pcaj-
KM C IJIMHMCTHM 1eMeHTOM (TpayBaKku), C OTUSTJNBO BHPAKEHHOH puT-
MAUSCKOH CADMCTOCTHO Tpagayvosdoro tuna (2000 m). Buwe me paspe-
3y TAMHACTHI LOMEHT CMEHAETCA IJMHNCTO-KAPGOHATHHM M TpayBaKKM
NepexoAAl B MBBECTKOBMCTHE rpayBakku (I200-200 m). B sanapHoil
yacTH Bepera XapuToHa JlanTesa KapOOHa THO-TeDPMIeHHHY Qaum gamu-
87150 BaMeUAEeTCA BYJAKAHOTOHHOH TOJMEH, CAOKGHHOR MeTaMopdusosaH-
HHMJ CDEAHMMM ¥ OCHOBHHMM 2(dysuBamu M Mx Tydamu. Bume saneraer
eme He MeHee 7000 M AOKGMODMICKMX 0TJomeHMid. Ho 3Ta yacTh paspe-
38 HMTZe He AOCTUIAJa ypOBHA yIbTpamMeTamopdusma, & noToMy zalnes
H@ paccuaTpuBaeTcdA. [lepe WMCAGHHHE DTJIOXEHUA WMHTPYAMPOBAHH 28 iKa-
MM, CMIIEMM ¥ MOIKMMM WTOHAMA METATaOOpPOMAOB, DCOGEHHO 0OWMIBHEIMM
B 076 PagBUTUA TPayBaKK ¥ MBBECTKOBMCTHX rpayBakk.

[porpeccHBHE peTHMOHAJbHHYA MeTanopHUsM NpeBpaTHA BCe aTH A0-
KeMOpHCKMe NOPOoAH B MOTAMOPPATH DABHWX Yy PoBHe#! NpeodpasoBiHUA-—
fmanaTH, CHSHUH M MeTaneCYaHMKM 3eJeHOclaHyeBod Qanuu, Kpacrai-
IAYeCKHE CJ8HOH anMaoT-aMfu6oauToBoil faudu, rHeucH amGuGoauTo=
B0l fanuM M, HaKDHeL, B MUTMaTUTH, Basrozaps HaJM BB X0pulKx
MapKupy DOUX TOPYBOHTOB yZ86TCA NPOCJGZMTH BCE CTAZMM STUX NoCHe-
J0BATONBHHX NPOOGPASORAHAN —~ 0T ACHHUJHHX CIEHLSB U N6CUEHUKOE
A0 THOHCOB M MMIMATMTOB N0 NPOCTUPAHMN Kakoil-aubo onpezeneHHoOH
naux4. [losToMy MOKHO BUZOTH, Kakue Mopoju CHOPMUPOBAHH 38 CET
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MBTENeJWT0B, 8 KAKMe — 38 CUBT IpayBaKK M T.j. OKasHBaeTCs B0~
MOEHHM BHJI@I6HUWE€ HOCKOJIBKMX I8 PalJ6JIBHHX METaMophuYOCKHX DAZLOB,
06'5ELMHARIMX NPOZAYKTH [10CHEeZ0BATEIbHNX CT4 Ul UBMEHEeHUS JUT0JID-
TUYECKA OJHOTMIOHWX MCXOJHHX M0P0Z, DPAZOB, NOPOXAGHHHX MeTaMOpHua-
MOM JMTOJIOTM YECKM CXOZHOI'O NMEPBHYHOTO MaTepuaza. YroCH mozyepx—
HYTH BTy 4X 0COGGHHOCTH, MH NpPEAJEraeM HABHBATEH TaKMe DAJH
A30IMTOreHHHMAE MOTAaMODIPMUYECKUNMU
pAzawnu NsoamroreHHuli pAj MeTameaUToB BKJAKWYaeT NOCJEJoBa-
TE@ABHO XJI0PUT-CEPULMTOBHE QUJUIMTH, XAOPUT-GUOTUT-MyCKOBUTOBHE
QUATATH, MyCKOBUT-OMOTHTOBHE CIAHILH, TPaHaT-GHDTUT-MYCKOBAT—
CTaBPOMMTOBNE CHAHIH, CHINMMEHUT-KODPAAEDATOBHE M CUJJIMMAHUTOEHE
KDUCTAJNIN YeCKHEe CIAHOH ¥ TrHeiich, PAj rpayBakKk 0TKPHBANT MeTa-
rpayBaKkd C COPUOUT-XJODMTOBHM LGMEHTOM, 3aTéM [0CJE JHUE CTaHo-
BUTCA XJA0OpUT-GMOTHTOBEHM, JaJZee MOpoja npeodpasyercd B OUOTUTO-
BHI ciaHey M, HAKOHen, B GUOTUTOBHY NEETUOTHEeNC. PAZl WBBECTKOBHX
rpayBaKK 4epe3a [OMBUT— ¥ KYMMMHITOHMTCOZAEGDEAMME CHAHIH Nepexo—
ZAT K OGMOTMT-DOTOBOOGMAHKOBHM IIJBTMOIHe 1caM M KDUCTAaJIJIK YW CKUM
claHnaM. MeTaaHzesuTH M MX TyQH npeo6pasynTCcd WO pes BKTHHOIATO-
BHe uopUpOMZH B @ppnracrnnrcnrome JBYyO0JN6BOMWNA TOBHE THeiCH.
HaxoHen, MeTaraGGpOMAN NPEBpAWANTCA B AJB0MT-3NUZ0TOBHE aM$ueold-
TH M Zajiee B N0J6BOWNATOBHE aMpuGOoMMTH M &8M(D.O 0A-N48TMOKISS 0BHE
cIaHuH. YCTAHOBIGHD, 4YT0 BCO 3TM Npeo0pasoBAHMA ABAANTCA WBOXMU-
MJ 98 CHUMH,

T'HelicH ¥ CIAHUH BHCOKMX yPOBHe# MeTaMopdusua CIyzaT CyGCTpa-
TOM yABTPAMETAMOD)MYECKMX MOPOX — MMTMATUTOB M 8BTOXTOHHHX Tpa=-
HUTOMAOB (TEHEBHX TIPAHATOB M NoPYUP0OI8CTMYECKUX THeliCo-IpaHMTOR),
88./6TADLMX COTIACHD C BMOMAKNMMNMA MOPOZSMM ¥ CBABAHHHX C HAMHA WUpPO-
KUMK B0HaMM MeTacoMaTuyecKoii Jexspunatusaumu (Maxaaes, I959;
Maxnaes, KopoGosa, I972; Pasuy, [lorpecunkuil, I965). IlpoueccsH
CEJEKTUBHOI0 NNaBAGHWUA, DA3BMBANUMECH CONPAXEHHO C METaCOMaTH-
YOCKOM TrpaHMTUBE M6, NPUBOAAT K YacTMyHod MOOMAM3ALMM npeolpa-
BYyEMHX TOJm - K peoMmoppuamy. Peomopduueckue rpaHuTOMAH, KK npa-
B0, KCNHTHBANT HEKOTOPOe NepeMemEHME W3 B0HH TPaHMTODOpE B0BE-
HUMA W MHTPYAMPYD® B BHUGJEEAmME NOpoan, Qopuupys TaM CHHKWHE ua-
TMYECKNE N8paaBTUXTOHHNE KyMOJLHHE M CBOZOBHE ANWANND-MJyTOHH
(hiaxiaes, I1965).

JlansHeimee moBHEEHNHE TEMNEPATYPH NpPM NPOA0IXapUEelicH IpaHM-
THS3ANUM HEZ0NI8BOEHHHX DENMKTOB CyJcTpaTa NPUBOAUT B KOHETHOM
cyeTe@ K MOJHOMy MNepenJasieHMn [Pe0o6pasyeMux ToJm ¥ K BOSHMKHOBRE-
HAD 38 CWT yJABTPAMETAMODPHTOB NAAMETEHHHX T'PAHATHHX MarM, KoTo-
PHE MHTPYAUPYKT B NePEeRPHBANMMUE NOPoAH (B GOJALWAWHCTBE CIY B 6R
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B 30Hy 30JEHOCJAHNEBOA Qammu), GopMupym TaMm aLN0XTOHHEHE N7y T OHH
(Maxaaes, Kopooosa, 1972). Takum 06pasom, AOKEMODUMUCKME yABTPA-
smeTaMoppuTh W rpaHuToupn TaliMHpa 06pasypT IPaEUTHYD CEDHD B
TOM CMHCJ6, KOTOPHI BEN&ZHBAN B dT0 moHATHe X.X.Pup (I957).

B peansHoil TAAMHDCKO AOKeMOPHACKOM IpaHMTHOM CEpMM &8BTOXTOH-
HHG TPAHAUTOMAH M MATME8TUTH CIHB8HH C BMONEDEMMA NOPOZEMM NOCTE-
NEHHHMM NepexojaMu, YTO NOSBrAA6T NOYTH B0 BCOX CIy WAX C Al0cTa~
TOYHOA yBEPEHHOCTBU ONPEAEJATH, KAKOH MMOHHO TN THOHCOB CiyxHI
cy6cTpaToM npM GOPMMPOBAHMM TOT0 MIM MHOTO I'HelCO-TPaHUTHOTD T~
N8 MIM MATMBTMTOBON mauxkd., Ho B To X6 BPeMA BBTOXTOHHHE IpaHu-
TOMAH CBAS8HH CTOJNB X6 TOCHHMA NEPeX0ZaMM C TPAHMTAMM NapPAEBTOX-
TOHHHMA. DT0 COBA86T OTANYHNG BOBMOXHOCTM A NPOCASXMBAHMA HO-
CI6A0BATEIBHOCTH WBMEHEHMY, NPOMCXOAANAX B MOPOASX B& DaBHHX CTa-
IMAX yabTpaMeTaMoppusua., EciM B 8BTOXTOHHMX I'DSHMTEX A0CTATOYHD
0TYETAUBO BHPANOHE DOJMKTOBAA CAOMCTOCTS PABHHX NOPSAKOB, BEADYER
yHACJeZ0BaHHY D 07 () IAEOMAHHX TOMN DPETMAUHOCTH (9T0 X0pOmO BMZ~
HO HE TOJBKO NpPM MBj 96HMM 0GHAXEHM{, HO M NPN ZEGTANBHOM KapTHpO-
BAHMM 8BTOXTOHHWX MacCHBOR), T0 NPU MOCAEAYDEAX NPeodpasoBaHMAX
410p0JIH CTEHOBATCA BCO 60J66 MACCHBHEMK, G0N 6 OZHODOAHHME M CTPyK-
TYPFEO ¥ XMMAYBCKW, [IOK8 NABIMHIeHeS He NPUBOZUT K MOAHOMY Nepe-
nuednesun, T.6. K NCAHEOR OMOTGHMSADMM, CBONCTBOHHOH EOHOWHEM wWie-
HAM CODMM - BIAOXTOHHHM SHATAKTHYOCKMM T'DAHMTAM.

Ecnu pervoHaisHu{t meTamopfus ABIAAETCA, KAK I'OBOPHIOCEH, OpomeC-
COM B OCHOBHOM MBOXHMMUYSCKMM, TO NP yASTpaMeTAMOPHUBME yX6
HE8 CAMHX DAaHHMX CTAZMAX 0TYETAMBO (UECHDYOTCA HE TOJBKD HBME-
HEHMS CTPYyKTYyPH M MUHEDANLHOI'0 COCTABA NOPOA, HO X WBMOHOHMs XM=
MM YECKHE - TPAHATHBMPOBAHHNG THelCH 000TENMANTCA KPOMHHOM M Ka-=
IUeM W B TO X6 BpDeMA 0067HADTCA MarHdeM, KaIbOUeM, XeJe3oM. 3a-
KOHOME)HO MEHRETCA M MMHEDANBHHH coCTAB — yMOHBWAGTCHA COJAGPESHME
TEMHULBETHHX MUHO DANOB, yBEIMUMBAGTCA COJ6DXAHMe KBApua, DasBUBa-
DTCfi HOBOOGPas0BAHMA KalueBoro MoJeBOro mnaTa ¥ T.M. Kasaxock
04, TAK8W CTPYKTypHO-TEKCTypHAA IOMOTEHMBALMA M 0DAWHAK0OBAsH HANDAB-
JEHHOCTH WBMEHOHUN MUHODANBHOI'0 M XMMMUECKOr'0 cocraBa A0MKHH B
KOHE YHOM CYeT6 NPMBOXMTH K OOJAHOMYy COAMEGHMD IrPAHUTOMA0B, QOpME-
PyVEMXCA M0 pasHoMy cy6cTpaTy. B Z8ACTBHTENHHOCTM X0 0KA38J0CH,
Yr0 3T0 He TaK., MHOrMe 0COGEHHOCTM CyGCTpATE B TOR MIM MEHOU
CTENeH! CKasHBANTCHA HA BCOX CTAZMAX Npe 06paB0BAHMA, BEADYAA M
8HATOKTMYECKYD, 8 HOTOMy B8 CYeT DasBIMYHHX MCXOAHHX mopoz Gopuupy-
OTCA B KOHEYHOM cyeTe ¥ DASHHE rpaHdTH, Tak, B paccumarTpusaeMoll
T4 UMHDCKO/ yABTPAMETATE HHOM CODMM CHINMMAHAT-KODAMOPUTOBHE THE M-
CH ¥ claHis (MeTaneJMTH) mPeoGpaByDTCA B MUIMATHTH, TeHOBHE ABYy-
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CJDIAHHG I'DEHATH R Jalee — B aHATORTHYSCKAG IBYC/DIAHHE I'DAHATH,
Clarapijae OTY6TAMBO BHDAXEHHHE AWIOXTOHHHE MATMATHYECKHE HHTDY3HA.
BroTETOBHe rHeficH (MeTarpaysakkd) HEDeXOLAT B GHOTHTOBHe THefico-
TPaHATH H XaJ6eeé B CHOTHTOBHE MATMATAYECKHE I'DAHMUTH.
BuorarT-amfudononse muardorsefion H cxamm ( meTamopiwsopan-
HHO MB3BOCTKOBMCTHO IDAYBAKKM M MOTAGABUTH) JADT HAUAJ0 AHSIOTM yHO#
NoCI6088 TEABHOCTH OHOTHT-8MPUCOMOBEX IDAHMTOMAOE, 8 IACTHHICUTO-
BHO THEMCH (MOTAAHJ6BMTH) - DAAY IECTHETCHTOBNX I'pPaHATOR., TaKuM
D6p48OM, 67MHEA IPAHMTHAR COPHA 0TYETIMBO NOZPABAENA6TCH HA YeTHD
napaunelbHbX PAA8, KAEZHE M3 KoToPHX KK OH NPOAOAEAET B 30HE
yapTpaMeramopfusMa 0XapaKTEPHBOBAHHHE HAMM DaHEe M30IMTOreHHHE
MOTEMOPJM YeCKHE LAZH. DTH IPEHMTHEE PAAH 0XBATHBADT NpPOAYKTH Tpa-
HATMBALUM, PEOMOP)MBME M SHATOKCHCE JMTONOIMYECKM OZHOTHUIHHNX MC-
XOJHHX [NODP0Z, & NOTOMy MW MpEjJAT86M MX HEBHBETH M 8 0 A M T 0 -
re HEHH MM (radi. I). CoBOKyNEOCTH MBDIMTOTEHHOTD I'PEHMTHOTO
H NpejuecTBYOMer0 eMy MB0JMTOTEHHOT0 MeTaMopPM YeCKOTD DAZOB JA6T
HAM 0 0 I HEH W MWsoxzMrToreHHHNH pajg. ILndopEMepa
OpHBeNeM MONHNE MB3OMMTOreHHNY DRI NEAMTOBHX 0camKoB (Tacdm. 2).

Haxde xe MMEHHO 0COGEHHOCTM HCXOAHHX NOPOJ HACJXeAyDTCA CPaEM-
TOUZAAMH M OOPOZIEAADT B KOHEGUHOM CWTO WX APUHAZJIEKHOCTE K TOMY
MIM MEOMY MS0AMTOreHHOMY paAay? Kak BAUHO M8 COMNOCTEBJGHUA XUMUWBC-—
KUX COCTABOB pa3MyHux rpanuTouzos Taluwpa (radm. 3), npu opuba-
KOBO HANPABIGHHHX 38KOHOMODHHX MBMEGHOHMAX 0T HE YBIBHHX YJOHOB Pfi-
7I0B K HOHE WHHM B KaxZioM DAAYy COXpaHAeTCH 0THOCMTEJbHAA 060rameH-
HOCTH TOMHM KOMIOOHEHTaMA, K0TOpHe OniM B MBOHTKE B MCXOAHHX Mopo-
78X, - KDEMHM6M, QIDMMHAEM, WEZOYEMM B METANEJUTOBOM DALY, WLENOY=
HOSeMeAbHHMA 3/8MEHTaMM - B M3BECTEKOBO- IDAYBAKKOBOM, X8J830M - B
METAa 768U TOBOM, ['DayBaKKOBHH DAZ X0pOWo OTAEAASTCA 0T METANEINH-
TOBOI0 OTHOCATENELHO MEHBUWMM S0Z€DKaHWeM meaoysid W MeHBWMM OTHD-
CHTEZIEHHM COZGDXAHMEM TIMHogena (MEHBUMM SHEYGHMEM XapaKTepuc-
Tukd "a’").

PasmMuud X0POWO BUAEH NPA CONOCTABAEHMAM NAHHHX 0 MMHEDEIABHOM
COCTaBe W 0COOBHHOCTAX IJ&BHEMWMX NOPOZ00CPEsY OMMX K HEKOTOPHX
8K[6CCOPHHX MMHEpanoB. TaK, HampuMep, X0TA OMOTUT OpUCYTCTByeT
B0 BCEX Da3HOBMZHOCTFHX TaiMHDCKMX TPDAHHTO4Z0B, TeM HEe MeHee B
O0poAax Ka¥z0r0 PAA8 OH pasinyeH. I'pAHMTOMZN MeTANEIATOROrD pA-
7@ COZ6PKAT GMOTHT, NIG0XPOAPyWNMA B KpacCHO-KODWUHEBHX TOHAX,
GXOTWT rpayBaKKoBOI0 pPAja - GypoBaTo-GeueHHN, HaxoHen, AdA rpa-
HATOMZI0B METS88HZESUTOBOT0 DAZ8 XapaKTe peH GHOTUT, NAE0XPOUDPYD-
muil B 3@JEHHX ToHEX (0T OUYGHB CBETIOI'0 S€J6H0BATO-REJATOrD 96—
pes 0J4BKOBO-B6NOHHA A0 MOYTM YEPHOTD, YYTh NPOCEEUMBAKLETO TeM-
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E E TeBomnaronke a-TROOTOBHE THOM- g PET-TDEHATH ¥H UEDKOH, BIATWT. BCTpevamTCA OPTET, e
E g drdomars °°:;g?“?“ 4 Q =I8; ¢'=7; Q =I8; c =B; ° yparmEnT, Pymsuft MEHeDAX — MATHETHT
828 Q.00; o =lb . Npp0 Np=20
:"E_i. P Lo - Pesko mpeodnazaer Fe mam Mg, Msoro  CyOmeJouHNe Xene-— a
— | TaoTunrcmTOBNe lacTmarcurosye TBCTEHTCHTOBHe [acTMHICHTOBHe Na, mossmerroe conepxasme N6 , Ta, sucTe (JemmmoMenaE- o
é ,E: ¥ CHOTAT-TACTHHT- TH TDAHATH TR. Ouwernt majo Ca., BEOTUT (memmumome— TacTUATCHTOBHS) T'pa- E
i CHTOBH® IBymojqe-Y STHPHH-TAC 8 =21 £=60; Q =28; '=80; JAH) ILNIEOXPONpYeT OT ONSNHO-XEAT TO  HATH
£ i'é & BommaToBse rmefi-Cl ooue TEHEBHS o =2.'; > Np,=I3 ‘ Qepes ONHBKOBO-SeleHHEt IO YepHOTO §
g% Hou " ] o : (1I-12% Afy05). Ampudox (QepparaoTiir— $
g :;5 & 13:22; R car) ¢ maxsm 2v(0-40°), Axmeccopum -
- 4 cieH, OpTET, UNPROH, BCTpeYaeTod TO-
puT
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Tadmuua 2

TlpEMep .NOJHOTO H3OJAMTOTEHHOTO DANA (MEeJHTH - IMEHOBEMHCTHE
TpPAHETH) p

Homau#t ESOAMTOTEHHHHE DAX

I. [MHH, TARHUCTHE 0TJIOREeHHE OCAIKOB
aNeBPOIATH (WIH)
2. AprWwUTMTH ¥ ajieB— 8
POJIHTH E
3, TUHHACTHE CJIAHIK & arefes ¥ HaYalb-
S |t meTramoppusm
4, XnopuT-cepULIUTOBHE
g U TH Danua 3e]eHHX
5. XnopeT-CHOTHTOBHE S
g P TH =
=
g 6. I'paHAT-GHOTHTOBHE H |9nunorT-amMpusosETO-
E KDHCTAJIIE CKAe g BadA (anmua
e CJAHIN 5
E 7. T'paHaT-cTaBpOJHT-
5 CHOTHTOBHE CJAHIH
B - B _rrefic
'gi 8. I'paHAT-CHLIMMAHHET- =
H KOpIMe puT-CHOTHTOBHe | &
,-§ CJIAHOH ¥ THeficH & [Maprcomerosas
9, IsycmnaEne raeficH
10, IBycimufRHe TeHeBHE MeTacoMaTHIeCRas
TPAHUTH . T'DAHATH3AIAT
E II. JsycimnsAHe napaas-— & MeTacomaTHdecras
3 TOXTOHHHE (peoMop- aa TPAHMTH3AIAA
E fuveckEe) rpaHETH 8 ’é: PeoMopduam
g e AnaTexcuc
L 12, ANEOUT-MIKDOKIHHO— METpySEd NaNMHTeH-
BHE MyCKOBHTHSEDO— E HOR MarMu
BaHHHe ALIOXTONHHE
MarMaTHYeCcKHe Ipa-
HATH




HO-38J6HHM B TOHKMX CKONA8X). XMMAYSCKHE 8HAJMBH [I0KABAJNW, YTO NpPH
HE3aKOHOMEDHHX BAPUENMAX B COXEDEAHMM NOYTH BCEX KOMNOHEHTOR GMO-
TUTH TPAHATOMZOB PaSHHX WBOAMTOTEHHHX DAZ0B OTYETJIMBO DPABJMYanT-
Cs N0 COAGPEAHMD rimHozeMa (Tadd. 4).

TpaHATH pDaSHHX DAAOB 0TYWSTIHBO PasJMY@TCH M Mo 0COGBHHOCTAM CJE-
rapuix MX NoJeBHX wnaToB, N0 NPUCYTCTBUO cneuquduyecKuX AJA ZAHHOTO
pAja MMHepanoB (racTHHICMT, OOHKHOBEHHAA DOToBad 0OMaHKA, MyCKOBUT),
10 NPUCYTCTBUD Pa3AXYBDEMXCA accouManuil aKEeCCODHEX M DYZHHX MiiHe-
panfoB, [0 COAGPXEHAD xapanmapaux MUKDODJAEMEHTOB ¥ JZPYTMM LIPHSHEKAM
(cu. madxm. I). g

Ha auarpaumax Ab-Or-Q  QUrypaTvBHHE TOYKM METACOMATUTOB KaxZ0ID
pAaa o0pasymwT 0GOCOGNEHHHe (XOTA X YACTMYHO NEPEKPHEBApmUecs)
oA PacCeAHMA, TOYKM DEOMODJUTOB TATLOLENT K KOTOKTMYECKHUM JIMHAAM .,
8 TOYKM MATMATHYeCKMX IPAaHATOR DDy NNMPYNTCA § TPOMHOTD MUHMMYME
(pucyHok). MHTEDECHD., YT0 COCTAB MATMEBTHYECKUX JBYCIADAAHWX I'D8 HA=
T0B COOTEETCTBYET COCTABY pach/iaBa, N0Jy4eHHOTo X.BUHKASpOM #
X.[7aTeHoM npY SKCMODUMEHTAJZBHOM NASBNEHMM TJMH (Tall. 5), a Guo-
THTOBHE ¥ OHOTUT—aMPUOOALOBHE I'DEHWTH OJ/UBKM M0 COCTABy K pacnia-
BaM, NOJyyYeHHHM TEMM X@ WCCIS70BATENRMU Npu IJABIEHAN TPAYBAKK M
MBBECTKOBUCTHX I'PayBaKK.

Becrua cyueCTBEHHD, Y0 MCXOZHHM MaTepMaJoM MEPBHX TPEX PAZOE
CIyxaT HAMGONE® DacHPOCTPAHEHHHE B NDUPOAE T8 0CHHKINHAABHHS -0T-
JAoxeHUs (8CMUZHNE CJAHLH, TPayBaKkM, WBBECTKOBUCTHE IpayBaKKM),

8 KOHOWHHE X WIEHH 0THEWBNOT HaMGO0Jee pPACIPOCTPEHEHHHM TIpaHMTO-
uzaM, I'acTHHICHMTOBHE IpaHMTH XO0TA ¥ G0Jee PeAKu, 4YeMm ABYCJLARHHE,

‘GHOTMTOBHE M CHOTHT-DOTOBOOGMAHKOBHE, HO B ZDKEe MODUACKHX KOMIA6K-

cax TaKke BCTPEYAKNTCA AocTATOWHo wupoko (KolbCK#il monyocTpos,
EnuceiicKuli Kpax, (odapHuil Ypan ¥ DAZ ApPyIrMX PerMoHOB).

Bce aTo MOSBOJAA6T Yy TBEPEZATH, YTO SHAJOTKYHHE W30JMTOIEHHHE
PAAE MOTYT OHTH BHZAENEGHH M B COCTABE AOKEMGPUACKUX IpaHMTHAX
cepuil apyrux persoHos. JledcrsuTennHo, HA EHnce [ICKOM KpAme HAMM
OHM BHAENASHH I'paHMTOMZN METaneJMTOBOr0 M TPayBaKKOBOT'D DAZOB,
a8 TaKEe He npeacTaBAeHENR Ha Tallmupe paj 28 KOKP8TOBHX TpaHM-
T0B, QOPMAPYOUWMXCHA NpU yABTPAMETaAMOPDUaEME METaMODPMB0BAHHHX KHUCIHX
sddysusos (aenturon). Ha AnzaHe H.I[.CyzoBuxoBHM (I964) BHAGIEHH
Tpyu "rpaHuTUsAUMOHHHE cepuM", zBe M3 HHUX 0TBEWE DT DAHHUM CTAZUAM
pasBUTMA HaBWMX MOTANENMTOBOTO M IpayBEaKKOBOTO DPAXOB, & TPETHA
ABAAETCA HABJOM HOBOTO DAZ8, 00Pas0BABUETOCA B DE3YAHTATE Ipa=
HATHBANKN KBAPLUMTOB M NOCASZAYWWEIro aHATEKCUCE NPOAYyKTOB 3Toil rpa-
HATMSAUM (BNAOTE Z0 06Pa30BAHMA MaTIMATHYECKMX ANACKMTOB).
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Tadmmua 3
CpenHue COCTABH DA3JIMYHHX I'paHUTORNOB TaiMupa @ mx

qUCIOBHe XApAKTe DHCTHKE 1O A,B.3aBapuilkoMy

TByCAMIARNe TPEHATOMIH TacTHETCHTOBHE T'DAHMTOMIH
AMprGON-CHOTHTOBHE I'DAHMTOMIH|BHOTUTOBHE I'PAHUTOMIY
I I I Iy y yI | yI il X X - -

510, 64,3 64,0 66,8 69,2 65,8 71,5 70,3 71,3 72,5 65,7 860 73’2

Ti0, -I,0 0,8 0,5 0,6 0,8 0,3 0,5 0,4 0,2 0,5 0'2 3.6

A1,0; 16,4 15,9 15,3 14,6 15,1 14,3 | 15,1  I5.2 14,7 14,7 Ig's 0.4

Fe,0; 1,2 1,8 1,3 0,8 0,9 1,5 0,7 0,9 0,6 0,4 g ps

FeO = 3,6 3,3 2,5 2,9 3,4 1,3 g7 I 1,3 60 ‘ o

wo 0,05 0,07 0,I 0,04 0,06 0,05 0,06 0,03 0,03 0,1 6,00 0.3

g0 1,7 1,9 I,4 1,3 1,5 1,0 I,I - 0,6 0,8 1,5 £ "

Ca0 3,5 4,0 2,3 2,6 2,6 1,8 2,2 I,4 0,8 2,3 2,7 3'3

Na,0 3,8 3,7 3,8 3,5 3,3 3,3 3,7 3.3 3,5 4,3 4-'; i

B0 3.7 3,2 5,3 3,9 4,3 4,0 3,0 4,6 4,8 3,0 (I)'Is o

P,0; 0,1 0,2 0,1 0,1 0,24 0,1 0,2 0.3 0,3 0,1 . e

s 76,0 74,2 75,6 78,3 76,4 79,4 78,1 78,6 79,5 74,7 75, g

a 18,9 12,9 15,8 13,1 13,6 i ok d 12,2 13,5 14,1 13,8 12,2 5.3

b 5,8 2,6 6,4 5,5 7,0 5,8 7.1 6,3 5,5 8,7 8,9 s

B 0Bl onkadyB 2,2 3,1 81 2,1 36 . 18 0,9 2,8 g o

g - - - 0,0 5,8 29,9 31,8 46,4 54,7 1,6 8,8 - I3

¢ 1.2 T2 8,4 - - - = - = - i

£ 78,4 552 54,8 61,0 58,2 41,4 43,0 37,9 31,0 69,7 57,3 39’-2

o' 20,4 37,6 36,8 39,0 36,0 28,7 25,2 I5:% I4,3 28,7 24,4 7.5

16,9 17,6 16,8 12,2 11,6 20,7 7.5 12,6 9,5 4,6 o

Q 19,9 18,3 18,2 27,3 23,0 31,1 29,2 28,6 29,9 - 21,8 21,0 0.8
K:Na 0,7 0,6 0,95 0,8 0,8 0,9 0,6 1,0 0,95 0,4 0,3 0

ML 32 30 20 24 20 20 25 18 8 22 &

I - aBTOXTORHH! mOpPupodiacTHIeCKEN aMIUGOI-CHOTRTOBHR THe#kco- sepoft rpawt (1T ax.); Yl - napaapTOXTORHHN mycm::‘ "y
rpannT (mo 171 ar.); 11 - mapaaBTOXTOHHH! ambrGon-GHOTHTOBHH Ipano- (14 an.); IX - amxoxromHuh mon-mpommmi: uycno: (2(3)‘2:- :
nuopaT (I4 aum,); 0 - amwroxToHAu# amfuson-CHOTHTORH# IpaHONHODHT- Auft rpamur (26 an.); X - racTHHTORTOBHA -reuego rpaml). e a.n.no;m.!l-
rpamur (7 an.); IV - aBroxToHHNH mopfmpodnacTmyeckn® GmOTHTOBHI XI - napaaBTOXTOHHHM rac-murcmm)auﬁ rpanzt (3 aH.);

rpasuT (7 aH.); ¥ - mapaaBTOXTOHHHA OuoTETOBHH rpammT (7 aH.); Auft TACTHHTCETOBHA T'DAHAT (5 an.

Y1 - amnoxromrHu#t GmoTmTOBHH rpamaT (4 au,); YII - EByCImOAHON Te=
208 209
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Taonnmoa 4 5
ComepxaHue A{203 B GHOTATAX M3 .IPAHATOANOB
n meTamopdnueckax mopoxn TafiMupa

Tao mopomu

opod

OJIA9E CTBO

|“

S V’(%) X nﬂn" xm

CyCume09EHE IVIAHO36MACTHE A
IBYCINNAHHe TPAHATH, CALIA-
MAHATOBHE ¥ KODIUMEPHTOBHE

rHeficH, CTaBPOJIUTOBHE CHaH—

i (meTameuTOBHI DAN)

YMepeHHO IVIMHOBEMACTHE GHO-
TATOBHE LPaHHTH, GHOTATOBHE
ruefici u caaHy (rpayBak-

Kot pAn)

llenourO3eMEIIBHHE CUOTAT-DO-

II

TOBOOGMAHKOBHE T'DAHATH, GHO-

THT-POrOBOOCMAHKOBHE THef-—
CH M CHaHIH (M3BECTROBHC-

TO-T'PAYBAKKOBHI DpAL)

CyCmesnoYHHe XeJ63ACTHE rac-—

TAHI'CHTOBHE TI'HeficH

Tadxrmmoga 5
ConocTanneHAe HOPMATUBHHX COCTABOB HHTDYS3MBHHX
IByCHOIAHHX TrpaHaToB TafiMupa B JNeTROIPAHATHHX
PaciiaBoB, MONYYEHHHX OPA 3KCHSPAMEHTAILHOM

aHATEKCHCE IJIMH

19,6

16,8

15,8

11,0

1,4 7,0 ‘I8,I-22,1

0,6 3,0 16,3-17,5

0,4 2,5. I5,3-16,1

0,4 3,6 II,2-I2,0

HopmaTusHHE JKCIepPAMEHTANEHHE AHATEKTH- IBycannarHe
KOV OHEHTH 9YeCKAE paciuiaBH (BHHKAED H T'PaHATH
Mnaren, 1968) Taiimpa
(cpemnee m3 29
I II 111 y aEa7308)

AnsouT 28 22 24 34
Oprornas 38 41 37 29
KBapr 34 37 37
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CUBGPUGHHO HEBABUCMMOD 0T HAC, NOABBYACH MHOK METOAMKOMA, yKpa-
WHCKue reoqoru W.E.Wep6akos ¥ W.C.JceHKo pasae.nia apxefckue
rpaHuronAs JKPEMHCKOrD MWTa HE &N0NEAMTOBHE M 8NoGasHMTOBHE, T.6,
BHAGMIM y celd To, YTO MH HASHBAGM WUBO0INTOTEHHHEMM paAzamu. Wi-
TEPECHO, YTD DHA, O&3MPYACH HE TPOMaZHOM 8H3AMTHYGCKOM MaTepuaze
(Gomee 300 aHEIMBOB), TAKKE NpUWJM K BHBOAy, 4TO M3MEHEHWA, NpO-
ACXDAAW#E B CDCTABE GMOTATOB NpM TpaHuTHBaLMM, "HE HECTOABKD BEllk-
Ki, YTOOH NONHOCTHO CIEPETH Té XX 0COCBHHOCTH, KOTODHE B4J0Ke-
HH OJarogapa cneunduKke CoCTEBE WCXOAHHX ANA TpaHuTa nopon. I'aaBHas
0COOGHHOCTH GUOTUTa - CUAepPEAHLE AIUMWHUA — COXPAHAETCH BIUIOTE
A0 TUIUMYHEX Ma8rMaTMyeCKMxX rpaunToB" (YceHKo M ap., 1972). K asma-
JA0TM YHEM BHBOAENM UPMWJM TEOJOTM, M8y WALNNE KpACTaAINM4YeCKAll dyHpa-
MEHY bBeJopyccuid. ;

HaydeHHMe MWHE pAABHOT'D W XJMMAYECKOID COCTAB& TPAHMTOUZDB OAHO-
D 43 paliDHoB ABCTDPEJMM NOK43HWBEET, 4YTO OZHM MX THMH COOpPMUpPOEE -
I4ChH B33 CYeT [1JGBJGHAA METBNENWT0B, & APyrMe — B8 CYET umeTajua-
gason ( Chappell, White, 1974 ), [lpy 3TOM X3pPAKTEDUCTAKM TOrD M
Opyroro TAna, MNPUBEeJEHHNE B AGHHOW CTETHE, XOPOWO KOPPe.syyoT-
CA C XBPEKTEDACTHKEMA COOTBELCTBYOUMX W30IMTOPEHHHX I'DAHNUTHHX
paznos TalMupa.

Pagauwg mMexIy rpaHUTOMZS8MM DASHHX DAZOB, PABHO Kak 4 obuue
QwpTH, OpACyuMe TpaHUTOMZEM pPAZIOE DAMHAKOBHX, BHpDaXEHH OCHYHO
HEGCTOJBKO DTYET/MBO, YTO [IpW GHEJMM3E AETANbHHY 0IMCEHMA TPEHHUTO-
NAHHX W yABTPAMETAMODMYECKMX KOMIJOKCOB ApyTMX PETMOHOB, COCTaE-
N@HHHX OMUTHHMM W BHUMETOJEHHEMM WCCJEZOBATSASMM, KaK NpaBuio,
MOXHD OTHBCTH 2TH TDAHUTOMZH M ynbTPaMeTaMoDQUTH K TOMYy WAW HHO-
My.WB0JMTOTEHEOMY pPAAY, A8KE fnrna, KOTZi@8 CaMi aBTOPH ODIMCEHMRA
H@ CTaBMJM Nepej, COG0M NoADCHOM Bajayuv ¥ Zexe He A0ONyCKalu BO3MOE-
HOCTH €6 NOCTAHOBXKM. B K&WBCTBE NpDUMEPA MOEHOD HABBATEH OJECTAUME
uccrueposanns B.Mapmo, nocBaueHHNe rpaHuToupam Ceeppa-JieoHe, pao o-
5 0,A.Bopo6resoil ¥ W.J.BaTnesoi, B KOoTOPHX Z€TANEHO 0Xa8paKTepu-
30BAHH TpaHNTOMAH M MeraMop@uTH KoABCKOTO [0Ay0CTpPoBa, pacdorH
M. l.KpraoBoil, NOCBAWEHHHE DEHOMY 00paMmJeHMO AJNZSHCKOTD m4Ta, M
MHOTHE Zpyrie.

Texum o6pasom, pacnoa3HaBaHNe NepPENYHOU AATOXOTHA LODPOA, Ope0s—
pa30BEHHHX B [PaHWTH, BOBMOXHO, Ji@Kké 6CIM BT0 NpeoGpasoBaHie sa-
BEDWANOCH NOJHHM NepenaaBienseM, Ho 9T0 0BHAYGET, YT0 BHABASH M
A3yyad MSONATOTEHHHE I'DaHUTHHE DAAH B APEBHE AIAX KOMIJNEKCaX, MH
NnoJy yaeM BOSMOKHOCTH pacnpucrpaﬁﬁn NPMELADI 1876 0AUT0A0IHYECKUX
DPEKDHCTpyKuuit HA 006/aCTh pasBuTUe yusTpaMeTamopfuroe. Takue uc-
ClIeJ UBAHIA N03BOJAAT HAM NPOYUTETH NMpeAUSCTBYNIYL (ZoMeTaMOpHU-
Y8CKyD) TE0J0TMYECKYD MCTOPMI COOTBEICTBYOWMX DETMOHOB, NOZ0CHD
TOMy K8K MH 9T0 yCOewHO JeJaeM Tenepsr B pafloHax Co0 CPaBEMTENBHOD
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HUBKMM ypOBYHEM MeTamopgusua, [ToHATHO, YTO TdKa\ Maieore oJoris Cy-
IECTEEHHO D0JET YT KOPPeAALMN PaHHEZOKEeMOPUACKUX 00pasoBdHilu,

Cnepyer 06paTUTh BHMMAHME W 6ME HE OJWH aCHEKT PEKOHCTPyKLAU
nepad yHOil JMTONOTUM yJibTpameraMopiuros. OueBuzAHO, YTO COCT&EB HO-
pon, NoABEPTWMXCHA MepenjaBAeHUNW, HE MOXET HE BJMATEL HE NOTEH-
LA8JIBHY 0 METAANOHOCHOCT S ¥ M8T&JAJ0TEHMYECKYN CHNenAaansauun Gop-
MUDyOMECA OpM 3ToM Marume. Ho ecam aTo TaK, TO BHACHEHME JMT0J0-
TUM MCXOZHOTD METephala, NOPOAMBUETD0 MOAMHTEHHY®D MaTrMy, MORET
J8Th X0powWe KpUTEepuU AJAA GHCTPOR NMpezBapUTEALHOY O0LEHKM MEPCHEeK-
THB ~ HA 0GHA PyXeHMe B 0PE0Je MHTPysHii STOR MAIMH MeCTopoXze HMI
TexX WM MHHX 0716 8HHX MCKOIEE MblX.

06a pacCMOTPEHHHX 8CMEKTE X0pOWO COrJNECYlTCA C 3di@UdMd Npo-
rpaMMH M@XZAYy HapPOZHON reoJoTruYecKol Koppeaauuyu. OueBUZHO, WO
093 PEKOHCTPYyKUMM MEDPBEMYHOK JMTONOTMM yABTPAMETEMOPEUTOB JOOHE
IONHTKA KOPP3AALMNA HOKeMOPMHCKHX, B 0CO00EHHOCTH 8 PRELCKHX, KOM-
NIeKCoB OyAyT 0CTABATHCA BECHMA NpPOGJSMATY YHEMMU,
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A5 Jr Al

ar

HopmatnBEHe  OTHOmeHHs ansdura (Ab ), oprorzasa (Or) m KBapua
(R) B nmoremGpamiickax rpammTommax TafiMupa

A - nByCcIOEAHHE TeHOBHO TDAHMTH, B - peoMopjHueckue zBYCIDAA=
HH@ TpaHWTH, B — MarmaTHuyeckue JByCAOAAHHe TpaHUTH, I' = mopdu-
pPoGIACTHYECKH® THEICO-I'DAHMTH GMOTMTOBHE (TpPEYrOABHUKA) M OHo-
TUT-aubuconosue (ToukM), [l - nopdupoBMZEHE peoMopdMYECKME OMOTH-
TOBHe TDAHUTH (TPOYTONBEUKH) U OMOTUT-BNQUCOJOBHE TDEHOZNOPAT=
TPaHMTH, E = NopfupoOBMAHNG MAIMATM YOCKME GUOTMUTOBHE I'paHMTH
(tpeyroisHMEM) ¥ OMOTHT-8MOHC0N0BHE IpAHOAMOPHT-TPEHMTH (T0UKA).
Ha zuerpaumax HAHOCOHH KOTOKTUUGCKHME JMHMM NpH PH 0= 2000 oap,
o6zacTs TPofHOIo MMHMMyMa H N0J6 HAMGOAbWeH YACTOTH BCTPE Y9EMOC—
TH MarMaTMYeCKHX TpaHMTOB no zZaHEuM O,Tarrza M S.BoysHa
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H.A.KE o p o 6 03 a (CCCP)
TUTAHUCTHE NAPACIAHIN M KX BOSMOXHOE
8HA EHUE [N KOPPEIRUMMA JIOKEMEPHA

N.IKorobova (USSR)
TITANIUM PARASCHISTS AND THEIR POSSIBLE SIGNIFICANCE
FOR CORRELATION OF THE PRECAMBRIAN

Jlas KoppeiAuMM AokeMopHs (o0coCeHHe NPM NOIHTKAX CONOCTEBAGHUA
yABHeHEHX Dagpes0B) BOCHMA BAXKH0O BEA WHUE, K8K OTMETHN aKaj.
A.B.CHziopeEKS, WOXET HMETH M8y YOHH® 0TZOABHHX yHMKAABEHX TH-
0B MOTADCAADYEHX LOPOZ, 00IAZ8DMEX coenudyYHEM COCTEBOM, 06INH-
KOM ¥ IpAyDOYOHHHX K ONpeje]eHHHM, CDEBEMTONBHO JBKMM Bo3pacr-
HHM pyGexaM. TakoBH, HANDUMED, EK6N6BMCTHE KBAPUMTH, rpaguTuc-
THO CHAHNH, WyErdTH # T.0. B 3Told CBA3M BaxHD 00pPaTHTH BHMME-
HME@ HA TUTAHMCTHE CJAHOH - OWHH CBOOOCDASHHE M NOKE 6M Malo-
UBBOCTHHO AOKEMODMIICKME NOPOZH, KOTOPHE BNOJHE MOTYT BHODIHATE
$yEKguD TAKRX chneuMdMYeCKA KOPPeAATMBHHX 00pa 3038 HUi.

TuTauMcTHE CHAENH — BTO0 NPOAYKTH PETMOHAJNBHOTD MeTaMopjusma
8NEBPONGIMTOBHX 0CAZKOB, HOCKONBKO 0COr8WEeHHNX opramdxol (uep-
HHX MI0B), NPGBPANEHHHX B XA0PAT-CePHOAT-CHOTHTOBHE CIAHOH M
CTABDOIAT~GMOTHTOBHO KDUCTANJNMYE CKME CHAHOH, [JMBHEHM THTAHD-
BHM MMHEpaloM B 9TMX NOPOASX HBAAGTCHA WIABMEHMT, 00pasyomuit
NIBCTMHYaTHE MOPHUpOGIECTH, ZAMBMETD KOTOPHX Bapsdpyer or I-2 MM
AD 3-4 cM, 8 TeMWMHE - 0T ZodeH A0 UEAHX MMIAMMETpoB. Pasmep
ONECTUH Z0BONBEHO XOPOWO BHZGDEAH B NpezenaX 0TA6JABHHWX CJoeB, HO
MBHFETCH 0T CHO0A K CHOD. TUTAHACTHE CHAHIH 0CHYHO DPUTMMUHH, M
HAMO0N66 KPYyMHHe NA8CTHMHKM NpPUYPOY6HH K CAMHM TOHK 086 PHUCTHM
(mesmTOBHM) BJEMEHTAM DMTMOB, B MOTAANEBDPDIMTAX OHM Me.dkYs, &

B Npocaofx, CoZepEamux Goaee 20% NCAMMATOBOI'0 MaTepuana, NPEKTH-
Y8CKA 0TCYyTCTBYNT. WAbMEHMT 00HUHO clIAraer oKoJao 2% o6Bema nopo-
AH, HO WHOTAA €TI0 COA@DEAHA® A0CTHraeT 5%

[opdupoGaaCTH HABMEHMTA MDHCY TCTBYLT B QUMANMTAaX, NOABIAACH
HA Dy66Xe XIOPHT-CEPULKTOBOM ¥ XAopUT-GUOTUTOBON B0H SeNEHOCIAH-
uesoil auuu, ¥ 0CTEPTCA yCTOWWMBHMM HA8 NPOTAKEHMM BCeR amuz0T-
aupudomuTosod Qauuu. [IpH NoBHUEHMH CTENEHM MeTEMOPDUSMA MIEMEHAT-
CoJepXamMe CHAHNH NpeoGpasypTCAd B IAMHOSEMUCTHE KPUCTAIIN Y CKME
CIAHLUH M THe#iCH (CHANUMEHMTOBHE , KODPAMEDUTOBHE), B KOTOPHX MIb-
MEHMT CMEHAETCH PyTUIOM, ‘
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Eme cpamunTeasHo HopamHo (IS5 meT masaj) NoZAeCHHe HOPOAN BOOGWe
Ho OHIM H3BOCTHH, B Bawame 60-X rezes (HN0 yCTAHOBAGHO BOCEMA WH-
POEDO X DAcnpocTpPEHOHMe B ZOKeMOPMHCKMX OTAOXOHMAX HAWei OTpaE.
B I963 r. oHH OuAH oOHApDy®OEN HaMM Ha Taltmspe (KepeGema, I965),
r7e, EAK BHABEOHO K HACTOANOMy BPOMOHH, CNAr8DT NOXOCY OPOTHREH-
EocTED Gomee 400 KM npH mMpHHe BHXeZ8 5-I5 kM. B ecEeBaHMR pufes
Tumasa (Kamomemit, 1965) HeHTHMUHMe CHEBHNH BHAOXeHH B GoGpPeBCKyD
CBUTY, NpOCAGX6HEYD BA COTHM KHZOMOTDEB. Ha Koxzsckom mexyecrpese
N2ACTHEYATHE NoPJMPOGASCTH MABMOHNTA HDHCYTCTBYRT B IAMHESOMMC-
THX CIZGHNAXx CBUTH Eelts (Beapkos, I963). B mociezEMe rojH OHN 00—
HapyxeHu. B BA n-ope KeHME (Koverkem, I967), » CemepHem [Ipudaitxaiune
(EazEoBa, [oprHOB, I969). ECThH KOCBOHHNO yKA8&HHA HX nOpHcy T-
CTBHO B Toimax EEMcelicKore KpAxa M Ha JEKpamEe, Bo BCcex sTHX pail-
gHAX BOBpACT HX cpepHenpoTepeseHcKEl iubo EExHEepHeHCKME,

AyumsercA, UTO CONOCTABAGHE® MATO[DMEI0B MBYWHHA STHX chneyugu-
YeCEMX, NPHCYWMX TOABKO AOK6MODED, NOPOJ DABAHYHHX DOTHOHOB Ou-
a0 OH 0WOHS NOJESHO B LGNAX KoPpedsjdM Daspesod A8 N6 HEHX NIAOWA=
Aelt. BosMoxHD, HX M3y WHMe OyJeT NOJeEHD ¥ B APyI'EX acCHEKTaX,
BaOpHMED ANA BOCCTAHOBAGHME naneoreorpafuueckolt ofcraHOBKM HE-
KONNOHWA 0CazKoB. OHO MONGT DACHMDUTE HAmM NPOZICTABAGHHA 0 ree-
XMMMM THTAHA B yOULOBMAX BHBE TPUBAHHA, JIMTOTEHESA M [OCJS AyKWSTe
MeTaMmoppuaMma., BechMa BAEHO MX W8y YeHMEe M B KA8TSCTBE HCTOUHMKE
POCCHIEHX MECTOPOXZOHUR MAEMeHdTE (K&E COBPOMOHHHX, TAK H Ho-
rpeGeHHHX),

MoxHO npeanoasraTh, YTO PACNPOCTPAHOHMO MJIHMOHMTCOZ6DEAMMX
CAAHL6R JIOAXHO GHTH G0X66 MHUPOKMM,JeM HaM H3BECTHO, BosMOXHOD,
_QHH OpHACYTCTBYNT B Z0OKeMOpMM Kapenuu, OMHAAHAUM, QpaHLMM, &
TaKNe ABCTDAJIMM, TZe 6CTH (OraTHe MAGMEHATOBHE DOCCHIOM M WMPOED
pasBMTH MMEHHOQ TAKHe CA8HIH, KoTopue HA TallMbhpe aCCOIMMPYDOTCA
C MABMOHHIC 076 PRAMMME .

OnnT DOK&SHBAGT, YTO HMBY W HMO STHX CIAHIEB YacTo CONPOBOXAA-
eTCA OWMOKAMH B AWATHOCTMKe DyAHOre MMEepana, Jlaxe 0.BariyHEz
OQUMOOYHO HABBAJ MABMEHHT B TAllMHDCKMX CIBHLAX rematdrToM., HexpTo-
pHe HCCHOJ0BETOAM NPUHMMENY 6r0 88 O0TTPOAMT. BuzuMo, npdwmHol
omKGOE OHAS8 HEOOHYHOCTH &CCONMANMM, HE ORHASGHHOCTH I10ABJA6HMA
HOBOOGpPAS0BAHHOrD ( & He KIACTOIGHHOID) MABMOHMTa B MeTaMOppUsO-
BaHHOW ocazovyHoil mopoze. ’

OueBMZHD, YT0 MeTaMopduTH, CHoPMMDOBABEMECA B8 CWT MeTaNeNn-
TOBHX NOPOX, BACHyXMBADT 0COG0I0 BHMMAHMA B CBASHM C BOBMOEHOCTEHR
00Ha DyXeHMA ¥ HEOOX0AUMOCTEHD BCOCTOPOHHErD M3y WHMA TUTEHMCTHX
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CI8HL6B, 9Yr0 NpPUBEZET E 00186 NOJHOMY NOHMMAHWD oco0e HHoCTed reg-
JOTMYECKON MCTODHM M MOXST NOCAYRMTH NOAAM KoppeasuMM 7eKe MOpHii-
CKUX 00paso0BAHMN DasIvYHHX DerMOHOB MUpa.
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KUSHD i OPTAHM YECKOE BENECTBO B JIOKEMEPUH

ORGANIC MATTER AND LIFE IN THE PRECAMBRIAN

Ce.A.C W 0 peHEK o (CCCP)
GPT'AHY YECKOE BENMECTBO B JOKEMBPHU

SveA.S 1 dorenk o (USSR)
ORGANIC MATTER IN THY PRECAMBRIAN

Despite of the fact that the carbonaceous and carbonbearing
rocks of the Precambrian have long been & matter of interest
for the scientists, only the new scientific trend, the "se-
dimentary geolegy of the Precambrian" (Sidorenko, 1963) per-
mitted to reinterpret their nature and significance on the ra-
dically new basis and to continue their investigations on the
new genetic basis (Sidorenko, Sv.Sidoremko, 1968).

As a result of our investigations (Sv.Sidorenko, Sido-
renko, 1975) we have revealed the following:

1. "Living", blochemical activity in the Precambrian was
in all probability high enough and its role in the differen-
tiation of the substance of the outer shell of the Earth was
undoubtedly no smaller than in the Phanerozoic, the more so as
the effect of the low organized matter on the mineral substan-
ce exceeds incomparably that of the high organized living ma-
tter.

2. Lower "life boundary" appreciated from different points
of view including isotopic data on sulfur, approaches 3500 m.y.
and corresponds to the age of the oldest sedimentary complexes
of the Earth.

3. Exceptionally high turnover of water and main atmosphe-
ric gases through the living matter-convinces that this four-
fold system, i.e. the substance of the Earth exposing on the
surface - hydrosphere - atmosphere - living matter, was creat-
ed and acted as interrelated system at least 3500 m.y. age and
had approximately same nature of masses and compositions during

the whole geological history of the Earth.
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4, Lithogenesis and evolution of the living matter were
characterized by the parallel development, close interrela-
tion and interaction throughout the whole history of the
Earth's erust; they provided the evolution of the processes
and products of the geological life of the Earth's crust.

However, at present, while analysing the problem under
consideration (Sv.Sidorenko, 1974), it should be borne in mind
that, on the one hand, the diagnostice of the nature of mani-
festations of free carbon and various organic compounds in
the oldest sedimentary-metamorphic Precambrian formations pro-
ved to be in crisis and, on the other hand, that the stage of
transition from abiogenesis to biogenesis undoubtedly had to
be recorded in the geological strata of the Earth's crust.

The consideration of all aspects of paleobiochemistry
and isotopic composition of the oldest carbonacecus matter
(Sv.Sidorenko, 1975) shows, that the finding of the way out
of this "diagnostic impasse" lays in the complex analysis of
this problem on the solid geological basis and in the trans-
ference of diagnostic principles themselves on the submolecu-
lar and molecular levels. Besides, the search of the traces of
the transition of abiogenic organic matter into biogenic one
within the oldest exogenetic formations must be considered to
be the most important new aspect of the solution of the pro-
blem of the organic matter in the Precambrian.

Evidently, this gives an important impulse to the develop-
ment of the ideas concerning time and environment in which the
life on the Earth's surface originated.

But the geological, tithological and geochemical charac-
teristics both of the oldest organic matter and of the host
metasediments concordantly show, that the change from abioge-
nesis to biogenesis has to be looked for in exogedetic pro-
ducts older than 3500 to 3700 m.y. In other words, in the
period of Earth's geological history that we can review at the
present, the organic matter even in the oldest sedimentary-
metamorphic rocks is the derivate of bioclogical systems.

Thus, the "biogeology" the new scientific trend formula-
ted by us (Sidorenko, Sv.Sidorenko, 7971) becomes the very im-
portant instrument in the study of the joint development of
inert and living matter on our planet.

Undoubtedly the living and organic matter in the Precamb-
rian was as strong factor of exogenesis as in post-Precambrian
time. It participated in and controlled the weathering and the




formation of eluvial products in the seme way as in the Pha-
nercszoic; it took part in tramsportation of the material to
the deposition areas amd controlled diagenetic development
of the oldest sediments. In the course of the metamorphism
of these primary accumulations of the biogenic matter amd
their host sediments, hydrocarbon compounds originated that
later on, both in Precambrian and in post-Precambrian time,
might migrate in overlying strata and accumulate there in
the form of liquid and gaseous hydrocarbons. This "hydrocar-
bonous breathing™ of the oldest sedimentary-metamorphic Pre-
cambrian strata we catch in present time too. Without taking
into consideration this powerful source of carbon and carbo-
naceous compounds it is impossible to perform balance calcu-
lations of carbon for the Earth's crust as a whole. Finally,
Just as im Phanerozoic time, carbon-bearing rocks must have
taken part in ore-forming processes, determining many speci-
fic features of the metallogeny of Precambrian shields,

HecMoTps HA Te YT0 NOPBHO CBUZOTOINLCTEA RUBHM B ZOKEMODMM OuiM
ODoly WHH Eaykell Goxee I00 Zer Hasaj, & IereHA8pHHiI Corycium
snigmaticum CTAX XPOCTOMATHRHNM, MOTPOGOBANMCE 0COOHE yCU-—
AME MCCTeZ0BATENOH, 0CBOEHHD B MHOCAGAHME JGCATMIETHH, AMA TOIO,
Y00 CerszEA MH MOrIM paco?aTh B CEKNHUM ©C TEKHM YT 56 DAMTONb~
HHM M OOTHMHCTHYOCKHM Ha8paHMOM, KaK "KMBHL M OPraHMYBCK08 BEmMeCT-
Be D ZleReMOpHE",

Jlns EccaezeBare]eill, He BaHAMADHMXCA COemMalsHD NpoOaeMaMd, K
90CyXZ6EMD KOTODHX MH NEDeX0ZMM, MHOTOE HB TOTD, UT0 HAM yEe
MBBOCTHD M WTe 376CH CyZeT HMBNOX6HD, NOKAXOTCH HOMCTHMHO MO0pasHd-
ToABHNM. EMBHS OKABAJACH ZaNeKo He TaKoRl pHo#, Raxoll oBa npez-
CTABIAETCH, NO-BHXUMOMY, eme GOIBMHECTBY, 8 MH 38 yCTaHOBJGHHEM
€6 HCTHHEHOTD BOBpACTE CHyCKAGMCA ECe (0Jee M 0olee B rayls reoao-
THYecKp# ucTopuM,

Hazo ckasarh, Yro HCCHEA0BATANAM, BAHEMADNMMCH BSTHMM npoGieua-
MH, NpEXDZMNOCH padoTaTh B HECKOJBKD HOOOWYHOR ofCcTAHOBKE, M HX
PHEPIMS YyXO0AMZA HE TONBKO HA CAMH MCCIOZ0BAHMA, HO H HA Mpeojoie-
HME YHCTO HCHXOAOIHYE CKMX nperpajl, CBASAHHHX C W6 CDABHMTENBHD
HOZABHEME ODPEACTABAGHMAME 00 0TCYyTCTBME OPraEMYeCKOI'® BEMECTHA
B JI0KGMOpHH. T'e0A0rE-7ZI0KeMGDHCTH CTAPHETO MOKOAGHMA MOMHAT, KK
BCOPE63 0GCYXABMACH NpPOGIeMA TAK HABHBAGMOW "nepBoszasHON BeMHOH
KopH" Ha QeHHO-CKAHJMHABCKOM WMT6, — HHHO BT0 HUXHENDPOTEPUBOH-
CRMe-BepXHEapXoficKMe o0pasoBaHMf, B BHA WMTENBHON YBCTM NpeACTEB-
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IeHHH® HOPMAIbHO-0CAZ0YHHMM, HO 6CTOCTBEHHO MeTAMOPJMS0BaHHEMMA
NopoZaMM; Tew He MeHee NOCTeNEeHHD Bepa B CHAOWMHY® "MarMarToreh-
HOCTH" Z0KeMGpUA BCe Golee paspymaiach. lMeHHD B 2To#f cBAsd Xo0-
TeA0Ch GH Z0O&BMTEH, YLD CAMO CymeCTBOBA&HWE cexpuM "OpraHmyeckKoe
BEmMECTEO B AOKEMGDHMM™ HA CTOJb BHCOKOM (QOpyMe€ I€0J0I0E-70KeMOpUC-
TOB NpPeZiICTABAAETCA M 0YEHH BAXHHM, H 2TaMHHM,

B BacTosmee BPeMs MOXHO BHAGJATH, C Haweil TOYKW BSpPeHMA, ZABa
NpMEOMOMEIBED DASAMYHHX NMOAX0Z8 K WSy WHMN NPOABJE HA XMSHM B
ZpeBHe#nMX 06pasoBaHMAX BOMHOH Koph. [lepBull - DTHCKaHME M MBY U6-
HAE NpAM0 HAaGADAGGMHX OCTATKOB EMBHX (QopM, BTOPOM - yCTAHOBIG-
HHG CAMHMA DA3AidHHMM CPEACTBAMA CBUZETEAECTB M NDUBHEKOR €e Te-
YeHAS B OPOMIOM,

Ham® uccreyoBaHdMA B OCHOBHOM NDPOTEK&JIM B DPycue BTOPOTI0 HANPEB-—
IeBHA pPOWOHAs STo# npodieMu, W MOSTOMy B ZOKJIa7e MH HE OyAeM Ka-
CATECA BONPOCOB "ZoKeMODHHCKOl DazeoHTOJI0rML", pPaBHO K8K M npo-
OaeM MurpofaccHauB apeBHEMmNMX KOMIOJIGKCOB.

B cBfA3M C TOM Yr0 PeBYAHTATH HamMx padoT J0CTaTOYHO X0powo 07—
paZeHW B NOWATHM, HAM XuTeJ0ChH HACTOAWMM AOKJISA NOCTPOMTE HE KaK
A0KnaZ~-uEQopMEOMD, & KaK AOKJI87-8HAJAMB, BCKDHBADMMU HEKOTOpHe
OCHORHWE &CHNEKTH 8T0R CloxHe iueit mpoGaeMu.

Kag 48BeCTHO, HAXOKJOHHe yIA6POACOZEPEELMX M yIJ6pO0ZUCTIHX
nopoa ¥ o6pasoBaHMil B ZOKeMOpUM ZIABHO IPMBAEKIO0 BHUMAHME HCCJE—
7oparedelt, OzHaKO JMEE 83 NOCTejHME ZOCATHIGTMA 88 DyOEXEOM M
8 CCCP oTi MCCieZ0BAHMA NOXY WAM 0co00e PEsBUTHE M KaEY6CTBEHHO
HOBHE GHANMTUYECKHE M TEXHAYeCKMe cpezcTBa, Ul TeMm He MeHee K Ha-
Ay 60-x reAoB B MUPOBOH AMTepAaType N0 CymMECTBY MOEHO OHJO
BCTPOTHTH JMWH DEBPOBHO HHNE CHOJIOHMS 0 HAXOX[GHMMA B JIOKEMGpUM
Pyraepezcoie PRAMEX mopez", "yIAepOAMCTHX NPOABIGHMEA™, “uepHNX
yraMcTHY o0pascBaEdid", "rpadMTUCTHX BHAGNEHMHR™ W T.N. U eme pe-
X6 — 0 HEXOXZOHMM B 3TUX NOPOZAaX PABAMYHHX 0PraEMYeCKUX BENECTE.
oT0 OHAH, G68YCAOBHO, [OHHHO JIAHEHE N0 Ie0AOId4M ITUX NpPOABIE—
EEll, 09 HX meTPOTrpafuM, PEmECTBEHHOMy COCTABY, AGKS M30. ONHA yI—
Iepozia, HO B UOABEYyD M WHDOKyO KADPTHHYy 5TH OTPHBOYHHE CBEZGHUA
HO CKIA/HBAJNMCH M K CKOJIBKO-HUGYyAD COPHOBHHM BHBOZAM MX GHAJMS
ECCIBZ0BATONGR HE NpUBOAMN. JluA 2TOro, ¢ Hawel TOUKM BpEHMA,

B TO BpeMA H6 OHI® COOTBOTCTByDmME} HaywHol 0CHOBH, CBOErD poja
nunardepMH, KoTopas OH "noAHANE" 9TH QaKTH 0 yDOBHA BAXHHX
0000MOEM)E M NPUBLOUNIMEABHHX BHBOZOE,.

B I963 r. arazemdx A,B.Cuzoperxo (CuzopeHko, I963) Bnepsue
NpejCTABHA 5 NO0JHOM 00DOME Z0KABATEABCTBA [p6MMYyHECTBEHHD Cejju-
MeHTOTeHHON npApozH ZoxkemGpuMickMX e6pasoBsHMM M nmoxasan, yTO me-
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PBHYHO=-0CEZ0YELO N0POJH AOKEMODMA NDUHIOMIOMENBHO CXOZHHW C OTJOXE-
HUsMM fate posod. MM OuHAe c@opuyaupoBaHOD Mo CYLECTBY HOBO8 HAyuHoe
HanpaBleHMe B M3y WOHMM ZOKEMODHUA, CBASAHHDE C KAYECTBEHHO WHHM
[NCHMMEHNEM DaHHMX 2TaNoB I60JOTAYECKOr0 PasBATHA B6MHOH Kopu, Bno-
clieficTBMM 3T0 npuseso A.B.CHzopeHKe K 0GOCHOBAHUD NpUHLUNA 6ZUHO~
I0, CXO0AHOr0, HO BBOJDLMOHHO YCIOEHALWETOCH I'€0JOIM46CKOTD pas-
BATUA 3eMAM H8 BCeM WUSBOCTHOM CerOfHA OpoTAXeHMM ee ucTopuu (Cu-
ZopeHKo, 1969). EcTecTBOHHO, YT0 MPUHGUIMANBHEO HOBOE I0HUMAHME
yCJI0BMII TEO0NOIMYSCKOT0 DEBBUTUA 36MIN HA DaHHUX DTANEX NOBBOJIAI0
COBEDUGHHD [0-HOBOMy OCBETHTH (QAKTH O0GMABHHX yIJieDOAMCTHX BHAEJI6-
Huft B MaTeMOpPpMYBCKHMX NePBMUHO-0CAZ0YHHX MOPOZaX ZOKeMOpua. [loaTo-
My npuctynaa - Gomee IQ meT HAsazi K MCCIO0BAHMAM MPOGIOMH Qpra-
HAYECKOTD BONMECTBA B ZAOKOMODMM, MH CMOrIM HA HoBO{ IreHeTHUYBCKO
U MeTOZOA0OTHYECKOH OCHOBE CYMMMPOBATH HHPopMAnMD 06 yIJB PoAMCTOM
BEUECTB6 B A0OKeMOpUM, HaAKONJEHHYyD B MHOI'O WICJS HHHX padoTax
GoabWol niueffH COBETCKAX M B38PYyOEXHHX § U6 HHX.

OCHOBHHE De8yJAbTATH MPOBEAEHHHX HAMA MHOTOJETHUX MCCIHe ZoBa-
HAW MOEHO CyMMADOBATE CJe Ay OMUM 00pas0M.

T. ™iusHeHHAA", "GMOXMMMYECKARA EKTUBHOCTH" B ZUKEMOpMM Oa,

o BCeil BOPOATHOCTH, AOCTATOYHO BHCOKOHA M GEBYCHOBHO MIpala He
ME@HBUYD DOJb B ZUPQepeHyuann BeWeCTBa HapyxHo@ o0oJN0oUKM 3eMman,
yeM 2T0 QuUKcupyeTcA B (QaHeposos, TOM Joaee YTD BosjelficTBMe Ha

MK HE pallbHOe BEMECTB0 HUBKODPTAHMBOBAHHOID BGUWECTEA (K&K DTMEga—
DT MUKDOGAOAOIrM) B OrpOMHOE WICJAD P&B npesmmaer BosgelicTBMe B HCo-
KOOPTeHHS0BAHHOW EMBOH MaTepUM.

2. Huznnit "pyGex EusHM", OLEHEHEH{ C CAMHX pasHHX I10SHUMil,
BKINYEH ¥ HB0TONHHE JaHHHE 10 cepe, omycTHicA Ao 3,5 MApA. JeT
W NMPUGTMBMICA K BO3pPacTy APeBHEMUMX OCEZ0YHHX KOMIJEKCOB 3eM-

M.

3. JwiTHBEA UCKINWITEALHOD BHCOKYyO 060paUMBEEMOCTE BOZH M
OCHOBHHX T880B aTMocfepH Yepes KMBOE€ BemecTBo (B87€Ch yMeCTHp Ha-
HNOMHATE, YT0 PACTEHNA CywM ¥ 0KeaHa OCHOBJAANT BCH ABYOKUCH yI-
ziepoga (coa) armocfepu B cpezHeM sa 6,3 roga (!), & BCE 002 H
aTMocheps W ruzpocdepH, BMecTe BBATHX, NpuUMepHo 38 400 zer. Kuc-
Jopoj aTMoCfepH TAKMM X6 o0pasoM oCHoBamercA sa 5800 zner. Bea
ruzpochepa JeMIM NpoXOAMT U6PEB PACTUTENHHNE 0PI HMBMH 38
4,8 mad, ner (Jlo6pogeer, I974). Hark BuzHo, BCe 3TW 0TPESKM Bpe-—
MEHM OECKOHOYHO MaJH [0 CDABHEHMN HE TOJABKD COD BCEH I'eoJoIMysc—
Koil ucrTopueil, Ho Jlake C OTACHBHHMMA 66 MCTOPAUSCKUMNA OTDPE3KAMA),
MOgHO BUZETH, WrOD BCA DTA WTBEPTAA CUCTEMA, T.6. BEMHOE BBUWECT

1
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B0, BHXOUARNG® HA /HOBHY® N0BE PXHOCTH, ruapocfepa M xUBOE BewmecT-
B0, Coszazack ¥ QyHKOMOHWDOBAIA KAK BBSUMOCBASAHHAA CHCTOMA yX6
oo MeHpme#t mepe 3,5 MADA. NOT H MMEJA [0 MACCAM M COCTaBaM mpumep-
HO 07iMHEKOBHY XapaKTep H8 BCEM NPOTAXEHWM 0008DAMON CEIOAHA IS0~
noTMYECKOlt UCTOpPUM HEweN A HeTH,

4, OTCHZa ciaemyer, WTD § AUTOreHSS, M SBOJDIMA EWBOT0 BEmECT-
Ba HA8 BCOM MPOTAKEHMH IeDJOTrMYeCKOd MCToOpMM DaBBUBANUCE MEpaT~
IeNbHD, BO B3aMMOCBABM M B3aMMOBJAMAHMM JDYT HE Zpyra M COBMECTHO
06ecneY4Bany PBOMOLMD NPOYECCOB ¥ NPODAYKTOB IE0JMOTMYSCKOM EUBHK
seMHOM Kopu.

Opsake B Hauame 60-X rofoB, A8 M ceff9AC DAAOM HCCIGJOBATE.UE N
OCMapUMBANOCE M OCHApPUBAETCHA GUOT@HHOE NPOMCXOXJ6HMEe CBOCDALHX yI-
lepozMC THX BHieNeHH{t M yrAeB0Z0D0Z0R B META0CAA0YHHX NOPOJSX A0-
KeMOpKa. Ecau ocTraBuThs B CTODPCHE MAN0APTYMOHTUDPOBAHHHE MIM upoc-
T0 [POMSBOJBLHNE COOGDAXEHMA HEKOTOPHX ONNOHOHTOB 0 "HEGMOTEHHNC-
" 9THX 06pasoBaAHMYA M BBrAAHYTH BHA 5TOT BONPOC rIy6xe ¥ C Nosu-
yail GaKToB, TO DKAXETCA CJAGAYOUEE: BO-NEPBHX, AGUCTBUTENEHOD ZMAT-
HOCTMKE NpPUPOAH NPOABAGHME CBOGORHOTO yrAEpoAa W pPasiy yHHX op=
TAHUYECKUX CoezuHeHuit 3 apeBHelmMx ocajouHo-MeTaMopiliI8CKHX KoMn-
lIeKCaxX HAXOAMTCA B CHOXHOM, @CJIM MOXHO TAK BHPasUTHCHA, KPUBUC—
HOM NOJDXeHUM; nn—n!upux', oyeBMAHO, YTO "xMBOE" zelCTBHTENBHOD
BOBHUKIO HE KAKOM-TO OOpEeZcI6HHOM 3Tane M8 "Hexumoro", M, Taxuu
0GpasoM, MOPETHYECKM W JOTHYSCKA MH BOpaBe B NpDUENMNG CPEZM Apes-
HelluMx IreolornyeCKUX 06pasnBaHull MCKATE M AOGMOTEHHYO CTAZUD
00pa80BEHAA 0PIBHMYSCKUX CTDYKTYU.

B yem e NpMuYMHA CAOKHOCTE! B TeHeTHUYECKOM MHTEpPNpeTaLHH Npu—
POZE yTASPOZAMCTHX M yIrA6BOZOPOAHHX NpPORBAGHMIl B ZpeBHe iuux MeTa-
0CaZi0 YHHX NOPOZAX ZOKEMODUA? Jleslo B ToM, YTD, XOTUM MH TOTD MIM
H@ X0DTUM, COrOoZHA HEOOX0ZMMD CWITATECA CO CJAEJYNILMM 0YeBHZHHM
daKkTopoM: BCe MM NPEKTMY6CKK BCEe BaxHewMe NpeACTABUTENHE DCHOB-
HHX KIACCOB M IPynn 0PraHEWYeCKUX COBAMHEHMI, 0CHApyReHHES K Ha—
CTOANEMy BPOMEHW B APEBHMX M B ZpeBHelmux ocajouHEX Nopojax,
yCTAHOBAGHH B yPAACTHX MOTEOPUTAX, & MHOTHE M3 HUX - M B NOBEpX-
HOCTHHX 00Pa830BAHMAX JyHH, @& TaKKe B [OJ0d CepUM MOJ@IBHHX
SKCIIGPUMBHTOB NpPH CaMBX DaBsJMYHHX yCIOBHAX, OpACIARAOIAXCA, OH-
Haro, K TEOpeTUYeCKH NpUEMIeMHM CATYalWAM IpeBHEeHUAX NOBEPXHOCT-
HHX yoJoBuii,

Tar, mo AasHuM B.Haru, B yridcTHX MeTeopMTAX yCTAHOBJGHH 0YSHE
MHOTWO HACHUNEHHH® yI/J6BOAO0POAH THNA 8JKAHOB, MSOMPEHOWZH, anaedu-
HOBHO yIJeBOAOPOJH, OYBHH MHOTME 8pOMATHYECKME yTIEBOZOPOZH, Kap-
GDHOBHE KUCIHOTH 4 upnﬂna PAA 880THCTHX COOZMHEHMHA, BKJIOYAS N0p=
GuEH,
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B opasnax AyHHOTD peroiuTa, AOCTABAGHHNX "AnmodoHoM-I12,
-13, -I4, =15, -16" ¥ oToGpaHHHX B AOCTATOYHOA 0TASAEGHEOCTH 0T
MOCTa NocajKM KocMuyeckoro xopadas, C.llosanepyua, l.Opo, B. Harm
4 ocodeHH0 C.QoKc (BAoBHKMH, I975) OHAM 0CHAPyXeHH CJeZyDmue
aMMHOKUCIOYH : IAALGDWH, alaHMH, acnaparTdHoBAs W IIyTeAMHOBAR
KACAoTH, CODMH M MHOTZA TPOOHMH, DTAHOJAMMH, ODHMTHH M Zp.

B. Harmnozaraer, 4YTo BC6 5T BMMHOKMCIOTH 00pasoBa;uchk 6o B
pesyasTaTeé BOBAEHCTBMA KOMIOHeHTOB COJHEWHOID BETpAE, Tibo ©
yyacTueM KapOujiHOI'0 yraepoja.

B nysHOM BemecTBe, no AaHENM P, /jxoHcoBa M K.JlaBMza, o6Hapyxe-
HH BHCOKOMOJZEKyIfpHHe AJKAHH, SDOMATAYECKA® yIraAeBoAopoaH. (OeE-
801 M Zp.), 8 TaKEe CBOGOAHHN yraepoa B yopume rpafura.

He MueA 8Z9CH BOBMOEHOCTM NOZPOOHO CyMMUDOBATH BKCNEBDHMOH-
TH, BHNOJNHEHHHE NOCJB KIACCHYeCKoll padoTH Muamepa,- A UMED B
BUZY SKCHEPMMOHTH YuacoHa M [lomanepyma, Opo, Qokca, KaapsamEa
W 7AP., - MOXHO IME5 NOZYSDKHyTH, Y0 BO BCEX STHX BKCOcPAMEHTAX
GuiM CHHTE3MPOBAHH 0YEHbL MHOIMe BaxHelimMe opraHUvYeCKHe COeZMHE-
HUf. HMeHHD 3T0 mosBoauao M,Pyrredy (I973) npusHaTh, 4T0, BUAM-
MO, "HEOPrAHMWCKO® 06pasoBahue "OPraHAYeCKAX"™ CoOeMHeHER - pac-
npocTpaHe HHHI KDCMMYeCKMil mpogecc",

Kpowe Toro, B HACTOAMEe BPOMA N0Ka3aHD, YT0 TAK HABHBAGMAR
"pnTMyYecKas AKTMBHOCTHL", paHEe CWMTaBUWAACH HONPOMOHHHM CBOMCTIBOM
TOJAER0 0PraHMYeCKMX Co06ZMHEHMI GMOIMeHEOrD NpPOMCX0EA6HAA, CBoMcT-
BOHHG 4 MHOTMM HOOPraHMYeCKMM COOZMHOHMAM, M OPIaHMYSCRUM COBAH-
HEHAAM HOOPIGHMYECKOTD CHHTOB38. [I0ABMAMCEH oNpezlel6eHHN6 CIOXHOCTH
U B OPUMEHEHMM WSOTONHO-yIAePOZHOI'0 KDUTEDHA DACNOBHEHMA MHPOAYE-
T0B GMOreHesa. Bce »TD 06yCA0BMJAD COPHEBHHO TDYZHOCTH B FeHETH-
YecKoli HHTepHpeTALHH.

Buxoz M8 5T0ff CATyanuM, TAK X6 KAK M MHOIMe BapyOexHHe McCIe-
A0BETEAM, MH BMZMM TONBKD B Jla/bHelmeM COBEDHEHCTHOBAHUH M yI-—
NyGIeHAM BCEX NPUMEHAEMHX MOTOZ0B AMATHOCTHEM, B N6PEBOAS MX
H8 CYOMONGKYIAPHHA W MOJGKYNADHH}A ypPOBHM C 00ABATOJNBHHM MB0TOI~
HHM M3y YeHMEOM KMCJOPOZE, yIrJ6epoj8 M CepH B0 BCEX OCHOBHHX @par-
UAAX, B KOMOAGKCHOCTM WX HMCOOIb30BAHMA, & TAKX6 B BOCCTaHOBAGHHM
yTpawHHON, KaK HAM KaxXeTCsq, NOCTORHHON CBABM DTHX HCCIGZ0BaHMH
C TBepzo# reoloruuecKoil ocHoBoH.

Ho, kKagk yxe ynoMuHaIOCH BHWE, 6CTH M APyIras CIOXHAH CTOPOHA
paccMaTpMBaEMON MNPOCAGMH.

Jis BCEX MATepPUANACTHYECKM ¥ JAMAINGKTUYSCKHM MHCISNUX MCCASZ0-
BaTenel COBEPINOHHD 0Y6BMJHO, YTO HA KAKOM-TO ONpeZ6JIGHHOM aTale
XUMMYECKoll SBOJOLMA seMHOro (M, BOSMOXHO, He TONBKD 36MHOTO) Be-
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mecTBa "xMBAA CHCTEMA" BOSHMKIA ACMOTEHHHM NMyTeM M3 "HexMBOH",
B camoM oOmeM BAZe NyTH MOJMMEPHOTD CHHTesa "XMBOTO Bemecrsa"
dnarozapsa padoTaM npexze scero A.U.Onapusa, Jix.Bepeana, A.Xoa-
nefina, M.KanpBuHE W APYyTMX CErojHA yEe A0OCTATOUHO ACeH, TAK X80
KaK ACHO M TO, YTO XMSHG BOSHAKIA B DKBOTEHHNX yCHOBMAX M e€
caMy, K&K 5T0 H8 NepPBH{l BBrJNAJ HM [0apajl0KCAILED, TOKE MOXHO
CyTaTh, C HAme# TOYKM BpeHHA, NPOAYKTOM DKBOreHesa, T.8. 0C000H
"re oXUMMYECKOH peaKnMell] poxjeEHo# Ha CTHKe rasoBoil, EMAKod M
TBOPZOK Cpej O@syCIOBHO NpH Y YWSCTHH CONHeWHOHl M 3I8KTPHWeCHOR
2Hepruil ¥, BOBMOXHO, OpPM 0COG0M DOJNM MATHMTHOT® N0JA BeMid,

OpHaKo noxa cyry6o MaTepuansHo, 8 TOYHE® Ie0JOrMYeCKH mnepe-
X0A 5TOT He [POCAGE6H, X0TA MHTEpEC B 3TOM OTHOWGHMM K APOBHS -
UMM OCBJOUHHM 0GDEBOBAHMAM 36MIM § GUDJIOr0B M GUOXVMUKOB MPOABMI-
CAl CpaBHEMTONBHO JABHOD, & WBYY6HWO® MX DABIMYHHMA MOTOZAMM 3TUX
HayK ocymecTBAseTCA M cellw@c A.M.Onapunbm, B. # J.Haru, 3.Bapr-
XopsoM, [x.longom, H.Opo, O.KrayzZom u zp. B camee nociezHee Bpe-
Ml BHOBE BEDHyJACA K 0DOCyXAeHMD 5Toff npocaemu M.PyrreH (I973).

lEage roeeps, B HACTOANS6 BpeMA NP6 HAMM BCTaeT saja'|@ 00—
HCKa CpezM JApeBHeAmNX NePBYUHO-O0CEZOYHHX OOPOA SeMId reoJord-—
YOCKMX CABJ0B Nepexoja 8CMOIOHHWX O0PraHWUeCKYX BEmMECTE B OHOI6E-
HHO, T.0, B878YA [0MCKA I'e0JOTMUSCKUX CBUAETENECTE BOSHUKHOBOHURA
EMBHA W DAHHMAX DTAMNOR 66 XMMUYECKON H I60JM0IUYeCKOd SBOMOLHM. Mu
yOexZloHH, Y0 9T8 NpPOCJ6ME M B Ie0JOTMYeCKOA 6@ (opMyAupoBKe
OpezAcTaBAAeTCA COrojHA 07HOH Ms HauCoI®e 8KTyalIbHHX, MOCKOJIBKY
JanpHe fmui nperpecc OMOJOreB M OMOXHMMUKOB B 06J8CTH BOSHUKHOBOHHA
M pagBUTHA EUBHM HA SeMig (68 KOHKDOTHHX MaTepMaIBHHX I6 pI0T0-
GMOXHMM YECKMX MAPKEpPOB 2Todl SBOJNLMUM OyZeT MeHee s)PeKTUBHHM.
Kpoue Toro, MCCIGAOBAHME T4KOI0, C HaWey TOUKM BpPeHUA, B HOJHOH
Mepe "reoJordvYeCcKoro o6beKTa", KAKHM SBAAGTCA XMBHD, BOBMOXHD
(# HeoGXozuM0) U TEOJOTaMmA; BeXb CEI'ONHA OUEBANHO, KaK 3TO NOKa-
supaer A.l.Onapus, we ".,.008HATH CYMHOCTH EW3HMA HEBOSMOEHO B
OTpHBE 0T yCJ0BAR 66 BOBHARHOBEHMA"™ M, A06ABUM 0T CeC0f, 0T Ie0-
noruYecKoll cpezH. lMeHHo 5TA TecHelu&8sA CBABS XMBHM, XUEOI'D Be-
mecTBa M KOCHON MGTODHE B UX COBMOCTHOM DABBMTMM B M0BEPXHOCTHHX
yacTaAX Hamell DISHOTH MoBBOAMZA aKazeMuKy A.B.Cuzepenre cfopuy s
poBaTh HOBOE HAY WH0O HANPaBIGHHE = GHOIS0IOIUD.

OzHaEe eCTh M COHWEC .Ie0NOTMYeCKMe OCHOB&HUA OXMJAETH,
9Tp MH MOX6M 00HaDyXMTH B MB8BOCTHHX COrofHa ApeBHeHmux ecafeu-
HHX KOMOA6KCAX BTeT 3Tal NMepexosa abuoreHssa B OMOreHes?

B BacToAmee BPEMA, KAK HBBECTHO, 19 YTH BCE MCCI670BATOIH CXO-

AATCA B TOM, WUr0. CBOGOAHNE KMCHODPOA 8TMOODepM BeMiId CHoreHe:,
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TAK X6 HAK M B TOM, YT0 OD6PBHE "XUBHE CHCTeMH™ BOBHUKIM B Gec-
KMCHopOZHO{l BoCCTAHOBMTeABHON cpeze. I'e0J0rMYeCKUe W TI'eDXMMIYEC—
KMe BapUaHTH "A0KMCIOpOAHOU", TAK HasWwBaeMmoit "TAxeaoi", OpuMa-
TWBHOHW arMmocdepe Bewmiu, paccmoTpeHHne B.Pyou, T.Kpu, lix.BepHaioM,
A.ll.BuHorpazosuM, H.M.CTpaxoBHM ¥ ADyTMMM, [DKE838JM OZHOBPEMEH-
HO HE TOJABKO 66 XUMUYOCKYD cOeyuuKy, HO ¥ TOT BOBMOKHHI COGKTP
OPOAYKT 0B BHBO TPUBAHMA 4 COJMMEHTOreH638, KOTOpDHI Mor Opu 3TOM
cfopuuporaTsCi, He 0TBAGKAACH HA WCTHOCTH, MOAYEDPKHEM, uTo, 0O
MHEHMD COJBUMHCTBE MCCAG0BATEN6M, BT0 AOJKHH OHIM OHTH BOCHMA
coepupuyecKue, MOXHO Jlaxe CH4B8TH SK30THUGCKME IOPHHE NODPOZH.
3B6CTHN NM TAKHO MOPOAN B TIyCoKoM AOKEMOPUM? ¥ wdTHBE&A OTHO-
CHTEIBHO XOPOWYD M8y WWHHOCTH HAMODJE® JDEBHUMX 0CAJI0YHHX HOPOA
SeMmd, MOXHD yBOPeHHO CKA3aTh, W0 NOZOGHHWX [0poZ NDKA He Us-
BecTHO. Takuum o6pasoM, X0YeTCHA 6me pas MNOAYEDKHy Th, YT0 B 00HA- -
EanmeMCA Celiyac nepez HaMi¥ JAOKeMODHM MH HMKAX HE MOXEM BHISTH
"NepBEHX 0C8Z0YHHX I'e0Jol'MYSCKAX cU0eB" seuHoll KopH; oHM, Gesy-
CHOBHD, I6xaT IrIy0xe, cTpaTMrpafMyeckKd HUxe HAWG0NEe ADPEOBHMX
M3BECTHHX HAM NOPOZ M B HACTOANMEe BPOMA eme He oCHApyxeHH, OrcK—
78 AOJXHO OHTH ACHO, YP0 IE0JOrMYECKMe JAHHNG B8HE WTOABHO CO-
KpamanT HaZiexjh H8 ODTHCKAHMe B MBBECTHHX COrO0fHA JApeBHelmux oca-
AOYHHX NOPOZAX COCYyMOCTBYDWMX "NpeaARMBHM™ U XHSHM,

HaroHel, 8A6Ch CHGAYET X0TA O KDATKD 0CTAHOBHTHECA HE Npooae-—
MO TGK HABHBAGMHX " OProHUB0BAHHHX" MIM "CTDPyKTypPHHX" DAEMEH=
T0B, 00HApyEMBAGOMHX B ZpeBHe{WMX 0CAZ0YHO-METAMOPHUUECKMUX NOpPO-
78X BeMId, KOTOPHO® TPAKTYyOTCA HOKOTOPHMM MCCHOZ0BATENAMH KaK
00yruepoxeHENe OCTATKM MEPBHX NPMMUTHBHHX 0PIE@HMSMOB HJA BoA0-

. pocneft., OfHAKD M BAOCH NPoGI6MA TAKEE 0CTA6TCA OTKPHTOH, MO=

CKOIBKYy 3TH "CTPyETypH" 00HADyXUBANTICR M B JipeBHOMmMMX 0CajKEX,
B WCTHOCTH B 0THOXeHMAX (Qepmauuié ®ur-Tpu, OHBepmaxT, BuTsa-
TOPCPAHA, MMODMUX BOBPACT (0N8e 3 MIPA. 6T, M B yIrAMCTHX MOTE—
epuTax,

CerpaHs MH MOXOM B8KIDYATH, YTO0 BCO STH CTPYKTYPH 0THECATCH
K THOYy MMKDOKDMCTAINMTOB, M B STOM CJy 986, KOHOWHO, 0HM HUKAKOT®
OTHOWO HMA K PACCMATpMBAEMO{l mpoGaeMe He UMODT.
" lTak, 0YeBMAED, TT0 CeHYAC BCTAOT MCKADYMTOXBHO CIOEHEA, T[YA~
HAs, HO YpesBHYANH0 MHTODOCHAR Npe0NeNA Ie0JOTrHYSCROre mpevyre-
HUA BOSHUKHOBOHHA XMBOr0 HA Semae, CoBepmeHHD 0YeBAAHO, YTD 278
npo6aeMa A0NEHE DPOWATHCA, BO-N6PBHX, KOMINGKCHO, LeXeEaIpaBIeH-
HEMM YCMUMAMH Ie0Nores, CMONOr0B, OMOXMMMEOB H SHAIHTMKOB; BO-BTE-
pHX, ¥ 2T0D riaBH06, B0 BCOX CIy WAX MCC/BJ0BAHMA J0JXHEH NpPOBO-
AMTHECA HE TBepzell reeleruiyeckeid ocEomse. XoTemoch OH o0paTuTh BHM-



MaHMe HE TO, YTO 33 YACTyD TaKMe WMCCAGZO0BEHUA HE COIDPOBOXAAWTCHA
Ji8TAJBHEM I'6CJI0TWYeCKUM, N6 TPOrPagy YeCKUM U JMTOA0I0-(8 Uk aaAbHHY
M3yueHnaM, B peweHMH npoGJeMH OPré@HWYECKOI0 BEWECTEA B ZOKE MG~
pPUM MH DTZS6M NPMMAT Te0JOTUWCKUM M JTMTOA0DMYECKHM HAOANZEHUAM.
ToXbK0 ©TTAJIKHBEACE 0T STHX ZIaHHHX, MOXHO OPaBUJILHEE MHTEPIPETU-
POBATH W N0Jy YGHHHE HAMM DE3yJ/JHTATH Nale0CU0XUMU WCKUX HHEILI—
308,

BagHeduMMKM ZIAHHHMM 0 PacOpOCTPAHEGHHOCTH M DACHOPeJieEHMM CBO-
OOZHOTO yIAEPDAS8 M yIIAeBOAODOAHHX COGZMHEHWA B JOKEMOGpPMM, MOJy YeH—
HHMU B De3ylibT8TE HAWNX MCCASA0BAHMM,MH CUATaeM CHeNyoime.

I. YraepoZucTHA M yTAGPOACOJe PRANME MOPOZH — WAPOKO pacmpo-
CTpaHE HHAA M HEOTBeMJIeMAs COCTEBJADNAA 0CAJZOYHO-METaMOPOUUECKHX
TQaN B lIpeZeNax NPaKTMUeCKM BCEX WSBECTHHX DPETWOHOB pacnpocTpa-
HEHMA KaK apxeficKdx, TaK ¥ NpoTeposolicKMX 00pasoBaHuil.

2. B 7oxemopuu, K&K 4 B QaHeposoe, HauGolee xapaKTepHoli acco-
nquau¥ef mopon, COJAEPXEUWAX CBOGOAHOE yIL/IePOAMCTOE BEuWECTBO, AB-
JIAOTCA TJMHUCT 0—-CHASHI[@BLE HOPOZH M 00bHUHHE MJM BHCOKOTIJIAHO36MAC—
THe IHeliCh, UTHOCHTEJEBHD peXe yriepoACOZepXamue MOpPojH BCTDPE wa—
PTCA B 8CCONMATHEEDA CBfHBM C KaPOOHATHNMN [OPOJEMM — MpPAMODDAMA,
Z0JOMUTaMM, KaAbuu@upamn,., HauGolee pejKo yriaepoAcCOAepEKalMA OH-
BanT KB&PUMTH W KBADOUTO-NECYSHUKM. B 5TOM ®e DALY DOPOL yOHBa-
€T i CTENEHDh WX HACHUEHHOCTIM yIJePOADM.

3. B0 BCex 063 WCKIWYBHMA CIOy Y8gX B META0CAZ0YHHX [10DOAAX
rpa¥ToB06 WAM yTAMCTOE BEHECTED pDacnpocTpaHeHo U paclipeielneHo
COrJECHD C Ie0JOTHYSCKUMM ¥ JUTOIOTMYSCKUMY 0COCBHHOCTAMU CTpoe-—
HUA [0pOJ W ToJm;3TO Xe LOATBEPKAAETCHA M JIETAJbHHMM HaOIADZEEMA-
MM 0 TOHKOMy P&CHpEAENEHMD TOYEYHD/ TOHKOAMCIEPCHOA QopMH yTie-
POJMGTHX BEWECTB B STUX Nopozax (CJAOMCIOCTH, MUKPOCADMCTOCTE,
PUTMMAYEOCTE).

4, PacnpoCTpaHeHHOCTH CBOOODAHOrO CUOTeHHOIO yIAepuja B pasldy-
HHX TUlax 0Cal0YHO-METaMOP(M4YECKUE NOpPOA ZOKEMOPUA BIOJHE COMOD-
CTAaEMM@ C pacCHpOCTPaHEGHHOCTHN 0DraHWYeCKOTD yrJeposa B OCHOBHHX
TUNaX 0CAZDYHHX TOPHHX [HOPOJ M B COBDEMEHHHX I6J&8TMYeCKHX 0Caf-
Kax,

5. VMBHHO B META0CAA0YHHX NOPOZAX JAOKEMODMA, HACHUEHHHX yIJe-
POIOACTHM BEEECTBOM, OGHAPYXWBAKNTCA TEEpPAHE, KUAKME M I8 3000D&3HHE
yTIeBOAOPOAH, COAGPRAEWE MHOIME yII6BOADPOAHHE KOMOOHEHTH TMnAY-
HO HeTAHOIOD pPANG.

6. HaxkoHen, OpoBeZOHHHA HAMU JNUT0JOT0-(aUMEIBHHI &HIAMB yIae—
DUACOZEDRAIMX KOMILGKCOB Z0K6MODAfl 10K&3aJ NPUHOUOAALLHYD &H&IG=-
THUHOCTD AX TWIIOB KGK B JDKEMOpUM, 1aK U B (aHeposzoe.
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Takum o0pasoM, 6CIM MH P ACTBUTENBHO BAZMM, YTO [pPOABIS Hue
CBOODZHOTO yI/AepoZa M DABINYHHE YyTJIEBOAODOZH M ZDYyIMe 0praHu-
Y6CHUE COEAUHEHMA PacHpoCTpaHeHH W pacnpepeieHs B NePojsx zo-
KeMOpUA B [OJNEEM COOTBETCTBMM C TeM, K8K DAaCIpPOCTPEAHEHD U pac-
npejeleHo opraniyeckoe BENECTBO0 B DCAZ0YHHX NOPOUAdX QaHepoaos,
€CJI Mu BMAMM, YTO OHO NPAKTAYECKA BO BCEX W3y WHHHX Cly ¥agx
ABIAETCA HEOTBeMAeMO¥ COCTABHOR YaCTHD HTHX NOPOA M TOHKOCIOUC-
TO ! DATMHYHO P&a3MemaeTCA B STUX 0Caj0YHHX [N0POZAX B COOTBETCT=-
BUM C IUTOJOTH WOCKAMM, (8UME8.BHHMM M MUHEPATIBHHMM CCOGEHHOCTA=
M4 9THX NOPOA, TO 3T LEHHHG MOXHO Ippaspo G0JB6 yBepeHHD MH-
TEPNpeTHPOBATE KAK CBMJETENBCTBE0 TOI0, 4YT0 B HAWMX PyKax zsfcr—
BUTENBHO 0CTATDYHOE BEWECTBO - NPOMBBOAHOE GUOJOIMYECKUX CUC-
TeM. beccnopHo, 4YTO EWB0OE ¥ 0DTAHMYSCKOE BOWECTBO B ZOKeMOpuu
GuJIo CTONB X6 MOTY WM QaKTOpOM 3K30reHEe3a, KaK W B NOCTHOKEMG—
puitckoe Bpems; OHO yYSCTHOBAJNO B MPONECCAX BHBETDUBAHUA BIOBM-
NBHHX MPOAyKTOB, Ta8K X6 K4K B (QaLeposce 0HO yYacTBOBANO B Nepe-
HOCE BENMBCTBA K MECTaM €ro CeAMMeHTALMM ¥ wlIPeledAl0 AUSTreHeTH-
YECKyW XMBHB ZpeBHeimdX ocajKoB., B npoyeccax mMeramopdusua aTux
Nepsd YHHX HAKONJAGHWL OMOTreHHOrD BelWecTBa BMecTe C MeTauopdusa-
nuell BAKINYADWUX MX 0CABZKOB DOEAGJACH yTA6BOZAOPOAHNE COEAMHEHUSA,
KOTODH6 BOOCJAEACTBMM, ¥ B ZOKeMODHACKOE, ¥ B NOCTJOKEMGPUACKDE
BPBMA, MOTAN MUTPMDOBATEH B BHUEJEXAWME TOJWM [TOPOA W HAKANIMBETE—
CA B BUJIe ERUZKAX ¥ Tas3000pasHHX yriaesogopozos (CuzopeHxo, Cu-
Zoperro, I973). "YraeBoioponHOe NHXaHue" ZApeBHeUWMX 0Ca0UHO-
METaMOPPUYSCKUX TOJN ZOKEMOPHA MH yJaBJIMBAEM M CeropHsa; 6es
yuyera 3TOI'0 MOMHOI'D MCTOYHMKA yIAepoZa W yrJAEPOAMCTHX Co0€JUHEeHM I
HeJib3A B HACTOANE® BPEMA OPOBOANIDH OalaHCHHEe pacyeTH [0 yIie-
pozy AJMA 3eMHofft Kopw B neloM. HaxoHew, Kak U B gaHeposouckoe
BpeMs, yrAEepoACOJiepxamye DOPOZH AOJXHW OHJM Yy YyaCTBUBATEL B Npo-
fgeccax pyaoo6pas3oBaiusa, ONPeAsldAa MHOIMe crnenufudyeckue uepTH
METEII0TeHAM ZI0KEMOPLACKUX MUTOB.

B sakipmyeHMe XouyeTCH BHDABHTH eme pas yOexzeHdc 0 ToM, YTO
TOIBKO0 KOMIOJIEKCHHW OOAXO0A K pPEueHMO DTO# uumepecuuq ¥ BaxHOH
NpoGJieMd M03BOJMT CO BPOMEHeM IPUGAMBUTECH K MOHUMAHUD TOTO,
KOrza %6, TZe M KaK [pOM30mJS OKDYyHAKNAA HAC EM3HP M KaK 0HA
BJIMALA HA MOPOZAO-# PyZ006pa30BaTE/ABHHE .POLECCH, pasBUBaIMe-
CA B 36MHO{ KOPO® Ha BCEM NPOTAKEGHMM €€ I'6 0JOTdYeCKOA WCTOPHM.

JUTEPATYPA
BaoBuEKMHE TJ., I975. Sxsoouenorus JyHd. L., "Hayka'.
NHoo6pogrees 0.0., I974, OnHT KOAWYECT BEHHOL DLEHKM
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A.U.0 n a p & B (CCCP)
BUOJIOTY ECKMA ACMEXT IPOBIEMH
OPOUCXOXJEHUA XUSHH

AW.Oparin (USSR)
BIOLOGICAL ASPECTS OF THE LIFE ORIGIN PROBLEM

Astronomical and geological data as well as the rssults of
model experiments allow to consider the possibility of abioge-
nic synthesis of diverse and most complex (polymer) hydrocar-
bon eompounds in separate local (subvital) regions of the pri-
mitive Earth, as very probable. Transition from the chemical
evolution to the biological one was marked by appearence of
new qualities, peculiar only to living forms. These are:

1) overcoming of the entropy increase; 2) emergence of the
organization "expediency", i.e. of the adaptation of intramo-
lecular and supramolecular structures of parts to their fume-
tions as well as the adaptation of the whole to the existence
under given environments, and 3) emergence of the imlcrma-
tion transmission peculiar to life (heredity). These quali-
ties could not arise on the molecular level.

The generation of the phase-isolated multi-molecular open
systems, that could grow up at the expense of substances and
energy of the medium and progressively evolve on the basis of
a new biological law, the natural selection in the originsi
Darwinia meaning of the term, was necessary Ior thoir appes=
rance.

Formation of such systems is also widespread now, under
natural conditions as well as in the laboratory work with high-
mclecular compounds. Model experiments with such systems de-
monstrate 2 full possibility of their natural selection under
the influence of environment.

It is conceivable that the so-called "organized bodies™
discovered in the oldest Precambrian series are similar in
their nature to the "Probionts"™, the life predecessors emerged
from the phase = isolated systems.
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CoBpeMeERHe yCHOOXH DAZIMOACTDPOEOMHAM MOBBOIMAM y CTAHABMTEH HAIMYUe
GOABWOr0 PABHUOCPABMA JILAGPOAMCTHX COOZMHOHMN (BpPraHdtYeCKUX Be—
HOCTB) B MOXB3BOBZHOM ODOCTDAHCTEG. YX6 CDABHATENBHO JABHO B76CH
Ouio 00HADYyXeH) H300AIMe TAKAX CPABHATENBHO MOPOCTHX A HA3-
KOMOQZOKyIfDHHX BOMOCTHE, KAK (OPMAIBAeTHZ, NMEH M €ro OpOoMSBOAHHSE,
OQMAHOIeH, NHAHOANOETMISH M 7D, [087HES B76CH GHIM KOHCTaTHDOBAHK
MHOrOUHCIOHEH® HMBEOMONOKyIADHHe 8IK&8HH, cOMpTH, sdupH, amdzs,
GPOMATHYSCHEO® M I'OTODONUKIMYOCKME COOZMHOHMA. MHOTHe H3 BTHX Be-
MOCTR MOrIH 00paseBaATHCA B MOXBBOBJHOM NPOCTDAHCTE® B DOsyIb-
74T PITOXMMUYOCRMX CBOOOZHGpajMESIbENX pearRnMit. OZ:aKo ceityac MH
MMeeM JEHEN® 0 BAIMYAM B KOCMOCe® TAKXO M 0Y6OHSF BHCOXONOZORYAAPHHX
JIIeDOIECTMX COOZMEGHMY, HAMPAMOD NG RMIMKIMYOCEMX yIuepejos, Ko-
TOPHE MOI'AM GHTH CMHTOSMPOBAHN TUABK® B 8ACOPOMPOBAHHOM COCTOAHMM
HA8 MOBEDXHOCTH OHNGBHX GACTHN MAM NPH MX 00Ny WHHEM BBEBAHOM pazu-
anueif, MAM WCTe EATANMTHUSCKEM HOyTOM.

Tep6iu eme ® I970 r, BHCKA3&I NpPEZNOI0XOHME, YTO MOX3BOBJHHO
JrIepoZMCTHS® MONGKYZH, & TAKES QPraHWWeCKMO BONMECTEA MOTOODHTOB
MOTYyT MMETEH 00N NDOMCXOXZ0HHS, CyAd M0 MHPI®WMCIOHEHM N0CIOZyD~
EAM padoTaM, B WACTHOCTH OO0 MCCIOZOBAHMAM AHAEPCE M €TI0 NKOIH,
BOCEMA BEDOATHE, UYTP METOODHTHHO COeZMHOHME yraepoza 06pasoBANMCH
eme B COMHO gHoff HeGyze mpu P = 10™° amwmocdepu # T = 360 - 380%K
Gmaropaps peakydsM Mmexgy CO, Hz H lm5 , KOTODHO CHIM RATAIMBMDO-
BEHH IHNEBLMM BOPHAMM MATHOTHTA HIM I'HApPETHMPOBAHHHMM CHIMKATAMH
HAmeZe0ue H3BeCTHo!l peaxknud Qumep-Tponua, MCOOALSYyeMofl B TEXHMKS
AR NoXy YOHHA IeBeIMEa,

oM GopuEpoB&EMM nNEaHeT CoXHEYHOH CHCTOMH BO BHYTDOHHOH 4aCTH
HeGyum Gomee 90% ee yraepoja ASIXEe Oui0 OHTH NOTEPHE0 HADAAY C
BOZODPOADM, TOIMeM ¥ APyTH: TOTYIAMH BemeCTBAMM. [IZBHETH M acrte po-
H7H MOTXM COXPAHMTH OPH CBeeM HOpMADOBAHMM TOJNLKD HEMMEHE® JI6TYy-
UHe BHCOEOMOJZ®KYAADHM® C08MHOHWA yIaspoas.

B noape pxEy sTolt runmoress AHAeDPC OCYMECTBMI GONBNES WACIAD MO-
ASASHNX ONHTOB, OPM KOTOPHX 0H Harpesax cuecw CO, H, m NE
C HMEOX5~XONOBHHM MIM IAMHHCTIM Z5TaAdB3aTOPOM B TOWOHHS MHOIEX
WACeB OpE TOMOepaType 250=-300° C, leay weEHHMe HDH DTOM BEmECTBE
BEKIDYAXH GONGEMHCTEO H3 HBBOCTHHX NOUMATOMEHX MOXBBOBZHHX MOI6-
Ey3, TAEKAX, KAK T'OMOIOTMYOCKN® CODHE ANETHNOHOB, AMEH0B, SAKOIr0-
meil, axsierHzes, KOToHeB, 5PMpoB, HMTDPHIeB, AMHHOB, H LMKIMAUEC—
KMX KOMOQH@HTOB, TAKMX, K8K QypaHH, OHDOANH H AP. AHAJOTHYHNE
JOMOCTEA W MX BHCOKOMOXGEYJNADHH® NPOMBBOAHHe OCHADYXOHH TAKEE B
JTAMCTHX XOHZIDETAX, K0TODHE BOBHMKIM M8 8CTODOMZOE,.
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/3 CHABAHHOIO MOXHO IOPEANONOXMTH, YTOD ¥ 36MIR yX€ NPH CaMoM
CBO6M 06pa30BEHMM noly Wi "B HAcCAeACTBO" 0T KOCMOCA BSHE WTEdb-
HHR 8&nac aCMOTreHHHX OPraHMYecKUX BOMECTB, B OCHUBHOM, COTJACHO
AHzepcy, HeNETy WMX y II6POZIUCTHX COSZMHOHU{ CO BHA WATEHABHEM Y4C—
JIOM yTA6POAHHX 8TOMOB B MX MOJOKyIe, KOTOPHE [03TOMYy BOWIY B
COCTaB N6PBOHAYA/IEHO (0J66 IOMOT6HHOr0 TBEDAOI0 TeJ8 Haueft num-
HOTH, . :
KoHe Wo, BpAj IM MH MOEEGM DacCuTHB&TH OCHADYEATH STH B Nol-
HOM CMHCI6 CI0B& "OBOEMIFHHE" KOCMUYECKHE COOZMHOHWA B 0CAZG Y-
HHX O0pOZiaX COBPEMOHHBH BEMHOM KODH. 3HA YMTOABHAA MX Y&CTH J0JXK-
H8 OHJa N0ABEPrHYTHCA NHPOIM3Y, JA6TYyWe NPOAY KTH KOTOPOTO BHEJA
HA 38MHYD NOBOPXHOCTH W BOWMAM B COCTAB 66 BTOpUyHol arMmecdepu.
Jlpyras 4acTh KOCMAYECKO! opreHMKM, NpeTepNEE DAJ XUMMYBCKUX MUB=
MEHGHMH, NMOCIyXHIS 0CHOBOH AJA BOSHMKHOBEHMA NpOCMOHTOB, 8 B88-
TOM ¥ NepBMYHHX OpPraHMsMoB. HakoHey, TpPeTsA YacTh [OIJA0mANACH
NepBMYHHMM OPTEHMBMAMM M OPUHAJNA yYACTM6 B MX GMOJOTMYBCKOM 00—
ME6H® BONECTB, OTOT NOCHOAHMYM Npouecc WeJ HECDABHEHHO OHCTpE®
W DHeprMyiee, YoM MCXOZHHE 80MOTHYECKME NPEBPAWEHMA OPraHUuKM, M
NeaToMy OH MOYTH NEJMKAM SACHOHMI coCoff aCMOTMUECKMAE NpOL6CCH
SBOJNLUM yI7e PoAMCTHX COOAWHEHWH, CoBEpNABNMECA B BOMHOH Kope.
[loaTouy o6HAapyXMBAGMHO B He{l opraHMYeCKHe BEmMECTBA 0OHWHO OPUHA-
T9 CUMTATH GMOr@HHHMM, NOABMBUMMUCA B Pe3yIbTATEe pacnajza XUBoi
MBTEpHK,

OzHako ceffyac CTAJN0 COBEDWOHHO OYOBMAHLM, YTO [OABEPrOMecH I'Ey=-
GoxoMy pacnazy GMoJ0TrMYeCKHE NMPOAYKTH, ZGKE NOJHOCTHN MUHE pald-
80BaBuMecsd OPIEHMYBCKME BeuWecTBa,MOTYyT B PesylbTaTe KATEIUTHYaC—
KMX [OpONeccoB, MAyWAX Ha NOBEPXHOCTH MAHEDAAbHHX YBCTHIL S6MHOH
KODH, BHOBb CHHTO3MDOBATHCA B0 BCO (G0Jee M 6066 CIOXHNE 0praHu-
JeCKHE COEJMHEHMA yX6 TMCTOD GOMOTHYECKMM NyT6M N0 NMpHMEpy pear-
guu Quuep-TpoONUA M 8HAIOTMYHOIO CHHTesa amdxokacior us CO, Hy M
RH5-

Kak MH ZOoNXHH paccMaTpUBATH 8TH BEMACTBA W NpOLECCH ux 006pa-
80BAHUAT

KoHe wio, MX yraepozHHe &TOMH yX€ NOCHBANM B XMBHX CyWECTBAX,
4 ¢ 3T0d TOUKM BPOHHMs OHM GMOreHHH, HO NPOLECCH MX BTOPAYHOTO CUH-
TEB8 HOCAT ACMOTHYOCKME XapagTep M MOTyT pACCMATDUBATHCA HAMA
KaK OpoOecCH, 8HAAOTMYUHHE TeM, KOTODHE NDOACXOAMIM B BeMHOHU Kope
eme B 0TCyTCTBM® XU3HHM, C 8Told TOUKM BPOHAA OHM LpPEZCTEBIADT
TpoMazHHil RHETepeC ZIA M3y YeHMA SEOJADLMM OPIr8HMYECKMX BEWOCTH HA
NyTd K BOBHMKHOBOHUD RMBHH,
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OzHEKO 70 NOCJSHETD BPOMGHM 3T8 DBOADLMA MBY WAECH IJaBHHM
n6pasoM H&8 OCHOBAHMM MOZONBHHX OMHTOB, WMUTADYOMMX CUHTESH,
npoucxopuBuMe B rasoBoll dase W B BojHOM pacTBope, B aTMocepe u
THapocdepe 3eMan, M8y veHME XMMHYECKONl 5B OMADNHM 0PIEHWYSCKAX
BONOCTB B BEMHO# Kopeé B NPHUDOAHHX yCIOBMAX KpailHe B3&TpyZHO HO
OPOMCXOAAMMMY B7l€CH MOWHHMM GUOJIOTMYECKUMH mponeccamu. [loaTomy
OHO NMPOABMEYJIOCH 616 0YEHD HEBHA WATONEHO. B OCHOBHOM MBYuaeTCH
I4mb pacnaj OMOTEHHHX 0PraHM4YeCKMX BOmECTB M MMODTCA IHWb 096 HE
OTPAHMYOHEHE NONHTKW - OTHCEAHMA yCA0BMM, B KOTOPHX BC6MOTeHHHE
CMHTOBH MOTYT OHTH KBYYEHH BHE B38BMCHMOCTHM 0T GUONOTMYECKHX Ipo=
[ecCoB.

Topaszo GoJee NEPCHOKTHMBHHMM B yKEBAHHOM OTHOWGHMH MOTYT SBUTE-
CH MOZeABHHE ONMHTH, BOCHPOHBBOZANME BCE Con6e W 60188 YyCIOEHAD-
MMeCHd CHHTESH OPraHMYECKMX BOMECTB, 87COPOMPOBEHHHX HA NOBEpXHOC-
TH ONpPeeJeHHHX MUHOpPANBHHX 00BOKTOB,HM MPeTEPNEBADNUE BAECH
DPaBIMYHHO KATAAM3MPYEMHS HO 0PraHMYeCKMMM KaTaZus3aTopaMH peaK-
OUM,.

Jxe celiwAC CTAHOBHTCA ACHHM, 9YT0 XB8pAKTep KakK aTolf azcopOuuu,
TaK M OCyLeCTBAAGMOI'D BJ6CH KATAIMTH YOCKOI0 CHHTESE MOXET OHTH
0YeHL MBOMPATENBHHM M coenudMYHHM. Jlaxe NpocTas pPearKnus Qumep-
Tponma JA6T NpeAyKTH CTDYKTYDHES ropasid 00I66 CENGKTUEHHS,
YeM BOMPCTB&E, [OJYYEaeMHEe NpPH CBOOOZHODAJMEKEBIBEHX DOAKOUAX MIH
Gpa DOAKLMM HOPOCTOrS 538MMONSHCTBHA KapOuzs xeIesa C KHACI0-

Tol,.

[leoToMy rasoBo-xpoMarorpafuuecxas KpUWBas NPOZYKTOB PeaRIMM
umep-Tponma EOCHT BHAWATONBHD 883y0peHHWE xapakrTep (aHajoruy-
HHif KpABHM OMOIe HHEX O0GB@KTOB), B NPOTUEONQAOXHOCTH BHDOBHE HHHM
KpABHM KapOuz0-KMCIOTHOIr0 CHHTes&, 0 4YeM mdcax KalibmME.

HanGonee NOPCHNOKTUBHHME 0GBOKTAMM, I'/6 MH B NPHPOAHHX yCIo-
BUAX MOXEM HAJIOXHO 0TMEX@BATECH 0T GMOJOIWYE CKHX IMPONECCOB,
ABNANTCH BHOBOMHHE TeJA — NIAHOTH, KOMOTH M B 0C00@HHOCTH METE-
gDHTH - yrOMCTHO XOHADHTH., ACHOTGHHHU X8pAKTeD OCHOBHOH MeTeo-
PUTHOYM OpraHMKM cefiyac H6 MORJNEEXHT CoMHeEMD. KoHe WHo, €0 CUE-
Te® NPOTOKAN B WHHX yCHOBMAX, YeM Ha eme 063xnsHOHHOM Semue,
0JHAK0 CHenMpUKa DTOTD CHHTE38 0WHH noxasarelsHa, Tak, Hampu-
Mep, B MypWMCOHOBCKOM METOODHTO 00HADYXEHH MHOTOUMCIOHHHE aMUHO-
EMCH0TH, K&K BXOZfAmMEe B COCTAB BEMHHX GOJK0B, TaK M H6 BCTpPeWD-
m@ecd y BaC Ea 3emae. Ho B MeTEODMTe K0JMYeCTBOHHO BHA WMTONBHO
npeoldnanabT nepsHe, TOrZa8 KAK BTopke 06HADYXeHH TOJABKO B CJI6JAX.
[lo-BUAMMOMY , MCEINUATENBH06 N0NOEKSHUE COBPOMEHHHX GEJKOBHX 8MU—

HORACJOT B BGMHOE OMoC{epe oNpeAGAMIOCH TAKES €me B Hponeccs
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XHMUYOCKON 9BOIDUMM M 0CYCAOBIMBANO €@ chenuduwEoCTs. B yxasammem
MeTBOpUTe OOHADYXEHH M OCHOBAHMS HYKEOHHUBHX KHCIOT C XADSETEDHHM
npeo6iajaHMeM 8JI6HWEE, HTpavmers TAKYD HCKIADYATOISEYD PoXb B GM0-
IOTHYECKOM DOMOH®, .

Bonee cuoxHOM, YeM H3y9UOHNWO XUMUYECKOR SBOANLEM, ABAAETCHE Opo—
GaeMa nepexoza 0T 3Toff SBOADGMM K CHONOTEYECKMM STEIAM NPOHCXOX-
AGHMA EMBHM. DTOT NOPOX0J 03HAMEHOBAJCHA BOBHMKHOBEHUEM CISZYDEAX
HOBHX KAYeCTB, B COBOKyNHOCTH CB0OO{ CBOMCTEOHHHX TOABK@ REBHM
o6bexTaM: I) coocoGEOCTH K NPe0A0ls HHO BapEOTAHMA SHTPOMMH;

2) BOBHMKHOBEHM® "Henec0o0pasHOCTH™ @PraHMBA[MM XMBHX 0CDHEET0H,
T.6., OPUCHOCOONEHHOCTM BHYTPHMONOKYAADHOTe M HAZAMOIOKYIfpHOI®
CTPOGHMA YACTOM K BHOONHAGMHM MMM yEKQHAM M OpPUCHECOCGAGHHOCTH
[eJ0oro ppraHMsMa K CymMeCTBOBAHMD B J8HHHX yCIOBAAX BHONHOH cpe-
ZH; 3) BOBHMKHOBOHM® ChneuMdMIecKof JAn EMBHM NepeZewd WE)OpMAIME
(HacnezcTBEHHOCTH ).

Bce a1 K&84yecTBa MOIJM BOBHMEKEYTH TOJABKO NpM 0CPABGBAHEA MHO=
TOMONGKYIAPHEX $as0B00GOCOGNEHHHX CHCTEM,

XapaRTepHHM ZAJdA QUBMYECKOID HE 0PraEMY6CKOr'0 MMUpa fBIFETCH
BapacTAHNe® BETDONME COrISCHO BTOPOMYy B8KOHy TODPMOAWHAMMKHM. Ha-
npoTiHB, 0praHMaMH 00A878KT CNOCOCHOCTHD COBAABATH HOPAAOE M3
gecnopajka, NpoTHBOZeHRCTBOBATH HapACTAHAD SHTDONMH M Z8X0 CHE-
X87h 66, COXPAaHAS ODM 5TOM BHCOKMH yPeB6El CBOGOAHON BHEPTHM.
OTO BOSMOXHO TOABKO ANA TAK HASHBAGOMHX OTKDHTHX CHCTOM, 9TAGNGH-
HHX 0T BHemHe# cpeau empesejeHHol DoBe pxHOCTHD pasjpela, Ho dYepna-—
DOMX 48 Hee BOWEeCTBA M BHE PrUD,

O6pasosaHKe GasoB0000CO0Me HEHX 0TEPHTHX CHCTEM HO0OX0ZHMO

_H IS BOSHAKHOBOHMA "peldecoofpasHoi™ gpraEMsamuu 9YacTeil W mexero

EMB0ro., OHO BOSMOKHO TOJABKD HA 0CHOBAHMM @CTECTBeHHOI9 0T0G0pa
[OJOCTHHX CMCTOM, WX METACOIMSMA M 90DCEHHOCTO] CTPyKTYpH.

To xe MOXHEO CKABATH M @ BOSHHUKHOBOHHH TDPOTHEI'S M3 HABBEHHHX
MHOH# KBYeCTB XHBOI'0 — HSCAGACTBOHHOCTH, TAE KRAK (opMMpOBaHHEe
KOJI0BHX OTHOWOHWI MexZy CoIKaumy ¥ HyKNGHHOBHMH KWCAQTAMH CTAXN0
BOBMOXHHM TOIBEO B DEPylIhTATO €CTECTRGHHOTD 0TGOpPa OpeAGMoAo-
rdvecKax §asoBoo0oCOGNeHENX CMCTeM, Kak 6 MOXHe nojoiiTh E
00TOKTHBHOMY HAy4YHOMy MEBYYeHMD 5ToM CTAZMM BRoNDME? [Ipexze
BCOr0 9T9 MOXHO CAc/aTh HA OCHOBAHMM MOJGABEHX OMHTOB.

BuzeneHWe MHOTOMOIOKYJIADHHX $aseB0000C00A6HENX CHCTOM H3B
0AHOPOZHOT® DBCTBOPE OPraHNYeCKMX BOHOCTB M Celtwac upe ssuwailHe
WHPOKO pacnpocTpaHeHo B npupeje. MH ¢ HEM OOCTOAHHD BCTPE WEMCH
M B 180UpaTOPHHX yCHOBMAX NPpW pPAGOTE C BHCOKOMOJ® Ky AADHHMM Co€-
ZMHOHNAMM — COJNKAMHM, HyKNGMHOBHMM KUCIOTAMM, AUOMZSMA H T.Z.
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Takum 06pasoM, MH HE TOJBKO MOEEM C60e TOuDETMYECKM [pEZCTABUTH
NyTH BOBHMKHOBGHUA TAKAX CMCTOM, HO M DKCNEPHUMEHTEJBHO MOJY YATH
3 Ja60paTopMM TAKOrO Poja pagsHoo6pasHHe CMCTOMH, KOTODHE MOTIM
OH DOCHYyEMTH HAM MOZGJAMM JQKAXBHO BOBHUKABINMX KOTZA-T0 HA 86 M-
HOM NOBODPXHOCTM 00pABOBAHMME,

Cpeznu MHOXOCTBE TAKMX I0SMORHHX Mogenell (mMuxpocgeps Pokca,
nysupskd Toameilkpa 4 zp.) .0 BHGDAN AJA CBOMX ONHTOB KOALEDBATHHE
Ka[md, TAK KAK OHM 0WHH JOrko o6pasynTcdA W NpUoGpeTapT CBOHCTEE
OTKPHTHX CMCTOM B J800PaTOpPHHX yCIOBMAX. [UA 3TOT'0 A0CTATOYHD
CMOmATH BOAHHG DACTBODPH KAKMX-JNGO0 BHCOKOMOJBKYIADHHX BAHECTR
(HanpEMep, CeJKOB MIM NPOTEMHOMZOB, NOJMEYKIGOTMZAOB M OP.). [Ipu
9TOM paHee paBHOMEDHD pacnpezeleHHHS B0 BCeM 06BeMe pacTEOpATe-
If MOIGKYIH COGHMPANTCA B MHOTOMOIOKYIADHHE DoM MM Kywd, 4 Koraa
rakoff poit focTMraeT Goabued BEAMTHH, OH BHZSAA6TCA WB DacTBepa
B (jopMe BMJMMHX 007 MMKDOCKONOM KANeNb, B 3TuX Kamiax cecpezo-
TOYSHD NOYTH BCe BHCOKOMOIOKyIAADHO® BEmeCTBO, & OKDyxAOmMH pacr-—
BOD MMM 0Y9HF (G6x8H, HO MOEKOT COXDAHATH B Ce0e Z00ABJOHHHO HA3—
KOMOIBKyIApHHS BemecTBA, HANpUMED Caxapa, SMUHOKMCIOTH, MOHO-
HYRAGOTUZH 4 Tof.

KoapgepeaTHHe KanAW 0TJeJN6HH 0T OKPyXADWEI'0 pacTsopa B TKO
BHpaEeHHO# rpaHMneid paszena. Ho oHM o06A8Z80T CnoCoGHOCTHD NOrIc-
maTs U8 BHOWHeH CpezH BEmECTBA M DHODPrMD N0 THOY OTKPHTHX CHO—
T6M. B HamMX oNHTEX TAKOr0 POAS NOrAomeHEHEe BemMOCTEA MNpcTepnesa-
If B HAOAAX XAMMYECKHe NDPEBPAmEHWA, B YACTHOCTM IM0JIMMOPUBAIND,

W 88 C®T 06paB0BABMAXCHA N0IMMODOB KanJM yBeJ M YABAJMCH B pas—
MEpe M Tece, [P 3TOM CKOPOCTE DOCTE KANGAL 3aBMUCHT 0T yCH0BMH
BHOWHOH >pOZH M COBEPENOHCTBA BHyTDPOHHE! 0PraHMBALHM KaNeldb.
Taxk¥M 06pasoM, HaM jAaJ0CE B 2KCHNODUMEHT® MNPOOMOHCTDHDOBAETE
38"%GTHM €CTECTBOHHOI'D 0TGOpAa Kanels, 0TGopa, KoTopHit nexuT B
0Ci0B6 MX ZalbHe{meR nmporpeCCHMBHON SBOINLAM.

Ho KpoMe MOJ@NBHHX OOHTOB HAM X0T6JoCh OH coYeTaTh HANM HC-
CISZ0BAHAA C JIaHHEHMM ZeKeMOpU#CKe#t naneeHToIOTHM. B HacToAmee
BpeNMH BOCH JI0KOMODMICKMMN nepues OPHHATO ZOAMTE: HA &8DXOMCKyD H
npeTepose#CKyD 9pH.llMpOK0 Pa3BEPHyBWMECHA 38 MOCIGIHME® ZBCATHAG—
THA N8A6OHTOAOrMTECKMO® HMCCIGZOBAHMS NOKABHBADT, 4YTO 3TM BPH
PIy6oKe DASAMYAIACH MOXZY CoGoll Mo CBOMM MUKPOGHOTAM.

Bonsmoit axTé wCKKi MarepdalN, NoJNy WHEHY ne OpoTepusen,
O03B0AA6T yTBEPEAATH, Wro npereposniicKag OMocfepa OwAa Gorara
MUKDOCKONMYOCKMMH, BHSYAZO B OCHOBHOM NDOKADMETHYSCKMME (opumamy
XMBHHM, Z0BOJbHO BHCOKODSSBMTHMA H B MODPHOAOIMYSCKOM M B GUOXH-

MAYECKOM OTHOMOHMH,

234



o et g 4 i P P U

byt

o

B DpoTHBONOAOXEOCTE BTOMy apxelf 0®HE G66H TEK HA3HBA GMHMM
"HCROUBEMHMU", ¥ B OTHONGHME NOYTH IDCOTO M3 HAX CymMECTBYDT
KOPeEHH® DASHOTAACHS N0 MOBOZY UX OMOTWHYECKOTD NDOMCXOEZSHMA.
MHOrMe COBpeMOHHHE f1aJ6QHTQJOTE DACCMA TPHBADT MX IMIL KaX Cayw@i-
HH@ arperaTH 0PraHMYeCKOd MaTepUK. B vac THocTH, HanpuMmep, Hal@zeh-
ENe B OHBepBaxXTe cfepuweCKAE TeIHNA 0Y6HE CXOAHH [0 CBOGMY BUAY
A pasMepaM C Ko8LepBaTHHMM Kamiiuu MIM Murpocdepamu Poxca, a TAK-
X6 C TAK BA3HBAOMHMM "ODraHM30BAHHHMM DIOMEHTAMH" A3 MOTEOpHTa
Opreitas, adHoreHHAA NPHPOJA KOTOPHX BPAZ AM NOZAGEUT COMHOHMD.

58 HeOMUIZOIrMUSCKYD OPHMPOZY MHOTHX 8pxe ACKAX HAXO0J0K IoBopA Tak-
X6 B CTATMCTHUGCKMe WCCAEAUSaHAA Monfe. BechMa 3aMaH WABHMA
ABMAXCH OH Z8JABHeimMe uCCAOJ0BEHMA, KoTODHE NOBBOIAIN COH 00%6-
JMHHTH MOZIONBEHE OOHTH HAZ §a830B00COCOCAGHHHMM CHCTOMEMM C Z8HHH-
MM ZOKOMODMUCKMX NaneoHTONOTHYECKUX MBHCKAHMH,



B.Harmu, I.A.Hara (CIA)
OPTAHM 4ECKOE BEWECTBO B JPEBHUX QCAJZIKAX 3EMJHM

B.Nagy, L.A.Nagy (U.8.4.)
ORGANIC MATTER IN ANCIENT SEDIMENTS OF THE EARTH

The oldest known rocks of sedimentary origin is a micaceous
metaquartzite which outcrops in the Isua area of Southwestern
Greenland. This rock was found to be 3,760+70 million years
old by the Pb/Pb isotope dating method. It contains only non-
biological graphite microstructures but no organic compounds
which would attest biological activity at the time when this
rock was first deposited in water. This Isua metaquartzite
was not metamo-phosed severely enough to have obliterated all
signs of microfossils or all remnants of biochemicals; thus,
it may have formed before life arose. Other locations on

Earth may have had life present by 3,760 million years ago.
Younger sedimentary rocks contain, with decreasing age, both

increasingly complex microfossils and more complex organic
matter. For example, the Onverwacht Series of the Swaziland
System in South Africa contains both simple, round or ellip-
soidal shaped microstructures, which may be microfossils, as
well as complex, solid and basically aromatic-type carbona-
ceous matter. The Transvaal stromatolites contain unequivocal
filanentous microfossils, which show both vegetative and cys-
ting cells as well as such components of the solid organic
matter as alkyl substituted tetrahydrofuran and tetrahydro-
pyran which might have been derived from sugars, The age of
the Onverwacht is 3,355+70 million years and the Transvaal
stromatolites approximately 2,300 million years. Both ages
were determined by the Rb/Sr isotope dating method. The first
cells containing cell nuclei (eukaryotes) did not evolve until
1,300 million years ago.

/JApeBHemAas MBBECTHAA NOPOJA 0CAZOYHOID NPOMCXOEJGHMA — CANAMCTHI
M@TAKBEDLUMT, OOHAXANWMIACA B palioHe licya B pro-sanazHoil I'peHaaH-
Zuu. MeToJipM Pb/Pb MB0TONHOTO AATMDOBAHMA BOBPACT STOA NOPOZH
Gua onpepenes B 3760 + 70 maH, n2eT, (OHA8 COZEPXMT JMWH TpaguT B
{opMe HEOGMONOTM YECKMX MUKDOCTPYKTyp. OTCYTCTBYDT OPTaHM YSCKUE CO=

67MHEHMA, KOTOPHO CBHAGTEABCTBOBANM OH 0 GMONOIMYOCKOA AKTHBHOCTH
B BOIHOM GaccellHe CeJuMeHTAIMA TOTO BPOMGHM. Merakmapyur Mcya
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He T8K I'Iy0OKO MeTaMOoppu80BaH, YTOOH OHIM YHAUYTOXOHH BCE MpuU-
BHAKM MMKDOCKONWYECKUX GuofoccHiMi M xeMmofocCHmMil, noaToMy Bog-
MDXHO, YTO OH QOPMMPOBAICA 0 TOT0, KAK NOABAJACH R43HB. B apy-
TUX pajfloHax 3euJM EKW3HE, MOXeT CWTh, MPUCYTCTBOBANE yxe 3760 mim,
neT Hasaj., Bolse MONOZHE 0CAZ0YHHE NOPOAH COJAGPEAT N0 MEPe ykeHb-
WeHUA BOBPacTA BCE (0/66 CUOEKHHE MUKpodocCHMIMM U COJEE CIOKHO®
0praHMyecKoe BemecTso. Hanpumep, cepus OHBepBaXT cHcTeMu Cpa-
8uneHyN B UxHoR AQpHKe COACDKMT NpOCTHE, KPyTJHE WM SIAANCOUAEIE-
HHO MMKDOCTPYyKTYPH, KOTODHE MOTYT OHTH MUKPOQOCCHUIMAMM, 8 TaKke
CHDKHOE, TBEDAODE yIAEDOAMCTOS BEEECTIB0, B OCHOBHOM 8DOMATHYECKO-
r'o pAja. B oTaoxeHMsx cucTeMs IpaHCBA&JE CTPOMATONMTH COAEPEAT
HOCOMHOHHH® HATeBRMAHHE MAKpofoccHImM , 0OHADYXMBENUME BEreTa-
THBHHE M LHCTOO0pasyiomue KJIETKM, 8 TAKEE TAKHE KOMIOOHEHTH TBe pAo-
I'0 0praiMYecKor'o BEmMECTBAa, KAK aiKMAsaMemeHHHe TeTparudzpodypaH u
TETPArdZpONMpaH, KOTOpHe, MOXeT OHTH, ABJANTCA NPOMBBOZHHMK Caxa-
pos, Bospact cepus OHBepBaxT 3355 t 70 MJH. J6T, & CTPOMBTOJMTOB
cucreMs TpaHcpasns = NpuoausuTensHo 2300 MaH. zxer. OCa Bospacra
ONpeASN6HH MOTOZOM Rb/Sy  MBO0TONHOTD Z&8TMPOBAHMA. Il6PBHE KIGTKH,
COZI6PXAEME KAETOYHNE A7pa ( NpHHAAJeXamde K 3yKapuoraM), NoABk-
aucs He paHee I 300 MIH. JeT HABaj.

BBEJIEHUE

BOCOMBAGCAT CEMBH HPONEHTOB MCTOPMM SEMIM [0 NpoA0iEdTensHOCTH
nazaer Ha 66 ZOKeMOGDMUCKMA 0TpesoK. [oKeMOpPUA 0xBATHBAET MHTEpPBa
BPEMOHM MexZy (OpMMpoBaHAeM 3eMiM npueamsurTensHo 4500 wMAH, 8T
Hasaz ¥ BEAW@AOM KeMOpMHCKOro nepuozs - o0Ko0Jo 600 MAH., JET Hesaj.
DNOoKeMOpMA ABAAEGTCA HE TOJABKO CAMODM J:Jmme.nsm. HO 4 BaxHelws
2Moxoif B MCTOPAM 3eMiM, NOCKOABKY B Yoro BPBMA NPOMBOWAM CJB AybuMe
BAXHOAWME COCHTHA: &) B CAMOM Eaw@J6 ZIDKEMODUR NePBAYHAR [JaHETE
BOBHUKIA W3 NHAM M Iasa HCXOAHOU TyMaHHOCTH; G) pasAeaMAUCE AN~
Po, MaHTMA ¥ KOpDa8 36MIN; B) BOBHAKJIA W PasBUBAJACH NPUMATHBHASA
6agalbTOBAA KODA, & MOBKA ~ [MPOTOKOHTMHEHTH; I') BOBHMIME NEDEO-
HaWJABHO NMPUMUTHBHEA BOCCTAHOBMTENbHAA, 8 BaTeM CANSKas K COBpe-
MeHHOM oKMCIMTEeNbHAA aTMoc(epa; K)IOABANACE EM3HB., JTO HECOMHEHHO
CaMse OCHOBHHE M ONDE76JNADNAS COCHTAA I'6 0JOTMUYECKON MCTOpMH.

lenr 3TOro0 AOKAAJE - DACCMOTPETh AOKEMODUICKME GM0J0TMYECKUe
¥ 0PraHOXWUMM YeCKM® SBOIOUMOHHHG HANpPABIGHMA. B OCHOBY MNONOEEHN
Ka8K pesy/sTaTH MCCNeA0BAHMI B J8GODPATODHM &BTODPUB, TAK M IMTe-
paTy pHHE ZAaHENWE. HAK BnepBwe GHJ0 NpeanojoxeHo OHapuHEM (I924),
& nosxe XaapzoiHoM (Haldane, 1933 ) u Opu ( Urey, 1952 ), nepeoil
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XMBOI KIeTKe Z0/1kHA OHJA NpeZueCTBOBATH HOGMOIOTM yeCKafd, XUMU-
YeCKasA BBOANIAA GMOXAMMP©CKMX M KO8I6PRATHHX CHCTEéM. AMUHOKHC—
JN0TH M RMPHHEe KMCIHOTH OWJM N08ZHee CHHTe3MPOBAHH MB MeTaHA,
aMMUaK8 ¥ BOZH DJGKTDMYSCHKAMM pABPAJAMM B yCAOBMAX, BOCHPOMBBO-
AAUMX NPUMATMBHYO BHOWHOO Cpejy 3eMi (68 GMOI0THYeCKoro Bos—
ZeficTsua (Miller, 1953; Miller, Urey, 1959), oTH mGopa-
TOPHHO ONWTH BIOJHE HNOATBEPAMIA NpeAcKasahua OmapuHa. Psg uc-
CHe70BaTEN6M, 0COGEHHD [laBA0BCKAA M [laCHHCKUE ( Pavlovskaya,
Pasynsky, 1959),0pé (Ord, 1960) # ero COTpy AHAKM, KoUbBAK
(Calvin, 1961), Opreas 4 ero kKoaneru ( Sanchez et al., ‘19661‘23
Orgel, Lohrman, 1974, R 1p.), [loHEBMmepyMa M 6r'o COTDYAEMKH

{ Ponnamperuma, Gabel, 1968, U ap.), laBnoeckas B TeXerusa
(Pavlovskaya, Telegina, 1973) M JApyrde, NoS7ZHOE NOK&B&JM, IO
AMMHOKMCAOTH, DAZMKENH HYKJIGMHOBHX KMCAOT M WHHE IJIGBHOHmue op-
PaHY Y8 CKAe BemecTBA MOXHO CHHTE3MD0OBATH B JadopaTopME HEOHOI0Id-
YeCKMMM CPEJCTBEMM B MCKYCCTBEHHHX BHOWHMX cpezax, NOA0GHEX A0-
KeMODUICKMM. DTH MCCIEZ0BEHMR BMecTe ¢ Golee NOSJHMME D&GOTEME
Onapuea (I1965-I973 rr.) yCTEBHOBMIM HEKOTOPHE XMMMJIECKWe YCHOBHA,
npejueCTB0BABWNAE BOSHMKHOBOHMD XMSHM, BHa0 BHABA6HOD, YTO HOKOTO-
pHe BAEHE{WMe 0pPI&HMYECKMe BEmMeCTBA MOXHD CHHTEBMPOBATH B BOC-
CTEHOBUTE/BHNE yCHOBMAX M8 mapos ¥ reses ( H,0, Hy, CH,, CO,
NH; N, ) NpM HAJM UMM BHOWHETD MCTOYHAKA BHEDTMH. HCN
0CGHYHO BOSHHKAET KaK NpOMexyTOYHHY NPOZYKT B HEOKOTODHX M3 STHX
HEOHOJOTHYECKMX peaKknuil. [puMew@TONBHO, YT0 GMOAOTMYSCKM BAXHNE
8MMHOKMCHOTH, NyPMEOBHO M HMDUMUAMHOBHE OCHOBS8HAA M CAXapd MOE-
HO [0JyYaTh He(MOJAOIMYECKM B pacTBOpax, COZAeDEAMMX Ha. HZO, K,
'] Cl-l,‘. 6CIHM BOSHMKADNMG B HEGOALUOM KOIMYSCTBE MOJOKYyMH HCRN,
CH,0, l!ﬂ,, [IC = CCN,NCCN  yu3piexaTsh W8 MCXOAHOH CMOCH. o=
(aBoyYyHHEe HEOMODAOTMYECKME BBEHMOAGNCTBUA MOTYyT GopMMpOBATH yTaA6po-
AMCTHEO K0ayepBaTHHe Kanmd., Onapul ( Oparin, 1965) COOGMMA O CHH-
TE86 K08LEePBATOR OpM IOIAMEDMBELUNM HyKAGNTUAOB K&TAIMBaTOPOM
GaxTepuaapHoil gocgopunasH Apyrore OoiMMepa, HANDKMED NOJMIen~-
THZa. QoKc (Fox, 1968 ) CO CBOMMHM COTPyAHMKAMM OOMCAL CHMHTES
"NpOTeMHOBAAHHX" MMKpPOC@EpDHMYSCKUX 00pasOBAHMI OpH BATpeBAHKA
HOKOTOPHX &MMHOKNWCJADT cClepsa B 0TCYyTCTBMe BOZH, & DOTOM IpH Zo-
G&8BJGHMN BOJAH K IPOZAYyKTaM BBAUMOASHCTBUSA.

Ceitluac HeMSBEUTHH ZOKEMGDUIICKME NOPOAH 0CAZ0UYHOTO NPOMCXOXZE—
HHA, X4pDAKT6PMBYOIMAE TOT MOMGHT, KOIZA XMMMUeCKafA SBOJNEMA Nep-
BUYHHX 0PreHMYECKHX BENECTB OCTAHOBMIEACH, 8 CHOJOIMUECKEA 3BO-
IDU4fA HawWJECh., BepoATHO, STH 2BA COGHTMA YBCTHYHD COBNBZAIH,
T.6. XKMBHD yX6 SBOJAVIADHMPOBANE B HEKOTODHX ‘MUKpOCpEZax, Torza
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K&K B NPYTEX XMBHE QOPMH BCE eme 0TCyTCTROBa M. Haru, 3yumcepre
# Haru (Nagy, Zumberge, Nagy, 1975 ) noKasand, 9To CI3GD
MeTaMOpYMB0BEHHHP C/DAMCTHA KBADOMT U3 pailoHa jlcya B Dl 0-3808 74—
Ho#l TPEHNSEAUM COJEPKMT JMWB CHEZH METaHA M HEMHOTO I'paféTHHX
BRAOYEHMU. TpaguUT pPacno/okeH N0 KAIAM, [JOCKOCTAM OTCJIAMBEHMA
WM N0 NOBEDXHOCTAM HANJACTO0BArMA. OH QOPMUPOBENCH, NU-BUZMMO-
My, HOOMDIOTMYECKH NPM DPEAKLMH NePBHUYHOTO METAHA C TKJPOOKUC-
naui wenesa - reruroM (FeO(OH) ) ums remarurom (Pe,0z), npu
BOCCTAHOBIGHMM WX 70 MAI'HETUTA (Pajoa) ¥ Op¥ noCIeAynmeM OKUC-
JN6HHM yriaepozs MeTaHa zo rpafura, MeTaMmopp¥su aTUX MOpoA He BEX0-
AT 38 Opejiesld HUKHMX CTyneHedl gauuu BselN6HHX CI4HLEB, [03TOMY
OYSBHENHO, YT0 MUKPoQOCCHIMM WIM 0CT&TKH 0DI8 HUYECKMX BENECTS,
6CHd DHM NePBOHA YAJNBHO NPUCY TCTBOBAJM, HO OWAM OH NOJIHOC THD
yHMUTOXeHH, OZHAKOQ TLATENBHHE [OMCKHM M aHA/MTUYECKMUE UCCJEeZ0BE-
HHAA HO 0CHADYRMJIM HAKAKAX OPUBHAKOB MUKDOHOCCHJUMA M 0DIEHUYBC—
KMX BeuecTs B 5Toll mopoze ¥s I'peHASEZMM. CBMHNOBHM MB0TOMHHM
METOZOM BOSPACT NOPOKPHEANMMX OTIOREHUA 0npejeleH B
3760 ¢ 70 umH, zet ( Morbath et al., 1973 ). Taguu o6pa-
80M, Kpapgur Mcya, BepoATHO, NpGACTABIAET CoOoll mepsyp HaiijeH-
HYyD 70 CHX O0P IOPHYD NHOPOAY, cHopMMpOBAHHYyL 70 pasBUTHA EMBHM,
1o KpailHeit Mepe B SToM pafoHe TpeOHAIHJMM.

i3y ®wHME OPraHMYeCKAX BOMOCTE B AOKOMODPUACKMX Nnopojax BsaTpyi-
HEHD TeM, Y0 OTHOCHTONEHO HONMPOKO pPACNPOCTPAHOHH HeMETaMophu-—
80BAHHHE M CX300 MEeTAMODJHM30BAHHHE NODPONH, HANOCTATOYHO NAHHHX
MBOTONHOrD JATUPOBAHMA, BOSMOKHO NOCIeAywmEe B3arpABHEHMe pDacTBO-
PHMHM OpPr@HMYECKHM BEmeCTBOM. Bonpoch BOSMOXHOI'C 3arpASHEHHUA
48y 9aldch cnenidannHo ( Abelson, Hare, 1968; Nagy, 1970,; Shopf,
1970; Sanyal et al., 1971), Har# ( Nagy, 1970 ) pac-
cwaran, o vepes I M° KDeMHACTOre CIAHLA CepUE OHBEDBAXT C
npoEMnaeMocTso 5,7 x I0”' muamuzapck sa 3000 MIH. XET NpH Hop-
MQABEHX ZAS 0CAZ0WHHX 6aCCeHHUB HANODHHX TPAJMEHTAX NpUCIMSH-
reasEo I M® BozN MOXeT nmpocowTHCA, HACHEAR MOPHCT0€ NMPOCTPAHCT-
B0, 200 pas M ocraBuT npH 3ToM 0.35r n —-8JHEHOB C MONGKY./fADHHMA
BecaMi I28 ¥ Bume, Jlpyraf TPyAHOCTH NPM M3y YOHHM Z0KEMOpPKUCKHX
06pasnos COCTOMT B Z0CTOBEDHOM AMarHOCTHKe. BuBoj o GHoAOTHYeC-
KOM NpPOMCXOXZIOHMM ©YeHH MPOCTHX, KPYTIAHX MIM BIIMIOCOMZASABHHX
GopM, cpelE8HHHM MCKIDYATONHHO HA OCHOUBAHWM MopQomordd, He MPUHK-
M86TCA GOABNMHCTHOM NAJN6GOHTOIOr0B M GOTAHUKOB, DCOGEHHOD GCIH
9TH JOPMH HO OHJM HA[7I6EH W MBY Y6HH B N6TPOrpajH YeCKMX ullid-

fax.
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BONBUAHCTBO I'60XMMAYECKMX MCCJ6J0BAHM{, I'JABHHM 00pasoM Tex,
KOTOPHE CBASAHH C BKCTpaKnWeil paCTBODMMHX 0PIeHWYECKUX BEWeCTE
A0ReMGpUilICKMX nopoz, paccumoTpes MxKupau ( McKirdy, 1974), lond
( Schopf, 1975 ) NPEACTABAN KPUTHUECKMN 0630D ZAOKEMOPUACKUY MUK-
po6HoT. B HacTOANGOM Z0KAAZE 00CYXA80TCA MCCJen0BAHMA, [pPOBEZEH-
HHE B JAGOPAaTOPUM BBTOPOB N0 XMMMYSCKOMY COCTEBYy HEpPaCTBOPMUMOTD,
TBEDAOrD ZA0KEMOPMACKOTD 0pIreHWYECKOr0 BOUECTBA M N0 HEKOTODHM
BONPOCAM SBOADNMM AOKeMOPMICKMX MUKpodocchmimii,

XUMM YECKMY AHAIMS OPTAHM YECKOTO BENECTBA
B JIOKEMBPHHCKMX MOPOJAX OCAJZO WHOTO MPOUCXOKZIEHHA

HepacTropuMoe, TBEPZ0E6 M NOJAMMEPON0AO00H0® 0PTEKMYECKOE BOHECTBO
B 7IOKeMODMUCKMX 0CAZ0YHHX NMOPOZAax, BEPOATHO, ABAAETCA I'I8BHHM
06pasoM MeCTHHM, [I0 BCeii BepOATHOCTH, OHO He OLJNO0 CHUJIBHO B8 IpABHE—
HO N0BZHE UMMM DACTBODUMHMYM DPIEHMYE CKMMM BENECTBEMM, [POCAUABABLL-
NUCH WDes NOPOJYy C MOMEHTa e OTIOReHMd. MoxHO monarars, 4TO 0ONb-
@8 YacThH 3TOTU NO0JAMMEPONOZDOHOTD BEMECTBA OwJa 0TAOKG6HS BMEC—
T6 C MAHEpANBHHMH 36 DHAMM, KOTOPHE Mosxe CHOpMMPOBANM MOPOZY.
CaezpusaTe 1bHO, HOKOTODHE MB MON6KyAADHHX COCTABHHX YacTeil 8TOro
TBEPAOTD 0PraHM YSCKOI'0 BEWECTBE MOTYT 0K&32THCA WMHZMKE TopaMy
0KpyxapuMX (KaK, HanpuMep, OKNCIMTENBHO=BOCCTAHOBWTENEHHX M
T.0.) Te0IOTMYECKMX M GMOZOTAYE CKUX yCHoBMit, npeoCiajasmux B A0-
KeMGpHM. AHAIMB DTOTD OPraHMUYBCKOr'0 BENECTHA 0KAEBHBAGTCH BECE-
M8 ZJMTONBHEM M TDYZ06MKMM. (ZHAKOD 95T0 OKynaeTcA O0NbWON SHA WM~
MOCTBD PeBYABTATOB, NMOCKOJABKY XUMAYeCKUN (MONeKyIAPHHE) co-
CTAB 9TOT0 BEMECTHA NOYTH HE MBBECTEH KAK B JZ0KeMODUICKMX,
T4K M B 60N66 MOADZHX NOPOZax, & N0 o0meMy KOJMUBCTRYy 8T0 0pra-
HAYBCKDO BONECTBO, COCTABJAAKNEE HOCKONBKO J6CATHX NpOLEHTa WM
MeHBIE B CGOJBWMHCTBE 0CAJ0YHHX NOpoj ANOHX BO3PaCTOB, ABAAGTCA,
0Y6BHZIHO, CaMHM DECHNpOCTPAaHOHHHM O0DIEHMYOCKMM BEUECTBOM HA 3eM
a8,

TBepzaoe 0praHMyecKoe BEWOCTH0 B LOPOAAX 0CAJ0YHOTD NPOMCXOE-
J\@HAs QHANMBMDPYOTCA TAABHHM 00DABOM CIGZYNMMMM [pPUEMAMM :
8) OKMCIGHHOM XDOMOBOH KACa0TOM (B2°r°4 ); 06) DKucieHueM

- mepuaHraEarToM KamMs (EMnO, ); B) nupoiMsoM JuGo B WHe PTHOM

aruocgepe ( He, N, ), IMG0 B BEKyyMe; I') 0BOHOMMBOM; A1) BK-
crTpaKnuell BoAHEM pacTBopoM ezkoro kamu (KOH). Jlo mposezesds
8HaIMBa HOOOX0ZMMO, YTOCOH DACTRODMUMHE B DACTBOPUTEJNE 0pPIEHMYeC—
EHe BOmECTBA CHEM yjaleHH Ws 00pasua mopozs, OOTOMYy YTO OHM Mo-
ryT OHTH CBABAHH C NOBAHO UMMM BATrPASHEHUAMM. B I8CopaTOopuMM
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8BTOPOB AJA yCTPaHOHMA BOSMOXHHX B8IPASHEHMIl yzalgeTCHA MOBE px-
HOCTHHR caoif o6pasuya ToJmuMHO# oKoxao 0,5 cM, 8 BaTeM obpasern
WBMEJBYBOTCH B WAPOBOH MEABHMLE C KeDaM4YeCKUMH mapamM, oGopyzao-
BaHHON npokzaazko#t us TedaoHa ( Teflon - CoR, ).« [lpezsapure nsHO
M mapoBas MeABHMNE, M NpPOKIAZKA 0WMANTCA CMECED M3 85% roprueil
KOHEHTPUDOBEHHO! CepDHoit KuchoTe M ISk ropaveil KoHLEeHTDPUPOBAH—
Holt aBoTHOM KucHoTH, ToHKOMBMENBbYEHHas NOpoja NOABEPIEETCH BK—
CTParupoBaEAD O6H30J0M, MOTOM METHWAOBHM CIMDPTOM M, HaKoHen, Bo-
A0t B CTEKIAHHOM COCyZe, IOTDyX6HHOM B YyJBTPABBYKOByD yCTAHOB—
Ky

Pasiuusne aHAIMTHYECKAE MOTOAH OOHKHOBEHHO BHABAANT PasiMy-
HHE NpPOAYKTH Zerpazanyi noauMepoB, OKMCIGHME KMCADTON! ZOKeMO-
PHHCKMX NOPOZ N0BBOJAET 0GHADYEMTEH TJaBHHM 06pa 30M 8A4GaTHEC—
Kue coezuHenus ¢ npaumumu yenauu ( Hoering, Abelson, 1965).
B vacTHOCTH, OKMCAEGHWE XDOMDBOM KMCIOTOR M NEPMEBHTEHATOM KEIWA
HefTAHNX acPalbTeHOB NMPUBEN0 K 0TASJeHMD aiMpaTHIECKUX ueneit
0T KOHZAGHCHDOBAHHHX apOMATHYeCKUX AZED.

[I¥poiMa ABAAETCA XECTKMM NMPAEMOM A6Trpazanud NoJMMEPOB, Ko-
TOpH{l MOEET Z8BATH OWMOOYHHE DOSyJAbTaTH, BHI0 nokasaHo
(Nagy, 197055 Pretty et al., 1971; Nagy et al., 1972 ), @o
NMPoIUs Z0BOALHO TOHKMX CJI06P [NOPOWKOB NOPOZ B TeJMM MJIM B
APYyTMX MHOPTHHX Ia38X NpM AABIGHMAX, OJMBKMX K 8TMOC)E pHOMY,
BEPOATHO, MOX6T BHBBATEH Mexjy- M (MJM) BHyTDPUMOJEKYIsipHYR
e perpynnupoBKy . HosWe, CHopMMpOBEHEHE M8 NMPOAYKTOB pacnaza
CO6J/HEHMA HE OyAyT MMETH HWKaKoll CBASM C COCTABJAAOWMMH MEp-
BOHE8UANRHOTD BewecTsa., CAeZ0BATEONBHO, MB STUX MOZMGWINDOBE HHHX
NpOAYKTOB paclnaza HeJNbsd TE0PETMUYSBCKM NOCTPOMTH NEPBOHEWIALHYD
NnoJuMMepHYD CTPYKTyDy. [IpH TaKux ycaosusx (Nagy, 1975 ) npo-
CTOR MMpoJW3 WACTOro (eH30Ja Aa6T CJacib Haj1aJMHE W HEMHOID
Oupenuna. [IpoAyKTH NMPoJNsa ropaszo Jy Wwie COOTBETCTBYKNT nep—
BOHE W AbHHM N0JMMODHHM KOMNOHOHIAM, 6CAM MUpPDJA3 BHMOAHASTCH
B BOBMOXHO G0Je€ TOHKAX CIOAX 06pasuya B BAKyyMe ¥ Npy He 0YeHB
BHCOKMX TeMnepaTypax (npeAmoyTHTeasH0 He BHue 650°C).
[Iupoaus B arMmocepe He Mau N, mpu DK0J0aTMoCHEe DHHX 78 BJe RUAX
TAKE® MOX6T 7aTh N0Je3HHe, X0TA M 0rpaHW wHHHe CBejeHMA. ECIM
N0AMMEPHDS BEMECTBO COCTOMT IPIABHHM 00pasoM M8 n-gaJIKaHoB
Wi apoMaTHYeCKUX YyIA6BOZOPOAOR, TO BAMAHWE NMMPOAMSE HA NEPBH U=
HHE CoeZuHeHMA OyAeT MeHbWe, YeM HA (0Jee N0s7HUe KOMMOOHEHTH.
ApouaTHyeCKHEe YyIAGBOZOPOAH HACIOHTADT N6PeTrpynnMpoBKy, HO B 0C-
HOBHOM HX 8pOMBTAYECKUI xapaKkTep CoxpaHMTcsA., TaKuMm myTeM

(Scott et al., 1970) yzZaZ0CH 10KASATH, UT0 0CAZKH e DU OH-
BepaaxT, chopuuposaBumecd 3400 wmiH. JeT Ha3al, CO7epEET B 0C-
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HOBHOM @DOMATMYECKO06 NOIMMEpPONoZo0H0e BemecTBo., HekoTopHe ol-
pasuH NepeKpHBANMMX MX 0CaaK0B Qopuapud PUr-Tpu, BOBPECT KOTOPHX
npuéamsuredsEo 3000 MaH. 76T, CONEPRKAT 3HAUATEAbHHS KOIHYSCTBA
A -3JKAHOB C JJAMHHHMW L6MAMM B CBoOEH moJMMOpPHO# CTpyKType. JTH
yLJA8BOAOPOZH MOIYT GHTH MHZMKATOpPAMA MUKDPOGUMONOTMYECKMX NpOLEC—
coB. CpraHMyscKoe BemecTB0, SKCTPATMPOBAHHD® DAECTBODUTEIEM M3
Z0KeMOpMHACKOTrD CTDOMATO0JMTE B ZDAOMATOBOM UBBECTHAKE MB CHCTe-
uu Tpascsaams (oxoxo 2300 mumH, netT), OHJIO MOXBEPTHYTO OAPOR3Y
npu BaKyyme or I0”° 7o 10™* nopp u 250 u 500°C ( Zumberge, 1973).
KeapnesHit anmapaT AJA NMpPoJMsa GHI CBH38H C 0XJAXZEOHHHM Jio ToM-
nepaTypsd XMAKOIO0 83074 Tas0y/A0BATeNeM, ¥ BCA CACTOMA OHJA mOpAMO
CBfA33Ha C HAMYCKHO{ CUCTEMODil Macc-CHeKTpoMeTpa. Bo BpeMs mupoiu-
88 NPOAYKTH zerpazauM¥ co0MpaauMcs B yAoBMTeNe, KOTODHE nocae
n¥ponusa OHJ HAarpeT A0 KOMHATHOW TeMmepaTypu, YTO M03BOAMI0
BBECTH NPOAYKTH MUPOAABE B MACC-CNEKTDOMETD. OTHOWGHWA MAC—
ca/3apas ( m/e ) MOIEKyAfRpHHX MOHOB B MAacC-CMNEKTPOMOTDE MOKASEIM
Cly, CoHlsy CoHg, C3Hsy Csllgy Cullg, CylHg, CyHlgy Colyps Cellpss

0, CHO, CH,0, CHBO, C0,, 02H90. Has » 85 no 85 M 80, — WOEH.
OHM ABAANTCHA OPOAYKTAMM pacnaza CJAOERHOX HeopHOpoZHOU ¥ TREpAO-
oprasdyecKoif MaTpuOoH. TunAyHHe 8pPOMETMYECKHE CO06ZME6HUA m/e = 77,
n/e = 91 (TponumEi-uoH) ¥ m/e = I05 He CHIM npeodaa-
zapmuMd. [o KpaijiHeil Mepe OZME M8 STUX M 0I6KyIAPHHMX MoHoB, Hop-
MaJbne TUZ, CHZO. BOSMOKHO, MM6J OHOXMMMUGCKO6 NPOMCXOXZEHME,

X0TH MB3BECTOH TAKEe M METOZ HeOMOAOTAuUSCKOro cuHresa ( Miller,
1953 ), wau 2TOT MOE MOT BOSHMKHYyTH B De3yALTATE IHMDOJMTHUBC-
KoTo pacnaza O0nbmedf MoJexyim. OcoGas MeTOZMKA NDOBEAEGHMA [IDOIM-
88 NpeZHEBHEWHA N 4HAAMBA JNyHHHX 006pasyoB B Aa00paTopud aBsTo-
POB.

JlyHHES 00pasub COZepXAaT HEeGMONOTHYECKME CO6MHOHMA yIIepo—
78 HaMEOro GoJee MpocToro CTPoeHMA. OGHYHO NPOAYKTH NUPOAMBE
BBOZAATCA BMECTE@, KAK CMBOB, B M&CC-CHEKTDOMETD HMBKON MM Cpep~
Heit paspemawmei crnocoGHOCTHM, M W3-38 8TOr0 MACC-CIOKTDOMETpPMYSC-
Kafi AMarHOCTMKAE KOMOOHEHTOB fABAAETCA 3aTpyZHMTOABHOU. HomHi Me-
To7 nupoausa ( Bandurski et al., 1975), npH KOTOpPeM MpUMeHS-
€TCHA BHAYMTENBHO (066 BHCOKMAK BaKyys, COCTOMT B MCHONB30BAHMM
npsAMoli CHCTEMH: annapaT MmEpoaMsa - rasoBult xpomaTorpad - macc-
CNeKTPOMBTP., DT& CUCTEMa8 (HJa CKOHCTPyAPOBAHS, YTO6H 00AErWTH
pewerue paccmarTpusaeMoll sazaw ( Zumberge et al,, 1975).

OKHC/IOHN® 0S0HOM FBJAAETCA MGHE® MHTOHCMBHEM M (0J66 NOJHHM
METOZOM PABN0XGHMHA,YeM NHPOJINE Ha MOAGRYJADHOM ypoBHe. Bo BpeMs
030HOJMBE 0OPACOTAHHHE pacTBOPATE/6M NOPomOK o6pasna odpasyer
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B8B6CH B BOAHOM pacTsope KOH. Yepes 8Ty CycneHsMD NpOIIyCKART
KMCIOpPOZ C COAEpPKAHMOM 0B0HA oKAN0 3%, O80E NpejnoYrMTeldsHO BOG~
ZA6iCTBy6T HA ZBO{HHE CBABM, 06DHBAGT MX M BHBHBAGT QopMMpoBE-
HMEe 0B0HWADB. [0068BOYHO6 OKHUCHAGHAO MNEPEKUCEHED BOA0DPOAE NPUBOAMT
K 00paBs0pBaHMD KEPOOKCHUABHHX KMCHOT., U8 3THX KMCIOT MOEHO (OpMUpO-
BATH CHOEHHE METUIOBHE 5PMpH, KOTODHE 38TEM NPUTOAHH ANA KOMOMHM-
POBEHHOTO TasoxpoMaTorpaduue CKor0-MacC—-CeKTPOMETPMYECKOTD aHa~
ausa ( Bitz, Nagy, 1967 ) Ilpy MCHOZBB0BAHEM BTOI'D METODAA
Zi0KeMGpuilcKue ocazKM cepau OHBOpPBAXT W Qopumanud QuUr-Tpu zaxu
BPOMETHYSCHME COBZMHEHMA BMECTE® CO CHOXHHMM MOTHIOBHMM 3dupa-—
MU 7MKApOOKCHABHOR KMCIOTH C KODOTKMMM LEGOAMA M CHOXHHMU METUIND-
BHMM BOMpaM¥ MOHOKAPGOKCUABHON KMCIOTH C JJMEHHMM nenduMd ( Nagy,
Urey, 1969; Nagy, Nagy, 1969 ). Caxoxine MeTHAB)MPHHE M Kaplo-
KCHApHHE TpyOnH HA MPOZAYyKT8X 0B0HOJMTHYOCKOTO DPABJIOES HUA AB-
IANTCS pesyAbTaTOM npouecces afupooGpasoBaHMA M KUCJOT006paso-
BAHMA M0CH6 030HOAMBE, NMOSTOMYy OHM He OHAM YACTED Mep-

BOHA WABHOM moiummepHo#t MaTpAnu. [oayvyeHHHe DesyAbTaTH MOXHO MHTEp-
NpeTHpOBaTh CASAyDWMM 00pasoM: TBEDJADE OPraHMYSeCKOe BONMECTED B
0TI0E6HHAX copuM OHBepRaxT M fopuamuu Qur-TpH CoCTOMT M3 TIpymn
KOHJI@HCHDOBEHHHX 8p0MA THUSCKMX f/16D, CBABAHHHX TOJBKD KODOTHHME
ampaTEvYeCKEAMA LONAMA (CAOEHHMM MOTHNORHMYE S)MpPAMM ZMKEDOOK—
CHABHOA KMCAOTH). CAOKHHE METHIOBHE B(MpPH MOHOKEPOOKCHIBHOR
KUCJA0TH NpejcTaBiAnT Co00il AMMHHHe aimParTHveckMe nenM, CRAsab-
HHe IMEG OZEAM KOHLOM C 8DOMATHYeCKMMM rpynnamu. 0B0HOIMB TBEp-
AOr0 0PraHMYSCKOI0 BEMECTBA B CTPOMATOAMTE CUCTeMH TpaHCBaa s

¢ pospacToM (2300 wmH.ZeT ( Zumberge, Nagy, 1975) 06Hapymal Zo-
NoJHMTOABHHS NPOAYKTH DasA0OEeHAR. [BA LMKINYSCKAX CHORHHX SfH-
pa - 2- n =OpONMATOTPATMAPOOMDAE H 2= n =NpONHA-3-MeTHITETDA-
rHzApodypaH GHIM DTOXZECTRASHH 0B0HOAMBOM, XpoMaToIrpagueil B raso-
Boil ase M Macc-CHeKTPOMeTDHeH C HMBK@W M BHCOKO# paspemanme it
cnoceGHOCTEN, J[AA MACC-CHNOKTpaJbHON ZAHAIHOCTHKM OHAM MCNOABB0BA-
HH CHeNM8IBHO CHHTOB8HDOBAHHHG, NDHDPOZHHE M WACTHe CTAHZ8DTHHE
CoeZMBEeEMA. CTDOMEBTONMTH CHCTEeMH TDEBHCBAANE COZAPEAT 0CMIBHHE
BOJOKHHCTHO CHHES6JEGHHe BOZODPOCHH, B KOTODHX MHOTM@ BHUZAT Nep-
B0¢ NpPoABIGHM® pasHooGpasuf KA6TOR (Negy, 1974; MacGregor et al.,
1974 ). CoBpeMeHHH® GHAJNOTM TARMX OMCTOOGPESYMUX BOZOPOCIE—
BHX KI8TOK COZ@PEAT 0CHMALHHE KOJMYeCTBA yTAeBOA0B. By YoHHE
06pas0BaEAS COBDPOMOHHHX CTDOMATONMTOR ( Gebelein, 1969)
noxasano, YT0 CTPOMBTOMNMTH, 00pasyDNEe BONOKHACTHE M KOKKD-
JHTOO0A0CENe CHHOBE6JGHHe BOAOPOCIM,BHASAADT OTPOMENS KoM J6CT-
B8 0PreHMYeCKMX BemMeCTB, rISBHHM 06paSOM NOIMCAXA PUZHHX, HEPYE-
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HEMM CIMBMCTHMH 060X0YKAMH KI6TOK. BOBMOXHO, YT0 ;B IAKIMYSCKHX
ofupa, BafieHHHX B CTpoMaTomiTax ( Zumberge, Nagy, 1975), odpa- ‘'
30BAJACH M8 TAKHX CAXBDOB BO BPOMA AMAreHesA, OTH B8 IJUKIMYECKUX
afupa He MMENT KADGOHOBHX Ipynn, CKAOHHHX K aupoolpasoBaHup, M,
CZ670BaTENEH0, 0HM, BEPORATHO, GHJM NPOCTO MOXGHMYSBCKM 287 €pwaHH
BHYTpPH NoXMMepHo#t maTpuns (puc. I M 2).

Taxum o6pasoM, CHCTOMATHYECKAE OPraHMYEeCKHE I'00XKMMMYBCKME aHE-
JMBH NOKABHBANT, YTOD caMa8A JPeBHAA WBBEC THAA IOpDHAA N0Poza o0Cajo0Y-
HOTD OPOMCXOKZEHMA — CADAMCTHII KBADUWT M8 Wro-sanajHolt T'peHaan-
Aud, BOBpact Koroporo 3760 ¢ 70 MiH. XeT, — He COZI6DEMT HMAKEROTOD
ALATHOCTUPYEMOTO yrI6POAMCTOr0 BemecTsa CHOAOTHUWCKOTD OPOMCXOE-
peHdsA. [opoxd cepud CasMaeHp ¢ BospacToM oT 3000 a0 3400 MuH, ZET
COoZe PEAT THODZ00 OPreHMYECKOe BOmMECTBO, KOTOP0S, MOXST COHTS,
BOSHHUKANO WIM He BOSHMURANO OMoXoTrHuyecKM. OzHare 2300 MIH. geT
Hasaj GMOXMMMYECKHe BOMECTH8 OHIM, BEPOATHD, I'E8BHHMM IpeAmECT-
BEHHMKAMM COBDEMEHHOTO0 NONMMEDOOOZOGHOrD QPraidvgecKoro BemecTsa
B CTPOMETOAMTAX, J

JOKEMEPU{ICKAA MUKPOIIAIEOHTOJOTUA

He Oyner nmpeyBenMyeHHWeM CKABATH, YT0 /BA BaxHeWuMx coOHTMA B GMO-
IOTHM HE BeMAe NPOMCXOAMIM BO BpEMA AOKeMGDMA. Bo-nepeHx, 9B0I0~
NUOHMPOBANA N6pBAA XMBAF KIOTKE; BO-BTODHX, KAGTKHM, COJ6DEAEME
KIOTOYHHE fzpa (SyKAPMOTHUBCKME), DBOJDLMOHAPOBAJHM 0T HOPOCTHX
KIS TOK, HO MMODEMX KJ8TOYHHX fAep (ONPOKAPHOTMYBCEMX). [IpoKapHoTH
ABIADTCA NPOCTHMH 0DPraHHBMAMH, GAKTO DHAMM, C4HO B86JI6HHMH BOAO-
pOCIAMM, COHPOXETAMM, SETHHOMMIOTAMH H T.Z., KaK OHED 0TMETOHD
B0 "BEezieEMA"™, BpeMs, RKOTZa Pa8BMADCH N6PE06 XUBOEe CymeCTEO,
BCOe eme He UBBECTHD, X0THA erc MOXHO OpeznoisareTs. Cefiw@c Boodme
CYITEOTCA, YT0 NOPEHO DYKADHOTH SBOIDNMOHMDOBENM NPUGIHBHUTENEHO
1300 was, neT Hasaj. [lepBHE BYKADHOTHYGCKAE® JOpPMH OHIM ONUCAHH
B Kamigopuuu (Cloud et al., 1969); SBOJDOHED BY KA PHOTHYEC EHX
R7IeTOR B HeJdoM Npoasaamsuposan Mapryamc ( Margulis, 1970);
A0DK8BATONECTHA, YKABHBADNMG EA BPOMA BRONNENM NEPEHX XMBHX KIe TOK,
KpuTHYeCEM paccmorpexn [Mend ( Shopf, 1975).

JoremGpHiicRA; MEKDOCMOTE OHNG HByvUeHA K KoHOy IS9-TIo CTOMeTHs,
HO N0B/HE@ MCCNe7I0BAHHA OPHOCTAHOBHEMCH BOAOTH A0 I954 r.,
ROrZ8 BO6PBHE OHJIH OOMCEHH MHKDOODPIAHHBMH M3 0TAOEOHMM $opmamuu
TsEgmuer ¢ BospacroM IS00 mmn, Zer B OHrapuo, Kesaza ( Tyler, .
Barghorn, 1954; Barghorn, Tyler, 1966 ). BcEope cTejip MSRECT—
HO 0 HaXoAKe HOPOCTHX, KORKOAMTONONOGHHX MAKDOOPTaHHBMOEB M8
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pTaOXeHU]l cucTAMH QUr-Tpu B KxHo# Adpuke ( Pflug, 1966; Barghorn,
Shopf, 1966 ),,xuapacr KOTODHX OKOJX0 3 MIpp. JeT. llosjHee
GHXM ONVCAHN NPOCTHE, KPYTJHE MAKDOCTDYKTypH cepuu OHBEDBAEXT,
BospacT KoTopo#k 3400 max. xeT ( Engel et al., 1968).
(Kesanoch, Y0 PABMepH MX CIMWKOM CHABHO BaPBAPyNT - 0T & A0
I96 MKM; OuJ0 BHCKas8HO COMHGeHHe B TOM, YTD 3T0 A6UCTBUTEJBHD
uugpogoccumuu ( Negy, Nagy, 1968, 1969 ). lospuee Haru ( Nagy,
1971 ) omucal 376Ch YETHD® DA3HHX BUAS MMKDOCTPYKTYD H3 0CHOBaA-
HWM MCCHe0BAHMY N0Z CBETOBHM M CKEHADYyOMMM 3J8KTDOHHHM MHUKDO-
CKonoM, OfMH THN 3THX CTPYKTyD pPasuepoM 2-6 MKM oGHapyEMA
MppHoMOrMY6CKA® YePTH, NDX0XHE HA ZBoMHHEe 000A09YKM. OYeHH BOSMOE-
HO, 9YT0 3TW CPEPMYECKO- MAM SAAUNCOMZAABHOBMZHHE MHUERPOCTPYKTY-
pH MOTYT OHTH 0YSHL ZIPOBHMMM MUKDPODOCCHIMAMM, HO HOJNBBA 3T0 C W=
TETH ZIOK8B8HHWM 70 [0.y4YeHUs PESyABTATOR yJABTPAMHKDOXMMAYE CKUX
aHaansos. Bpykc; Myup . Woy..( Brooks et al., 1973H&8 DCHOBEHUM
pesy IBTATOB CKAHMPYDNGA 3ABKTPOHHOA MURDOCKONMM CWATEAM STH
CTPYyKTYPH MHKpoQoccuauauu. Hond HA 0CHOBAEMM 0THOWOEHUE pasuepa
A pasMemeHMWA CZeJan BHBOZ, 9T0 OHA HE ABAANTCA 0CTATKAMH 0p-
TaHA3MOB. [l0o-BUZMMOMY, NOKA8 HEJNBBHA 84 ABAATE C yBOPEHHOCTHW,
9T0 EWBHB passMBamack 3,4-3,0 mipm. ner uasan. Tem He MeHee Halo
UMETH B BUAYy, YTO BOBPACT cTpoMmaToxMTa Byaamaita, KoTopHi Ol
N0CTPOEH MMUKDOOPT&HMBMAMA, HEZ8BHO onpezeueH xax Gomee 3,0 MApA.
ner ( Vail, Dodson, 1969; Bond et al., 1973).

Cucrenma TpaHcBaals, MONMHOCTH KOTopoid 8900 M, & BoBpacT
I900 ner B BepxHeft w@cTH M 2300 MAH. JeT y OCHOB&HMA, Cojep—
KUT 10 KpauHEH Mepe 9 CTpoMATOJMTOBHX TopusokrTos ( Button, 1971,
1973). CTpoMaTodMTH ABAANTCA CHOMCTHMUA KADOOHATHHMY MIM
KpPOMHE38MACTHMN 0CAZI0YHLMKM MOPOZAMMA, KOTOPHE CTPOATCHA IJIABHEHM
06pasoM BOJOKHMCTHMM OPTaHMB3MEMM, 06pasybmuMid MOKPOBH W JMG0

~ BHEJADWMMM, JWG0 yJAaBAMBADUMMM KE BOZH MOPOZ000pa3YomUe

MUHepaJH, DTM MUKDOODIAHM3MH O0CHKHOBEHHO SABJADTCH CHHEBENEHH-
MW BOJZIOPOCHAAMM MJM, G0Jee PEAKD, BOJAOKHACTHMU GAKTODUAMM M
KOKKOJMTONOZOOHNMM CHHE3EJNEGHHMA BOZODOCIHAMA, RMBYMMMMA B MOKpO-
Bax. JIIA NOHMMAHWA yCAOBMY MX 06pas30BAaHWA BAXHO MCCJe10BAHME
COBpPEMEHHHX CTPOMATOJAATOB B MUMIMBHO-DTAMBEHX o6aacTax ( Gebe-
lein, 1969 ] ,OTH CTDYKTYDH QODMUDYOTCA NpM HANMNAHAA DpH-
HOCHMHX NETPMTOBHX YACTHI Ha OGCONOYKE CHHE36/6HHX BOIOPOC—
Zeil. JTOT mHpomecc 3aBepuasTCA (OPMAPOBAHMEM BHIYRJHX BBEDX
CnoiikoB. Haxmuii U2 BSTHX CHOAKOB COCTOAT u3 GOraToro
ocamkama cnof (~ I mvM TOMUAHH M cHOpMEDOBAH JIHEM )
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u Goratoro BojopecisMd cumod ( ~ 0, MM To/mMEH ¥ CHopMADOBEH
Housn). O7HE moXHasA. nauka (0AMH 0CAA0YHHE M OZMH BOZOPOCIEBHI
caou) GopmMmpyerTcs B CyTKH. CTPYKTypy HOBOOOPABOBAHHOTD CTpOMA-
TOJAATA [OAJ6 PEMBANT GOJABUME K0JAYWCTES 0PraHMYecKoro pacTHUTe.ib-
HOTO0 KI6s, BHAGJEHHOIO BOAOPOCAEBHMM KIETKAMM, W CTDYKTYyDHHE
Z8Tald 0NpejeNANTCH yCJAOBMAMA CpeZH, BATIDMMED CKOPOCTHD T WHMI.
Haxonmesue KapGosaTa ¥ GOTOCHETE3 O0KABHBANICH TOCHO CBABAHHH-
My npu GopMupoBaEMM CTpOMAT0aMTOB ( Monti, 1965 ). [I0KasaHo
( Doemel, Brock, 1975 ), 4o B TOPAWMX HCTOUHMKAX JHEBHO® M8pe-
CeJeHMe NOZBMKHHX BOJOKHACTHX G8KTeDMEE B COYETEAHMM C HENOZBME-
HOCTHD BUHOKAETOUHHX CHHOBEJEHHX BOZODOCHeH NMPUBOAMUT K (opmuposa-
HAD CHOMCTHX nayex. O6bapyxeHo (Bauld, Brock, 1974 ), 4T0 B
BOZ0POCA6B0-0aKTePUaIBHEX NOKPOEAX, HAXOAANOMXCA B BHTEKaDIMX
MEA0YHHX TOPAWX MCTOYHHREX (50-73“(.‘-), CUHEB6JEHHEe BOZOPOCHH
BHZEIANT Opd (OTOCMHETE3€ OPraHMYECKUE COB7MHS HAA, KOTODHE MO-
ryT OHTH 3aTEM SCCUMHIMPOBAHH OaKTepuaAMun, ToJCTHEe MOKDOBH B
WEJNOYHNX TOPAYAX MCTOYHMKAX COZBPEET TOHKMHA i10B6PXHOCTHHA Cloft
BOZOPOCJAGBOr0 BeWecrBa, (07 KOTOPHM B3a76TranT GAKTODMM, JIMUEHHHE
foTocMETETHYECKD cmoco040C¢TH (Brock, 1969 ). BONOKHHCTHO CHHO-
36JI6HHE BOAOPOCHM MIM BOJOKHACTHE GaKTeDHM ABIANTCA MHALMETOPa=-
uMA dopuMpoBEHMA NMOKPOBOB. CHHeSeNeHHE BOZ0P0OQJHA BHASIADT KACI0-
pozn, @ GaKTepuM He BHzE. AT, CTPOMBTOJIATH MOTYT §opMupOBATHCA
M3 TAKMX NMOKPOBOE B IPAMBHO-OTAABHHX 0GJaCTAX, HA HECKONBKO GOib-
mUxX TayOMHAX MAM B pafloHe ropAMX MCTOYHUKOB. C-pOMEBT DIMTH 00—
Ha DyKMBADT CAOMCTHE, BHIYKIHE KBEDXy CTDYKTYpH, KOTODHE COCTOAT
3 OepeMexapUUXCA CID6B [0p0j pasiudgHoro cocrasa. licciaezosareny
B CCCP (Haupumep, Kpuios, JdyxHos M lianopanosa, 1968) DDPOJORAIM
O0yTh K TAKCOHOMAYECKOMY MOZPEsZeEHAD ¥ DACIOPOZ6N6HUD ZOKEMO puli-
CKMX CTPOMETOJMTOB., BHIM BHZEJOHH CTPYKTypDHHE THNH CTPOMATOJIMTOR
( Logan et al,, 1964 ) ¥ pasHHe N0 COCTABYy NPOCHOWKM, MpPEZCTEB.sAN-
mMe coGoit CyTOYHHE LMKAH GMONOTMYECKOH AeATeNBHOCTM; 0HA Jaxe
MZI0A5E30BAJACE NPX NONHTKAX NOACWTETE LPUOANBMTENEHO AJMHY
COJHE YHX ZiHO{ M uecAueB B zokeMOpu# ( Panella, 1972, o3 Turcotte
et al., 1974). lIpMGMMBUTENBHD 243 MIDZ. JOT Hasag 'crpmarmm-
TH ABIAJACE DeAKMMM B Ie0JOTMWBCKO# NeTonucu. [IpuMepHD B 3T
BpeMA Hadanocp WMPOKDE pDACOPOCTPAHEHMe CTPOMATOJMTOB, KOTOPOE
NpoZoiXaochk B TeYeHWe BCOIr0 ZOKeMODMH, 8 33T6M YyMEHBUMIOCE,
npeAnoNOXMTENIEH0 M8~38 NOABAGHMA XWNHUKOB B NAJN60B0MCKOA, MBS0~
30HMCKOW M KallHOBOMCKOH a3pax.

Buue OHJa OTMEYEHA CAOXHOCTH XAMAYECKAX COCTaBOB TBEDPIO-=
ro OpraHMYecKOro BemecTsa, HallfgeHHOTO B M3BECTKOBO-LOIOMATO-
BOM CTpoMaTonETe cHcTemH TpancBaans. Hamo modaBETh, 4TO 3TOT,
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& TAKEe APyrde CTPOMATOIMTH B78CH COZEDEAT MepB06 W3BECTHOe AMNA
TE0JOTMYECKO MCTODHM ZOKABATEALCTBO PABHOOGPABOBAHAA KIETOK. Bo-
JOKHMCTHEG CHHEBENOHHE BOZOPOCIM, 0YEHB NOXOKME HA COBpeMeHHH
poa Eaphidicpsis , o0HADYEMBENT GKMHOTONOZOOHHE KJI6TOYHHE CTpyK-
Ty pH. 3TH KJIBTKM B COBPOMEHHHX 8HAJOIaX MOI'YyT 0CTATHCA B XUBHX
npy AOBOJBHO TAKOAHX yCJOBMAX, M MX POJb — OOMOTATH BHEWBAHUD
BAZ@. OTy HoByo Qopuy HarW Hassal Petraphera vivescenticula,
Jipyr¥e BOJOKHMCTHE (GOPMH B BTHX CTDOMATOIMTAX COZEDPEAT LUCTOOG-
pagyomie KIeTHH, K0TopHe OHJIM MHTEPOPETMPOBAHH KaK I'6TepOmucTH

( MacGregor et al., 1974). HasHawHUE PTHX KJIEBTOK COCTOAT

B fukcauuMM asoTa, liHTEDPECHD, UTD BHCOKODABPANADIME MECC-CHBETDO-
merpu (Zumberge et al., 1975 ) zas o6paGoTaHHOI'® DB0HOM BTo-
I'0 CTPOMETOIMTOBOTD 0PrakAvYecKOr'D BEMECTBA 0CHADYKABADT OCWIRe
830TCO/IEPEAMUX OPTaHNYSBCHAX MoOHOB, Hampumep, yCTAHOBIGHH Cle-
Jyomue as0TCOAEDEANNE DPTAHMYECKAS MOHH: CQHIOIO » BGHSN '
022H2532 " 026335'0.2: 027546 NO u t.z. XoTR He yaaeTCs ompejze-
JATEH 0€pBOHAWABHHE COPAMHEHMA, HB KOTODHX 3TH OPrE8HAYECKMUE Ho—
HH BH78IMIMCE, WX HaIndme CBAZIETEIECTBY6T 0 TOM, YTD 4307
IPHCY TC TBOBAM, KoT7a GopmMpoBaloch 0PrEHMYECKOe BOMECTEO CTpo-
maToAuTA., BepoATHo, 2,3 MApA. I6T HA3AN (JOPMH EUBHM (IpOKE-
PHOTH) M CBABAHHAA C HMMM OMOXMMUA ZOCTHTIM BHCOKOTO DaBBUTUA

¥ cneydammsangEu (pAc. 3).

[lepBHe ByKapHOTUUECKME OPraHWBMH C KIGTOYHHMM AZDAMH, Xapak-
TepPASyONMe 6ZMEHR KDyNHEH# >TEN B GHOAOTHYECKON SBOJDLWH, NOABH-
nMcs mpuCaMsMTeasHo 1300 wnH. zer Hasax (Cloud et al., 1969;
Gutstadt, Shopf, 1969; Licari, 1974 ). faywHMe cTpOMATOIM-
TOB ¢ BospacToM 1600 mmH, 76T M8 CceBepo-sanajHoro KeHHCAeHIA,
Ascepamusg ( Licari, Cloud, 1972 ), He 0GHApyxXMI0 HMKEEMX 0CTET-
K0P BYK&DMOTHYECKMX ODPraHMSMOB, 3T0 MOSBOAMAD CZBJATH BHBOJ ©
TOM, YTO SYK&DHOTH, BEPOATHD, BBOIDOMOEMPOBANM nosaHee 1600 MiH.
78T Hasaz, Ho Ao I300 MIH, 16T HagaZ. B KPeMHMCTHX CIaHuax gop-
uanue Burrep Copuerc ( CesepHas ABcTpanua) ¢ BospacToM 900 maH,
JeT BHFBNBEO HECKOJBKD BEZOB CHE@B6NEHHX Bojopocneil, a TaKxe
HOCKOJIBKO paBHOBMZHOCTO# syrRapuoT ( Shopf, Blacic, 1971).
SyKapUOTH BHABNOHH TAaKke B N037HOM ZoKeMGpHM DxHOU ABCTpaiauy
( Fairchild, 1973 ). MuEpodaopa Burrep CHpMErC CHIA B
nociejHWe ToJH NPHBHAHA MuxkpoGHOJIOTMYEcKol accommammei, CO—
Iepraneit 1eppoe ACHDE Z0Ka38TEJLCTEOD ABYX OCHOBHHX @yKapd =
DTHUECKAX KASTOYHHX [POLECCOB — MUT0B8 i MeK0BA., JyKApPHOTH-
YeCK0e DABMHOXOHME KaxeTCA HEOOXOZMMHM NpemeCTBOHHMKOM OOAR-
JI6HWA SBOJDOMM META30a B Havane naneosoidckoit apH. TaruM o6pa-—
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98N, DaBBUTHO M DAaBMHOXOHW® RIGTOK C KIOTOYHHMM AZpaMA SyKapuo-
THYSCKOTO THNA B MOBJHGM JO0KeMOpDHM MPUBEIM K GHCTPOMy pocTy
paBHEOOGPABMA 0PraHWsMOB M K MOABAGHAD MAKDOCKOIN W CKO! EUBHM

B HO® I8 Nauneoscidckol spu. CokoxoB ( Sokolov, 1972) H8 OCHOEAE LUK
HCCIeA0BAHMMA, NPOBOAMMEX MM B TeusHMe 20 ieT, mpumel K BHBOZY,
yro B. HUZHeM BeHze CCCP npucyTCTBYOT 0CTATKM OBECKEN8THOH, Gec—
NosBOHEOYHON JayHu, BeHZ Z0IKeH CWMTATHCA CAMHM MOJOJHM CTpaTH-
rpafuueGKEM N0ZAPAa376A6HAEM NOBZHETD AOKOMODUA C BOBPACTOM 0T
670 a0 570 MmaH., IeT.

BHBOJH
JloreMGpHilCKaA Bp8 BAHMUMAOT COMB BOCHMHX WCTODMM 3eMmid. Paz riaas-
EHX COGHTHIl, EOTOpHe CHopMMDOBANM MCTODUD 3eMAM, NPONBOMIM 28
9707 0Y6Hb JOArMI nepuos BpeMeBEH, C 0PraHOXMMHYECKOR W GMo0AOTH-
yeCK0# TOWSK BPeHMA CJe/yDMASA NOCAEZ0BATENBHOCTH COONTHI KaxeT-
Cf BaxHofi: HeOMOJOrMYecKas, OPIEHOXMMUYECKSA DBOJIDEUA, KOoTOpas
IOJIXHA NPeNUECTBOBATH OMONOrMYecKoil 9BOJOIMA, BEPOATHO IPOTEKaia
panee gem 3800-3700 muH. neT Hasan. POpMH 9BOJNIME YCIORHAIMCE
2300 mmH, JmeT HA348N, 8 SYKAPMOTHYECKHEE ODTAHMSHH, Menijpe KiIe-
TOYHHE fANpa, KOTOpHE OHJIA HeoOXOMAMHMI IpejmecTBEeHHAKaMH Opra-
HU3MOB HAvaja maneozoiickolt spH, pasBAIMCH MpuonmsmrensHo 1,3
MIDHN. ZA8T Ha3aN.

CoenmMasbHHe HCCJASNOBAaHMA, KOTODHE BHABIANT XMMAYECKYD,
GUOXOTHYSCKYD M METAMOP(HMYECKYD CpPeAH NpPOWAOro, HE OCHEpyXUIM
HMKGRMX DOJUMKTOB CJIOKHHX GMOTOHHHX Co067MHeHMIt B NMOpPoOZEe 0CEZ0YHO-
I'o NPOACXOXA6HMA, MMenme# Bospact 3760 4 70 MaH. n8T. Ilepeue-
IpASHAKA TAKAX GMOTGHHHX COGMMHEHAN MOABMIMCH MPAGIA3M-

TeabHo 2300 MaH., Z8T HasAZ. BHBOAM N0 opraHMYeCKoif TeoxH-
MAM He OHIM OCHOBAHH HA M8y BV HUN BKCTPATMDyEMOT0 B DacTBOpUTe-
1@ 0preHAvecKole BemecTRA. MHOPMe TeoXUMUKM CYATANT, YTO TARUE
OpPraHM WBCKME CO6AUHEHUA MMODT COMHMTENBHYD XPOHOJOTUYECKYH BHA-
QMMOCTH OOTOMy, 0 9TH BOMECTBA, BOSMOKHO, OHIM BBRONGHH

B AOKGMODHUCKE® NOPOZH HAMHOTO I03Xe OP0OCE WBANMUMMCH BOIHHME
pacTBopaMM. X0TA HEKOTODHO CTOPOHH NPMPOZH M SBOJDNMM Z0KEMO—
PUICENX OPTreHMYSCEMX BONWECTB, NO-BHAMMOMY, JAG6TCA BHABATH EHA
OCHOBAHHH DABIMYHHX MCCAGZ0BAHA{, YSN0OBEK HAX0ZUTCA, B  Iy4meM
CIyuwe, § CaMoro Haw@Ja NOHUMAHMA OPreHMUBCKAX NpPOLECCOB, KOTO-
PHEe MpOMBOWJM BO BpeMA NOpPBHX 87% MCTODPHM SeMil.
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M.®.I' 0 cc BE e p (ABCTpaaus)
D/MAKAPCHKAA QAYHA M EE MECTO B SBOJNLUM METAZOA

M.F.Glaessner (Australia)
THE EDIACARA FAUNA AND ITS PLACE IN THE EVOLUTION
OF THE METAZOA

[Ipy MByYeHHM SZMaRapCKo# dayHH 00HYHO BOSHAKADT CJ6AyDHAS
BonpocH. I) BTo ofEa faysEa MaM fAayEMCTHYOCKH{ KOMIAEKC?

2) lpemcraBiadeT iu OEA NEPHOX B SBoXDOUM Metazoa? 3) Mue-
DTCH IM crpaTdrpaUvecKUe JoKABATEARCTEE, yKASHBADEME HA
1epHoj; BPOMeHH 66 DAasBUTHA, HENOCPEACTBEHHD MPOZWeCTHY LM
KeMOpPHD? 4) UMenTCA AM Ie0XPOHONOTMYeCKME JI0KEBATEJARCTHE,
onpezie/ADmMe NPOAOIKATO NIGHOCTH OeDMOAa pasBUTUR "azua-
Kapcroit™ dayEu? Korza Ha oTH BONPOCH MOXHO GyzeT A8Th MC-
YepNHBANNEG OTBEETH, B3HAYoHMe oTofl fayHH HBMEHHTCA - 0T KOHC-
TaTAIME pasHOoGpaBHdA Metasoa M NPEANOIOXATONBHHX B88KIDYE-
HE# 0 €6 MDUKAAZHOM SHAYSHMM 70 TOUHOI'D ONPEAGISHHA BPEMEHH
pasBHTHA. KpaTke HA Nepe YMCHOHHNE BOOPOCH MOTYT OHTH ZAHH
CI6Zy DEMe 0TBOTH.

I) Gaysa us kBapuuTos [layEZ SAMaKApH (M M3 MHOTMX Zpy X
NeCTOHAXOXZOHAN, yAaneHHNX novrs HE I00 KM oT mecra, rue
BHepBHe Ohlia 00HA pyxeHa noAo0Has fayHa) ABAAETCA CAMHM Kpyn-
HHM, HO He ©JMHCTBOHHNM, HB8BECTHHM KOMIIEKCOM, TAK KAk B
APyrux pafioHaX CONEDEATCA CX0ZHAA dayHa, MMOWEAS HOCKOIBKO
WHHO PA6MOHTH CTPOOHHA; MOSTOMy MH MOXEM I'0OBODHTH 0 SIMERED-
CEKOM KOMOJIeKCe cnenqAfuueckEX GecCKeleTHHX Metazoa., 2) OHa
HOCOMHEHEHO NpeZCTABARET ONPEZOA6HEHN nepHop pasBuTHs QayH
B0 BPOMOHH, TEK KK N0Z00HHEG OPreHMBMH OWIM 00HA PyXeHH B
pasAMYHHX 0TAOXOHMAX, yKABHBADMMX HA MHoroo0pasHHEe yCAOBHA
CymeCcTBOBaHMA (AyHHCTHYSeCKOIO KoMmiaekca. 3) [loBceMecTHO
CloM, cozepxamde (ayHy, pacOolarapTcs cTparurpaduuecKHd HUEe
CAMHX 7IDOBHMX KeMOpUHCKAX oTHoXeHMI (SKBMBAJEHTHHX TOMMOTCEO-
My spycy CuOMpH); oTH rpynnd HMKorZa He BCTPeWANCEH B CHIOW-
HOM paspese, HO YacT0 DAMAKADCKUE KOMONEKC OHI 00HApPyXEH Hu-
%6 yrioBOr9 HOCOTAACHA B OCHOBEHMM (ayHHCTMYeCKM 0XapaKTepH-
80BAHHOTD HAXHOTOD KeMODUA; 0CHYHO KPMIIEEC 8aI6raeT BHNE Ca—
MBX MOJIOZAHX ZOKeMOpMACKMX THINMTOB. 4) Sauaxapckas fayHa,

BOPOATHED, CYNMECTBOBAXA B TOYeHue Moyrd I00 MEH. aer, Ho
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CBOZOHMM eme HOZ0OCTATOYHO, YTOOH MDXKHO OHJND yCTAHOBMTE 66
BOHANLHHE 8CCONMaLMM. (QayHa XapaKTepusyeTCqs BHCOKOH cTe-
neEsn AudHepe HyMANAM CTPOGHMA KHNe YHONOJIOCTHHX M GOJBNMM
pasHDOOP&E3MEM KOJBYaTHX 46pBeil, lIMEDTCA TaKXe O0YEHL NpHU-
MUTHBHHS TDUAOGMTONOAOCHNS YIGHMCTOHOTME ¥ paK00oGpaBHHE.

He sicHO, OHIM ¥ B Ty anoxy aAoQofopaT MI4 UTAOKOEAE, HO,
CyAA N0 KOCBOHHHM /0K83aTEJECTBAM, OHM cymecTBoBanu, Ha
OCHOBE 3TWX HAOGIOZEHM# MH MOoxeM cAelaTs DA, BHBOAOB, Kaca-
OOAXCA NMpeZuecTBYOMUMX, C0JbWEd YBCTBHO HEMBY tnnﬂux,cranuﬂ
9BOMDNUE OHocfepH. SBOANLUMOHEEOE NpPOUCXORAEHME Metazoa

us Protozoa, no-BUZMMOMY, OCTAHOTCH HOHBBOCTHHM, MOCKOIL-
Ky MUKDOCKONMYECKME O0PraHumsMd 068 NPOYHEX KIETOYHHX 060-
I0YeK BpPAZ 14 MOTIM NPeBPATMTHECA B 0KAMEHEIOCTH. PaHHARA
Zudpepe HuManua Metazoa TaKEe HeusBecTHa. Hajexpa oOHa-
PyEUTH CHOJH OKaMeHeZOCTel M NDMBHAKHE IepejBUXEHMA Oprabus-
M0B B ocagKax ¢ BospacToM IO00-700 MaH. JNeT 0K&8&IECH Hampac-
Holl, CTazud SBOJOLMM, NPH KOTOPoM XMBOTHHE MOTYT BAMETHO
paspymaTs 0CA&AKM, HO-BHUAMMOMY , HACTyNWIA B NepUOJ MOCIH62-
Hux I0O0 MAH, ZIeT AOKeMOPMUHACKOrD BpeMeHM. DTM CHSZH HOCAHT
OoJee pasHooOpasHH XapaKTep Nocle Hauwala KeMOGpudA. B aTo Bpe-
Mfi CMIEHO yBOAMYMJIACEH CHOCOGHOCTH Metazoa  NPOMBBOJANTE MUHE-
panMdsoBaHHYyD TKAHEL., TmarTeiabHoe WBsyYeHMe yCIoBu#l oKpyxamomein
cpejii B0 BpeMeH& BAME&K&PCKoM fayHH yKasuBaeT CKopee Ha
noclneZoBaTeNBHH{l pOCT, HOXENM HE HEOXMJBHHHHA XapaKTeD KHaue-
HeHkll, COOHTHH KOHUA ZOKEMODHA HANOMMHADT COGHTHA KOHNA
naneesos ¥ Me3080f. [lepBoe BOBHAKHOBOHM® MHOEOCTBE pa8Jd Y
HHX BMJI0B MUHEPEIWBOBAHHMX TKAHE!l B XUBOTHNX DPaHHOI'OD A0-
KoMOpHAA 0CTAETCHA HOOGBACHOHHHM, JTO MpPEJCTaBIA6T CKopee
WHTEpeC AN NANEOHTONODHM, YeM JAJA MCTOPUM RUBHM.

The term "Ediacara fauna" is used somewhat loosely for the very dis-
tinctive, abundant and varied assemblage of fossil animal remains
found at Ediacara in South Australia. It is also used for less abun-
dant and less varied but no less distinctive assemblages of fossils
found in an ever increasing number of other localitiea on all conti-
nents except, so far,South America and Antarctica. The use of the
word "fauna" for all these fossils collectively is correct only in
a non-technical sense, such as in the terms "Cambrian fauna" or
"Tertiary fauna”, without very specific ecological or biostratigra-
phic connotations of interrelated and integrated animal populations,
as implied for example in the term "Burgess Shale fauna”. The justi-
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fication for this loose usage lies in the rather obvious peculiari-
ties of this assemblage which distinguish it from all others: It
consists entirely of soft-bodied organisms and most of its elements
do not occur anywhere in association with assemblages of shelly or
skeleton-bearing fossils.

Two-thirds of the specimens in the Ediacara assemblage are coe-
lenterates and most of them are medusoids; not less than one-quarter
are annelid worms and 5% are arthropods (Table 1). It is an unusual
assemblage which differs in composition and appearance considerably
from the Early Cambrian (Tommotian) feuna which, in turn, is very
different from the Ordovician and later faunas. From that period
onward, the resemblance of fossil to living marine invertebrates
grows rapidly, perhaps with some acceleration after the Permian and
the Cretaceous. The strangeness of the Ediacara fauna is partly due
to its composition which is unlike any other known association of
marine life, and partly to the virtual absence in it of animals
with hard shells or skeletons. This is now recognised as its most
distinctive character. Mineralizations manifested as calcareous
shells, bones, or other protective or supporting structures are
absent from the fossils collected at Ediacara but mechanical stren-
gthening of tissues by fibres or by chitinous substances was present.
Although these substances have now disappeared, we presume their pre-
sence on morphological grounds, by comparison with living, related
forms, and by observation of the mode of preservation of various
menbers of the assemblage (Wade, 1968). When the Australian geolo-
glst R.C,Sprigg found the first fossils at Ediacara, he described
them (1947) as an Barly Cambrian fauna of jellyfishes. Ten years
later, other kinds of fossils were found and identified. An Early
Cambrian age was originally doubtfully assigned on a purely conven-
tional basis and because the nearest known fossils were Lower
Cambrian Archaeocyatha. We know now (Dalgarmo, 1964! Daily, 1972;
Wade, 1970) that one or two significant regional umconformities
post-date the deposition of the Pound Sandstone. Up to 800 m of
terrigenous sediments were deposited between the horizon of the
Ediacara fossils which lies near the base of its upper member and
the first carbonate deposits with Archaeocyatha in the Flinders
Ranges. All subsequent discoveries of similar fossils elsewhere have
supported the dating of this assemblage as Late Precambrian. In some
instances this was confirmed and refined by isotopic geochronology.

The Ediacara assemblage is now known throughout the Flinders
Ranges of South Australia (Fig. 1.2), i.e. through an area 100 x
x 200 km in extent. Ediacara, on its western margin (Pig. 1.1),
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Table 1
Composition of the Ediacara Fauna of the Flinders Ranges

Approx. % of
Major taxa 1500 specimens | Genera Species
counted
COELENTERATA 67%
"Medusae" 7 10
Hydrozoa Chondrophora 3 3
Conulata 1 |
Scyphozoa 2 2
"Petalonamae"
(?Pennatulacea) L | ]
ANNELIDA POLYCHAETA | 25% 3 Vi
ARTHROPODA 5%
Trilobitomorpha
(or Chelicerata) 1
Crustacea Branchiopoda 1
TR1IBRACHIDIUM 3%
22 31
TRACE FOSSILS (Form species) 8

remains the most abundantly fossiliferous locality. All fossils come
from one stratigraphic horizon of varying thickness, up to a maximum
of 112 m. This corresponds to & time interval when conditions of de-
position of the Pound Sandstones were modified by a more quiet regi-
me in a number of shallow-water belts or coastal lagoons. This per-
mitted sedimentation of silt and clay lenses in which fossils could
be deposited until either their bodies or moulds left by them could
be covered by the next sand wave and so preserved. The resulting
fossil assemblage represents a mixture of bio- and taphocoenosis,
which means that some organisms had l1ived where they were buried
while others were brought in by waves and currents. Some were mobile
or sessile benthonic organisms, some nectobenthonic, i.e. swimming
above the bottom, some swam like medusae while others floated close
to the surface. Phytoplankton must have been present as primary sour-
ce of food. All the known animals were microphagous, either as acti-
ve predators on unknown very small prey, or filter feeders, or fee-
ding on plant growth or detritus. No organic matter remains in the
thoroughly flushed, originally very porous sediment. There is no-

260



¥

STEM ﬁ-'s‘s’

thing unusual in the environmental conditions amd the Ediscara
assemblags cannot be considered as unrepresentative of the marine
life of that period. On the contrary, the twelve or more localities
with Ediacaran faunas which have been found or described since the
first discovery confirm its interpretation as proof of a new amd
previously unknown stage in the history of 1life.

Some of these localities are very poor in numbers of finds, o.g.
two sandstones in central Australia (Pig. 1.3-4) which have yielded
one specimen of a fossil coelenterate each (tentatively identified
as M), or another slightly younger horizon where two species
of medusae occur, Other localities where finds are rare are in the
Woodhouse Beds of Charnwood FPorest in England (Fig. 1.6) where six
frond-like and 14 disc-like impressions (Charnia and Charniodiscus
Ford) were found, together with medusoids, all more or less closely
resembling Egiacara fossils. In northern Sweden (Fig. 1.7) two me-
dusoid specimens resembling Cyclomedusa (Strand, Eulling, 1972) wers
found in Late Precambrian strata. In a bore core from northern Ru-
ssia (Fig. 1.9), some 750 km northeast of Moscow, B.M.Keller found
a specimen geuns Vendia (described in Rozanov et ai., 1969) which
resembles Praecambridium from Ediacara., A similar foesil was found
recently by EKeller and his colleagues (Keller et al., 1974) near
Arkhangelsk (Fig. 1.13), together with Pteridinium and Dickinsonia,
both of which also occur at Ediacara. Another Bdiacara species,
Cyclomedusa plana Glaessner & Wade, occurs together with other
medusoids and trace fossils on the southwestern border of the Ukra-
inian massif, on the River Dnjestr (Fig. 1.8, Zaika-Novatsky et al.,
1968; Paliy, 1969). In northern Siberia (Fig. 1.10) onme specimen of
a Charnia-like frond (Sokolov, 1973) was found in a sandy dolomitic
formation. Near Lake Baikal (Fig. 1.11) there are, together with
Cyclomedusa, occurrences of bag-shaped fossils (Baikalina sessilis
Sokolov) which are not unlike those of Arumberia Glaessner & Wal-
ter (1975) from Australian and Namalia Germs (1972,) from south-
western Africa. In this region (Fig. 1.5) large nunbors of fossil
specimens and taxa have been found (Germs 1972, 2, 19751 ot Pflug,
1970-1973), including Pteridinium, medusoids and a nprigg:l.uid worm,
which also occur at Ediacara, but also typical Rangea, many Ernie-
ttidas and the tubular shells of Cloudina which are mot known from
Australia. Finally, there are two as yet undescribed assemblages
from North America (Fig. 1.14-15). One is in the Conception Group
of eastern Newfoundland (Anderson, Misra, 1968; Misra, 1969), where
some 40 fossiliferous horizons occur below tuffaceous layers in
splintery shales. They contain apparently Charnis and also what I
consider as floating colonial hydrozoans which are not known else-
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where. The other locality was announced in recent newspaper reports
from Durham, North Carolina, where large worms were found in shales.
In all, there are now 14=15 known localities of Late Precambrian
Metazoa.

Before discussing the stratigraphic positions and ages of these
fossils, we have to examine the question of their significance as
documents of a new, pre-Cambrian stage of metazoan evolution. Ad-
mitting the usual incompleteness of the fossil record, aggrava-
ted in this case by the problems of preservation of soft-bodied or-
ganisms, we find that the assemblages represent many different en-
vironments, They include sandy near-shore facies in Australia, a
deeper-water facies with volcanogenic interbeds in England, New-
foundland and apparently the Appalachian Piedmont, argillaceous
shallow-water sediments around the Baltic and Ukrainian Shields,
sandy dolomites in northern Siberia, and massive sandstones, silts-
tones, mudstones and limestones (with worm tubes) in the Nama Group.
It is clearly impossible to invoke unusual conditions in which an
unrepresentative assemblage would have been preserved at each of
these localities. The unusual mass occurrence in some of them of
soft-bodied animals is explicable by the absence of macrophagous
predators such as carnivorous gastropods, echinoderms or vertebrates
at that time. It has now been widely accepted that the Ediacara fauna
represents a previously unknown stage in the evolution of marine
invertebrate animals, What is surprising is that its spread in time
is no greater than the latest Precambrian, i.e. the last 100 million
years of Precambrian time and probably even less.

An approximate analysis of the distribution in time of the pre-
sently known Late Precambrian fossil assemblages (Fig. 2) leads to
the conclusion that with one or two possible exceptions they are
likely to fall in the interval from approximately 630-640 m.y. to
Just before the beginning of the distinctively fossiliferous Cam-
brian (Cowie, Glaessner, 1975) which is, on the best available evi-
dence, dated at about 570-580 m.y. This is an interval of some
65 m.y., equal to the length of the Tertiary Period. Within this
interval, no zonal division can at the present time be based on
faunal differences. This is due to the fact that some of the assem-
blages are still undescribed, that successions of different faunal
asserblages in any one area are unknown or undescribed, that large
numbers of taxa have limited geographic ranges, and that dating
and correlations are still insufficiently precise. None of these
obstacles to a biostratigraphic subdivision of the total range of
Ediacaren assemblages is likely to be fundamental or permanent.

Zoning will become practicable as soon as our knowledge reaches a
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‘more advanced level. One occurrence, that of Charnia and Charnio-

discus in England, may be significantly older, about 680 m.y. on
K-Ar dating of associated volcanic rocks. Much uncertainty about
decay constants, Ar-loss and geological relations remains. Semikha-
tov (1974, p. 60) has drawn attention ot the fact that although the
ages given for the occurrence of Charnia in England and of a very
gimilar fossil (Charnia or Glaessnerina siberica Sokolov) in nor-
thern Siberia are almost identical, the constants used for their
calculation were different (Jlo = 0,584 x 10710 g5 against

0,557 x 10~19), He re-calculated the age of the English rocks as
715 m.y. However, the constant used in England is now in general
use, hence the age of the Siberian rocks (EKhorbusuon Formation)
has to be recalculated. This would give an age of about 640 m.y.
The age of the Nama Group is still unknown. It is possible that
its youngest members in which no Ediacara fossils have been found
are of Lower Cambrian age, but there is no known reason why the
older, fossiliferous formations should not be of the same age as
other sediments containing Ediacaran fossils.

The Late Precambrian age of the Ediacaran faunas is now genera-
11y accepted. One further point has to be added to this dating.
Wherever such faunas occur in suitable sedimentary sequences, they
are found to be younger than the youngest well-defined pre-Palaeo-
zoic tillites. This applies to South and central Australia,
ﬁewfoundland, northern Sweden, the Russian Platform and possibly
southwest Africa. Stratigraphic sequences from tillites upward to
fossiliferous Precambrian sediments or their equivalents are known.
Thﬁy vary in thickness from place to place, as might be expected.
No inference is drawn here concerning strict synchromeity of the
tillites or causal relations between glaciation and the appearance
of the Ediacaran fauna. If there is a relation, it would seenm to
be a complex one, not a simple triggering of the differentiation of
previously undifferentiated Metazoa by amelioration of the clima-
te and by expansion of the living space through glacio-eustatic
flooding of previously exposed shelves. The interactions of glacia-
tions and palaeogeographic changes with the history of the marine
fauna must have been far more complex and of much longer duration
than the glacial episcde which preceded the appearance of the Edia-
caran faunas.

It is probable that animals, in the widest sense of this term,
i.e. including Protozoa, came into existence as soon as the first
eucaryote cells. Before the beginning of the Cambrian the evolution
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of Metazoa had led to a remarkable differentiation at the coelente-
rate grade and reached the coelomate grade, with considerable diver-
gity in annelid worms but with just the beginnings of diversification
in arthropods, and with only doubtful traces of the existence of
molluscs and other now flourishing phyla. The evolutionary path from
the first amoeba or ciliate protozoan to the first coelomate animal
may have been longer that that from the first coelomate to man. This
is admittedly a subjective estimate. There are, however, good rea-
sons why the long path of evolution from protozoans to coelenterates
and flatworms is as yet undocumented. (After this paper was completed,
the discovery of a Precambrian microscopic turbellarian flatworm was
announced by Allison (1975). It is 0.45 mm long, known only in a thin
section, and comes from the Tindir Group of eastern Alaska which is
correlated with the Rapitan FPormation in northwestern Canada; its age
is less than 850 m.y. Regrettably, the available morphological data
are hardly sufficient to support the author's far reaching evolutio-
nary conclusions). The early Metazoa were so small that their chances
of fossilization were minimal. They were excluded from possibilities
of preservation provided for early plants by their resistant cell
wallas, The undetected and probably undetectable evolution from colo-
nial cell grade to tissue grade could well have taken as much time

as the entire Phanerozoic metazoan evolution. Between the attainment
of tissue grade and the level of the Ediacaran fauna lie such evolu-
tionary novelties as the acquisition of the mesoderm and the coelom
which must have preceded the observed diversification levels of the
Ediacaran annelids and other coelomates. These diversification pro-
cesses could well be of Late Proterozoic (Late Riphean) age, i.e.
later than 1000 m.y. ago (Glaessner, 1972). A gap of some 300 m.y.
remains her but further discoveries could extend the time range of
either the Ediacaran faunas or at least of trace fossils or clear
evidence of bioturbation by burrowing worm-like metazoans from

700 m.y. back to 1000 m.y. As far as we know at present, the Edia-
cara fauna, this most distinctive assemblages of metazoan body fo-
ssils, is restricted to Latest Precambrian, Terminal Riphean, Ven-
dien, or (according to Keller, 1973) Vendomian time. Whether for that
reason this interval should be added to the Phanerozoic Eon is an
open (but perhaps not very important) question.

The remaining real problem is the evolutionary step from the
Ediacaran to the Cambrian level of evolution of the Metazoa. This
step, not a sudden but a rapid one, was characterized by the rapidly
increasing abundance of mineralized shells and skeletons, but not by
their first appearance. The problem of speeding up of evolutionary
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rates at certain times is still essentially unsolved. Biological
changes occur rapidly at times of regressions, climatic changes and
tectonic events. Whether any one of these, or even cosmic processes
which have been speculatively invoked, could have caused a speeding
up of evolution, separately or by interaction of multiple causes,

is still unknown. All that can be said is that events at the begi-
 nning of the Palaeozoic Era are not unlike those at the beginning of
the Mesozcic or the Cainozoic Eras. Detalled comparative geohistoric
studies of these major boundaries may well lead to very significant
advances in our understanding of markers in the geological time
scale.
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F i g. 1. Geographic distribution of localities of Ediacaran

faunas

Rumbers 1-15 explained in the text. The distance of North Ameri-
cal localities (14, 15)-from Burope in the Late Precambrian is not
known and the probable direction to them is indicated by an arrow.
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F ig. 2. Probable ages of strata containing Ediacaran fossils at
various localities

Numbers refer to localities shown in Fig. 1. Arrows pointing
upward indicate possible changes in datings if proposed alterations
in radiocasctive decay constants used in geochronology are accepted.
T in circle indicates probable age of youngest Precambrian tillites
in relevant sections. Stratigraphic subdivisions after Harland &
Herod, 1975 '
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STANL PASBUTAA AOKBMBPUANCKON BHOCOER
B CBETE IAJIEOHTOJIOTM YECKRX JIAHHEX

B.3.8 0o kolov (USSR)
STAGES OF DEVELOPMENT OF THE PRECAMBRIAN BIOSPHERE
IN TERMS OF PALEONTOLOGICAL DATA

The historic succession of the Earth's biotas is thought to
represent stages of organic evolution. From the Cambrian on
it has been proved to be true by numerous investigations and
perhaps more than anything helped in the past to visualize the
Phanerozoic as opposed to the Precambrizn Cryptozoic, the eon
of the so~called hidden life, or to be more exact, hidden
animal life.

However, as shown by investigations of the past 10-15
years, the life on the Earth has been existing at least from
the beginning of formation of the sedimentary shell (stratis-
phere). Hypothetically, this was admitted previously, but now
there is paleobiochemical evidence of the presence of photo-
synthesis products in the Earth's oldest sedimentary rocks
(about 3,500 m.y.) and some old Precambrisn specific rocks can
be interpreted as biolites.

Up to now the jump "chemical™ to biological evolution is
still obscure, but the oldest manifestations of life cannot be
explained otnerwise but as products of vital activity of pro-
karyotic organisms (cyanophytes and bacteria). As is known,
paleontologists have introduced a notion of some "species™ of
Archean prokaryotes. And though there is no certainty in the
correctness of morphological interpretation of these "micro-
fossils", the very fact of existence of bioclogically active
producents in the deep Precambrian is beyond any doubts. The
eon of existence of heterotrophic prokaryotes, ecologically
associated with anaerobic environment, can be called the Cryptos
phyte.

Much more definite is the paleontological evidence of li-

fe in the Aphebian or Karelian, i.e. in the initial Proterc-
zoic, though in this case too, the ending "zoic" is only a

tribute to the tradition.
Most important for comprehension of the development of
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Earth's biotas are biosedimentary structures of stromatolites
and similar formations associated with the vital acitivity of
prokaryotes fixing carbonates. Or particular interest are
stromatolites about 20004100 m.y. old probably formed after
the middle Aphebian glaciations. There are abundant findings
of filamentous, spheroidal and morphologically more complicated
forms of microorganisms preserved im silicified stromatolite
structures. So far, the Gunphlint microbiota can be regarded
as a type on this new ecological specialization of life. This
ﬁay be the beginning of emission into atmosphere of blogenic
oxygen, fixed, up to this epoch, by oxidizing reactions pri-
marily in water environment, although it could not yet be
accumulated as free 02 in any significant amounts.

Quite a definite morphological differentiation of micro-
organisms in the Aphebian and its equivalents suggests the
name of Eophanerophyte or Proterophyte for this eon, which
lasted until thallophytes appeared. Yet the maximum differenti-
ation of the Precambrian life and maximum impact upon the
evolution of biosphere are associated with the late Precam-
brian (16004100 to 570 m.y.). Over the span of this billion of
years corresponding, according to the USSR stratigraphy, to
the three fold Riphean (R) and Vendian (V), the most important
bioclogical events took place. That was the time of an emergence
of the first phytoplanktonic eukaryotic organisms (approx, at
the boundary between R1 and Ra) probable appearance of fungi
(Bz), an exceptional flourish of cyanophytes (the main phyto-
liteproducers) an appearance of agquatic Metephyta with non-
calcareous thallus (R3 and mainly V), of rare traces of pre-
Vendian benthonic animals (no reliable imprints of the orga-
nisms themselves have been ss yet found), of abundant non-ske-
letal Metazoa (V) which left numerous imprints now found in
the Precambrian all over the world.

Such a progress in evolution was undoubtedly associated
with the progressive oxygenization of atmosphere due to the
exceptional growth of aquatic vegetation and especially phyto-
plankton, and a sharp stimulation of bicenergetic processes
due to transition of organisms to the oxygen breathing (about
1,000 m.y.). Two events were of fundamental importance: (1)
the emergence of eukaryotes (possibly at the beginning of Ri-

phean) which completely changed intercellar processes, the
character of reproduction, and gave rise to the formation of
multicellular organisms, and (2) the appearance of pelagic and



benthoniec Metazoa of Ediacaran type (Vendian), which, over
the span of 80 to 100 m.y., were giving rise to widely dis-
tributed skeleton-forming Phanerozoic organisms.

Vendian-Ediacaran fauna of non-skeletal organisms was
widely spread after the Laplandian or Varanger glaciation.
The fauna is undoubtedly more closely related to the Fhanero-
zoic than to the Cryptozoic (to be exact, it is only the
Riphean), though in terms of stratigraphic position it belongs
to the latest Precambrian. This fact makes the Vendian just a
specific subdivision in the stratigraphic succession and re-
duces the problem of the boundary between the Precambrian and
Cambrian to that between the Vendian (and its equivalents
outside the Soviet Union) and Cambrian.

B paMmEax cummosudyma "Koppedsuusa ZoKeMOpHA" npoGAeMa OPreHMYSCKOTO
BONECTBA WM EMBHM B JOKOMODWM 0KaBalach 0ZHO{ M8 NeHTpPaIbHHX.Ee
TeCHelman cBASb C mpoGNeMoil NPOMCXOXZ6HWA EMBHM Ofeccrmopsa. Ho Hu-
TH 5T0# CBABM - BOMHOM M KOCMEYECKOH - MH DCOBHAEM CKOpPee WHTY M-
THUBHO. MHoroe MH MOE6M MOHATH ODH SKCIGDHMOHTANBHOM MOZ6IHDOREHMM
BOBMOXHHX (MOXMMMYSCKMX OpOLECCOB, M BMOCTEe C TEM, C TOUKH BDEHHA
crporux QaKToB, MH BCE 6m@ CTOMM y MOPOra TOre BEJMKOIO0 JKCHepUMEH-
T8, KOTOPHN MUIAMapaH 78T HABAZ MOCTABMJA HA 3Jesmue cama IIpupo-
78.

9ToT nopor - zpesHellmuit ypopeHEs BOMHON cTpaTMCfepH, M AUNE C
Hero HaM 0TKPHBEETCH HE0G03DMMas NaHopaMa SBOANUMM caumoif Ouoche-
pH, CEEYOK 0T "XHUMMYSCKOR SBOMOOMMU"™ K 3BOMOLMH OMOJOrMYSCKofl Je-
EAT 88 NpejeJAMM BTOTO NOpora; HO 0TTYyAS HAU eme He WBBECTHH HM
"xemofoccHaMu", HM "OMofoccuamu™. Hayku o0 XMBHM ¥ 0 BeMie COIU3u-
I4Ch ceilg@c y aToro pydexa TAK, KAK HUKOIZE B NPOMJIOM.

MHOTMe WCCHOJ0BATENM B NONHOX MOD6 0COBHADT WCKINYMTEIBHyD BAE~
HOCTH 3TOT0 yB8Ja CBAseft HAYK M Te TPyJAHOCTM, KOTODHe Hafo npeozo-
J8Th, DacOyTHBaA ero. B HeKOTopoi# Mepe NpeacTaBlNAD 3TH TPyZAHOC—
TH ¥ A, NOCKOABKYy ABIAANCH PEO0JAOTOM M Naleo040J0OTOM OAHOBPOMEHHO.
He Gyzyw OMOXMMMKOM, A H6 DUCKyD 3aTparMBaTh NPOGAGMYy CaMux
ACTOKOB xXMBHM. [Ipy BCeli npuBleKATENBHOCTH M camofi oweBuzHOU CBa-
34 C HaWGOJNEe DAHHMMM CTpPAHMIAMM MCTOPUM NPUMHUTHBHONR SeMmau aTa
npoGJjeMa eme HOZODCTATO0YHD CONMESHS C ODAJE oHTONOTMeid A0KeMOPUFA.
QaKTHYECKNE JOKYMOHTH MoCAeZHE# 0CTABIAKNT €me CAMIDKOM GOIbWDe
MBCTO 77 IMOOTETMYSCKMX DACCYEZAGHMM 0 CHOEHHX BOOpOCax "MOJNeRy-
NApHO# najeoHTOXOTMM",
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o aTolf NpUYMEe A NPOZNOWMTAD I'0BOPHTH HE CTONBKO © OpOMC—
XOXJ0HMH XMBHM, CEOABKD 0 BPEMeHH 6e NoABAeHMA. Ho @ 2To Hemano,
6CJHM MH B COCTORHMA JOK888TH, Yr0 DOKOHCTPyMpyeMas ZMHAMMKE
ADPeBHOUNEr0 CCAZ0YHOID NPOECCA HA 3JeMA6 M BKTHBHOCTH APOBEEMWMX
OMOJOTMIECKHX CUCTEM HOpDACTODXUMD CBABSAHH,

OzHEEKD NOTKO0 ODOHATH, YT0 KAK OH HM YEKIOHAZMCH T'OQAOIM, I'60Xi-
MUKM ¥ NaNEOHTONOTM 0T PEwWeHMA COKpDoBEHHOM npoCaeMd OPOMCXOEAE—
HAf XMBHM, OHM HEMBOGXHD JIOJXHH NDHHATH KOKyD—-T0 CHOXUMHYSCKYD
KOHOONOUD BOSHAKHOBOHHA EKMBHX CHCTOM M 0TWTAMBO NPEACTABIATSH,
KaKMM TUTaHTCHKEM OWX NyTh, KoTopuit npomna "xuMMAYecRas aB0JONHA",
npexze YoM BOBHHKIM WAM BAHAIN COOTBETCTBEYDEyD SKODJIOTMYECKYW
HANYy mpEMATHBHe#mAe, HO CHOCOOHHe K CAMOBOCHPOMBBEZ6HAD SOGMOHTH.
Iyrs (a BepoATHeE BCEID — MyTH) K BOBHAKHOBEHUD CAMHX DaHHMX
Prokaryota OHJI HOCOMHOHHD TAKHMM X@ ZOIFMM ¥ TODHACTHM,
K8K W OyTH 0T BTUX NoCA6ZEMX (Hampumep, GaKTepuil) Zo Homo sa=
plens.

Chepa MoMX HayUHHX WHTEDPOCOB W MCCIe A0BAHMA HE NpeHCTOPUA
KWBHM, 8 CaM8 KCTOPMA pasBuBanmeiics XMBHM 36eMiM. B Ie 0A0TrMYecHoM
cMHCHEe 5To0 ZoKeMGpuit M faBeposoit, HawMHapEHMACA KeMGpuilcKo# cu-
creMofl, Jlo HejaBHer'o BpeMeHM MMeHHe faHeposolt (oxmaTHBaWEMA no-
cnezEMe 570 MIH, J6'T) OWA B LEHTDE BHUMAEMA NAAGOHTOAOIUM M BCA
JapPBUHOBCKAA 2BOADLUA JAaKTHYECKHM OrpaHM WBAJECH TOABKD UM,
JioReMOpuiicKue OMOIOTHYECKOE NMpPOWADe OJ8HETH MPeACTaBIAAJNOCEH
YypesBHUAIIHO TyMaHHHM. Jaxe axazeMuk B.[l.BepHajckuil, IeHnalbHO
yeMaTpusaBmuit 3 6MochepHOM Npouecce ero KOCMHYSCKYD ZiDEBHOCT b,

C COMHEHMEM DTHOCMICA K BOBMOEHOCTM 06HapyXeHWs B TAyOGOKOM Z0-
KOMODHM DCTATKOB OpPIraHW30BAHHHX SI6MEHTOB XWB8HM, CIMmKoM Oecro-
Ma7HHM KaBsaJ0CH BAAAHAE MeTaMopfdama Ha MePBMYHHE o0CaZO0YHHE No-
pozH 3eMad, HA B3KINYGHHHE B HMX 0CTATKM OPraHMsMoB M HA HOPOAYyK-
-TH WX EM3HEJEATEIBHOC TH.

OaBaKO Ha MPOTAKGHWMM nocaepuux I5-20 neT nmpousowes] KpynHeil-
mail nepesopoT B HAWMX NpEZCTABIEHUAX 0 WCTOpMM M xU3HM podane-
posolicKoll Bemad. i H&30By TOJBKO IAaBHO6,

I. JoAroxMBymME MBOTONH NO0BBOJMAN COSJAATH pajiuMerpUECKYD
WKaly BpeMeHM, NOKAs3aBWyD, Y0 74X HASHBAEMHH ZoKeMOpUil npesb-
meeT (GaHeposoit mo KpailHeld Mepe B 7 pas M uT0 CymeCTByOT METO-
Zbi BWABNGHMA NMEPUOANBALMM BTOrD I'I4BHOTO 0TPE8KA BPEMEHM B MCTO-
puy GopmapoBaHMA SEMHON KOpPhl.

2. Bula ycraHoBIeHE TECHAA CBHSL I'@0JOIUYSCKMX [pOLECCOB
LoKeMGpus W (faHepoaoA, yCTAHOBJIEHA BO MHOIPMX CIy4YaAX HENPEpPHBHAR
NoCHez0B8a T8ABHOCTs WX B HeMETaMopPUBUBAHHHX 0CAJI0UHHX TOJMAX.
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Maea yEuBepcalbHOTD NpeaKeMOpUiiCKOro NEPepHBA 78 BCEX KOHTU-
HEHTOB 0K43aJ4Ch HECOCTODATENBHOII.

5. HoBue MeTOAH McClO0BAHMA (BIEKTPOEHAF M ONTHYECKEA MUKpO-
CHONMWs , NaNE00MOXUMHA, TIyOGOKOe OypeHWe B NpPeAcNax APeBHUX oca-
ZO0YHHX NAMT M ZAP.) HapaAy C TPaAUNUOHHHMKM METOASMM [pPUBEIM K OT—
KpHTHI0 OCTATKOB OPI@HMBMOB pABJMYHHX ypoBHeN opraHusanuu (Proka-
ryota, 0ZHOKJE T YEHS Eukamtn, GeHTOCHHE Metaphyta (+]
HEOGHBBECTB/GHHHM CJI06BMIEM, OBCCKENETHHE Metazoa , GecrnosBo-.
HOYHHG C NepBHMM nNpUusHaKaMM pedainsanuun ¥ 000COOJEHMA CTBOJA
BTOPMYHOPOTHX). BUOreHEHe CTYyKTypH M NPOAYKTH KMBHEAEHTEILHOC-
TW 0PraHusMoB- (0COCBHHO GAKTEPWA M CUHEBEIBHHX BOAOpOCHSi#t) Oh-
I yCTAHOBNGHH HA MPOTAMEHMW BCEro JOKeMOpus., C aTHMM obaacTa-
Mi ZoKeMGpHiCKOolU naJe OHTOJAOPMM TOCHO CMHK8OTCH W TOT paszexn
naie 06MoXuMUM, KOTOpuid M.KoaBUH HasBal MOJEKyIApHOW nalxeoHToJo-
rUei, XoTd 3T0, KAK M W8y WHUE (UTOJATAJIECKMX CTPYKTyp, HE 0T-
paxapmuX KJeToyHo#l M TKaHeBoM MopQoNoTMM, CKOpEEe CJEGAYyeT HaBH-
BaTh napananeoHTojorudeil, Mu, TaKMM 00pasOM, BOGPEHE MOZOWIN K
CosjaHND 00mero Kap{aca CGMOXDPOHOJOTAYECKON WKAJH ZOKEMO DHA.

4, Craa¥ 0YeBMAHH EGAMHCTBO CTPaTUCEEpH 36MA4, K8K pesyabTaT
pasBUTHA OHJHX GHuCep NI3HeTH, M €6 cnenuduyHoCT: B STOM 0THO-
WeHWM cpeay ApyrMx naaHeT CoJHe Wioid CUCTEeMH., YHMKalBHHA Xapak—
Tep seMHO cTpaTMcPepH BACTABIAET BMAETH B dell BaxHeimul McTow-
HAK BapETUCTPUPUBAHHON MHLOPMAIMM 0 BOMHHNX M KOCMMYSCKHAX COOGHTU-
AX HE NPOTAXKEHMM NOYTH 4,5 MIADA. A6T, YTO HEMHOTMM MEHDBWE MOJI0-
BUHH 11@DMOZA CYyweCTBO3aHWA T'alakTUKH.

B noclezHne Irojd CAeNaHD HECKOABKO 0Y8HH BE@KHHX NONHTOK CHH-
TE3/P0BATh HAKONNGHHHO JEHHHE [0 Ie0AOrMM AOKEMOPHUsA, €I'0 KUSHM,
N0 reoXuMUyu ApeBHel aTMochepH M OKe&HA, IONHTOK COBJBHAA MOZe-—
o4 npuMaTHBHOR 3eMAM M X073 DASBUTHUR €6 EUBHM.

llcTopMYecKyD NOCASZ0BATEABHOCTE GMOT 36MIM MbH BOCHpMHMMaeM
KaKk nepHoAMyHoCTh (ST8MNHOCTH) OPraHMYeCKoi SBoANNMM. HauuHas C
KEeMOpMUA 0HA OWJ8 MOZTBEPKZGHE THCAYAMM HMCCJOIoBEHMA M, OHTH MO-
X6T, GoJee BCEro CHOCOGCTBOBaZA B NPOWJOM NPOTUBONOCTABJEHUD
GaHepos0s Z0KEMOPMHCKOMY KpUITO300-30HY, TaK HABHBa6MOA CKpH=—
TOM XMBHM MIM, YTO0 STMMOJOIAYECKM TOYHES, CKDHTOH XMB 0THOH
KABHM.

OzHaKD ecid paccMaTpUBATE MCT 0PUKO-GMOJIOCMYECKMI [IpoLecc B
6JIOM, TO CZI8N&HEHE OTKPWTHA B 00JACTH N&NEOHTONOTMM ZOREMOPUA
No3B0JA0T 00HE DyEUTH BHOJAHE YeTKyD STENHOCTH B (daHeposoiickoii u
AOKeMOpUlicKod McTopuiu 3eMaM. Ho aad Z0KeMOpUs yCTaHABIMBHETCH
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cneuudnKa, Koropas 2aKkipyaercA: 1) B orpomHoil pacTAHYyTOCTH Guoiao-
THUYECKAX METaXpPOHOB ZOKEMOGpMA; 2) B SHAUMTENBHO C0J€€ 3aMEANEHHOM
TEMIe 0OWErD yCKOPEHMA SB0JOLMOHHOID Nporpecca ¥ CMeHH [JEHe Tap-
HbX SKOUJOTMYECKUX cAcTeM; 3) B GoJee fPKOM NDPOABAEHMM BJMAHMA adMo-
TUYECKAX LIPOLECCOB (BM0XH TEKTOHO-MAIMETUYeCKON AKTUBMB3ALMN; KoJe-
GaHiUA B TEMNEPaTypPHOM DEXUMe - olNeZeHeHMA; WBMEHEHMA B COCI&Ee
aTMOCHEPH X T.7.); 4) B o0meif MOHOTOHHOCTM 3BOJKLMOHHOTO HNpouec-
c&, MQJHOCTHO lI0Ka [pelATCTBYDUe! NaNeuKTOI0TMYEC KO TUINasa LKLY
CTpaTUrpagyu YeCKUX TpPaHUL BHYTPM ZA0KeMOpHA. HCKANYGHU® CoOCTABIAET
JAlb OZHE TpaHuua = IpaHdua JZoKemGpMA WM, TovyHee, BEHJA M KeMO—
puA, K OnpejeNeHAD KOTOpoill MOXET OGHTH Le/MKoM NpuMeHeH JaHepo-
B0ACKUU NPUHLMI,

MogHO NpejcTaBMTh, YTO B UCTOPUM Pa3BUTHF OPPaHUYBCKOT'O MUpa
demMnu Ha MyTH K ero nokHo#l paHHedaHepoaoiicKod audge pe HLManMU
(KeMGpud, paHHERA OPZOBMK) KapAMHA.bHHMMA COCHTMAMA ObJM CJ6 Iyn-
mue.

I. lloABJeHMe B BEMHLX yCAOBUSX NpPOCTEudx 306MOHTHHX CUCTEM,
yX€ CIIDCOCHHX K CaMOBOCIPOM3BEJIEHMI B yCUOBMAX reTepoTpofHorD
nuTaHNg M GeckucaopozHoli armocgepu (meposTHO, paHee 4,25 mapz.
neT).

2+ BOBHUKHOBEHME (QOTOCMHTE3MPYOIMX MEXaHA3MOB Yy MPOKApPHOTHA=
YECKUX NPOToOMOHTOB (BepOATHO, HEBABWCUMO B yK6 MapamielbHo pas-
BUBANMUXCH JUHMAX DBOJNIMA O8KTepkid M NMaHOQUTHHX Bogopocielt),
YTO0 OTKPHJIO Iy Th GHOIEHHOTD HA8KONJGHWA KMCAOPOAA, N6PBO0HAYaJIBEHO
B rugpocdepe, 6onee 3,0 MIpa. 76T Hasaz.

[laneoHToJM0IM yEE BEEIM B KDYy HAWWX NpeacTasleHuMil 0 ZpeBHEii-
Weil XM3HM HEXOTODHE "BMAN" apxXeHCKAX npoxkapuoT. U XoTs HET Hol-
Holft yBepeHHOCTH B CIYaBeJUBOCTM MoploNOrMYeCKON MiaTepnperauuu
9Tux "Muxpofoccuamii™, cam QakT CyueCTBoBaHMA OMODAOTMUYSCKM 8KTHE-
HHX NMPOAYLUEHTEB B TJYyGOKOM AOKEMODMM BPAZ IW NOAJEKUT COoMHE HUD.
06 sTOM CBMJAETEARCTBYET YCTAHABIMBAEMOE N&AE00MO0XMMMYECKUNM
MCCIIE A0BAHUAMM NPUCY TCTBKE TaKOro "DacTHTENBHOTO NoauMepa”,

KaK CMOpPONoJNJeHMH, B JPEBHEMUMX N0DOJEX 0CAZOYHON 000JI0YKM
(crpaTuchepn) Bemmi. /i X0TA GH YACTHYHO KAK GHOJMTH MOTYT WE-
TePNPeTUPOBATECH HEKOTOPHE crnenuduyecKWe mopoze ApPeBHET D Ao-
KeMopur (Hanpumep, cucTemn CBAazMI8HZ). S0H (CMOIOTAYECKM Mera-

‘X[ 0H) CyWECLBOBAHMA IeTEPOTPOPHHX NDOK&PAOT, [6PHOHE Ya/bHD 2HO-
JOTHYECKM CEA38HHWX C 8HA3P0OHON cpepol, Ao craHoBJjeEMs uX foTo-
CHHTE3MPYNUMX MEXAHMSMOB MOT Ob OHTH HA3BEH K P U N T o M T o M ,

3. lloas/eHMe CBOGOAHOTD KMCJ0poZa B atMocdepe, HeMEzI6HHD
CBABHBABUEIUCA OKMCAMTENBHHMA DEAKLMAMA, BEPOATHO, Nocae TAALA-
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anpHNX snox ajedus (cpezHero ZoKeMGpua) B METepsame 2,2-I1,9 MApA.
JeT, W 6rp ZalnsHeiwee o06uee yBeAMUeHMe, BEPOATHO NOATOTOBUBLEE
BOBHUKHOBEHWE® JpeBHeduux sykapuor (I,9-I,6 MIpA. Z6T).

B crpaTMrpaguYecKoM CMHCIE 8T0 adeGuit uaM Kapenuit, T.e. Ha-
yanpHHit npoTepozo#t, XQTHA ¥ B JI@HHOM ClIy4ae OKoOHWEHMe "goi" -
JdWG A8HP TPaAMLMM,. BHZANOMEOCA BHAYEHHE B NOHMMAHHMM p8BBUTUA
GMOT 3eMAM Ha WMHADT NpMoGPeTATH GMOCEZMMEHTADHHE 00pasoBaHuA Qu-
TQJMUTOB, CBASSHHHE C KMABHEZGATENBHOCTHN NPOKApPUOT, (QUKCHpPYD—
uux Kap6oHaTH, OCoGEHHO MHTEPECHH CTPOMATOMMTH C BOBPACTOM
okoao 2,040,1 Maph. 7AeT. Bo MHOIMX MeCTax B HMX C/eJaHH yxe
MHOTOYMCJIGHHNG HaX0ZKM HUTUATHX, CHepouzalsHHX M MopfoJoruueckH
GoZee CIOXHHX MUKDOOPI8HMSMOB, 0COGEHHD X0POWO COXpaHABUMECH
B CUAMIAQMOMPOBEHHHX CTpyKTypax CTPOMAET0AUTOR. l'aHfAMETCKASR
MUKDpoGMoTE CeBepHOM AMEDMKM [OKE8 MOXET DacCMaTpPUBATECH KK THUO
5T0ii HOBOil SKOJAOTHYeCKoli cnepMalMsanau xu3H4. Ho, mo Bce# Bepo-
ATHOCTM, H6 MEHBUEE BHauGHMEe Oyze T MMEeTH fiTyiuiicKag GMoTa Kape-
nuKM. BuoiHe onpezeleHHAA MopdOJOrMYecKas M DK OMOTHM WS CKaA ZMD-
depernuanua nNpukapuor agedus ¥ ero aHAJOIOB A36T OCHOBAHMA Ha—
BHBATH 3TOT GMOMETAXPoE 8 o § @ E e p o M T oM  MiM mp o-
repodur oM, OH, BOBMOKHD, NMPOZDAKANCH 20 NOABIEHUS CIDE=
BUIMHHX pacCTeHMi.

4, [lofaBleHWe ZOCTOBE PHHX ByKapuoT (OO0 NpeACTABIEHMAM HEKOTO-
pHX McclezoBaTeleit, H8 0CHUBE cCUMOMOIrSHesa paHee cHopuMupoBaH-
HHX MPOCTHX XMBHX CMCTEM), UT0 SHSWATENEHD MOBHCHIO PoAb OMo-
DHEPTETH YECKAX M6XAHWBMOP OZHOKJASTOUHHX; BOBHHKHOBEHM® MX npoc-
TO# KONOEMaABHOCTA Ma4 arperatiocts (I,6-I,35 MAPA. J6T).

5. llepexoz oT GepMeHTATUBHOrD MeTaGoiausMa (GPOROEMS) K KUCIO-
DOZHOMY ZHX8HMD —70CTHRE HME "ToukM HacTepa" (mpumepso I%
CBOOUJHOIOD 02, 0T €ro yPOBHA B COBpeMeHHoit armocdepe) , YTO OKasa~
J0 POBOANLAOHMSMDYHMEe BAAAHME HE X0J 9BOJNIMOHHOTO nponecca
W OpUBBJD K BO3HUKHOBEHMO MUT08a8 ¥ Meliosa; MOABJAGHHE IepPBHX
Metaphyta W NeiP THYECKUX M GEHTOCHHX Metazoa, KoTopue
Z0CTOBEE PHO MBBECTHH TOJBLKO 0 CJAEZaM EMBHEJEATEJEHOCTM B NO3J-
Hem pngee (I,0-0,9 mapz. nert),

CrpaTurpadi9eCKd 9T0 BODXEM Z0KeMOpudit, T.e. TPeXUIeHHHH
pagde#t ( R ) u seHa ( v ) CCCP, npuMepHO XeAMKMN M XazpuUHME
HaHapu » BepxHMA KapneHTapHid M azenauzuit Ascrpainud, C Muamuap-
zow 6T (I,640,1 Mapa. aet = 570 MaH. neT), OXBATHBADNMM MC-
TOPUK BTUX NOAPasAeNeHUl, CBABEHN HAUG0JI66 BHAYMTENHHHE OM0-
N0THYECKME COOHTMA: MOABJ6GHME® N6PBHX [JAHKTOHHHX Bukaryota
(okoJo pyCexa By # R, ) ¥ BOBHUKHOBeHHe WX arperaTHocT#, Be-
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poATHO® NoABNGHME IpuboB ( R, ), MCKANUMTOAbHHE pacuBeT uuaHo-
guyeit-furoauToo6pasopaTeaeit, Yro NOSBOJAUNO BNEPEHE HAMETHTH
XPOHOJOTHYBCKYW [0C/A6Z0BATEJNIBHOCTE B CMOHe MX CMNOLHAIM3UPOBAHHHX
6uoT, NOABJGHME BOZAOPOCAEH C HE OOHBBOCTBJGHHHM CJ0GBHLEM (RB'

Ho TJaBHEM ofpasou V ), HaKoHenm, NMOABIOHAE DenKMX Metazoa (Ry)
No-BHAMMOMY, 6m6 C HeZOCTATOYHO YOAOTHEHHHMM O0PT@HMYECKMMA 0G0-
JI0oyKaud, K0TOpHe He 0CTEBMAM MOphOJOrYYECKH DASIM WIMHX CJEJ 0B
TKaHE#. DTD B NOAHOM CMHCJE - MxHoQoccuauu. [loABAeHM® ByKapUOT

C COBEDUOHHD HOBHM TMIOM BHY TPUKI6TOYHHX NDPOLECCOB U DasMHOKe-
HHA HOCOMHEHHO OHJ0 BAaEHO AWMM OMOJOTHYBCKAM CoOHTHeM B pudee.

Ha oCHOBGHMH DEAKMX CI8A0B XNBHGJ@ATEIBHOCTM Metazoa
B noszseM pudee pudeidd B LemoM MoxeT OHWTH OTHECEH K K D M I T o-
8 0 D, HO pacnpocTpaHeHue STOTD HasBaHWA Ha abeduiu M apxel au-
WeHD CMHCJA: KDUNTosoll ABHO HaKiIajHBAETCA Ha QaBepOdMT,TaK
KaEk 2B0MKONAA OPOKADMOTHYSCKO¥ KA6 TKM B HAaNpaBIGHMW DacTUTENb-
HEux Bukaryota BHpMCOBHBEEGTCA K&K Opolecc, 3HaYMTeJbHO
pnepexapuiil >BOMOLMD B EMBOTHOM MADe. BnpouyeM, mapajoKc BEKIN-
9a6TCH B TOM, YTO 0 MODCKMX ZuKeMOpUilcKMX Metazoa MH BHaEM
9HA W TABHO G0JBLE, Y6M 0 A0OKeMODHUCKAX Protozoa, M TOJABKO
OTHpHTHE ZpeBHHX Zoomastigina Morao OH BHBCTM HOKOTODy® AC-
HOCTh B fiefiCTBUTENEHYD KAPTHHY 3BOJOUMA LEPCTB KMBOTHHX M pacTu-
TOABHHX 0PraHHBMOB.

6. llMpOK0OG S8BO6BAHWE BEHJCKHMHA MHOTI'OKASTO YHHMM XMBOTHHMUA K
pACTMTOIBHHMA OPIEHMBMAMM MOPCKOTO ZHA M NeFaruand, NociuezoBas-
mee B yCHOBMAX TPAHCTPECCHM MOCJAe NOBAHEI'D A0KeMGpulickoro (znamn-
Z8EACKOT0 MAM BADAHI8PCKOr0) 0JezeHeHUs HAE pyOexe pudes M BOHZA;
PeBK0 ZOMMEMDyOES® DACNPOCTPAHGHME GOCCHENSTHHX Metazoa, npez-
CTaBAOHHHX, 0ZHAKOD, N0YTH BCOMM IIaBHHMA (aHeDDSOUCKAMM TiIAMM
(nepuoa 675425 - 570 MmaH, uer).

BucTpulf B0JANNUOHHEY Nporpecc BeHA0-3AMBKapPCKUX Metazoa B
"HocTTHANMTOBYD™ 5M0Xy OHA HOCOMHEHHO CBA38H C JAJ5HHG AWMM yCHIe-
HM6)M OKCHTeHH3aUMM a8TMocdepu Orarozapa MCKADYMTEABHOMYy pacuse—
Ty BOAHON DPaCTHTEABHOCTH W 0COGEHHO (UTONIAHKTOHE B WWPOKO pacnpo-
CTPAHMBUMXCH MOINKOBOAHHX meabdHoBHX MOpAX, HepeAKo npcBOCXOAHD
COXPaHMBEMECH OTNOYATEM M BTOPMUHO MUHE DAIM30BAHHHE MATKAE THAHM
0YeHb PasHOOGPABHHX MENaTHYECKHX M GOHTOCHHX OpPraHMSMOB 06HApY -
XEeHH B HACTOAMOe BpeMf HA BCEX KOHTMHOHTAX M NPUGAN3ATE IEHO B
ozE0# ¥ Tolf me crpaTurpaguyecKofl mosMnuM. HauGulbuyn M3BECTHOCTH
nprodpens: I) MecToHaxoxzeHWe B Dauarape (DEEas ABCTpaJHA), CBA-
BAHHDG C yBKAM CTpPAaTUTrpadMUSCKMM MHTODBAJNOM AREJAMJIMA M BHA WATENE~
HO 0TZ8NGHHO® 0T NOAOWBH KeMOpHfi; 2) MECTOHAXOXZeHMe B rpynuoe
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Hama (Wro-3anazHas AQpuKa), 0XBaTHBADMEe GOabWMA CTpaTUrpadu-
YecKKil MHTE pBAN, HO TAKEe 000COGN@HHODE OT HemOpua. Ho Tenepn K
9TUM MECTOHAXOKZEHMAM Z00aBJAAETCH LBJAA CEPUA HOBHX, CZ8ASHHHX
B ABcipanuu, CesepHolt AMepure, AHriumm, CKHaHAMHABMM W 0COOGEHHD
B8 CCCP (Pycckag u CuOoupckasa nnaaTfopMu), TG BOHAO~KeMOpUACKER
N0CA8Z0BATEABHOCTE UTJOKEHME X&PaKTe pU3YE6TCA HENPEPHEHOCT b0,
0TCYTCTBMEM MeTaMopfuaMa ¥ pOMIMeM 0CTaTKOE pasHooGpasHok dayHu
N Qaophl.

QayHa 9NEKAPCKOT0 TMIMa8 CBR3a8HA C pasHOpaLMaJbHEMU O0TJIOKE-
HWAMNA, B €6 COCTABE MIPANT HEBHE WITEJABHY©O PoNb $ODMH C XUTUHU-
BUPOBAHHHMM MJM MUHE paNMB0BAHHHMM HOKpoBamu (CadelaaAZMTUL,
XMOJMTENBMUHTH , 8PTUKYJIATH, BO3MOKHO, HEKOTOPHE NeTaJ0HAMH),
BO MHOTMX CJly yafX €e xapaKTepusyeT CBOe0GpasHHN THraHTHaM,
0H8 pEBKO COKDAWAETCA KOAMYSCTBEHHO Nepej HauyaioM Kemopua (Hau-
Golee BEPOATHO, MOJ BIIAHAGM Ji6 ATEABHOCTM KOHCYMEHTNE). B cuc-
TEMAT/ Y CKOM OTHOWEHMA GeccKelerHne Metazoa TJaBHHM 06GpasoM
[NPeACTaBAGHN TWUNaMK KHUpapul, aHHeNNZ, EPTPONOA M HEKOTODPLIMA
ADyTHMMH, DBOJLLMOHHO OH& TATOTEET K § 8 He po 3 0 0, 8 HE
K KPUNTOS00 B 6ro Jn00ii TPEKTOBKE.

7. [locnepHee CoOCHTHE — T8K HasHBAEMH{l "nony IAUMOHHHE B3pHB"
MODCKMX CKelJie Too6pasyouux Geclno8BOHOUHHX -~ HEUAJ0 KJI8CCHYeCKeID
daHeposoA. EcTh BCE OCHOBU4HMA NoJararh, YT0 MCTUHHHEA BPPHEHT
3TOr0 CKAauyKa MMEET CKoPee OGMOXMMAUBCKYO npupozy (MuHepaansa-
LA NPOTEMEOBHX BAWMTHHX 060J0YEK), UYOM 3BOJIOLMOHE 0-TAKCOHO=-
MUYECKYD. i

S{peKT BHE3ANHOCTH NOABAGHAA M WUPOKOTO PACHpOCTpAHeHUA
ApeBHeimeRt cKeleTHoll QayHH KeMODUA yXe J8BHO NpPUBJIEK K cele
BHUMBHWE UCCIEZ0BATENGW CaMuX DA3ANUHHX HanpasieHWil, JuTeparypa
no aTOMy BONpocy Xopowo Wa3BecTHA. OZHAKO A0 HEZABHEro BPEMEHH
M@Hee BCOID yAeAAJOCH BHUMAHWA HENMOCPEACTBEHHHM MUACKAM CAEZOB
N DCTATKOB AOKeMOpHilcKux Metazoa , Ho uMeHHOD 3zech  Oua
noJydYeH HawGolee eCTOCTBEHHWH M 4YITKMA 0TBET.

Crporo rosopA, Ha pyOexe ADKEMGDUA W KeMOPMA He OHJD KaKMX~-
IGO0 MCRIADWMTEABHHX KaTAKIMBMOB NAaHETADHOID xapakTepa, OHM
CKopee NpeauecTB0oBaAM BeHAy. OaHako B CCCP, K&K M B0 MHOTUX
ADyTHX CTpaHax, HemeTaMop(uasoBAHHHE WM CAaG0 U3MEHeHHHE 0C&-
AOYHHE TOMUM MosAHeWwero ZokeMGpMs COBEPUEHHOD MCKYCCTEEHHO,
KaK "Hemhe ToamM"™, NPUCOBAMHANACEH K Naje0HTOJOrMICKA 0XapaKTe-
pHBUBaHHOMy HMxHemy Keuopumo (B CCCP - K AAZ@HCKOMYy ApPyCy s.l. ).
OrpenesEMe MX 0T KeMOPMHCKOA CHCTOMH HA OCHOBE Nale0300J0I'AICKO-
T'0 KOHTpAacTa rpaHdNH KOMODMA W BEHZA - 10C/AYXKAI0 IJIaBHHM TONYKOM
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K IOACKaM mpelueCTBeHHUKOB KeMmOpu#cKo# ®Ru3HA U, ¢ OmHO# crTOpO-

HH, TpUBEJO K BaXKHHM IIaje0300J0TMYEeCKAM H IajaeofMTonsoradeCKuM
OTKPUTHAM, & C ZAPYrOA - NO3BOAMAD HEATH MMEHHO B BGHAE HauCo=-

JI66 YBTHOE XDOHOJNOIrMYECKDE MNOADKEHMe paapuaﬂaﬂuﬁx (GayH agma-
KapCKOro ThilA PasHHX KOHTUHEHTOB,.

BeHJ, Takuu 0GLasoM, CTEHOBATCA COBEPWEHHOD chelu(NYeCHUM
nojApaszeieHeM B cTpaTUrpaguueckoll wkane ZOKeMGDHA, XOTA €ro
HUXHAA TpaHuya, HEK ¥ BCE ZDyrMe TIPaHMOH BHY TPEHHUX MOZpas-
JieJeHlii AoKemOpus, HE MOEET OHTH CTpPOIr0 yCTAHOBJEHA HA H3 naneo-
HTOJAOTHYECKNX, HM HA DAAMON30TONHHX, HM HE nazJeoreodyuauyecKux
J8HHHX. 3T IPaHMLH J0JKHH NOKE MMETH KOMIIJIEKCHOE MCTOpUKOD=-
repjor¥4yeckoe u0OCHOBaHWE, HAWGO0JEE yZDB.ETBODAKLEE CIOKKHBUKM-
CA TpPECDBaHMAM MEKZYHEPOAHON KOPPEAALMOHHOM NMpPaKTAKM.



T.l.® 0 p 2 (BemurkoOpuranua), Y./[x.B p u 7 (CLA)
NPUPOZA ¥ PACIPOCTPAHEHME M0OSJHELOKEMBPUICKOU
MCKOUAEMOA ¢OPMH CHUARIA

T,D.F o r d (Great Britain), W.J.Br e e d (U.S.A.)
THE NATURE AND DISTRIBUTION OF THE LATE
PRECAMBRIAN FOSSIL CHUARIA

Chuaria circularis 43 noszHero AoKeMOpua I'paHp-KasmoHa,
ClA, paccuaTpuBazach JOIKOTTOM( Walcott, 1899 ) K&K mpu-
MUTHBHAA Opaxdonoza. OzHaxo Qopsa paszpolieHHHX cdepoM—
J8ABHHX PAKOBMH DasMepoM 2-5 MM B fi4aMeTPe, CT@HKM KOTOpPHX
COCTOAT M3 OPraHAYEeCKOT0 BEWSCTEA, CBANETBJIECTBYET 0 TOM,
qT0 370 OHJI NAGHKTOHHWY# OpraHMSM, POACTHEHHEHH Leisophaerid,
KoTopul#f,cKOpee BCOI'D, OTHOCMTCA K IMT@EICEUM cdepomopd-
HHM BKpUTapXEM.

Chuaria circularis TAKEe COHJA BCTpeYeHA B 3anagHoll
Kanaze, Chuaria wimeni 13 [BOHHM B Fermorie M3 WHZMM M
lipaHa He 0GHE8PYEMBENT AWEBTHOCTHYECKOID OTHAYMA 0T C.circu-
laris M ZA0JEHH OHTH OTHOCGHH K 3TOMY X6 BUAY.

Beltanelloides sorichevae , 0NMCAHHAA COKOIOBHM K&K
BOSMOKHAA M6eZy30BMZHAA Jopua, TAKE® OTHOCMTCA K BTOMYy BUZY
aRpuTapx, a8 nozofHue Qopub ¥ (paHOMM K ABCTpAaJHMM, CKoOpee
BCOrD, OTHOCATCA K TOMy X6 BHZy. Bce 0TMOYABHMECA HAXOAKK
Chuaria BCTPOYSHH B O03AHeAOKeMGDUUCEMX cloAX, BoBpacT
K0Topux cocraBiseT mMeHee I000 MAH, neT; T8 QopMa MOXer
paccMaTpUBATECH KAK DYKOBOAAMAR AJA ASHHOr0 BpeMeHH. OHa
OTpPaxaeT KopoTKy®D §asy SBOJDIMOHHOTO TUIaHTHSMA NNAHKTOHHHX
BOAopocneil, HAGIDASBOYNCH HENOCDBACTBEEHO NEPEeZ NOABICHUEM
MeTa308 (MHOTOK.ETOYHHX).

ABSTRACT

Chuaria circularis from the Late Precambrian of the Grand Canyon,

USA, was regarded by Walcott (1899) as a primitive brachiopod, but
the form of the crushed organic-walled spheroidal tests 2-5 m.m.

in diemeter indicates that it was a planktonic organism of Leiospha-
erid affinites, best regarded as a giant sphasromorphid acritarch.
Chuaria circularis has also been found in Western Canada. Chuaria
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wimani from Sweden and Fermoria from India and Iran show no diagnos-
tic difference from C. circularis snd should be referred to this
species. Beltanelloides sorichevae Sokolov, oncs described as a o
possible medusoid, also belongs to this acritarch species, and un-
named material from Prance and Australia is almost certainly the
same. All recorded occurrences of Chuaria are in Late Precambrian
strata, generally 700-800 million years cld: It may be regarded as a
stratigraphic index fossil for this period. It also represents a
brief phase of evolutionary giantism among planktonic algae Just
before the appearazce of the Metaszoa, for which it may have been a
stimulant fcod.

Seven specimens of a small disc-like fossil were found by Walcott
during his pioneer work in the Grand Canyor of Arizona, U.S.A. du-
ring 1882-3. It was formally named Chuaria circularis by Walcott in
1899, and described as primitive brachiopod, and it is somewhat sur-
prising that it was largely overlooked by subsequent writers. The
exceptions include Wenz (1938) who assigned Chuaria to the Gastropo-
da, without giving clear reasons for so doing, Hintzschel (1962) wko
regarded Chuaria as inorganic and both Glaessner (1966) and Cloud
(1968) who tentatively regarded it as algal in nature, without going
into dstails. Rowell's review of supposed Precambrian brachiopods
(1971) did not mention Chuaria.

Ford and Breed (1969) relocated Walcott's type locality and obtai-
ned many more specimens from a horizon high in the Awatubi Member in
the Kwagunt Formation Chuar Group. This is some 10 m stratigraphica-
11y below a prominent ledge of pisolitic chert in the saddle on the
east side of Nankoweap Butte in the eastern Grand Canyon. The stra-
tigraphic details are in Ford and Breed (19?21 and 19751) while the
fossil itself has been discussed by the same authors (19‘?22. 197359
1974).

Chuaria circularis has the form of crushed spheroid, composed of
organic matter, largely carbonized. Generally 2-3 mm diameter, speci-
ments lie either alone or side by side in small clusters: nonz have
been seen to lie on top of another, indicating their globular shape
at the time of deposition (Fig. 1). Speciments extracted from the
shale with acids are hollow with an apparent narrow margin caused by
crushing, which has wrinkled the central srea. No apertures have been
seen and no ornament recognized. It is quite clearly not a brachio-
pod shell, nmor is it a gastropod. Other tentative suggestions have
included the possibilities that Chuaria might be a trilobite egg or
a non-calcareous foraminiferan but no evidence to support such su-
ggestions can be found.
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The limited chemical evidence which can be obtained from the
highly carbonized remains of Chuaria supports the morphological ar-
guments that it is of algal origin (Eisenack, 1966; Ford, Breed,
1973,; Niklas, Chalomer, 1975). Fossils from the Precambrian of
southern Sweden help to answer the question - what is Chuaria? Pirst
deseribed by Wiman (1894) these were named Chuaria wimani by Brot-
zen in 1941, and have been the subject of investigation by Eisenack
(1951, 1966) and by Timofeev (1960, 1969, 1970). Vidal (1974) has
investigated many hundreds of specimens of C. wimani and has come to
the same conclusion as the present authors, that there is no dis-
tinction between C. wimani and C. circularis, and that the latter
name has priority. Vidal has also supported the present authors in
referring Timofeev's Kildinella magna (Timofeev, 1969, 1970) to
Chuaria circularis and has added Trachysphaeridium vetterni (Timo-
feev, 1969) to the synonymy. Vidal has noted the occurrence of a
variety of other microplankton fossils with Chuaria in the Visingsd
Series, just as Downie (Ford, Breed, 1969) noted their presence in
the Grand Canyon. Specimens refsrrable to_Chuaria range from a few
microns in dlameter up to several millimetres.

In describing medusoids from the Central Mt. Stuart Beds of the
Central Australian Late Precambrian, Wade (1969, p. 356, pl. 69,
5-7) noted numerous minute unidentifiable organisms' in maroon
sandstones with minor shales. Latex casts have been examined by the
present authors and the impressioms clearly show the concentric
wrinkles characteristic of Chuaris, though they are somewhat larger,
ranging between 5 and 8 mm. Hoffman (1971) compared them with the
Canadian specimens of Chuaria.

A fossil comparable to Chuaria is Fermoria, first described from
the late Precambrian of India and more recently from Iran.

Small carbonaceous disc-like fossils were found in the Suket Sha-
les of the Vindhyan System of India by Jones (Holland, 1909, p. 66),
who commented that they might be compared with either Obolella or

C. eircularis. Other suggestions (Pascoe, 1959, p. 498) were that

they belonged to Acrothele, known to occur in the Cambrian of the
Salt Ranges. However, Chapman (1935) assigned the specimens to two
genera and four new species, Protobolalla jonesi, Fermoria minima,
F, granulosa, and F. capsella.

Sahni (19%6) thought that there was insufficient evidence for the
separation of these and placed them all in the synonymy of F. minima,
though at the same time erecting a new generic name Vindhyanella
for one of those specimens figures as Protobolella jomesi by Chap-
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man (1935, pl. 2, £ig. 1), though he admitted that the speciment
was lost. X

"In 1954 Sahni and Shrivastava briefly described and named a sing-
le, larger, new fossil found with Fermoria as Krishnania acuminata.
Their illustration (1954, fig. 4) is unconvincing regarding the
filaments they claim to be attached, and the writer supports Glaess-
ner (1962) in regarding it simply as a large Fermoria.

Misra and Dube (1952) recorded new material with Fermoria which
they regarded as mostly inorganic pellets. Misra (1957) restated
this, noting that some alleged Fermoria were chlorite aggregates in
schists, and others were haematite spots in sandstones. Misra's pla-
te 7, however, shows forms which could easily be badly preserved
algal bodies like Chuaria,

Pascoe (1959, facing p. 498) figured specimens up to 4 mm diame-
ter. He also commented that Fermoria left a white ash when incinera-
ted and was therefore a plant, but at the same time he felt it po-
ssible that Fermoria could be an archaic form of brachiopod though
with "no reliable features definitely attributable to this class".

Maithy (1968) noted the presence of vesicles 0.5 to 1 mm in dia-
meter in the Kaimur Series (Vindhyan) of Pamapura, Madhya Pradesh,
India. He referred them to Tasmanites sp. and his figures suggest
that they have a similarity to Chuaria but the present authors would
prefer not to comment whithout seeing the original material. The
acritarchs accompanying these Tasmanites suggested to Maithy that
these beds referred to the Vindhyan are really of Ordovician age,
which makes the comparison %o Chuaria less likely to be valid. A
few specimens of Fermoria from the Geological Survey of India collec-
tions have been examined. They are from Neemuch, Madhya Pradesh
(24°24' north 74°54' east), in the Vindhyan System. They occur either
isolated or as small clusters of smooth carbonaceous discs on fi-
ssile olive-coloured shale. Taking these in conjunction with the
various descriptions of other specimens, the writershave no doubt
that Permoria should be regarded as synonymous with Chuaria. In this
they support Rowell (1971) who, in his review of supposed Precambrain
brachiopods, discussed Fermoria at lemght saying that he could not
regard it as a brachiopod and that it was probably algal. Rowell
also noted that the generic name Fermoria was of doubtful validity
according to the International Code of Zoological Nomenclature,
owing to Chapman's failure to designate a type species.

Fermoria has also been found in Iran, apparently in large numbers
at several localities. Assereto (1963, pp. 507-508, fig. 2) and Sto-
cklin et al, (1964, p. 14, pl. 1, fig. 3-5) have recorded Fermoria
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in the Chapoghlu Shales (late Precambrian) of Northern Iran. They
figured specimens up to 3 mm diameter crowded together (Fig. 2).

A few specimens of Fermoria from Iran have been examined, and a
number of unpublished photographs by R. Assereto of other specimens
have been made available for comparison. Though mostly lacking in
carbonaceous matter, the impressions in finegrained olive-grey shale
are so close to Chuaria as to leave no doubt that here again, orga-
nisms identical to Chuaria were present. Whole surfaces of chips of
shale are covered with impressions, and clusters of a least fifty are
indicated. They are commonly 2-3 mm in diameter. There is little in-
dication of overlap, but concentric wrinkles are frequent particular-
ly near the margins.

Recent intermpretations of Fermoria have either been non-committal
or that it is algal. In the Treatise volume on Brachiopods (Williams
et al., 1965, p. HB864) Fermoria is noted only as a synonym of Proto-
bolella, which in turn is listed among the generic names erroneously
ascribed to Brachiopoda. HEntzschel (1962, p. W240) listed Permoria
amongst unrecognizable genera.

Glaessner (1966, p. 41) was non-committal and noted both Fermoria
and Chuaria under the heading of 'other algae', thus supporting
Howell in 1956, while Cloud (1968) also listed Fermoria as 'possibly
algal but needs restudy’.

A further occurrence of what are probably Chuaria has been found
in silty and argillaceous members of the Hazara Slate Formation near
Bargali in Pakistan (Davies, Ahmad, 1973). In his paper he quoted
Rowell as saying they were similar to Permoria, but he doubted whe-
ther they were brachiopods and suggested they could be algae.

Small fossils were found many years ago in the late Precambrian
Hector Formation of the Windemere Group in Banff National Park in
Canada (Allan, 1913) though they were not named until Hofmann
(1971) referred them to Chuaria. Both the present authors (Ford,
Breed, 19’732) and Gussow (1973) have studied these independently and
have come to the conclusion that they were identical-to Chuaria
circularis from the Grand Canyon. Gussow also commented that -he
regarded Fermoria as identical to Chuaria,.

Chuaria has also been found at many localities in the Redkino Se-
ries of the Vendian of Russia though named Beltanelloides sorichevae
by Sokolov (1973) and then regarded by hin as small medusoids. Sub-
sequently, in correspondence, he has agreed that this was a mistaken
identification wnd that the Siberian fossils are in fact of Chuaria
type. Commonly 5 mm in diameter they range up to an exceptional
44 mm. The single specimen seen by the writers is 12 mm in diameter
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and its features confirm the authors' previous opinion that it is a
large Chuaria.

In the Brioverian of Northern France Roblot (in 1964) described
ngporomorphs” up to 00.25 mm in dismeter and it seems very likely
that these are small Chuaria.

All the more recent writers have agreed that Chuaria circularis
and hence Fermoria is algal - Ford and Breed (1973,) and Vidal
(1974) are agreed that it is best regarded as a glant acritarch of
the "Group Megasphaeromorphida" of Timofeev (1969).

All occurrences of Chuaria, in the Chuar Group of the Grand Ca-
nyon, Arizona: in the Windermere Group of Canada; in the Vendian of
Russia; the Brioverian of France; the Chapoghlu Shales of Iran; the
Vindhyan of India and Pakistan, and the Central Mount Stuart Beds of
Australia are in Late Precambrian rocks, They are all in rocks aged
around 700-800 million years though accurate radiometric dating has
proved difficult owing to the lack of suitable rocks. This places
Chuaria as a very late Riphean or early Vendian fossil and it may
be regarded as an index fossil for this period if it should be found
in other formations eisewhere. As such it is one of very few easily
recognizable fossils which can be used for Precambrian correlation.

It seems likely that this period of Precambrian time was unique
in being characterized by glant planktonic algae and it 1s here
suggested that this could be an important stage in the evolution of
life generally. The time of appearance of this giant phytoplankto-
nic phase of evolution is close to if not synchronmous with the
beginning of Metazoan evolution, and it may be that the extra supply
of food provided by Chuaria and similar organisms was a food stimula-
ting the evolution of scavenging Metazoa in late Precambrian times.
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Chuaria circularis Walcott/from the Chuar Group, Grand
A, Average diameter 2 mm

F i g. 2. Chuaria circularis, formerly Fermoria, from the crapo-
ghlu Shale, Iran




HBE.Baccoe BRI, B.A. C 0K OXoOB (CCCP)
0 HESTETA3S0HOCHOCTY ILIAT®OPMEHHHX
OEPAS0BAHMY JOKEMEPUA

NB.vassoevich, B.A.Sokolov (USSR)

ON THE OIL AND GAS POSSIBILITIES OF PRECAMBRIAN
PLATFORM FORMATIORS

1, A certain progress in the study of Precambrian sedimentary
series, which compose 5/6 of the volume of sedimentary fornaf
tions of the continents was achieved in recent decades. The
weakly dislocated and moderately catagemetically altered Pre-
cambrian rock series are widely distributed on all ancient
(Prebaikalian) platforms.

2. These rock series, that until recently were of no inte-
rest from the point of view of their oil - and - gas possibi-
lities, began to call attention of geologists in that respect
too. The recognition of the early appearance of life on the
Earth (3-3.5 billion years ago) served as a powerful stimulus
for the geological studies.

Such non-skeletal organisms as photosynthesizing algae,
bacteria, fungi were first to appear on the Earth. Medusae,
vermiforms, pogonofores, foraminifers appeared later on. By
the end of the Precambrian, in the Vendian numerous inverte-
brate types appeared, such as protozoans, sponges, coelentera-
tes, echinoderms, arthropods, brachiopods, mollusks and others.

3. In the pre-Phanerozoic period of the Earth's existence
the biosphere was represented by hydrobiontic forms, and its
dimensions depended on the area of sea basins. The composition
and state of the atmosphere and hydrosphere, although different
from recent ones in regard of their physical parameters, were
nevertheless favorable for the life of bacteria and algae which
could participate in Precambrian oil generation. There are no
grounds for doubt that phytoplankton was the main supplier of
organic matter to the Precambrian sediments.

4, Organic matter in the Precambrian sediments has a
strongly pronounced sapropelic character. It is rich in polymer-

lipid components which in the course of the catagenesis are

converted mainly into hydrocarbons that are able to migration,
That can account for the comparatively low content of non-car-



bonate (organic) hydrocarbonms in the Precambrian oil-source
rocks, which passed through the main phase of o0il generstion.
Usually carbon content in rocks does mot exceed one per cemt.
But sometimes Precambrian rocks are considerably enriched in
organic matter. It is observed in the so-called rocks of the
Domanik type. Bituminous Malga limestones of the Siberian
Uchur-Maya region (absolute age 1 billion years), slates of
the Nonsuch formation in Mjchigan (absolute age 1,1, billion
years), Redkinskian bituminous clays in the Vendian of the
Moscow syneclise attribute to this type. Syngenetic oil hydro-
carbon compounds occur as drop inclusions in fissures, caverns
and pores of these rocks.

5. The thick carbonaceous graphitic slates in the Precamb-
rian methamorphic sequences confirm to a certain extent an
existence of ancient oil generation processes. The slates con-
tain enormous amount of hydrocarbon, generated owing to the
presence of the algae-bacterial organic matter converted into
graphite in the course of the lithogenesis. Undoubtedly the
catagenesis of those rocks favored the generation of liquid
and gaseous hydroc-srbons., The deposit of schungite in Kare-
lia, a highly metamorphozed product of o0il transformation, is
an example of a very ancient o0il generation process, which took
place asbout 2=2,5 billion years ago. ;

6. The structure and mode of occurrence of subagueous
Precambrian platform formations are generally rather similar
to Phanerozoic platform rocks. Under conditions of continuous
'dn'nwarping. Precambrian rock sequences are several kilometers
thick and composed on alternating sandstones, siltstones,
clays, dolomites and limestones. These rocks compose vast sy-
neclises and comparatively narrow linear avlakogenes. Clastic
rocks are predominant within the Gondwana platform, while carbo-
nate series, mainly dolomitic, form a conspicuous part in se-
quences of Lawrasian platforms.

7. Drilling of deeply subsided regions of ancient plat-
forms gives more and more data concerning the existence of oil-
formation and oil-accumulation processes in Precambrian rock
series, In the USSR some commercial deposits of gas, gas con-
densate and oil are known in the Riphean sandstone beds of the
Riphean (the Ushakov suite) and Vendian (the Parfenov horizon)
in the southern part of the Siberian Platform.

An oil pool in basal sandstones of the Redkino Suite was
discovered in the Danilovo area in the Moscow syneclise. 0il
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has been produced from the Bavlino suite in the Sivino area
of the Perm region. Oil-and-gas pools are known to occur in
Precambrian rocks in Australia and Pakistan.

8. One of the most important points in the evaluation .
of oil-and-gas perspectives in ancient rock series appears
%o be a problem of preservation of oil-and-gas pools occu-
rring in them.

OZHMM MB AOCTHROHHMI B DABBHTHMM HAYK 0 BeMie CHOAy6T NPUBHATE Co-
BJAHHe HOBOT'O M BOCHM8 BAXHOI0 HAanpaBieHHs, HABBAHHOTD 8KAAEME-
KoM A.B.CuzopeEKo "ocazouHofl reomormeit poxeMcpHa" (I963). lpo-
TDeCC B U8By WWHMM IeOJOTHM JI0KEMODHA, NpoMcHezmuil 6yKBaXNbHO HA
HAmMX rIasax sa nocaezHue I0-15 mer, MOEET OHTH CPaBHOH C pOBY Ib~
T4TAMM, AOCTUIHyTHMH B NOBHAHMM TI'e0J0TMYeCKOI'0 CTPOGHHMA ZHA Mu-
pPOBOr9 OKeaHE M B 00ZSCTH KOCMMUSCKOHR reoloruM.

A.B.Cuzoperro (I975) nokasal orpoMHEOE TEOPETHUBCKOe M NpPAKTH-
YeCK06 BHAUYGHME KBy UBHHMA CTpaTMrpadul, IMTONOrMA M TOKTOHMRM
7IpEBHEX 0CAZ0UHHX M 0CAZ0YHO=-MOTAMODDH YCKUX TOIN B LEJAAX BHAC-
HGHMA TOOAOTHYSCKAX yCHoBM# GopuMpoBAHHS HBmei#l NIAHETH HA DaH-
HAX STANAX €6 CYymMeCTBOBAHWA, NOBHAHMA MCTODHM OCEHAKOHAKOMNNGHNH,
pemeHMA BONPOCOB 0GpasoBaHMA MeTaMopfUUECKHX KoMIIeKCDB, Hpodiae-
MH NPOMCXOXZI6HMA XMBEM Ha8 Jemae u zp.

sy wHNe zoKeMOpHHCKOM ocazowHolM M MeTaocajoYHO# 000ADYRM,
fopmrpoBaBmeitca HA OPOTARGHMM Goaee 9eM 4 MIDA. A6T, MMEET
HONOCPEACTEEHHEN® OTHOWEHM® K MOMCKAM PABIMYHWX NOIEBHWX MCKO—
naeMHX, B TOM WMCHe HEJTH M yIIeBOZAOPOZHHX I&8B80B.

B HaCcTOsmEe BPeME HE CMEHy CTaZMM CaMHX 0GNMX DacCyxzeHMi,
npeuMymecTReEHO HeTaTMBHOT XapakTepa, o HefirerasoHeCHOCTH oca-
Z0NHHX NOpPOZ AOKeMODMUCKOre BospacTa OpDHNIE CTajusA BCe (olee
yBEDeHHOTD NPMBHAHMA ONPeA6NOHEHX BOSMOXHOCTeH 0GHApPYXoHMa B
ZP6BHAX TOEmAX CKONJeHHW yraeBozopozoE (JB). SToMmy Bo MHOTOM
cnoco6CcTBOBANM N0 KpaiHe# mMepe TpM 06CTOATENECTBE: BO-NEPBHX,
jCTaHOBJGHK® 0DY6HH DAHHeTo (paHHeapxe@CKOr0) NOARIGHAA KMBHA Ha
Sgmue ; BO-BTOPHX, DMMPOKO® DACOPOCTPAEeHMe B HMEHMX UYBCTAX 0CAA0Y~
HOTO 4YexAa APeBHMX naaTdhopM CAE00 MBMEHOHHHX CyGaKBaibBHHX o6pa-
B0BAHMN, COZBPEEMMX DACCefAHHOE, & MHOIZ@ M KOHLUGHTDUpPOBAHHDS
yrAeBOA0POAMCT 08 OpraEMwecKoe Bemectso (0B); B-TpeTHMX, mOAy-
ygHMe B DPasAd4HHX DaiioHAEX MADa MPOMHWJAEHHHX M [0y IpPOMHUAEHHHX
NpUTOKOB HeTH M 1838 M8 AOKEMOGDUMCKMX ToDUBOHTOB (PUCYHOK).

Boznbuoe 8HA YeHME MMeNo 0GOCHOBAHMe 06WEI0 BHBOAS 0 MPUENM-
NMEJHLHOM 6ZMHCTBE I'60JOTMYECKUX MPOLECCOB DasBUTUA BSeMHO# Kopu
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B ZloKeMOpuM M DaHeposoe (CupopeeEro, 1969, I975). B HacToAmes
BPEMA CYMTAOTCH TBODPAD A0KABAHHWM (KT NMOABIGHMF EUSHA HA Bem-
ne 3,3-3,5 Mapa. AeT HasaA. B ApesHeilmdx nopozax OEHo# AQpMKE

4 CenepHol! AMepHKM 06HADYX6HH KK (OCCHIN30BEHHHE OCTaTHH BOZO-
pocne#l, OaKTepuik M rpuéos, TAK M XUMMYECKHE COEJMHEHMA, XapaK—
TepHHO IR EMBOTD BEmECTBA (X6MOQOCCHIMK), -~ aMMHOKACIOTH,
WB0OPEHOWAH, ABAADNMECH cnenuuveckolf rpynno# yraeBozopozos, Yac—
TUYHO NpeACTaBIAL@UAe CoGolfi GparMeHTH OMIMEHTOB (Baccoesudy M

ID. 19732).

lcnoxssys MeToZMEYy NaA60CM0JOTHYSCEOT0 M NAI60GHMOXHMMYECKOTD
U3y WHUA TOHKMX maMdos, yZ&N0CH yCTAHOBMTH WHPOKODE DPacCHPOCTPaHe HHE
NpUMATYBEHEX OPraHMBMOB B NOPOA8X apXcd M OpoTepPOBOA, MMEDMUX
BO3pACT HaydHas QT 3,3 MIDA. IET.

Ha npoTAxeEMM moury 2,5 MAH, J8T OHOC DASBMBSETCH 38MEZAJEHHHM
TEMIOM, HE 06pasys KPyNBEHX M CKOJEKO-HMOY7Zh BHCOKOOPI8HM30BEHHHX
fopd. Jums B npoTeposoe, M 0COGEHHD K ero KoHUy, NOABIAEICH G0JAb-
@0€ YMCAD PasIMyYHHX TMNOB NpoCTeimMX, IyGOK, KANEYHONOJIOCTHHX,
yapseit ¥ Ap. OfHAKG, C TOYKM BPSHMA WCTOYHMKE HeoOXozumoil AxA
HefTeoOpas0BaHUA OPraHKKY, BCe 3TH IpyNNH, 338 WCKIWYSHMEM NJ8HK-
TOHA, He HMENT 0C0G0rD B3HA WHMA. HaKk NoK&3aJd MCCAEZODBAHMA yC—
J0BM#t opMUpOBAHMA OPraHUUEBCKOTD BEmMECTBA B COBPEMEHHHX ZOHHHX
ocazkax, oouTd 93% aToro BewecTBa 00pasyeTcs 34 CUBT duTONIBER-
TgHa M 0,6% - 3a cueT fuToGeHToca (PomanKesuy, 1975). OcrannHasm
YaCTH CBA38HA C NOCTyHIJeHMEM MaTepuaya C CyuM.

llo-BAZAMOMY , B AOKEMODHM ©ZMHCTE 6HHHMM NDPEJC TEBMTE/AMM EABHM
Ha 3eMJe OuHIM I'MZDOCMOHTH, NPMYEM NJOTHOCTEL 33CEJN6HHA BOZUEMOB
OnpeZieAfNach JCIDBMAMM CYymeCTBOBAHWA (8KTE pHalbHO-BOADDOENEBOTO
niaHKTo0HE. OB B ZIOKGMODMUCKMX DCaZKAX MME6T fDKO BHPAKe HHHE
canponeleBHi X8paKTeD: OHO GOraTO NOJMMEDIHNOMZHHMY KOMIOHEHTaMH,
JaplizM4 B NPOLECCE KaTarcHesa Ha @0 MATPaQA0HHOCIOCOOHHM jTrie-
BOZOpoZaM. HeusOemeH BHBOZ, 4YT0 ZodaHepoB0HACKHM MCT 0UHMKOM
OB B ocapkax OHAM T6 rpylnH 0PraHWSMOE, C KOTOPHMM, CKGCDee BCE-
ro, CBF3aH0 o6pasoBaHue (faHepoaoiicKoil HedTH.

[IpeoGpasoBatde (OB TecHo CBAsAHo C xoXom (QopMupoBaHUsA 0CE&-
ADYHHX OacceiflHoB. CuMTa6@TCA TBEEDAOD yCTSHOBJAGHHHM, YTO .0HA Bo-
BHAKJIM yEe HA CAMHX DAaHHMX 5Tamax CyWLECTBOBaHMA 3eMJd. B HMX
EI0 HAaKONIeHKe CCaZ0YHHX M 0CaZi0UHO-BYAKAHOTEHHHX 0TA0REHMI.

B nporonaardopMerHHX M NMPOTOre 0OCHMEKIMHANBEHX Npordcdax cHopwupo-
BANMCH MHOTOKAJOMETDOEHE TONIM DE83IAMYHETD COCTABA — TEPpPUTEH-
HHe, KADOOHATHHe, ByIRAHOTeHHEHe W cMewaHHwe ([lasnoBckuit, I975).
B pazpHejimeM GoAbNaf 9aCTh STUX 06GpasoBaHMil mpeTepnena sHa Wi-
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TeJILHNE MeTaMopfusM, HO T€ NOPOZH, KOTOPHE 06pasymT HHHE O0CHOBE-
HME DCAJOWHOr0 YeXJa ZADOBHUX NAaTdopM, He BHWAM MB-il0f crapuil
ME30KA1areHe38 4 MAJA0 Y6M O0TAMYANTCA 0T AHANOTHYHHX ~CaZ0YHHX
nopoz GaHeposoA.

HauGolee ApeBHME 0CAZ0YHHE 00pPAas30BaHMA A0KeMOpUA, HaXoAamue-
CA Ha NOACTaZMM aBTORKATAreHesa M (MaM) npeTepneBmMe MeTareHes,
MBEECTHH B NpejeJax CUHeKJMsH KoHro. OHM npezcTaBlI6HH KBa PIji-
TaMM, CJBHIAMA M nayKaM¥ KapooHaTHHX mopoja. Cwraercd, 4ro Ha-
gaJo GopMHpoBaHMS TOJAMA NpPOMBOWA0 B apxee 3,5 MAH, JA6T Hasap
(Kocurus, [lapbeHor, I974). HumEenpoTeposoiickue naaT@opMeHHHE 06—
pasoBEHUA yCTaHOBJAEHH HA T'BMaHCKOM mure KxEoi Adpuxu (csura
PopayMa: KP&CHOIBETHHE N6CWHMKM, KBApPUATH, KOHIJOMEDATH, IJu-
HMCTHE CASHUH, TyJH MOWHOCTHD 70 2-4 KM) W B ABCTpamuu (Teppu-
TeHH0-K8PO0OHS THHE CODMM HaluaraiHuf M KoDHNEHTADUA MOUWHOCTEHO 70
4 gM), K aToii ke rpynne oCajKoB OTHOCATCA LOPOAH ATYJMA, BHAE-
IfeMHe Ha BaJATMHCKOM mMTE B CpejiHeM [POTepos08.

boJee WHpoKo pacnpocTpaHeHd NJaTQOPMeHHHe 00pas0BaHMsf BE pXHE-—
ro nporeposod (puges M BeHza). OHM MBBECTHH HA BCEX JPEBHUX NIaT-
fopwax JlaBpasuu ¥ I'oHABE&HH. HuUEHEAe 4YacTH paspesa 0CHYHO MAMEDT
OTPaHAYEHHDE pPacOpPOCTPaHEHMe B NMpeAeNax yBKMX M TAyGOKMX aBIaK0-
TEHOB W [PeACTA&BA6HH TEDDPUIGHHHMM [10POZEMM, & BEDXHME, OTHOCH-
MHE K BEpPXHEMy pU(Em W IJGBHHM 06pasoM K BeHZLY, 00pasynT yxe
CoXomHo#f nzaThopMeHHHR Yexod. QOopMMpoBaHME YeXJ A NpOTeKalo B yC-
NOBHAX BHE YMTENBHOTD NOrpyxeHMA dyHAaMeHTa NIaT@opMH U CTAHOBIS-
HUA OOMMPHHX HAMT M CHHeKAM3. OH CAOX6H N6CYBHUKAMM, aJeBpPOId-
TAMM, 8PTUILAMTAMU, DPIAMHAMM, MBBECTHAKAMM M ZoJoMMTaMu. MMeHHD
978 YaCTH Z0KEMODMACKMX NOPOZ B BAMETHHX KOJMYECTBAX CONEPEMT
NayKH TOHKOAMCOEDPCHHX Nopoj, o6oramesENx (0B, a8 TAaKRe OpOHALEeMHe
M NOPUCTHE TOPUSOHTH, KOTOPHe MOXKHO DPACCME&TPUBATH B KA YECTBE KOJ-
N8KTOPOB, OTpakn weHHEHX Qaouacynopamd. Byzyw norpeGeHHHMM 107 Go-
I8 MOAOZHMM 00pa30BAHMAMM DCAZOYHOID YexXJa, 9TM CIOM, nonaass
B 30Hy zelicTBMA rasBHoll gasH HefTeoopasomaHus (Baccoesuy,

1967), HawiHaau reHepuposars HedTH ¥ ras.

Cozepxanne OB B Kap(obaTHO-TAMHACTHX mopozax pudes M BeHJa
" KONeGNeTCA B 8HA WTEJABHHX npezenax, OOHUHO 0HO COCTABIAET 0T
0,I z0 I,5% Ba nopozy. Ho nopcueram H.B.Baccoesuw ¢ coaBTopa-
MK (19732), CyOEIapE Copr Adf 103ZHENPOTE POSDACKMX IIMHACTHX
0TA0xeEUR BocroyHo-EBponeilcKol niatdopus cocrasaser 0,4-0,5%.

Ho Hapaay ¢ sTMM MMeDTCH ropUsOETH TAK Ha83HBAEGMOTO JOMAHUKOEO-
To TuOoa , rze CojepEaHMe Gn p Atcréraer I0-I4%. B TakMxX Nopozax
(aprummrax, nspecTHAKAx M T.7l.) MHOI'D ZOKAB8TENBCTB CHHIEHOTH G-
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Horo HejTeolpasoBAHMA — B KABODHA&X, N0PAX, TPOMHEAX BCTPO WDICH
CKONJeHWs He(TH, I'oHO TMUSCKM CBpsaHHO# ¢ OB BMemawmex nopoj.

CBuzeTelsCTBOM CyHeCTBOBAHMA HAMOO0JNee ZPEBHMX MpPOLNECCDB
npeodpasosadua OB CAymaT MOmEHe yraucTo-rpafuToBHe cIaBLH, Ope-
TepOeBUMe BHCOKYD CTENeHh METAreHe38., B HUX COZ@PXMTCA OrpOM-
H0® KOAAYeCTBO yTr/iepof8, NEPBOMCTOYHMKOM KoToporo Owiu GakTe-
pHaNBbHO-~BONOPOC/AEBHE MACCH., I'paQUTCOJE PRAMEE TOJMM HMEXHETD Mpo-
Tepos0A WAPOKO pacnpocTpaHeHH, B WBCTHOCTM OHM pasmuTH B Kapel -
auM Ha BanruitcKoM mure. Kax noxasaau A.B. u CB.A. CHRopeHKs
(I970), B rpajurcozepxamux TOIMEX COGPXETCA METEH M 6I'D IoMo-
I0TH, 8 TAKES ZpyI'Me yraeBoj0pojH, KOTOpHe, MHTDUpYys, 00pasypr
"yriesoZopoiHoe ZuxaHMe"™, [IpuMepoM apeBHeiimero HefTeofpasosa-
Hif, MMEBUEro MeCT0 B CDEZHEM NPOTE[P0BO6, ABIADTICA MECTOPOEAe—
Huf wyEraTa Kepemuu. llyETMTCoZepxamas Toima (myHIHT-KaDOOHE THO-
ClaEOeBas C BYJKAHOTEHHHM M&8T6pUAZOM), NpHJPOYeHHAR K BE PXHEMY
ATYIMD  (BA0HEXCKAA CBHTA) M WMEDNAH MOMHOCTH 0T 250 Z0
1200 ¥, 0TAXYAETCH OTHOCHTONBHO EHSK0{l cremeHsp MerareHesa (pe-
TUOHaABHOTO MeTaMmopusmua). BoXbWMHCTBO HcciaepoBaTeldell cwarapT,
yro HaWGoNee THNMYHHA myEruT (mepBas pasHOBAAEOCTE) OpeJCTaBNA-
6T cofoll meTamopdusoBaHEE} MpozyKT npeocpaspreEMs Hegru (Tanze-
6uBa, T'opaos, 1975). Oﬁlarnu, B THCTHOCTH, CBHZOTEAECTRYOT
BHCOK06 COZI6PEAEMe B 30Je Hukexsd (z0 I2%) W HOCKOIBKe MOHBHES
BAHAZMA, CTOJb NPUNEUE TEABHHX ZiA HeYTAEOM 80MH (AXBToBCKME M
BAP., 1954).

3aMeéTHOE KOIMYECTBO NOBODXHOCTHNX HeJTerasonposBiemEMit B mexy-
OPOMHUAeHHHX NPUTOKOB M8 CKB&XHAH yCTEBEOBAGED P OTAOEOEMAX BODX-
Hero zokemopms (Baccoemuu M ap., 1970; lapdeHos, Opazrum,
I974). DTM NPDABAGHMA CBEASTENECTBYOT 0 POrHOHEIHEGM XapaKTepe
nponeccos HefreeGpasoBaHMA, NPOTEKADMUX BO MHOIMX 0C870YENX
Gaccelliax, pacmoNoX6HHHX HA JpoBHMX nuardopuax. HempeueHHHM yC-
ZIoBMeM OHIo omycKRaHWe HedTeMmaTeDUHCREX Toam B B0Hy C TeMmOmepary-
po#t 60-I40%C, Tak RAK Tousko B Hell MOrEA DasBHBETHECH ruaBBas
fasa HefTeodpasopaEMs (Baccoesuu, I967; BaccoeBHY H Ap.,
1971, 1975). Bcero EacuuTHBAeTCA O0Koa0 30 daccelHos, B KOTOPHX
HUXHM® WACTH DABPEBOB CIOXEHH TOIWAMM B6DXHero pudes ¥ BeHAa
M B K0TOpHX 38(QUKCHpPOBAHH HeTerasonposBAGHES, 8 B 0TAGNALHHX
CIyYafaX - ZI8X6 NPOMHNIASHHHG NDUTOKH (MOCTODORZGHME).

HauGonee APEWME NpUBEaRaMA HedTerasoHOCHOCTE XAPAKTeDHEyDTCA
0CaZ0WHHe 08CCOMEN CuOMPOKOM niarpepui. B HpryrcEom Gacceilme,
pacronoxeHHOM H8 6e Wro-sanaze, OTKPHT NOMHN DAl IresoKoHAGH-
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caTHHX MecTopoxzeHuii (MapkoBCKue, ADAKTUHCK0e M JP.). OCHOBHH®
NpoZyKTUBHHE N6CWHUKM BHABIGHH B OTIOKEHHAX BEPXHEro puged
(GoxaHCKMl, G6BHMAHCKMI ¥ MapKOBCKUN TOPUBOHTH) W B MOTCHON
cBUTE BeHAa (MecUEHMKM NApPeHOBCKOTO TopusonTa). Hapsay ¢ rasoM

¥ KOHIEHCATOM M3 HEKOTODHX 3amexeil moiydeHs mpuToxd Hedru. B llpen-
IaTOMCKOM ‘dacceiine, pacmoNOmeHHOM Ha wre Cnompckoil miardopwmu, oG-
HADYRXeHH I'a30KOHIEHCATHHE MecTopoxneHms (CpemHedoTyoOuHCKoe, Bepx-
HOBRAJIDYAHCKOE A Ip.) ¢ 32J6XaMii B OTIOKEHMAX BeHIA (mapfeHOBCKUE

Topa30HT) ., Ha CpemueGOTyOCRHCKOM MECTODOXNEHMM OpM MCIHTAHHMHA CKBa-

RMHEH Z0CHTH resa cocTasagad 250-300 Thc. u3jcynm (PaGerTHOB,
®paakun, I975). [puToxu HedTH M rasa WSBECTHH W B ADyIUX Gacced-
Hax Cudupcroll muarTdopMH.

Ha Bocrouso-Esponeiicko# nzawmfopume mpusHak# HedTerasoHoc-
HOCTH ZADeBHMX ToJ 0TMEYENTCA B BoJaro-ypaincKoM, CpeZiHepyuCKOM
¥ ZpyrEx dacceiiHax. B mepBoM 0acceilHe OPUTOKK HEPTH C IUIyCMHH
2,8 KM OHJIM OD0NyWHH Ha CMBMHCKOM naomazd M3 HM30B BeHza (0aB-
JuHCKaA cpuTa). Jerxas HedTs (nxorHocTs® 0,78) M ras HEZABHO
o0HapyxeHH Ha JlaHMJ0BCKOM nuomazu K cesepy or fApocunasias (Cpez-
HepyCCRUll Gacceli). [IpoZy KTMBHH GasalbHHE NeCWHUKM BEHZA Ha
ray0MHe OK0JAD 2,9 KM. JleTalbhoe XMMMKO-QUBMYeCKoe W3y YeHWe JaHu-
nIoBCKolt HegTd, npoBezenHoe O.B.BaprameBuy ¢ coasTopamu (I1975),
N0KAB&N0, Yr0 OCHOBHHM 66 KOMODHEHTOM SABAANTCH &JAKAHH HopMaJBHO-
0 ¥ MB0CTPOOHMA; HafTeHoBHe yrIeBOZOPOAH OPeZCTABJISHH, BUAM-
MD, OZHOROJEYATHMA CTPYKTypaMH, 8 8PEHH — NPOUMYNLECTBEHHD DZHO-
KOIBUATHMM CTDYKTypaMi (He MCKADUeHO HA/MWie GMLMKNOB)., B Hed-
TH GpAKTAYECKM 0TCyTCTBYyNOT ACHAARTEHH ¥ OrpaHMYSHA DOIb
CMOI.

[poMbuJIOEHHE CKONXGHAA He@TH M rasa B ZOKEeMODUM M3BECTHH T8K-
%6 B AsME ¥ ABmcrpanud. B [akucrTaHe, Hanpumuep, B [loTBape, HAa MeC—
TopoxzeEMM xolia-Melip zaBHo paspadaTHBaeTcs HOCO0AbLAs BaI0Eb
H8 CBMTH OypuypHHX NOCYWHMKOR B ReDXax A0xeMOGpHa (A60MT 0KOJID
3 r/cyTRHM). B ABCTpamMM rasoBas 3al6xb 0CHADYEeHa B GacceilHe
Auazuec Ha MecTopoxzeHMH OppaMHHa, I'as NOAydYeH M8 KaDGORATHO-
I'0 TOPDHBOHTE MOKHOCTED 6 M C rayOmEs I,I Ku.

[Ilporpecc B M3y WEHEMM HeQTEHOCHOCTA OTHOXSHMI JioKeMODHs Ba
ApeBHEX nzmT@opmax CCCP DoBB0JMI NPOBECTH KOIMYEC TEEHHY D
O6HKY B0BMOXHOI'0 COZ6DEAHMA B MX HeZpaX yIrIeBOZOPOZOE.

ABanus HefTerasooGPaB0BAHMA M HeJTErasoHAKONAOHUA B ALSBERX
TOANAX PABNMYHHX NASTPOPMOHHHX GaccelfiHOE ioBBCAAET OPWITH K BH-
BOZy, W0 He BOBPACT ompejenseT HeQTEHOCHOCTH Toll MiM MHOA Toi-
mE, 8 COZOPEEHI6 B Hed MCXoaHore Auad HedTd OB M reoaoro-Guoxu-
MUUSCKAA MCTODHA 66 CymMOCTBOBAHMUA, B YACTHOCTM AAMTEONBHOCTEH HA-
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X0K76HMA B IJIaBHOR B30He HeQTe0OpaBOBAHAA M 0COGEHHO GJAI0NDUATHHE
YJCAOBAA ANA CoxpaHeHMA CLHOPMMPOBABUKMXCHA Bajexell HegTu. [pW aHami-
86 He()TeraspHOCHOCTM APEBHMX TOJm BaXHA NpaBUABHAHA OLGHHKA nep-
CneKkTus, CmezyeT MOMHATH, 9T0 ZJA JAPOBHWX OTJIDEGHME DCOGEHHD
BAaEHO yUMTHBATH BPOMA NONAZ8HWA B ycAoBus riasHofl dasy Hepre-
06pas0BaHUA W HEJGXHOCTEH JOByHEK, YoM N03jHee HAW@JA Toima re-
Hepupopars HedTh, TeM GoJbWE BEPOATHOCTH, WO HeJTh B JOByWKEX
COXPAHWTCA Z0 HamMxX ZAHei.

CpaBHATENBHD OrpaHMYeHHOE, X0TA U HENDEepPHBHO pacTyuee KoJau-
YeCTBO OTKDHTMA CBASAHOD B NMEPBYyK OYEPEAH C TEM, YTO [MOMCKM Hed-
T¥ B ZPeBHMX TOJWAX MNPOBOZATCA B GOJBUMHCTEG CJyY8eB JAWL [0-

[y THO OpM M3y YEHMM ColEe MOJDAHX CIDEB.
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JIOKEMBPYIl TOIBMAHHX 30H, BYIKAHAIM
! BYIKAHOTEHHHE OBPA30BAHUA NOKEMBPHA

PRECAMBRIAN OF MOBILE ZONES, VOLCANISM
AND VOLCANOGENIC FORMATIONS OF THE PRECAMBRIAN

[T.-C.Isoneudas e](CCCP)
TEHETY YECKUE TUIH NPOAYETOB SKCHJOSUBHOTO
By IKAHM3SMA B JIOKEMBAIM U XAPAKTEP UX WSMEHEHAA

[G.S.D:otnenidzg_] (USSR)
GENETIC TYPES OF PYROCLASTIC MATERIAL
IN THE PRECAMBRIAN AND ITS ALTERATIONS

Lithological and petrographical studies of the Precambrian

in the USSR and other countries resulted in establishing wide
extension of volcanism and volcanogenic-sedimentary lithoge-
nesis in the Precambrian.

The Precambrian volcanism exhibits the same relationships
with tectonics and the same proportions of acid, intermediate,
and basic volcanic assemblages which are also typical of sub-
sequent periods of the Earth's history.

However, pyroclastic products of the Precambrian voleca-
nism are not so well studied, This is very much due to inten-
se alterations of a tuffaceous material, mainly under the in-
fluence of the regional metamorphism.

In spite of that, an originally pyroclastic character of
many sedimentary members of the Precambrian volcanogenic-sedi-
mentary formations has been reconstructed on the basis of
their rock fabric. In has been found that almost all genetic
types of pyroclastic material known from younger and modsrn
volcanic formations are common for the Precambrian.

Much more difficult is to establish what these pyroclactic
rocks looked like prior to the regional metamorphism, for
example, did they underge zeolitization and bentionitization
in submarine environment, or hydromica-kaolinitic transforma-
tion in an acid medium of swampy-lacustrine waters?



This might be known by the presence of relics of the
appropriate mineral phases, but it is hardly possible to
found them. The only way to solve the problem is to compare
chemistries of metamorphic schists with those of bentonitic

* clays or sedimentary zeolites. Proceeding from the fact that
the chemical composition of rocks does not undergo any impore
tant alterations when the pyroclastic material is transformed
by regional metamorphism into schists, such correlations
pernit us to find equivalents of bentonitic clays among meta=-
morphic shists. '

This suggests that conditions of diagemesis of the pyro-
clastic material in the Precambrian seas did not differ from
those of later seas. ‘

Well developed weathering profiles in the Precambrian
strata indicate the conditions of weathering similar to these
of subsequent periods. This gives grounds to assume that the
composition of the atmosphere was basically the same both in

the Precambrian and in the Phanerozoic.

Haronuswwiica 8a nocrezHee BpeMs K&K B CoseTckoM Copse, Tak U B
ZApyrux crpaHax CoraTHit GaRTMYBCKAN MaTe pMAN no ByJAKAHMBMY Z0-
ROMOpHS Z86T BOBMOXHOCTH NPUUTH B BHBOZY, YT0 OCHOBHHE B8KOHO-
MODHOCTM DasBMTHA BYJAKAHMBMA, yCTaHOBAGHHNe B (aHepesoce, MMEIH
MECTD M B ZOKEMODMM.

OTo KacaeTcHd B NePBYD 0UPEAL CBfASH ByIKAHHBMA C TOKT0HMKOiH.
MoxHO CuUMTATH yCTAHOBIGHHHM, YTO JX6 B 8DX86 CYyHOCTBOBAIM SBI60—
CUHEKIMHANM, B E0ToDHX (opMHDOBANACEH XA8DAKTEDHHE COMIMTO-ZMa0as0-
BHe (opuamuu, & HA naaTdopuax MBIMBAIMCEH JABH 0CHOBHOTO COCTEBE,
o6pasoBaBmide COPMM TUOA TPANOOBHX Qopmanuii.

0o peEEuM 0.A.Kocuruma ® zp. (I972), nexe B paHHeM &apxee
(3,3-2,5 MApA. ZeT?) BENOHOKAMOHENE TOMNNY KMBATHHUA HMEDT I'e0-
CHHK IMEaNBEHY 06K (ceBepHAR wacThs I'BMAHCKOro muTA, OXKHAA OKpa-
MEA CHOMpCK ol nuaTfopMd - 30HEH CTAHOBHMKA) M DasiMWDTCH 8Breo—
CHHEIMEANLHEHE M MM OIe 0OCHMHRIMHANBENG ROMOAGKCH.

B.Xaus (I97I), xapakTepusys HWxHeapxeilckMe oGpasosaHus I'su-
QHCKOT0 HMTA — CODHM KaHyHy M HIb-z6~KalHeHH, 0TME@UAET, TI0 0HM
CH8rapTCA M@ naparseficos, GYADHORMTOB, AMPMGOAMTOR, KBEDOHATOB,
TpaHyAXTOB, MOTAMOPPUBOBARHHX OCHOBHHX IaB, B BepxHeapxelicKoM
X6 KOMIOJGKCe BOZAYHNYD DoXs MIrpanT SeJ6HOKSMOHHNE NOZBOAHHE I&BH



OCHOBHOI'O M CPeZHEID COCTE8BA; B N0OAYAHOHHOM KoIMYeCTBEe OPUCYTCTBY-
DT RKACJHE NPOAYKTH ByJAKGEWsMA. [loZ STHUM KOMIJEKCOM 3a]6TapT Tep-
pUI'eHHHE W TEpPPUreHHO-KapGOHaTHHe® MOPOAM, MeTaMopdusoBaHHHE A0
aupuGoiMToBON, MeCTaM¥ TpaHy MTOBO0# damuu M npespameHHHe B T'Hel-
CH, KBADLATH, paBHODOpa3HHE CJIAHNH; HOKOTOPHE CNo¥ 060rampHH
MapTaEneM # mesesoM (MTaGMpATH),.

T'o0CHERINHANLHEE 06Da30BAHMA HUXHENPOTEpPOSDUCKOID Bo3pacTa
HOCOTZACHD 38J6raNT HA apxee M COXPaHALT BBTE 0CHHEKAMHATBHEH
XapaKkrep, Ho MeTaMopHsoBaEH JMmE A0 QauuuM sedeHHX ClaHLeB. B
CBOD 04Y6peAb OHA NOPEKDHTH CpejiHenporTeposoiickofi (I700 MiH. ZBT)
cepueii popauma, CIOEeHHO¥ M3 KPaCHHX M CBETH0~-CEDHX KBADNMTOB
M KOHTJIOMEPaTOB C NOAYMHOHHHMM NPOCIHOAMM 8PPHIAIMTOR M AOM; B HUX
BHEZPEHH MONHHE CHJANH ZOAEPHTOB, ABAAOMAXCA NMPEACTABMTEJAMN TpaM-
nosoit gopuanuu, B HeKoTopHX palloHax pasBMTUf I'paBMTOB apxeil
4aCT0 NEPEeXPHBAGTCA KHUCHHMU NMOPOZSMM THOA PHOIAMTOB. B TAKUX CIy=-
YafgxX eCTeCTBEHHO BOBHAKA®T BONPOC: HEe ABAANTCA M BTH DPHOJUTH
addy suBHoit damueil rpaHUTOMZHOTO MATMETHSME?

ABazorMuHas KapTMHA HaoanZAaeTcA HA AQpMRaHCKol miaTdopue,
rne, Do-BUZMMOMY, MMEKTCH IpeZCTEBMTENM DaHHeapXeiiCKMX 3Breo-
cuHRAMdanell, O6pasoBaHMA 3TOro Bospacta (TpaHCBAANBCKMA 8Tam),
no XamEy (I971), M8BECTHH BO MHOTAX ofaacTax Afpuxe. OHM Besze
CUIEHO MeToMOPOMB0BEHH ¥ I'paHUTUSMpOBAHH. CJaadee BCero MeTaMop-
f@z30BaHH nopoAd cucTeMH CBasuieHA B TpaHCBaalbCKOM pailoHe.
CucTeMa clraraeTcs U3 OCHOBHHX, DOXe KUCINX IgB, IpayBaKkK, IJu=
HUCTHX CH8HLEB M AKECNMAMTOR; MOMHHE OCHOBHHE BYJK&HMTH M BHE 7~
PeHWE B HAX OCHOBHHX W yJABTDAOCHOBHHX WHTDyBMil, MO MHO HMK Xau-
HE, NPUASKT BTHUM OTJIOXGHAAM SBIeO0CHUHKAMHANGHHN xapaxTep (Bos-
pact Goxaee 3000 miH, Zer),.

Ha nospeeapxe ickoM—-poaesufickod srame (3000-2400 MiH, Ier) mow
TH H2 BCEM NpocTpaHCcTEe AQDUKA QOpMMPOBAXMCH MONHHE ByJAK&HOIEH-
HO-0CAZ0YHHE TOJNUM, CIDEEHHHE M3 OCHOBHHX M KMCIAHX JI8B W OUpO-
KJIaCT0B, I'payBaKK, ARSCNMIMTOB, 3TH TOJWM OO0 CBOEMY XapakTepy
ele (0J6e COOTBETCTBYNT SBIEOCHHKIMHAJNBHHM GopManuaM.

Ha panHenpoTeposoiickoM 3Tane Ha TeppuTopud AQPUKM B0 MHOTHX
MOCTaxX MEEJY KpaTOHAMH CymecTBOBANM MUPOKME IeO0CHHKINHAJNBHHE
noaca (BanaaHo-AdpuxaHcKuit, KmHo-AQpuKAaHCKHR, Mo3aMOMKo-ApaBuil-
CKMt), KOTOPHE MHTSHCMBHO IOPPyEalMCh. B HHX MPOABUACA MOWMHHN Nog-
BomHHY pCHOBHOM ByAKAHWBM M HAKANAWBAIMCH X6 I63UCTO-KDEMHNCTHE
Gopuanun, OpHOBDEMEHHO Ha IpaHMNe C KpaToHaud (Pomesmiicram, TpaHc-
BaaJbCRAM) OTIAralMch KDACHONBETHHE TOMUM A NPOSBAANCH TDANIO-
Bufl By/ixaHWSM ¢ 0CpasoBaHAeM TANHYHHX NIAT(OPMEHHHX (opmarmit,
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B cpepHenporeposolckoe BpeMaA B TeX 80HAX, KOTOPHE BAMKHYIUCEH
B pesylpTaTe NpPeauecTBYyDWero AMacTpopusMa, WHTEHCHBHO MpPOABIA~
eTCA 0poreHHH# ByAKAHMBM C 0GpasoBaHKeM AHJEBMTO-DHOIMTOBHX Hop-
Manuil, BKIDYBONMX METMMODMTH ¥ KUCIHE CYOBYIKEHAYeCRME MHTPYSHH.
OTMeyeHHHE B8KOHOMEDHOCTM DABSBMTUA BYAKAHWBMA M 0CaZK0HAKONIAGHUA
COXPaHANTCA ¥4 B MOBAHEM NPOTEpP0306.

B moxemcpuu lHzocTaHCKOfl nuarTjopuu a(dysuBEHE NOPOZH HAIpawT
GoIbUyD peJb; TAK HasHBaeMue "zaiMa .aBH" B wratax Buxap M QOpuc-
ca (Aniruddha, 1964 ) sbaApTCH 08 B8aiBTAMH, NO-BAZMMOMY [Ip6CTaB-
IAKIEMY CoGoil TpanmoByn fopManuo, TAK KaK N0 XHMHYOCKOMYy H MMHS -
pazoTMYeCcKOMy COCT&BY OHM He O0TAMYBNTCH 0T MOJOBHX TpaNnos Jleka—
Ha., B wraTe Opucca ® mpyrom paspese ( Prasada et al., 1964)
aHANoTV yHHe NaBH JeKAaT N07 KeJe3WCToll QopManuell, a Haz nociejxHeft
sajeraeT MeTaMopfu4yecKas ToJma, COZEPEAmAA G0JBLO6 KOJAMYECTERO
WapoBHX ZAB ¥ TYy(OB, MMEOUMX CIAMMTOBHN cocraB., Ha aToM npumepe
X0pOWD BUZHA 2BOIWLMA BY/IKEHMBMA B CBABM C MBSMEHEHMEM TOKTOHM-
yecKoll oGCTAHOBKA: B N8 THOPMEHHHX yCJNO0BMAX 00pasoBazachk Tpanmo-
Bafa (QopMayuA; MN0BXe HA ITOM Xe NAOWLEAN BIEKIAANEE6TCH SBIE60CHH-
KIMHAIE, B KOTOPOil oTnaraeTcAa xelxesucras fopmanua, 8 BYJKAHWBM
JaeT CNUJMTOBYW Cepuw nopoz. UHTepecHo, 4ro B o6aacTd KuwaHrap
B VHZMM cpezy AOKOMOpPUMCKMX xnaﬂum-éwapumr-ﬁuu!urnxm CJIa HIEB,
KBApUATOB M POrUB00OMAHKOBHX CJAHNEB BHOADeHH He(eINHOBHE CMe HW-
TH B BUJZE pPasSHHX Da3SMEDOB CUJJO0E; OHM COZEPEAT BKIDYEHHA COIJac-
HHX NIaCTOB A MAHS TepanaTos. CaMy® MOCASAHEDD fasy npeacTaBiIs-
DT 78iiKM KaMOTOHUTOB B cueHuTax ( Basu, 1964).

B AscTpanuu apxeMcKue 00pa30BEHUA BHXOJAT HA [I0BEPXHOCTH BO
MHOTMX MECTAxX M BE3Jeé NPeACTaBJIeHH CJIOKHHM KOMONGKCOM MeTaMop-
(us0BaBHLX 0CAZ0YHHX MOPOJZ, NUPOKCJISCTOB, OCHOBHWX M yJBTPaoC-
HOBHHX WHTPY3MBHHX W 5PQysMBHHX mOpoA, TIHEfCOB W rpaHUToE. B 3a-
nazHofl ABcTpalMM WMPOKD PasBUTH GABAJILTH X 8HAGBMTH, MHOIZA B

. BUJAe nNOAyWe YHEX JIaB, CO BCEMM XaPDAKTODHHMM JJ7 COWIMTOE W pPTaMid.

YacT0 0HM CONPOBOEZANTCA XeJeaucToll dopmammell M 0670M0 IHHMH
nopozamMu. B HMxHeM npoTeposoe 3 KBUHCIGHJZE B ABYyX I'e OCHHKIWHE-
nax Gopumuposanuck Momese Toxuu (I6 000 u IT 000 M), HHSH KOTO-
PHX OpPBACTABAGHH KUCIHMM BYJIK&8HMYSCKMMM [10POZaMM C [PONABCTKE-
MM 0aB3aNBTOB M 0CAZ0UHHX Mopoz. K KOHLy HUXHEro NMpoTeposod Byl-
KaHU3M 0cJa(eBaeT, & Ha ceBepHON TeppUTOpuUM (OpMMpyeTCA DPOreH-
HaA 8HAB3UT-DUDJUTOBEA (OpPMaLjif.

B aoxemOpuu KaHazCKOIo mMTA ByJAKAHUYECKME® 00pas0BaHAA TaKxe
MMPOKO NMpeZcTaBA6HH. B npoBuHyuM Cynepuop HauGoaee ZPEBHUMM
[MOpoJiaMH RBAAKNTCA BYAKAHWYSCKME M DCAZ0YHHe 0TJDKEHWA a8pXef.
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QOPMMPOBANMCE BTH TOMMM B HECKOJABEMX dBre0CHHKJMHA IAX, BOSMOXHD
pasHOTD Bo3pacTa. B KeHODAHCKYD ODOTeHHO OHM NOZABEPTANCH CRIAAJ-
yaTOCTH, paspHBaAM, METAMODDMBMY M B HMX BHOZDMIMCH I'DAHMTH, B
pasHoe BpeMsi B apxel#f BHOADAMMCH CHCTOMH AWaCas0BHX 86K M MeI0U-
HH® WMHTPyBHH. BOBPacT STHX nNopoZ pasHuik - 0T 2200 7o I000 wnH.meT,
B T0 BpPeMA K&K B03pacT KeHODAHCKAX T'pDaHMTOB 0KO0X0 2480 MiH, Jer.

ApxeiiCcKHe ByJK@HMYECKHO To/my KaHaju HUMEDT MHOTo o0mero. OHHE
BCE COZGDEAT B MEHAOMWXCHA KOJMyeCTBaX 0888I5TH, CPOZHHE M KHUCIHE
n8BH, TydH ¥ Gpexwid, OCHOBHHE N8BH Y4CTO MOAyWeEYHHE , MPeoCiaza-
DT B HUXde# YacTH GOJBMMHCTBA DABPE8OB; XKUCIHEe JBEBH OOHYHO BCTDE-—
yapTCHA B BepxHey wacTH Toiam, Hak BuzuM, B apxee HaGAnAaeTcA Kap-
TMHEA, XapaKTepHas M ZAA aHeposofCKAX SBreOCHEKIAEAIGH, CHUIATO-
KepaTojupoBEHe TOMmMM KOTOPHX, KAK OpaBUio, BHme BCETA8 CTAHOBATCH
EUCTee, ['60CHHKAMHAILHNE TOJMM HEPEAKD ABJARDTCA NO0AMIMKIM-
HHMH,

B nporeposoe KaHajCKOro mUTa BSa8MeTHO BOBPACTAeT (0 CPaBHeHHD
¢ apxeeM DoIb 0CAZl09HHX NOPOA, B TOM YMCHe MBBECTHAKOB. Byika-
HAYeCKME NOoPOZH COJM BCTPEW@WOTCH, TO NPEACTABJIGHH OCHOBHHMY
Tunaud. B PpuuascKoil M T'pOHBMABCKON NPOBMHIMAX B NpOoTEpo3 08
BHEZPOHH WENOYHHS NOPOZH, @ MECTAMH = MHOI'0QMCJIGHHHE 24a(a30EBHE
gaiikn. ByaxaHnusMm Cemepo-AMepMKaHCKO# niaTpopMH B 0CHOBHOM pas-—
BUBAJCH @HAZOTAYHO ByAKarusMy Kanazckero mura.

Mo gesEun K.Kompu ( Condie, 1972 ), apxeiickue nopoau 3 Baifo-
MMHDe pasZieleHH TAaBHO# B0HO#f pasaoma Ha 7zBa Oaoka, CeBepHuft
G6NoK cnaraeTcs W8 GE@JHHX KAJAWeM TOJ6MTOBHX (aBaXBTOB M HOZW~
HOHHOTO KO0IMYeCTBA (GOraTHX KPOMHOBOMOM W XOJ630M 00 0J0MO WEHX
¥ ZDYTHX MOPOZA; OHM CMABHO MeTaMODPMB0BAHH, M B HHX BHEJPOHH
AnacasoBHe ZalKM ¥ cuian, B KxHoM GJoKe pacnpocTpaHeHW Tpay—
BAKK4, Sa16ralmUe HA MEJOMOWHHX TOJMAX WBZ6CTHKOBO-NEN0YHHX BYJI-
KaHMTOB. BospacT aTUX mopoA 2,8-3 mapa. neT. B Muccypu mupoxe
pacnpocTpaHeHH Kiciaue s@dysMBH HMB0B BADXHEIo NPOTEePOBOA
(1350 urE, 7BT).

Eme 6onee CoraThif MaTepMal HAKONAGH COBETCHAMM I'e 0XOTAMH IO
ByJKaHW3My ZoKeMOpus BaaTuiickoro M YKpaWHCKoI'9 mWAToB M CuOuUp-
croll nnardopus, HauGolee ZeTaNbHD B STOM OTHOUGHMH 1By WEH- Ain-
KeMOpuit Kapenuu, B Kapelmuu yxe B HAWJIS HUEHOTO MPOTEDOBOA EAMe—
YapTCA TPH CTPyETypHo-PopmanuMoEHNe 3o0HH (Borpases, I97I). 3a-
najHaf s0H8 XAapakKTepUBYeTCH pacnpocTpaHeHHeM :eppumunn—:j.n—
KaHMYECKO!l # BONEBMCTO-KDPeMEXCTOH gopuanuil; ByAKaHMUeCEME NMo-
pozn ABIADTCA MOTaMODyUBOBAHHHME KMCIHMM M cpezEMMM 50fysusa-
MM; reelicoBad QopManus sjeCh pasBUTA HepaBHOMepHo. M lemT-
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pamsHO# s0HH THeficoBaA QopManus MOHEe XAaDAKTepHA; BA6CH MMPBKD
NPeACTABIEGHN CNUIMTO-NopPUPUTOBAH, DOXe KDOMHACTO-XONOSHCTAR
fopumanuu; HapAAy C OCHOBHHMA 0TMOUAETCA HAAMWIE KUCIHX M Cpez-—
BMxX 2(@dysuBos ¥ Tydos. B BocTouno# Bs0HO DASBHTH rHelicemas, Teppu-
reHHAA W CnMaMToBas §opManMM, NpPAYEM BYJAKAHMUBCKM® MODPOJAH -+ JABH
W TydH - TOABKOD OCHOBHHG. [lo-BAAMMOMY, HMEHHO BoCTOYHEA B0H8 ABIA-
@1CA 9BIOOCHERANEAASD CO COMJIMTOBHM ByJAKAHHESMOM. 3anazHas B0HG
npeacrasiaseT cofell xpail naardopuu, & [eHTpanbHasd 30HA, N6 KACHHE
NopoZH yX6 MrpanT SaMeTHYD DOAb, ABIAETCA NEPEX0ZHDN.

firynulickie TEXTOHMYGCFHe CTPyKTypH LeHTpamsHod M DxHo# Kape-
JUM CASTADTCH IIGBHHM J6PAaBOM OCHOBHHME NOpDOZaMHM - ZAMacasaM,
nopfupHTaMM, MEDOBHMM JaBaMM, MAH7GAGNT6HHAMM, BMOCTO C EMMH mpH-
CyTCTBYyDT reMaTHTOBHE, KDeMHuCTHE M TydoBue cmaEns (Cokoxos,
CeerTon, 1967).

Ha sHauMTenBrHOE DABBMTHE KMCAHX MOPo] B HUXHOM HPOTEPOB08 yKE-
suBaeT M.M.CreHaps (I967). [lo AakEbM B.M. YepHoBa # K.A.HBdHOH
(1967), nentaTH, ABAADMMECA NpPOAYKTaMM MeTaMopfMeMa KMCIHHX ByI-
KAHMTOB, WADOKO DASBMTH B DaHHMX Kapeauzax 3anazuoli Kapemun;
0HA COpaBOjMBE CYMTANT, 9r0 QOpMApoBAHME I6NTHTOBOM To/my mopo-
MCX0ZWN0 HE CPDABHATONBHO KOCTKAX BHYTPHMI3 0CHHKIWBEA IBHHX MaCCH-
B8X, AHAJNOTHYHHX NOCHepPUDeHCKMM CpPOZMHHHM MacCHBAM.

B lleveHrcKoM CHMERIMEoDMM (MypMaHCKas 0618CTs) EporeposoilcKue
06pas0oBaEUA DaBAeNANTCA HA 4 CBUTH, KAXZAA U8 KOTODHX COCTOHT
Me HEEHe# (ocazousoRl) ¥ sepxHeit (By/ixaHoreHHoi#t) Tomm. Bce ue-
THPO® BYIKGHOTeHHHE TOINM CAArapTCA A8 OCHOBHHX NOpOZ - MeTazMa-
68808, .8POBHEX I8B, MaEnexbmreftuos, Tydos. B Kaxzedl Toime ec-
'"HOBHHE MOpOJH BHNE® CMOHANTCA G066 RACIHHMH 8HJE3UTaMH, 8AB0H-
rofupamd, KBapreBHMA mopfupauu, BumecTe ¢ TeM 00mas O0CHOBHOCTE
yBENMUMBAGTCA 0T NePBoil K YeTmepToll ByARaHoreHHo# Toxme. [do-Bu-
zuMomy , [Ie WBHI'CKMI CUHRIWEODUI HBZ0 DACCMATDMBATH HKAK JANHTOME~
HO pasBMBARIyNCH 3BreocHEEIMHANE (l[lpesoBcEMét, I97I).

B BellopyCCHM TaKXe® B apxee, B HMXHGM H CPeZEEM IP0Te PUB06
JCTAHOB/JGHH BYJKAHM WCKME TONMM OCHOBHOIO ¥ KMCIOI0 cOCTaBa
(BopznoH, BepzoH, I973).

AHanordHaf KADTHHA HACANZA6TCH ¥ B NOHTPAaAsHeR vacTH JK-
DaUMHCKOro nuTa, IfA6 apxeiicKMe o6pasopaHMg CoCTOST M8 Jopma-
up# XeJe 3UCTO-KPEMHACTO-BYIKAHOTGHHOR H X@JI93MCTO-KDEMHRC TO—
ByJIKaHOreHHO-KaploRarHol (CrapmaEcRas, 1973). lIpa 3ToM BO BTO-
Po# Qopuanué CPeAM DCHOBHHX BY IKGHHTOR BCTPOWDTCH AHAGBATH M
KepaTodupH,
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B apxee AAZ@aHCKOTD WUTA yCTAHOBJIEHO HAAMYMe MeTaMopdusosaH-
HO# wyJHaHOT@HHO# Toamy ( Yepracos, 1973), COCTOAWEN U3 NMPOAYK-
TOB N0ABOAHOM BYJIKAHMYECKOR 7@ ATENBHOCTH: AUM, GTAHMTOB, KpeMm
HUCTHX CHAHLEB, 0TAGNBHHX E6J63MCTO-KPOMEMCTHX NayeK, Hpoue
TOT0, B T0JWE NPUCYTCTBYDT MBBGCTHAKM M JONOMMTH, IJIMHMCTHE
NopoAH - NPOAYKTH DOABOAHOIO M3MeHeHMA Tydos, KUCAHE M CpejHME
TyQu, TybduTH, 8HAEBMTOBHE, ZANMTOBHE, OCHOBHHE M yJIHTPaOCHOB-
HHE JaBH,

OOme# saKOHOMBDHOCTED Z0KeMOpuiickoro marmaTiasma BocTowHDii
AsuM ABmAerTcA (MomkME ¥ 7Ap., I968) MBMeHeHMWe cocTasa MpPOAYKTOR
BYIK&HM3ME 0T OCHOBHOI'D M yJABTDAOCHOBHOID, XApPEKTEDHOTO AJA
Te OCHHKIMHANEHOr0 BTana pasBUTHA MOZBMEHHX B0H, A0 yMEPEHHO
KMCIOTD, 0TBOUBNMEr0 MHTEHCHBHHM 3TamaM CKIAWTOCTH, M 7D
YyABTPAKHCIOI0 ¥ CyOmeA0YHOTrD B SaKJNUATENLHNSe sranH, Kak uspecr-
HO, TaKafd NOCAEA0BATEABHOCTH pPasBUTHA BYJIKaHMBMA XapaKTepHa
¥ AN HEKOTODHX SBreOCHHRIAWHaIe! daHeposos.

OGocofJeEMe OTHOCMTEIBHO CTACHMABHEX MaccuBoB (KBE3HMKpPaTO~
HOB) M o06paMiAONMX AX NOABMEHHX NOACOB, 0-BAZMMOMY, NMPOM3OL-
o B I08ZHeM apxee W paHHeM npoTeposoe (Kpary, I'meGoBUukuid,
1972). [lo BaueMy MHeHMD, 6CTH BC6 OCHOBAHMA CUMTETH, YTOD TAKDE
060CoGNOHMe yX6 CymeCTEOBAND B pAHHEM apxes, 00 BTOM TOBOPAT
pasEde N.A.Kocurusa u zp. (I972), cOriacHO KOTODHM 38J6HOKaMEH-
HHE ToJmM KuBaTMEMAR (3,3-2,5 MIApZ. AET) MMENT IeO0CHHEINHAIbHHI
06IAK ¥ B.HOKOTODHX MECTAX gpXed DasMYBDTICA 9B~ M MUOTEOCHH-
HIMHA IBHHE KOMIOJ6KCH.

[IpuBeZeHHH Y (aKTHYeCKH MATepHAN M03BOJAAET CAGJATH HEKOTOpHE
BHBOZH 0 ByJAKAHUBMO ZIOREMODUA BOMHOTO mapa.

I. He ycraHoBIeHD HUKAKOID OPUHGUNAEABHOrO pasjvWig B pas-
BUTHH BYJAKAHASMAE B ZoKeMCpuM ¥ daHepospe. Her oCHOBAHAH roBo-
PUTE 0 GONBWGM DPACHPOCTPAHOHAM BYNKAHAYECKUX ABJAGHWA HE 38 MHOM
mape B JIOKeMODHM OO0 CpaBHeHMNM C (aHeposoeM. ‘

2+ B AOKOMODAM B 0CHOBHOM BCTDPE WANTCH C/A6YyKmME BYJAKaHM ¥ C-
ke fopumanuu, KoTopHe MBBECTHH M B faHeposoe: I) chnuMiMTo-zuMaca-
80BHE, XapAKTODHHE AAA CTAAMI NPOrMOaHMA DBIeOCUHKIMHAIM; 2) aH-
Z8BHTO-ZIBUTO~DUOAMTOBHE ODOTeHHOR cTazuM; 3) TpanmnoBHe, NpU-
YPOWHHEHG K CTACMABHHM CTDyKTypaM (nAaTHopMH, CPOAMHEHE MAaCCu-
BH); 4) Tpaxualzie SUTOBHE, 00pasybMEUeCHs B NEPEX0JHHX MEXKAy Ie0-
CUHKIMEANEK 4 EECTKOHM CTPyKTypoli soHAX.

3, HeT HMKaKMX OCHOBaAHMN roBopuTh 0 G0J66 MUPOKOM DABBUTHM
KMCIAHX NOP0Z B Z0KeMGpuM. OHM BCTpe YaPTCA B HA 8BAHHHX Bhme (op-
Manusx B Takoll =6 nponopuuM, KaxK 4 B Qaseposoe,



4, CooTHOWE MG N8B M NMPOKJBCTUKM MEHFeTCA TEK X6, KaK U B
jaHeposne, BCTPeYANTCA BYyJKAHMYECKA® TOJWM C JXCINOSUBEHEM WH-
IeKcOoM 4-6 n 80-90, DTo roBOPAT D COM, YTOD KaK CUJBHHE DKCHI0-
SUBHHE W3BEPHEHWA C MOWHHMA B3pPHBAMM, TAK K COOKOMHOTD MaMa-
HAA JAaBH CO BCEMA NEpPBX0ZaMi MERZAY HUMA OHIM Xa8paKTeDHH ZMA
JIOKeMOpUA B To¥ X6 CMeNeHM, KAK U AAA (QaHEPO30f.

5. OTcoza A0TMYECKHM BHTEKAET BHEOZ, YI0 6CHMA XapaKTep Mas-
BepreHUNl GHI oZUHAKOBHM Cc f@Hepo3oeM, TO ¥ IeHETHYECKAE TUNH
NMPOKINSCTMKM Z0MKHH OHTH B JOKEMODMM TaKAMA ®e, KaK U B (jJaHepo-
306, JleCTBMTENEHO, HAaIMIMe JABOODEK WM, TydoGpeKwiil, pasHHX
CTPyKTYy PHHX TUN0B Tydos, MHTHAMODUTOB, TyPOMTOB yKashBael Ha To,
9T0 B BYJKAHWUBCKMX TOJWAX AOKEMOPUA NPUCYTCTBYWT BCE IJABHHE
re HeTUYECKUEe THMH NMPOKIZACTUKM, XOTOPHE MBBECTHH B COBDEMEHHOM
W HeZiaBHEM BYJIKaHM3ME,

BoJiee cnoEHOU fABAseTCA npoGJieMa XapaKTepa WBMEHEHWA NMUpPO-
KAaCTUYECKOI'D MATepHaza B AOKEMOpPUM, TAK KAK OH BCErza UHTEHCHUB—
HO M3MEHEH Derd0HAJbHHM MeTAaMopOUSMOM M ZDYTHUMA HAJIDEGHHHMMW Np0D-
[jecCaMu. B OOABUMHCTEE CJy Y865 DOAMKTH MEpBYM YHHX MATEPUENOB M Npo-—
AYKTOB WX MBMEHEHMR B NOZBOAHHX WM HABEMHHX JCJI0BUAX yTpavyess
BCIG/CTBME MHTEHCUDHHX NPOLECCOB PEIMOHAJBHOI0 METEMODQMaMAE.
[lo5ToMy OCHOBHHM METOZAOM BOCCTEHOBJAGHNA NEUBMYHOR MpUPOAH MeTE-
MOPGMB0BAHHHX ZOKEMOPUICKMX NMUPOKIECTOB ABAAEGTCH M3y 9 HUE XUMU-
YEeCKOI'D COCTaBa NOPOJA, NOCKOABKY NpM PETWOHANBHOM MeTaMophuaue,
KaK npaBMJo, [POMCXOZART WM30XMMWYECKMe MPEBPAmMEHuS.

CorzacHo nNpAHUMNY 8KTyaausma, MH BlIpaBse AONyCTHTb, YTO W3-
BECTHHE HaM NPeBpPAWEHMA NMPOKIACTMKA HE Cyme ¥ Moz BOAOKH MOTIM
MMETH MBCTO M B JIOKEMGPAM. Bo-nepBHX, NMPOKAACTHKA QONRHA ObIE
NOZBEPTHY ThCA aBTOMETaMOpPUaMy C 06pasoBaHMen NpPonUANTOR. Jy-—
M8pP0JBHO-COAE{aTaDHHE MPOLECCH MOTJM UPEBPATHUTH MMPOKIACTHYECKUO
nopozs B gopManMp BTOPHYHHX KBEPUUTOB. BO-BTOpHX, B NOABOAHHX
MOPCKUX YCAOBUAX NADPORJASCTOJNMTH, BEPOATHO, UCMNHTHBAJAM XJOPMUTA3E-
LMD, MOHTMODUINOHMTH3ALMD, LEOAMTMBELMO., B-TpeTHNX, NOoNajan B
KOHTHHOHTAIBHHE 0B3EDHOID THNA OacCelidh C Kuchoil cpezol, mupo-
KJaCTOJMTH NpPeBPamaIucs B TUAPOCANANCTO-KE0JIMHUTOBHE IJIMHH.
B-ueTBEpPTHX, B YyCHOBMAX CYWM NMPOKJISCTOJUTH [ 0JKHH OHJIM BHBE=—
TPMBETHCA C 00paB30BAHHMEM, B BABACHMOCTH OT YCIOBMA, KaOJIMHAT-
TUADOCINAMCTHX,, 8JIMTOBHX MJAM MOHTMOPUIAOHMTOBHX IJMH.

Brarozaps AeTajbHHM WCCHEA0BAHUAM AOKEMODUICKAX ByJAKE8HOTEH-
HHX 06pasoBaHkil HAWMM reojioraM yaahochk Goaee MM MeHee yGeau-—
TeJbHO MOKA38TH HANMYME BCEX STUX NPONECCOB B M3y U@ OMHX UMK
BYJKE@HAYECKNX TOJUEX.
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B kyprasckol csure Tazacckore xpedra u Maxoro Kaparay B Cesep-
HoM Tase-Wlane (Hopoxe® u zp., I974) ycTaHOoBAEHH NPONECCH aBTOME-
ramoppuanMa @ TUZAPOTEPMAJNBHOTO METAacoMaT034 NMPOKIACTOB KUCIOID
cocraBa, 4YT0 BHPABMJIOCH B WHAPOKOM DESBMTHM 8ABCMTMBENMM, KAJAWNIE—
TM3alMM, OKPEMHEHWUs, TMAPOCIWAMBaLAM, GapuTusaguin, §ochaTusanun,
DEEJIEBHEHUT U T.0.

B Kapemuw zaA panHenporTeposofCKUX NMUPOKAACTH W CKUX 06pa30BaHMi
GasalsT-aHae suT-aqi T=JUNapuToB 00 KOMIJIEKCE 0TMEYENTCH aBlOMeTa-
Mephuueckue npoyeccs T CPejHE TEMNEPETYPHON MPOMANMTHIaUUN
(PoGoHeH, YepHoB, 1974).

B aryimiickux u cyiicapckux npojyHTax 6asaibTOBOI0 BYJAKaHM3MA
Kapeaun orMewmerca (CeeTor, I1974) nHTeHCHBHAA QyMapoibHO-COABjE-
TapHaA 7eATeABHOCTH, B DE3YABTATE KOTOPOH BHHOUCUAOCEH 3HaWATEIN5-
HO8 KOJMYeCTBO KPEMHMUCTOTU, MBBECTKOBMCTOrOD, XENE3UCTOTD W APYyIo-
I'0 MaTepuana, Mrpapuero GoAbUY© PoAbk B QOpPMMPOBEHWM pasHoo0pas-
HHX M0 COCT@By BYJKAHODPE@HHO~0CEZ0DYHHX XEMOTEHHHX mopoz. Jasa
JKpPaMHCKOT'0 WUTa xapakTepHo Haiuwe >OdysuBHLX TOMN OCHOBHOTrO,
KACJIOr0 M YaCcTWUHO CPs3AHEr0 cocTasa, HoTopHe HA GO0JbWLOH niomazn
Obi4 M3MEHEHHW BO BTODH YHHe KBApPUWTH, Nepemezuye B MyCKOBMT-KBEp-
L6BHE CHalub C (QanmMAMM 8HZAJAYBUTOBHX, CEPULMTOBHX, KaO0JMHUTOBHX
0 mMpodunIMTOBHX claHNe® (XaTyHuyesa, 1967). llosxke 5TU CJaHUH
GBuM NMpeBpAmEHH B CUIAMMMAHMT-aHZANY3UTOBHEe IpaHyJINTH,.

[IponecCcH XUMWYECKOIr0 BHBETPMBAHNH OHIM WAPOKO DAaBBATH B ZOKEMG-
puM, ¥ Y&CTO y7AEeTCH yCTaHOBMTH HANMAYME MPOAYKTOB MX DasMuBa cpe-
A meTaMoppuyeCKUX cJlaHLes JoKeMOpUA. Ha Ykpamuckom muTe (KoHzpa-
UyK, OHMmEHKOD, I967) B 0DCHOBAHWM KDUBOPOXCKOW cepud HaGnzseTcH
ADEBHAA KA 0IMHOBAR ROPA BHBETDHBAHWA, PasMbB KoTopoll zasan maTe-
puan 1A 06pasoBaHMA CJNO6B K8OJMHOBHX TJAMH, NPEBPaTUBUMXCA B De=—
8yIpTaTe MeTaMOpPQMBME B CHINMMAHUTOBHE IHeHCH TeTepPeBO-O0yICKON
cEMTH [loGy®bs. Ho B NpMBOAWMHX 8HaIMBax MeTaMopQuueCKMX CJAHLEB
€CTh N TAKWE, KOTODHE® NOJHOCTHEOD COOTEETCTBYWT COCTEBY MOHTMO-
PANINOHMTOBEX TJMH.

Hamiyne B J0KeMOpUICKAX oTJoxeHMAX  TyBMHCKOA aBTOHOMHOR 06-
JacT KOpPyHA-WNUHE IEBHX NOP0J, ABMANMAXCA OPOAYKTAMU METaMopdua-
Ma GOKCMTOBHX sajexeil (Xpammos, I967), roBOPAT 0 TOM, 4YTO ANJMTHDE
BHBETPVBAHWE OCHUBHHX BYJKAHWYECKMX Mopoj OHJI0 ZOCTATOYHO pac-
NpOCTPEHEHD B AOKEMO WM.

Hro KacaeTCq TrajbMUPO.MTHYECKOTD DABAOEEHMS MAPOKIACTHURM C
06pa 30BEAHAGM MOHTMODAJIOHUTOBNEX TJMH U 0CAZ0YHHX LEO0dAT0E, TO IO
ATOMY BOHOPOCY MH Z0JIKHH BHCK&B8TH AMUB NPeRnodoxeHdd. 0T MOHTMOpUI-
N0HWTE ¥ LEDJMTOB, BOBMOXKHO COCTABJAKWMX 0CAZ0DYHHE CJDM JOEEMO-
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DM A0 MX DPErMOHANBHOTD MeTaMoppMUBME8, HE 0CTAJN0CH HMKABRMX CA6Z0B.
Ho Brnojise ecreCTBOHHO AOMYyCTHTE, YTO HEKOTOPHE I'MADOCHANZMCTHS ,
WIAMT OBHE , 8HZATY3UTOBHE M aHANOTMYHHE MM CH8HLH, YACTOD BCTpe Ya-
PUMECH B METAMODQMBOBAHHNX TOJWEX AOKEMOpMA, 00pa30BaNMCEH MyTeM
NpeBpaieENA MOHTMOPMJIOHWTOBHYX TJIWH M UG0JMTOBHX CA0EB B yCAOBMAX
PJETMDHANBHOID MeTaMopfusma. TouHoe COOTBETCTBUE XUMMUBCKOID
COCTaBa HEKOTOPHX CHAHLGH JI0KEMODUA M UBBECTHHX MOHTMODMIJIOHMTO=
BHX TJIUH MOEeT CIyEMTH AJA TAKOrD BHBOAS (0Jee MJIM MeHee HaJex-
HHM DCHOB&HMEM,

3T0 MHEHMEe NOATBEPKABETCA TAKKE 0GHaDyX6HMOM B BE DXHOM J0KeMG-
pUM YHKDaWHH GEHTOHATOBHX IJIMH Cpejau Tpamnoeoid Gopumamuu. B rausax
MOMMMD MOHTMODHJIJIOHATA yCTAHOBJAEGHD NPUCYyTCTEME TUZADOCADIH W XIo-
pura (AKCEHOB W ZpP., I974). DTH X6 8BTODH yKasHBaDT HA HAIMUAE
(eHTOHUTOBHX IJAMH AHAAOTMYHOrOD COCTaBa B BepXHeZ0KeMODMACKMX Tpan-
nopux QopuanMax [epucKo#t o6aacTi M oKoio UxeBcka.

B Benopyccun nNpuGIM3dTe]EHO Ha TOM %6 CTpaTUrpafuMyuecKoM
JPOBHE BEpPXHErD AOKEMOPUA B BYIKAHOTGHHOH M BYJIKAHOTGHHO-DCa-
zounoll fopMmaunax HaGiwjaeTcA waApoKoe pasBuTHe Tydom M TyPdMTOB,
OCHOBHDE CTEKAOD KOTOPDHX B3aMeWEHD B pasHO{l cTeneHd CamoHATOM,
MOHTMODHJJIOHMTOM, XJOPATOM; AHANBLUM YACTO 06pasyer LEMEHT
ryJoB, cocrabvaan Ao 20-25% nmopogad. HekoTopse TydH saMemeHH Kpac-
HO-0y puMi TUzpoOKMcaaMM xenesa (MaxHau, BepeTeHHMKoB, I970).

Bo BCAKOM CJy9ae, COJEBOH ¥ rasoBHil COCTABE 0DKeaHOB M Mopelt B
LOKEMGDAM MMeJ TAKOW XapakTeD, KOTOPHHE MOI 006CNeWTE MHTEHCHMB—
HDE TEUeHME IaABMMPOJMTHYECKHX NpPOLECCOE.

Bce BHWECKA38HHD® 86T GCHOBAHME ZJA BHBOZA, YTO0 NMpUHOAONAIE-
HAA CXEeMa DaBBUTHA ByJKAHABMA, POHETMUYECKA® THMH 00pa ByOWMXCH MH-
POKJIACTOB M NPOLECCH UX WBMEHEHM] OHJM TAKUMM X6, KAK B (QaHepo-
30e. 370, KOHEYHO, H6 0BHaWA6T, 4YTO He CymMPCTBOBAJND HMKaKO# pas—
HUOH P NPOTEKEHMM BTUX MPOLECCOB B ZioKeMGpuM M faEepoaone.

TakuM 00pasoM, 8HAAWB [POABIEHWA BYJIKAaHMSMA B UCTODUM pasBU-
TiA 3eMad Xopouo coriacyeTcs C BHABMEYTHM paHee (CUzopeHKo,

1969) nouoxeHWeM 0 MPUHIMOMENBHOM B7UHCTEE XapaKTepa runepre-
HE338 M 0CAJKOHEKONJAGHWA B J0KeMGpuM ¥ faHeposoe, HeT coMHeHMH,
uT0 JanbHeiiuee yrayGneHHOe M8yYBHWE J0KEMODMUCKMX BYAKAHHUSCKUX
i 0CaZioyHHX 00pasoBaHuil GyzeT CHocoOGCTBOBATH yOTAHOBJAGHMD HEKO-
TOPHX ZeTaneldl ByJIKaHWsMa8, IUTOTeHes8 M DyAoreHesa, CnenHdM THHX.
L38 AOKeMOpHA.
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CTPATUI'PA @il YECKAA KOPPEJAUMA [OPOL AOKEMEPHA

(C BOSPACTOM JIPEBHEE I,0 MJPZ.IJET)

CEBEPOATJIAHTH ECKMX KOHTHHEHTOB

@GM.Young, WRChureh (Canada),
GeAuChoubert and A«Faure=-¥ur e t (France)
STRATIGRAPHIC CORRELATION OF PRECAMBRIAN ROCES

(> 1.0 b.y. OLD) OF THE NORTH ATLANTIC CONTINENTS

MexzyHapoaso#f ZOroB0peHHOCTH © NPUEOUNAX NOAPaSAGNeHMA M Koppe-
NAQME NOPoA Z0KeNODHsA HeT, OCHYHO NpAMeHADTCA: I) yCAOBHO® reo-
XPOHOAOTMYECKOS NOZPASAGNOHME ; 2) TIeOXPOHONOTMYECKDS® NOApasze—
IeHH6 , DCHOBAHHD® HA WHMPOK® PacOpoCTPaHEHHHX 0P0Ie HA YI8CKHUX

nUKIax; 3) DaneoHTeNOrdA (0COCEHHO CTDOMATONMTH); 4) clezu He-
o6paTMMHX BEanpaBJeHMMl sBeapOMM armocfepH, ruppecdepH M murTecde-
phj 5) COOpEZMYOCKME KDATKOBPOMOHHHE COOHTUA, TAKHE, KAK 0I67e-
HeEHA; 6) MoApasieleHde, OCHOBAHHO® HA CTPATOTHIAYECKHMX paspe-
88X (TaKk =e,kak M 2ma QaHeposos). Bce aTH cnocoOH ¥ HEKOTODHE
ZpyTr4e, HampuMep MCHOJIHB0BAEHWE KDUBHX MUTDELHMH N8 I60MATHMTHHX
N0ADCOB, B KaKoli~To cTeNeHM QNUPANTCA HA MBOTONHHNE 78 THDOBKH.
B HacroAme# cTATH6 KOMOAGKCHO MCIOAHB80BA&EA CoABMAA Ya4CTh MEPe-
YACHGHHHX BHE® MOTOX0B, 0COGeHHe 2, 4, 5 M 6.

KaBazcKui mUT NpUHAT K&K STAl0H AJA CPaBHEHHMA C ApyTMMH cé-
BODOATIAETHYOCKKMN KOHTMHeHETaMM, ApxeHMCKMe DerdoHH 3TOI0 WUTE Xa-
PaETOpPHBYDTICA pABBUTHEM 26I6HOKAMOHHHX [N0ACOB, MONHHX CODUU By~
KaHHTO0B, C KOTOPHMH 8CCOLNMUPYOT OCEA0WHHE NOPOZH TYPOHAMTOB O~
T'0 THN8, B MoZYMHOEHHX KOJMYECTBAX MPHUCYyTCTEyDT TAKXEe (HIOBHMAIE-
HHE 0CajK¥, X0Z830pyZHHe QopManuK, RAPOOEATHHe NOopoAH., HeKoTepHe
‘MCCAOZ0BATEMM MOCTYXMPYyWT NpPUCYTCTBUE CHAIMYECKOTe (yHZaMOHTE,
00l®6 ADSBHOrD, WM B6JICHOKAMOHHNG NofCa. [I7 HMXHENDOTEPOBOHCKEX
Kemoaekcor (adeCuit MM rypoE-8HMMMEM) X8DAKTEDHH OMPMUTOHOCHHE
Wi ypPAHPHOCHH® KOHEIJIOMODATH, TUANMTH, MONHHO TOINM KBAPUMUTOB
(C KpaCHoUBeTHHMM [AYKAMM B BODXHEM I'ypoHe), xexesopyziHHe (opua-
yud (TEna GopumanmdM 08. BepxHero) M mMPOKoe DasBATHe KADGOHATHHX
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NopoA Co crpoMaToiuTaMd. CpenHMii mpoTeposoli (xeauxuit) ipezcTaBAeH
B GOABWMECTE® 00IACTOU KOHTMHOHTA/NBHHMM (QINBMEIBHHMM, 0CGHYHO Kpac-
‘HOOBETHHMM QainMAMM M BYIKEHOIOHHHMH TOJMAMA C HECONBIMM KOJA-
YeCTBOM MGJKOBOAHHX KapOoBATHHX NOPOJ.

O6masa KeppeAaAuusA &pxelCKHX, HHXEEe-H CPOZHOIPOTE POBDICKAX
paspesod KaHajcKoro maTa, oxHOM T'peHzan;dM B CKAHZWHEBMM MORET
GuLTH NPOBEJIOHA AOCTATOYHO yBepeEHo. Ho nNpM NOMHTKE KoppeaAaLMH mno-
PoA ZoKeMOpUs B npejenax BCei 3anazHoil EBpond BOSHUKANT O0ABWME
TPYAEOCTM, TaK KaK B876CH mMPOKO CKasaJeCh BOBA6UCTBHe (Goaee Molo-
AHX 0pOTeHMYECKMX coOuTHil, OTf6ABHHEe DAHHe~ H CpepHeNpoTepeseii-
CKM® pajIKOMeTDPUYSCEMEe ZATUDOBRM OWJM NMoXyWeHH ZA4 sanagsofl gacTH
ApDMODUKBHCKOI'0 MBcCHBA B QpaHLUM; ZPOBHME AOKOMODUACKHEE mOpO—
Jii, BOPOATHD, OPUCYTCTBYNT M Ha wro-sanazge WUpaasauu.

lloapasjeneHne ¥ KoppeJAuus Nopoj AokeMOpda MapoKKEHCKOro AH-
TU~-ATIACE BATPYAHOHH I'OPIMHCKHUM OMOJNOEeHHMeM. [IpACy TCTBUE apxes
ycraEoBaeHEe B Kopaoce M, BepoATHO, B o6Zactd BeHara, K afedum
(aHan0Ty I'ypOES-AHMMMKM), BOBMOXHO, NpUHAZNEXAT KOMIIEKC yIBTpa-
OCHOBHHX ¥ OCHOBHHX N0p0jZ, TAMHOBOMUCTHX CHAHOER H rHelicor ¥ xe-
ne3opyAHue gopumanus By-Accepa - Sap-T'paapa. Cepus yABTPAeCHOE-
HHX A OCHOBHHX MOpPOA, OHTH MOXET, 0THEeYaeT ofMoanmTomoll acconua-
a4, npeacTaBisnme#! coGeit mepepaGoTAEHYD OKeaHAYECKYD Kopy. Cxoz-
HHll KoMOOGKC NopoA PasBMT B MampuranWM (cepuu AKxyxT ¥ I'ajens),
T70 8AN0XTOHHHGe E6X6B30DYyAHHSe QopManMu ZaTHpoBaHW OudpaMu NopAzxa
1,7 mapa. neT. CwrTamr, 910 MAPOKKAHCKHM{ paspes HeCOTJIACHOD Iepe-
KPHT ToJmef# KBAPLMTOB M CTPOMATONMTOBHX KApOOHATHHX OOpoX, Npo-
HABaHHO# cHAnaMM zuadasoB, OTd mopoad (P [), BoaMoxHO, OpUHAZIS-
Z8T K CpPOjHeMy OpPOTOpOBON; CUMTANT, YT0 OHA OHAM 0XBAYOHH 0po-
reuuesl oxoze I,3 MIpz. IeT Hasaj. HecoriaacHe sajerapmuii BHme
MOWEHY KOMOJNOKC BYJAK8HAWCKHMX, NEPOKIACTHYBCKHX M TDyO0o00IoMOY -
Eux nopop (P [-[) saxkInuAeT TAKXe HOPeAH JOJHMKOBOI'0 OpOMCXOXZe-
Huf. Kak 2T0T KoMOZeKC, TAK W mozcrdiapmmi (P ) oGHEpymMBa DT
BHEAWATORBEYD Janua JIpEYD MBMEHWBOCTH (IIyGoK0BOZHOCT: BOBpacTa-
eT 06HWHO C DM@ BA CeBEepP), YT0 CBEBAH® C MOmHeH soHoH pasioMOB
WEpoTHOre OpocTHpaHMA. Bespacr Komnaexca P [I-Il TpyAHo onpejeiuTs
H8-38 GOIBWOTO PasCpOCA pPAAKOMETDUWBCKMX 78T, OH MoxeT OHTH
ApesEee I,0 Mapa. 7eT; B BTOM CJy W6 NGJHAKOBHO NOPOAH, BaKI0-
UeHHHE B HeM, He HAXeZAT 8HALOreB B JPyrHx peruosax. Ecau OH
OHI Z0K&838H Gonse MoJojol BospacT komnzexca P [I-I (muemoxe I,0
MIDA. N6T), TO UOAHMEOBHE @TIOXOHMA MOrIM OH OK8S&THCH SKBMBA-
JeHTaMA AQHANOTMWHHX 00paS0BAHAM, WBBOCTHMX B BODXHOM JIOKOMO-
puM CERaHauBaBMM, [HoTIBHZMH H 2Dy rEX palloHOB.
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JloxemOpuit Mapokke ® KaBagH oCHapyzMBaeT MHOI'® CXOJHHX YepT,
HO OKOHUATOABHAA MX KOPDOMANUA, 0COGEHHO B 06J8CTAX, 0XBEYSHHHX
6nIe6 MOHAOAHMM OPOTEHHMYOCKMMM COCHTHMAMM, CTAHOT BOBMOXHOM IHmB
OOCIe NpoBeZeHMA (olee AGTEABHHX Te0NoTHYSCKAX, N8JAEGOHT0JA0rH-
YOCKMX M pajidoMeTPUYOCKMX MCCHe70BAHMA.

ABSTRACT
There is no international agreement on principles of subdivision
or correlation of Precambrian rocks. Among the technigques commonly
used are the following: 1) arbitrary subdivision of time, 2) time
subdivision based on widespread orogenic cycles, 3) paleontology
(especially stromatolites), &) undirectional trends in evolution of
atmosphere, hydrosphere and lithosphere, 5) sporadic short-lived
events such as glaciations, 6) classification based on stratotypes
in suitable areas (same principles as used ih the Phanerozoic).
All of these technigues, and others, such as use of paleomagnetic
polar wander curves, are based, to some extent, on isotopic age de-
terminations. In this paper a combination of most of these techni-
ques has been used, with special emphasis on 2, 4, 5 and 6.

The Canadian Shield is taken as the type example for purposes of
comparison with the opther North Atlantic continents. The Archean
reglons of the Shield are characterised by development of greenstone
belts, thick piles of volcanics with associated sedimentary rocks of
turbidite type. Subordinate fluvial sediments, iron-formation and
carbonate rocks are also present. A pre-greenstone belt sialic base-
ment is postulated by some. Lower Proterozoic (Aphebian or Huronian-
Animikic) assemblages are characterised by pyritic and uraniferous
conglomerates, tillites, thick quartzites (with red beds in the
Upper Huronian), iron formations of Superior type, and widespread
development of stromatolitic carbonates. The Middle Proterozoic (He-
lixian) is composed, in most areas, of continental fluvial facies
(commonly red) and volcanic sequences, together with some shallow-
water carbonates.

Large scale correlations ¢f Archean, Lower and Middle Proterozoic
sequences of the Canadian Shield, South Greenland, Scotland and
Bcandinavia may be carried out with some certainty. However, great
problens exist in attempts at correlation of Precambrian rocks
through western Burope, where the effects of younger orogenic episo-
des are widespread. Some Early and Middle Precambrian radiomeftric
dates have been obtained from rocks of the western part of the Armo-
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rican Massif in France and ancient Precambrian rocks may also exist
in S.E.Ireland.

Subdivision and correlation of the Precambrian of the Anti-Atlas
of Morocco is difficult because of the Hercynian rejuvenation. Ar-
chean rocks have been recognised in the Kerdous Inlier and possibly
in the Zenaga region. Possible Aphebian sequences (Huronian-Animi-
kie equivalents) include the Bou Azzer - El Graara ultramafic-mafic
complex, aluminous schists and gneisses and iron-formation. The
ultramafic-mafic sequence may be an ophiolite suite representing
obducted oceanic lithosphere. A similar rock association occurs in

Mauritania (Série d'Akjoujt, Série de Gadel), where allochthonous
iron-formation has been tentatively dated at about 1.7 b.y. The
Moroccan sequence is thought to be unconformably overlain by a se-
quence of quartszites and stromatolitic carbonates, intruded by dia-
base sills. These rocks (PII) may be of Middle Proterozoic age
(Paleohelikian), and are considered to have been affected by oroge-
ny about 1.3 b.y. ago. The unconformably overlying thick succession
of volcanics, pyroclastics and coarse clastic rocks (PII-III) in-
cludes glaciogenic rocks. Both these rocks and the underlying PII
sequence show strong facies changes (generally deepening to the
north) related to a major easterly-trending fault zone. Because of
a wide scatter in radiometric age determinations the age of the
PII-III is difficult to determine. These rocks may be older than
1.0 b.y., in which case the glaciogenic rocks have no proven equi-
valents elsewhere. Alternatively, if the PII-III should prove to be
younger than 1.0 b.y., then the glacial deposits may be equivalent
to those reported from the Upper Precambrian of Scandinavia, Scot-
land and other places.

There are many similarities between the Moroccan and Canadian
Precambrian but before definitive correlations can be attempted,
especially in areas affected by younger orogenic episodes, more
detailed goolpgical, paleontological and radiometric studies are
required.

INTRODUCTION
Large scale correlations of Precambrian stratigraphic units are
particularly difficult because there is mo internationally accepted
paleontological subdivision, in spite of considerable advances in
such work, especially in the U.S8.S.R., Australia and N.W.Africa.
Equally problematic is the interpretation of age data based on
isotopic analyses. However, at present, virtually all Precambrian
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correlations are based, to some extent, on such isotopic data.

Recently there have been several papers discussing principles
of classification of Prescambrian rocks. Some favour classification
based on an arbitrary set of uniformly spaced subdivisions of "abe-
lute" time, into which the rocks could be placed as their ages are
definitively ascertained (Goldich, 1968). Others have suggested
that subdivision might be based on the apparent clustering of ra-
diometric ages related to widespread orogenic episodes or cheloge-
nic cycles (Sutton, 1963). This type of subdivision relies heavily
on concepts of crustal evolution, the dates merely providing a ca-
libration of geologic events. Rankama (1970,) Semikhatov (1972)
and Hedberg (1974) favoured retention of the same principles as
those used for Phanerozoic rocks; a classification based on strato-
types in suitable areas.

The possibility of unidirectional evolutionary trends in the
history of the lithosphere, hydrosphere, bicsphere and atmosphere
(Cloud, 1968; Roscoe, 1973; Young, 1973) may provide additional
critieria, in the rocks themselves, whereby approximate time corre-
lations of Precambrian rocks may be carried out. For example, Ros-
coe (1973) suggested that lithologic differences between the lower
and upper Huronian rocks of the nmorth shore of Lake Huron in Canada
might be interpreted in terms of a change in atmospheric composi-
tion. He proposed that free oxygen was scarce during deposition of
the drabcoloured, pyrite-rich clastic rocks of the Lower Huronian
and that it was more abundant at the time of deposition of the upper
Huronian rocks, which are commonly red and hematitic. The name
"oxyatmoversion" was suggested by Roascoe for this potentially im-
portant event, He also proposed that the time of this change might
be taken as the Archean-Froterozoic boundary on the grounds that it
is much more precisely dated than the unconformity between the
rocks of the Superior craton and the overlying Huronian. Problems
in definition of this fundamental boundary are shown in Fig. 1.
Rankamé ('19-702) pcinted out that estimates of the age of the Ar-
chean-Froterozoic boundary range from about 3.0 b.y. to 1.7 b.y.

It has also been suggested (Cloud, 1968, 1973) that the extensive
early Proterozoic Superior-type iron-formations wight be used as
time markers.

In addition to these effects of unidirectional evolutionary
trends, perhaps some unusual, sporadic and relatively short-lived
events, such as glacliation, might also be used as approximate time
markers for Precambrian successions (Toung, 1973). Glacial deposits
of early Proteroszoic age appear to be fairly widespread in North
America but are not well documented elsewhere, with the possible
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exception of South Africa (Visser, 1971) and Australia (Williams,
1972).

Apparent paleomagnetic wandering curves such as those produced
by Spall (1971) and Irving et al (1974) may eventually provide an
additional means of dating Precambrisn rocks. However, at presemnt,
much of the paleomagnetic data is inconclusive and contradictory.

THE CANADIAN SHIELD
Archean rocks, stabilised during the Kenoran orogeny, are preser-
ved in two major areas of the Canadian Shield; the Superior and
Slave structural provinces (Pig. 2). There are also small areas
of Archean rock on the east coast of Labrador. The Labrador rocks
are important in establishment of correlation with the Precambrian
of Southern Greenland.

The typical Archean rocks of the Canadian Shield include both
supracrustal and plutonic rocks. The supracrustal suites are genera-
1lly thick and include important volcanic sequences, differentiated
into one or several mafic-felsic cycles exhibiting tholeiitic and
calcalkaline trends. These are associated with sedimentary rocks of
turbidite type, some of which comtain calc-silicate nodules (Peeti-
john, 1940). In many areas sedimentation is considered to be con-
temporaneous with vulcanism. In addition to the well known immature
sedimentary rocks there are also subordinate, but important, rocks
of subaerial type (fluvial sandstones and conglomerates such as the
Timisksming facies of the Abitibj belt and the Jackson Lake Forma-
tion of the Yellowknife area). Both exhalative and organcsedimenta-
ry carbonates (stromatolitic rocks) form a small part of the sedi-
mentary succession of the Slave Province (Henderson, 1975). Iron-
formation also makes up a portion of the supracrustal rocks. In 1975
Shegelski proposed a genetic relationship between vulcanism and the
iron-formations; the sulphide-facies is considered to represent a
proximal facies and the oxide-facies is generally more distal.

In most areas the supracrustal assemblages of the greenstone belts
are intruded by large, generally dome-shaped, granitoid masses that
have yielded Kenoran (ca. 2.5 b.y.) ages. In some regions (e.g.
Pikwitonel province in the morthwest part of the Superior province)
it bas been suggested that there iz a basement of granulite facies
rocks older than the typical greenstone belt assemblage. Similar
claims of pre-greenstone sialic basement have been made in the Sla-
ve Province (Henderson, 1975). Bardgar and McClynn (1975), on the
bases of unconformities beneath greenstone assemblages, "granitic"
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clastic components in the supracrustal sedimentary rocks and the
occurrence of older radiometric ages (> 2,900 m.y.) from gramitic
rocks surrounding the greenstone belts, suggeated that there was
an earlier sialic crust im the Canadian Shield.

In addition to these major areas of Archean rocks that were cra-
tonised sbout 2.5 b.y. ago, there are probably large regions of re-
mobilised Archean in the younger Churchill and Grenwille provinces.

The Aphebian (Pig. 1) rocks of the Canadian Shield generally
oceur in larger and longer troughs.than their Archean counterparts
(Figs. 2 and 3). The type area for lower Aphebian sedimentary rocks
is the Great Lakes region where the Huronian-Animikie successiocn
occurs. These rocks are older tham 2.1 b.y. (the age of the intrusi-
ve Nipissing disbase) ond lie uncenformably om the Archean. The ba-
egal part of the Huronian is typified by drsb colours and contains
the world-famous uraniferous and pyrite-rich quartz pebble conglome-

" rates of the Elliot lLake area. The upper Huronian includes red (he-
matic) sandstones and mudstones. This difference has been interpre-
ted as indicating the advent of oxygen into the Earth's atmosphere
(Roscoe, 1973).The greater part of the Buronian succession is cha-
racterised by the cyclical repetition of mixtite (tillite) followead
by silty argillaceous rocks and capped by cross bedded quartzites,
some of which show chemical depletion and are highly aluminous
(Young, 1973). This cycle is repeated at least three times and may
reflect advance and retreat of continental glaciers. However depo-
sition of this thick sequence of sedimentary rocks (ca. 12,000 m)
appears to have been controlled to some extent by faulting aleng
the basin margins.

The Huronisn rocks were deposited in what appears to have been
an ensialic trough, fault bounded on its northern margin. The
southern margin is not known because of the presence of Paleozoic
cover rocks. The clastic fill appears to have been derived essen-
tially from the north.

The upper Huronian rocks include widespread stromatolitic car-
bonates and shallow-water iron-formations of Superior-type. Most
of these sediments appear to have been deposited in fault bounded
troughs within a continental crust. Their depositional and subse-
quent tectonic history is comparatively simple. However Hoffman
(1969) described a complex stratigraphic and sedimentologic history
for the lower Proterozoic rocks of the Coronation geocsymcline in
the northwestern part of the Canadian Shield (Fig. 2). Hoffman et
al. (1974) interpreted this region as possibly-indicating oceanic
opening and closure comparable to the cycle inferred to have been
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the cause of the Appalachian-Caledonian orogen (Dewey and Bird,
1970; Church and Stevens (1971). However mo ophiolites (obdueted
oceanic lithosphere), comparable to those of the Phamerozoic, are
known from the Canadian Shield.

Most of the Helikian (approx. 1.6 - 0.9 b.y. old) rocks of the
Canadian Shield are of continental type; red fluvial clasties,
commonly overlain by orthoquartzites and shallow marine carbonates.
Volcanics are also important in many of these sequences (Donaldson,
1973). Domaldson (1973) suggested a generally westerly flow of
paleocurrents in the western part of the Canadien Shield with dee-
pening into a marine trough in the region of Belt-Purcell deposi-
tion in the North American Cordillers. Helikian rocks are also
thought to be present in several areas of the Grenville Province
(Wynne-Edwards, 1972). The thick volcanics and coarse continental
clastics of the Lake Superior region (Keweenawan) are considered
to be Neohelikian. The Keweenawan deposits are probably the re-
sult of infilling of a large continental rift. Om the north shore
of Leke Superior the Keweenawan volcanics unconformably overlie a
Paleohelikian red-bed assemblage called the Sibley Group.

GREENLAND
Wegmann (1938) proposed the existence of two Precambrian orogenic
episocdes in southwest Greenland. These he called the Ketilidian and
the pre-Ketilidian. He also suggested that continuation of the do-
minantly N.E, - 8.W. trending Ketilidian fold belt might be found
in the eastern part of the Canadian Shield. Recently some of the
Precembrian rocks of Greenland have been shown to be very old. Da-
tes of 3.75 b.y. were obtained from iron-formatiom and banded
gneiss of the Isua region. Recent comparisons with eastern Labrador,
Canada (Bridgewater et al., 1975) suggest an equally complex history
and great age for the Canadian rocks. By comperison with the Ar-
chean of the Superior Province, the Greenland rocks appear to have
a higher proportion of high grade granulite and amphibolite facies
rocks. Howevér, the pre-Eetilidian basement includes some infolded
remnants of volcanic and sedimentary rocks.

North of the Archean block there is a younger (Hudsonian?) oro-
gen (Fig. 4) that appears to be composed largely of reworked Ar-
chean rocks. To the south is the EKetilidian mobile belt that, in
part at least, involves supracrustal rocks (Aphebisn) of the Vallen
and Sortis Groups (Allaart et al., 1969). These rocks may have been
deposited in small (isolated?) basins, south of the Archean craton
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(Higgins, Bondesen, 1966). They were deformed and intruded by
plutonic rocks during the Ketilidian orogeny. The main phase of
plutonism appears to have been about 1.8 b.y. ago, followed by Ea-
pakivi granites, at about 1.5 b.y., of the Sanerutian phase (Alla-
art et al., 1969), Knight (1974) postulated correlation of the
Ketilidian supracrustals with sedimentary and volcanic rocks of
eastern Labrador (Ramah, Mugford and Snyder Groups).

The Gardar sandstones and volcanics of southern Greenland appear
to have been laid down between 1500 and 1275 m.y. ago. They may
correlate with the Helikian Sims Formation and Seal Lake group of
the eastern Canadian Shield.

SCOTLAND

The older Precambrian rocks of morthwest Scotland (Lewisian) are
among the best known in the world. Recent interpretations have fa-
voured the idea of three major orogenic episodes; the Scourian
(2,600 - 2460 m.y.), Inverian (2,200 - 72,000 m.y.) and Laxfordian
(1,600 - 1,300 m.y.). There are many similarities between the Pre-
cambrian geological history of this area and that of the Greenland-
Canadian Shield. In Scotland the oldest rocks are pyroxene gramuli-
te and other high grade metamorphic rocks affected by the _Scourian
orogeny. A supracrustal sequence with many similarities to the
Huronian-Animikie sequence of the Great Lakes of Canada (Loch Maree
Series) may have been deposited on the Bcourian basement (Bowes,
1968), intruded by disbases (the Scourie-Assynt dykes) emplaced

before 2.19 b.y. ago (Evans, Tarney, 1964) and later affected by the

Laxfordian metamorphism. Areas both to the north and south of the
ancient Scourian block (Park, 1973) are strongly affected by this
younger orogenic episode, in a fashion similar to the Nagssugtoqi-
dian and Ketilidian, north and south respectively, of the large
Archean block of south-central Greenland (Fig. 4).

The Lewisian rocks are overlain unconformably by the Torrido-
nian Series (ca. 1.0 b.y.). The Moine Series is thought to be corre-
lative with the Torridonian, but the former is affected by Caledo-
nian and earlier folding and metamorphism. Pegmatites in the Moine
have been dated at sbout 740 m.y. (Giletti et al., 1961). This
has been interpreted by Bowes (1968) to indicate that the Moine was
affected by a pre-Caledonian orogeny that he called the Enoydartian.
The Dalradian sequence was deposited between 700 m.y. and 650 m.y.
ago. It includes a thick succession of glacial deposits (Spencer,

1971) that may be correlated with similar rocks in other parts of
Eurcpe.
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SCANDINAVIA
The Precambrian rocks of Scandinavia have a long and complex histo-
ry. For purposes of this discussion emphasis 1s placed on the re-
latively well understood Finnish Precambrian. In northern Finland
there are Archean rocks comparable to those of the Canadian and
other shields. Mica schists and gneisses of southern Finland (Svio-
nian of Sederholm, 1899) were considered to be the oldest rocks of
that region. These are overlain by the "Bothnian Formation" (now
called Svecofennian) which includes volcanic and pyroclastic rocks,
conglomerates and excellently preserved turbidites of the Tampere
region of south-central Finland (Simonen, 1953). The Svecofennian
rocks have a roughly easterly strike and may be traced westwards
into central Sweden (Magnusson, 1965). In Finland the Svecofennian
rocks are intruded by the Central Finnish Pluton which has provi-
ded dates of about 1,8 b.y. (Eskola, 1963). These "eugeosynclinal"
rocks are now considered to be a deeperwater equivalent of the Ka-
relian assemblage of eastern Finland and Russian Karelia.

The Karelian begins with conglomerates, some of which have a
tillite-like character (Eskola, 1963). However, because of their
restricted occurrence in what were interpreted as valley-fillings,
they were interpreted by Eskola as fluvial deposits. They are over-
lain by thick quartzites, some of which are remarkably pure and show
evidence of extreme chemical weathering. These quartzites contain
kaolinite and metamorphic derivatives such as kyanite and andalusi-
te. These aluminous quartzites are strongly reminiscent of the upper
Huronian Lorrain Formation and possible equivalents elsewhere in
North America (Young, 1973). In some places uranium mineralisation
occurs at the base of the Karelian quartzites (Eskola, 1963, p.169).

The Karelian quartzites were appareatly derived from the north-
east (Ojakangas, 1965), but, farther east, in Soviet Karelia,
Negrutsa (1965) considered the Jatulian quartzites (equivalent to
the EKarelian) to have been deposited on a pre-Earelian sialic
basement in a number of isolated northwesterly-trending traughs,
the position and sedimentary history of which were controlled by
contemporaneous faulting.

The basement gneisses of the Karelian zone were dated at 2.5 b.y.
(Kouvo, 1958) and possible ages of up to 2.8 b.y. were suggested by
Eouvo and Tilton (1966). They also reported dates of 1.8 b.y. for
granites intrusive into the Karelian supracrustals. Diabases des-
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cribed by Saako (1971) as being intrustive into the Karelian quar-
tsites, have provided a Rb-Sr age of 2,1 b.y. This age is compa-
rable to that obtained from the Nipissing diabase of Ontario. The
FPinnish diabases may thus provide evidence for eastward extenmsion
of the 2.1 b.y. diabase swarm considered by Payne et al. (1964) to
have been formerly contimuous from the west coast of Hudson Bay,
through Ungava to Greenland and Scotland. Continuity of this dyke
ewara was used by these authors as one line of evidence in support
of continental drift in the North Atlantic region.

Following intrusion of the post-tectonic Rapakivi granites
(about 1,700 m.y. ago) there was a period of continental vulcanism
and sedimentation. The red arkoses and quartzitic sandtones and
siltstones of the Jotnian were deposited at this time. In Finland
these rocks are preseved in grabens. The finer grained sedimentary
rocks have been dated at 1,280 m.y. and 1310 m.y. as shown by
Simonen in 1960. Similar rocks of similar age (Dala sandstones and
equivalents) occur in Sweden (Magnusson, 1965). However the fact
that they are intruded by rocks similar to the Rapakivi granites
may indicate that some of the Dala rocks are older (>» 1,65 b.y.).

There is a striking similarity between the middle Proterozoic
sequences of Scandinavia, the Gardar supracrustal sequence of sou-
thern Greenland and the Paleohelikian of the Canadian Shield. With
the exception of possible deeper-water sedimentary rocks of the Cor-
dillera of western North America this period appears to be typified
by development of fluvial and shallow marine sediments of continen-
tal or shallow platform type.

CONTINENTAL EUROPE
The older Precambrian is relatively poorly known in continental
Burope, due to the masking effects of multiple and complex Phanerozo-
ic orogenies and because of the presence of cover rocks. On the is-
land of Guernsey in the Channel Islands (Roach et al., 1972) the
Pentevrian, which forms part of the Armorican Massif of northwestern
France, has been dated at 2,620 m.y. (the Icartisn event). There was
a rejuvenation at about 1,960 m.y. (the Lihouan event), followed by
another at about 1,100-900 m.y. ago, obtained from Pentevrian gneiss-
es of the St. Brieuc and St. Malo areas of mainland Prance.

The Late Precambrian orogeny that led to deformation and metemor-
phism of the Upper Precambrian Brioverian succession, prior to depo-
sition of the Lower Paleosoic rocks, is known as the Cadomian. Some
authors (Cogaé, 1952; Graindor, 1964) envisage two phases of orogeny.
The first, "Constantin Phase", pre-dates deposition of the Upper
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Brioverian tillitic (?) conglomerates and associated deposits.
Dates of the order of 690 m.y. to 600 m.y. were obtained by Leutwel
(1968) from Lower and Middle Brioverian supracrustals, On this basis
the Upper Brioverian tillite(?)-bearing Granville Series would be
uppermost Precambrian. Otherworkers (Bradshaw et al., 1967; Roach
et al., 1972) suggested that sll the major deformation events of -
the Cadomian orogeny took place later than Upper Brioverian sedimen-
tation and that therefore Brioverian deposition was completed before
700 m.y. ago. The Cadomian orogeny is considered by Roach et ‘1.'
(1972) to span the time period from 700 m.y. to 5% m.y. ago.

Wright (1969) considered the Precambriam rocks of England and
Wales to have undergone folding and major metamorphism during the
period 700 m.y. to 600 m.y. ego. He named these events the Celtic
orogeny. However, Crimes and Dhonau (1967) considered that the
Precambrian rocks of southeast Ireland included a basement complex
older than the Late Precambrian supracrustals. Baker (1971) like-
wise suggested a history going back at least as far ®8 ‘loyer and
widdle Proterozoic for these small inliers, but as yet there are
no definitive radiometric age determinations in support of these
ideas.

It has been suggested (Choubert, Faure-Muret, 1974) that clder
Precarmbrian rocks occur in Spain. For example the conglomerates end
porphyries of the Ollo de Sapo are considered by them to be older
than 1,000 m.y. Likewise the quartzites and conglomerates with
quartzite fragments of the Sierra de Santos Massif were suggested by
them to be older than 1,300 m.y. However, there are great difficul-

ties in recognising and dating older Precambrian rocks in these re-
gions of southern Europe. )

MOROCCO™
Precambrian rocks are well exposed in a series of inliers in the
Anti-Atlas Mountains of southern Morocco, The inliers are overlain
by cover rocks ranging in age from upper Precambrian to Lower and

% Most of this section of the paper was written by, and consequently
reflects the opinions of, G.C. end A.F..ll.While there is no major
disagreement among the authors, G.M.Y. and W,R.C, would support a
less positive statement as to the age assignation of certain units
in the Anti-Atlas region. In particular they have some reservations
concerning the age of the ophiolite complex of the Bouaszerides,

. the glaciogenic(,) deposits assigned in this sectiom to the Neo-
helikian and consequently the eges of the overlying umits.
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Middle Cambrisn. The Anti-Atlas region has a very complex history.
There were strong thermal effects in this area during both the Pan-
African (700-550 m.y.) and Caledonian (450-400 m.y.) orogenies. It
also underwent Hercynian deformation which caused folding of the
upper Precambrian and Cambrien rocks and also affected the under-
lying rocks. These events resulted in extreme rejuvenation of the
entire Anti-Atlas fold belt. Regions such as the Anti-Atlas may be
contrasted with cratonic areas like the Canadian-Greenland shield,
which were stabilized at a relatively early stage in their geclo-
gical development. The Anti-Atlas, with its Juxtaposeed and super-
imposed Precambrian and younger orogeni. is a prime example of a
complex remobilised zone. Detailed studies of this large region
have been carried out for many years. Comprehensive reports were
made by Choubert (1963) and by Choubert and Faure-Muret (1970).

Before describing the various Precambrian units of the Anti-At-
las the following important facts are presented:

1+ The cover rocks. The rocks that overlay the folded Precam-
brian have been folded only during the Hercynian events. The lower

- age limit of the cover rocks is relatively well established, for

they rest on a erosional surface (peneplain) that is widely deve-
loped throughout western Africa, and which has been dated in Mauri-
tania, Senegal and Mali, at about 1000 m.y. This erosional surface
is overlain by the rocks of the Taoudeni and Tindouf basins. In the
Anti-Atlas it developed later than the last major Precambrian fold
event, that which produced the Marocanides, and is present to some
extent in all the Precambrian inliers. It is inferred that the
erosional surface that developed about 1000 m.y. ago separates all
the folded Precambrian rocks from the cover rocks. The oldest co-

ver rocks (upper Precambrian) are accordingly comsidered to be
younger than 1000 m.y. Radiometric ages younger than 1000 m.y. ob-
tained from rocks of the folded sequences must therefore be reju-
venated.

2. The "série lie de vin". The cover rocks comprise: a) molassic
deposits and volcanics of the P III, b) the thick dolomites of the
Adoudounian, ¢) the regressive sequence known as the serie lie de
vin, and d) a very complete lower Cambrian sequence containing at
least 9 trilobite zones. The série lie de vin immediztely underlies
the Lower Cambrian and has been compared to the Vendian of the
U.S.S.R. This similarity is strengthened by the discovery of stroma-
tolites of the group Linella by Schmitt and Monniger (1975) and
also by Choubert and Faure-Muret, These are characteristic of the
Vendian. They are presently being studied in detail by M.A.Semikhe-
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tov. The Vendian includes deposits of the Eocambrian glaciation
(usually considered to have taken place between 650 m.y. and

620 m.y. ago). In the U.S.5.R. Vendian stromatolites are conside-
red to characterize the period from 680 m.y. to 600 m.y. ago. It

is concluded that deposition of the serie lie de vin, which is se-
mi-marine in the west and continental in the east, was initiated
during a glacio-eustatic regression related to the Eocambrian gla-
ciation and dated at about 650 m.y. The succeeding history of the
Anti-Atlas region was characterised by gradual marine transgression
before the appearance of the first trilobites of the Lower Cambrian.

The Pan-African thermo-tectonic events (Kennedy, 1964) began
about 700 m.y. ago and lasted till about 550 m.y. ago. The serie
lie de vin is neither folded nor metamorphosed, so that the Pan-
African orogeny does not exist im the Anti-Atless. The common Pan-
African isotopic dates obtained from this region are due to thermal
effects propagated initially from major fault zones, but eventually
affecting the whole area.

3. The major Anti-Atlas fault. The Anti-Atlas regian is divided
in two by the major Anti-Atlas fault. There are two distinctly di-
fferent zones. To the south there is an Archean craton (the northern
margin of the west Africam craton). This region is occupied by the
Berberides - an Archean orogem dating from about 2600 m.y. To the
north lies the true mobile zome of the Anti-Atlas, characteriszed
by Jjuxtaposition and superposition of three Proterozoic fold belts;
1) the Bouazgzerides, equivalent to the Karelian of Scandinavia and
the Hudsonian of Canada (about 2000 m.y. to 1850 m.y. old), 2) the
Anti-Atlasides, which can be considered as equivalent to the Elso-
nian of Canada or the Kibaran of central Africa (1400-1300 m.y.)
and 3) the Marocanides which involve rocks equivalent to the
Neohelikian of Canada ( > 1000 m.y. old). This last fold belt was
formed immediately before the pericd of pemeplanation of west Afri-
ca described above.

Berberides, Rocks considered to be Archean (P I) outcrop both in
the western part of the Anti-Atlas (Kerdous massif) and in the cen-
tral Anti-Atlas (Zenaga region). Location of these inliers and
others mentioned in the text is shown in Fig. 5. In the Kerdous ma=
ssif, schists, schistose greywacke and fine-grained, polyphase-
deformed sandstones are cut by migmatitic granites. These rocks have
undergone retragrade metamorphism and give ages (Eb-Sr isochrons)
ranging from 1950 m.y. to 1650 m.y. However, some relict ages of
about 2600 m.y. bave also been obtained.

In the Plain of Zenaga, both the original metamorphism and sub-
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sequent retrograde effects took place at greater depths. Both mica
schists and gneisses show evidence of retrograde metamorphism under
mesozonal conditions so that granites, which are alsoc associated
with migmatites in this region, have only yielded ages (isochroms)
of about 1850 m.y. Choubert et al. (1974) and Choubert and Faure-
Muret (1974) considered both of these sequences to be Archean
(about 2600 m.y. 0ld) and to have undergone retrograde metamrophism
about 1950 m.y., 1850 m.y. or 1650 m.y. ago. These sequences contain
similar rock types and include some horizons characterized by the
presence of calc-silicate nodules similar to those described by
Pettijohn (1940) from the Archean of Cansda.

Bouagzerides. Rocke closely similar to the Aphebian (Buronian -
Animikie) of the Great Lakes region of Canada are not known in the
Anti-Atlas. However, Choubert and Paure-Muret (1970, 1974) conside-
red the rocks of the P II (or P I-II) of Bou Azzer - El Graara to
be Aphebian equivalents. These rocks include iron-formation, limes-
tone, pyrophyllite-bearing quartzites, chlorite schists, acid and
basic volcanics and an ultramafic complex. To the east, in the Si-
roua massif (N'Kob), in addition to the ultramafic rocks and asso-
ciated volcanics, there are andalusite schists and cordierite gnei-
sses. These units, which are known only north of the major fault,
lie unconformably on the Archean of El Graara (Choubert, Faure-
Muret, 1974) and are in turn overlain unconformably by the P 112
in the N'Kob area.

The P IT' is dated in the following way. In the eastern part of
the El Graara regiom chlorite schists are intruded by small leuco-
gmito bodies which are unfortumtely very altered. Another massif
of light-coloured granite is present a little farther to the west,
on the margins of the greenstones of the ophiolitic assemblage.
Still farther west, in the Archean of the Plain of Zensga, leucocra-
tic alkali-granites (Tazenakht granite) are common and give a sli-
ghtly rejuvenated age of 1750 m.y. (Rb-Sr isochron) and of 1830 m.y.
(K-Ar) on pegmatites that cut the granites. More realistic ages
(1950 m.y.) have been obtained from other alkali-granites that cut
the Archean rocks of the Kerdous massif (e.g. the Tahala granite).
The Tahala granite differs markedly from the Archean granites in
that it is clearly intrusive and is not metamorphosed. It is comsi-
dered to be a true Aphebian granite (P II1) similar to the leucogra-
nites described above. Similar granites are also present in other
Precambrian massifs and inliers of the region. '

The serpentinites and basic volcanics associated with the ultrama-
fic assemblage also pose problems. Church (1974) suggested that
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these rocks to comprise at allochthomous ophiolite representing
ancient oceanic crust. He also pointed out that the age of these
rocks is poorly known and that they might range from Aphebian to
upper Proteroszoic (Hadrynian).

Choubert and Faure-Muret are of the opinion that the ophiolite
complexes of E.L.Graara, Bou Azser and Siroua represents the roots
of ancient ophiolites that were overthrust towards the south, omto
the Archean craton (based on the preserved synclimal keel of ultra-
mafics south of AYt Ahmane). These vertical ultramafic root sones
closely follow the major fault zone of the Anti-Atlas which is
thought to be an ancient east-west-trending rift some that transec-
ted the Archean craton. This rift is considered to have first
opened im early Aphebian time. It was closed during the Bouazzeride
orogeny, at which time the assemblage of volcanics and other basic
rocks (ocean floor material formed by opening of the rift) were fol-
ded and thrust towards the south. However, subsequent erosion has
removed virtually all evidence of this thrust zone except for its
roots. This period of erosion must have lasted at least 200 m.y.,

from 1950-1850 m.y. to 1650 m.y. (see below).

Up to the present, only rejuvenated agea have been cbtained from
the rocks of the Bouazzerides at El Graara. These dates are mainly
Hadrynian and correspond to movements on the major Anti-Atlas fault;
602 m.y. from schists of the P II° (Clauer, 1974) and 66160 m.y.
on neighbouring Archean augen gneisses (Rb/Sr isochron obtained at
the Rabat laboratory).

Rocks comparasble to those of the Bouazzerides are present in Mau-
ritania (série d'Akjoujt; série de Gadel). Apart from a preliminary
date of 1700 m.y. on allochthonous iron-formation of the EKediat
Ijil region near Port Gouraud (Sougy, 1974) the age of these rocks
is unknown.

Antiatlasides. The P IT° (or P II) of the Anti-Atlas region be-
gins with limestomes that contain stromatolites and oncolites. The-
se are overlain by a thick quartzite sequence, basic volcanics and
a thick unit of dark schist and flyschoid rocks.

The major Anti-Atlas fault also played an important part in de-
position of the rocks of the P II", This is indicated by important
facies changes from south to morth. To the south the rocks are ty-
pical epicontinental platform deposits, whereas, to the north, the-
re is evidence of deeper water sedimentation. There are no granites
associated with the Antiatlasides but there was strong development
of diabases, which in some cases intrude the quartzites. The absen-
ce of granites (except for the quartz diorites of Bou Azzer and El
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. graara, vhich yield rejuvenated ages) makes dating of the Antiat-
lasides extremely difficult. The age of the beginning of this sedi-
mentary cycle is indicated by the stromatolites that are present. In
particular Gala iskuskanica Krylov, ascording to Krylov (1975) ia-
~ dicates an age of 1600 to 1650 m.y. The age of the subsequent oroge-
ny is about 1400 m.y. according to &.FPb date from the stromatolitic
and oncolitic limestones (Tugarinov, pers, commun.). Formation of
this fold belt is thus considered to be comparable with the Elso-
nian event of Canada or the Kibaran of Central Afrieca.

Schenk (1971) suggested correlation between the P II of Iloroacn
and the Greenhead Group of New BErumswick. However Hofmann (1974),
on the basis of study of stromatolites in the Greenhead Group, pro-
posed a Middle Riphean or Neohelikian age (about 900-1000 m.y.).
These rocks would thus be more closely comparable to those of the
. younger Marocanides.

The rocks of the P II° might perhaps be correlated with the
Wakeham Bay Group in the Gremville Province of Quebec. These are
mainly quartzites cut by numerous diaban sills. They were assigned
by Wynne-Edwards to the Paleohelikian (older than 1300 m.y.).

Marocanides. This is the last Proterozoic {Neohelikian) orogen,
made up of folded rocks belonging to the P 115 (or P II-I1I). They
constitutea thick succession of wvolcanics and pyroclastics associa-
ted with rocks of molassic character (conglomerates, sandstones and
mudstones).

The major Anti-Atlas fault continued to play an important role
in controlling north-south faciss changes in both sedimentary and
voleanic rocks. Thus, to the south of the fault, epicontinental (An-
zi-Tanalt basin) and continental (Irherm region) deposits were de-
veloped. In contrast there is to the north, an east-weat trending
geosynclinal zone (from Siroua to Sarho).

Unusual facies present in the Marocanides include rocks of gla-
cial aspect (mixtites, or tillites together with laminated siltsto-
ne-mudstone sequences containing isolated clasts that appear to
have been ice-transported). Cherts are also present, associated with
immature sandstones and reworked tuffs.

In spite of the presence of abundants and extensive granitic rocks
in the geosynclinal parts of this fold belt, radiometric dating has
been extremely difficult. Rb/Sr isochrons obtained at Rabat by
D.Tisserant gave rejuvenated ages of 679434 m.y. for calc-alkaline
granites and 586435 m.y. for a leucocratic alkaline facies of the
‘same intrusive phase. Among the 40 age determinations carried out,
there are 4 relict ages (10%) from the Id ou Illoun and Asdremt
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massifs (to the west and east respectively of Siroua), These dates
are as follows; 947:+50, 958450, 1018413, 12144100 m.y. (assumed
initial ratio of 87°T/86°T = 0,709).

As stated above, the important and widespread erosional surface,
dated in west Africa and surrounding regioms, at about 1000 m.y.
was developed on the Marocanides and associated granites. Thus the
age of the fold belt is considered to be greater than 1000 m.jy.

The glacial deposits (?) of the Marocanides (P II’) merit spe-
cial mention. In the geological literature cdoncerning tillites the-
re is a deplorable tendency to comsider all glaciogenic rocks of
upper Proterozoic age as belonging to the "Eocambrian" glaciation
which probably took place about 650 m.y. to 620 m.y. ago. It is pro-
posed that there are at least three glaclal periods as follows:

1) the "Eocambrian" glaciation, 2) glaciation at about 1000 m.y. ago
and 3) a glaciation at about the beginning of the Marocanide cycle
(about 1250-1300 m.y. ago). These glacial events are most complete-
ly represented in central Africa (Zalre), where the following se-
quence has been established:

1. The Roan-Mwashia tillites which followed closely on the Ki-
baran orogeny (1300 m.y. ago).

2. Grand conglomerat of Kundelungu (1000 m.y.).

3. Petit conglomerat of Kundelungu (650 m.y.).

The glaciogenic (?) rocks of the P 11’ are probably correlative
with the first glacial epoch described above.

The Precambrian of the Anti-Atlas does not appear to contain
evidence of the second glaciation. They might be sought among the
molassic deposits of the P III. There is some evidence of glacia-
tion in the lower part of the upper Precambrian sequence of the
Taoudeni basin. The "Eocambrian" glaciation is thought to be repre-
sented in the Anti-Atlas by the série lie de vin described above.
It is considered to be correlative with the tillites of the Taou-
deni basin described by Trompette in 1974,

Problems involved in correlation of the P II’ (Marocanides),

P IIT and the Aboudounisn with similar rocks of eastern Canada are

the subject of another paper in this symposium and are not consi-
dered here.

CONCLUSIONS

The well exposed and preserved supracrustal rocks of the Canadian
Shield apper to record evolution of the Precambrian atmosphere,

hydrosphere, biosphers and lithosphere. An example of this evolu-
tion is the change in character between the dominantly turbidite-
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facies with associated volcanic rocks, typical of the Archean, and
the platform facies that are characteristic of much of the Prote-
rozoic, Many of these chinges can be matched in Precambrian sequen-
ces of south Greenland and on the continents on the east side of
the present Atlantic Ocean. Evolution of the Precambrian crust
appears to be punctuated by orogenic events which, within the cru-
de limits set by isotopic ages, appear to be contemporaneous over
large areas. Attempts to match both orogenic events, and the cha-
racteristic supracrustal suites associated with them between North
America and North Africa are frustrated by the presence of Phane-
rogoic orogenic zones between. Initial sttempts are promising and
as more detailed geological, paleontological and radiometric data
become available, more detailed and definitive correlations will
be possible.
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F i g. &, Schematic representation of Lower Proterozoic (Aphebian)
paleogeography of the North Atlantic continents on a pre-drift re-
construction after Bullard et al. (1965)

1 - some areas that were last affected by Archean orogeny
(> 2,500 m.y. ago); 2 - other areas of Precambrian rocks mentio-
ned in the text; 3 - dominant primary paleocurrent direction; & =
secondary paleocurrent direction related to tectonic uplift; 5 -
dominant structural trends. Nemes of Aphebian groups are given on
the figure, together with their apparent radiometric ages and the
name of the orogeny that affected them.
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F ig. 5. Sketch map of N.W. Africa to show the location of Pre-
cambrian inliers of the Moroccan Anti-Atlas (black)

Dotted ornament shows the distribution of lower Cambrian and
Adoudounian. Gross-hatching shows Paleozoic rocks (except for the

lower Cambrian). Unornamented areas are Mesozoic and Cenozoic

rocks 339



K.B 6 m e'm (YexocnoBaxras)
AHAJIW3 BHYTPEHHETO CTPOEHWA TPAHUTOWJHHX TEX

E.Benes (Chechoslovakia)
ANALYSIS OF THE FABRICS OF GRANITOID BODIES

OzHol! M3 BAEHHX NpoGAeM M3y ®HHA I'pDAHATOMZHHX MACCHMBOB HB-
ARETCA ONpefieNeHHE MX BHYTPEHHOI'0 CTPOGHMA. LA pemeHHs
2T0ll OpoGreOMH BOCHEMA MHTODECHH DO3yABTATH MCCHeZ0BEHMA
YSmCKOI'0 Maccusa, I'®@ PasBUTH CHE— M NOCTTEKTOHHYECKHc
TPaHATONZHES TeJa.

BH}TNEHBB CTDOGHME CHUHTEKTOHMYECKUX NJyTOHMYECHKUX Tel
HEXOZMTCA B BABMUCHMOCTH 0T NpPOLECCOR CKAAZYATOCTH; BA6CEH BH-
ABIGHH TOKTOHMTH S, B, R M CBASAHHHE C HMMM TPOHHHH ac, be,
hkl, DIeMEHTH BHYTPeHHOT0 CTPOGHMA I'PaHMTO-THeUCOB NOAOGEH
TaKOBHM OKDyRaOmMUX MeTaMOppH y8CKAX MOPOZ.

B YemcKoM MBCCUBE BCTpe4YaeTCA LENHU psj MOCTTOKTOHHYeC—
KMX TDaHMTOMAHHX Tel. CpeaHeyemcKMit nayToH (CpeaHas M KE-
Hasd UYxdg) 00pasoBaH PAZIOM 060COGABHHHX TeJa, KOTOpPHe pac—
NazanTCA HA YeTHPe OCHOBHHE rpynns. XoTs CpepHeuswckuil nmy-—
TOH 06pasoBaH GOJGMMM K0JAMYECTBOM 0TYST/IMBHX NeTporpadu-
YSCKMX TUMOB MOPUA, @r0 BHYTDOHHAA CTPYKTyPA TeWHAA OAHO-
THNHEA ZJA BCEro MAyToHa., OCH MEracTPyKTyp MocTENeHHD M
NIABHO MEPeXOAAT M8 OAHOTOD TUNA B Apyro#l, mozo6Me 0GHADYEM-
BaeTCA M B [ApaalelbHO-OJA0CKOCTHO# opheHTauud. B Telde npy-
TOHA CHCTOMH TDemMH BOCHMA8 OZHOPOZHH. B aJbroHCKMX NOpOAAX
BCTPEWANTCA TPOWMHEH Q (= ac), S ( = be) M TPOmMHH, [apal-
leNbEHe KauBaxy.C BHYTDeHHMM CTPoe HHeM CpejiHe YONCKOID NAy-—
TOHA TECHO CBAS8HA CTPyKTypa ero 4Yexxa, lak, B saMeTHO He-
0ZHOPOZHOM KeNeSHOTOPCKOM MJyToEe (rpaHMTOMAN pa8IAMIHOTO
neTperpaguyecKoro CoCTaBa M pasiduEHX §opu) BHABIEHA BSHA-
UATeIbHEA I'OMOTEHEOCTH BHyTDeHHe! CTIPyXTypH TeWHHA M Tpe-
WMHOBETOCTH, LJyTOH KAK Leloe MMeeT CBOZ000Da3HO® M Zaxe
KyH0JN0BMAHOS BMyTPeHHee CTPoeHME C BHPABHTAABHOM NAOCKOCT -
Ho#t opueHTEpOBKO#l M OpPUEHTMDOBKON BKADYEHMIt; N0 KpasM CTpyK-
Typu (68 KaKMX-IMG0 HADyWeHAN OHW OPOCHGXHBADTCA B NMOPOZAX
WXIN8, B NAyToHe BCTPE WHNTCH TPEWMHM ac, be M hkl  (Tpe-
MUHE ac NepOeHAMKYJIAPHN 0CM B). AHAIMS BHyTPEHHEI'D CTpOe-
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BEf OMI CAGZAH NPAKTMUECEM BO BCEX MUy ToEX USmMCKOI'0 MacCHBA
(KapmcGajzcKkuil 4 BCe NNyToHN B CPeZiHE YOWCKOM IPOTEPOS08).

MoyrH BCO NOCTTOKTOHMYECKMe TDAHMTOMAHHE TelZAa B YemCHOM
MACCHB@ NPOABIAADT 0YeHL TOCHYD CBABH BHYTPOHHOU CTpyKTypH
TOYOEHA M TPOMMEOBATOCTH, MX CTDyKTyDHHE SNOMEETH N0CTENeH-
HO N6peXoAAT B CHHTOKTOHAYOCKMe® NNyToHH. B CBeD 049epejs
B [y TOHMYSCHEHX TeNAX HaOINARETCA MOAHOE NMOZ0GMO BHYTpe H-
Hero CTPOOHMA MeTAMODYHUSCEMX MOPoA: ocH B, CHIazRM, nioc-
KOCTH 8 , TPDONMH ac, bc K hkl.

Pror faxr osHaw@eT, WO rAyOMHHHE NIyTOHUYSCKHE® MNOPOXH
0TPAaxADT CIPyKTypH G0X6e APEBHAX KPUCTENIMYECKHX MOPOA.
BepoATHO, Ma8rua OHJAa caa(o 8KTUBEA M OpeACTABIANE COGOM
nAacTHYOCEM-BABEYD MACCy. B yCIOBMAX BHCOKMX TOMOEpPaTyD H
JIBBIGHMR pHA OHJA NOABEPEOHA BAKOHAM, X8DAKTO DHHM JIA
MeTaMOPJUYECEUX NOPOA. EOME B KAKOM-T0 HEODABAGHHM yMOHK-
WaeTCA ASBNGHME, TOD NJABCTHYSCKA-BHBKAH MECCA JBMTaeTCA
EBOPXy ¥ o6pasyeT NOCI6 B4CTHBAHAA KymoXo00pasHEe Teua
C0 CBOHEM COOCTBOHHWM BHYTDOHHMM CTDOSHHEM, KOTOP0® OHH
mepeAsnT KpoBae. Ho eCAM niscTHUSCKM-BmsKan Macca (uarsa)
88CTHBAOT HA rIyOuHe, TO OHA BCErjA NOBTOPAET BHYyTpeHEDD
CTpyKTypy EpoBIM. 0 BOSHMKHOBOHMM STHX IJECTHYECKU-BAB~
KHX MaTM CBHZO T6JECTBYDT METAMOD(M YeCKHe NMOPO7H, 00paso-
BAHHHE B yCHOBMAX yMODOHHHX AGBAGHME W BHCOKMX TeMIepaTyp.

ABSTRACT
Granitoid bodies of the Bohemian Massif invariably lie conformably,
concordantly or discordantly, within the ‘fabric plan of the respec-
tive structural layer. The granitoid bodies fit in the older fab-
rics; the interformational gramitoid bodies adopt fabric patterns
of two or more structural layers. Neither fault zones nor deap tec-
tonic zones assert directly im the fabric of granitoids.

HEE
The Bohemizn Massif in the present form is a platform block of extre-
mely complicated structure and genesis. In vertical direction it is
divided into three basic structural layers: the Moldanubian, Cadomi-
an and Caledono-Variscan layers. Towards the end of Variscan orogeny
all three structural layers were penetrated by a number of granitoid
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bodies, whose symmetry of distribution, fabric and relationship to
the fabric of individual structural layers follows certain rules.

All bodies of late tectonic granitoid rocks in the Bohemian
Massif are distinguished by common fabric elements. The basic ele-
ments of flow fabric is the planar parallel structure expressed
either by parallel arrangement of platy minerals or by inclusions
and schlieren. The planar parallel structure of granitoid bodies
corresponds to the planes of schistosity in the flow fabric of me-
tamorphics. Linear elements of the flow fabric are not well-defined
in the granitoids of the Bohemian Massif; they are observable chie-
fly in the transitional rocks types at the contact with metamor-
phi¢s (e.g. rocks at the eastern margin of the Central Bohemian
pluton).

In granitic as well as metamorphic rocks, a detailed study of the
planar parallel structure makes it possible to establish the basic
megastructural elements of the flow fabric. Virtually, all grani-
toid bodies of the Bohemian Massif constitute anticlinal or syn-
clinal zones or composite combined belts.

The fracture fabric in the plutonic bodies of the Bohemian Massif
is characterized by systems of Q-joints equal to ac-joints, by
systems of longitudinal (8)-joints corresponding to be-joints,
and by hklejoints, which embrace I-joints and other diagonal sys-
tems. The symmetrological classification of joints imto aee, be-
and hkl-groups proves the dependence of joint fabric on the flow
fabric.

An analogous classification can be performed for megastructural
elements of the fracture fabric. The basic fault lines run in the
regular directions ac, bc and hkl with respect to the megastructu-
re8 (e.g. the faults bounding the South Bohemian Upper Creta-
ceous-Neogene-basins are &c-faults, the Central Bohemian suture
between the Central Bohemian pluton and the Upper Proterogoic, and
the marginal Zelezné hory fault are of be-trend).

The Central Moldanubian Pluton is the ‘largest complex of the
Bohemian Massif. Its Bohemian-Moravian branch builds the core of
the N-S anticlinal zone cutting obliquely the older metamorphic
structures of the Moldanubicum. This branch is built up of leucocra-
tic muscovite-biotite granites and adamellites of Eisgaram type. The
Eisgarn granite can be differentiated into the fine-grained Mrako-
t{n, porphyritic G{mé¥ and coarse-grained Landstejn types. Irres-
pective of this petrographical differentiation, the Central Molda-
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nubian Pluton appears as a uniform body from the point of view of
fabric analysis. The metamorphic foliation of the Moldanubian rocks
continues the parallel planar orientation of the pluton although the
limitation of the body is discordant.

The Trebic massif is built up of Rastenberg type (generally dark
and predominantly porphyritic rocks oscillating between granodiori-
tic and syenodioritic composition). This granitic body is closely
related to the mantle. The parallel planar orientation of the grani-
te trends parallel to the foliation of the Moldanubian rocks. A ma-
jor anticlinorial zone passes through the centre of the massif in
the NE-SW direction. Some minor anticlinal and synclinal structures
accompany the main anticlinal zone on both sides.

One of the largest bodies in the Bohemian Massif is the Central
Bohemian Pluton. It extends in central and southern Bohemia between
the metamorphic rocks of the Upper Proterozoic and the Moldanubian
complexes and contains relics of the surrounding rocks ("islets™)
represented by Upper Proterozoic and Early Paleozoic sediments.

Although from the petrographical point of view the Central Bohe-
mian Pluton is composed of a large number of rocks of diverse cha-
racteristic types, it is again a uniform body as far as the fabric
is concerned. The axes of the major structures pass gradually from
one type to another and analogously do the parallel planar orienta-
tion and joints.

The spatiasl interrelations of the flow or fracture fabric of the
Central Bohemian pluton and that of the mantle are intimate. The
parallel planar orientation links up directly with the schistosity
in the surrounding rocks, the major structures continue from these
surrounding rocks to the pluton, and the systems of joints also pass
continuously from the pluton into its surrounding series.

From the point of view of the fabric, the pluton is divisible
into three parts:

a) Moldanubian part corresponding in fabric to the Moldanubian
structural layer;

b) part belonging to the "Islets-zone", characterized by the struc-
tures of the Cadomiun and Variscan structural layers;

¢) Upper Proterozoic part distinguished by the structures of the

Gadoeian structural layer.

The Zelezné hory pluton, especially its Nasavrky part closely re-
sembles the Central Bohemian Pluton as far as the rocks and the struc-
ture are concerned. It is inserted bewteen the complex Hlinsko gra-
ben, the Oheb crystalline complex and the Early Paleozoic rocks of
the Chrudim area. In its scuthwestern part hybrid and schistose types

343



of granodiorite are developed; in the central and the northwestern
parts medium-grained granodiorites predominate in the northern por=-
tion.

The flow fabric represented by parallel planar fabric forms major
folds. The most important is the anticlinal zone extending through
the centre of the pluton and trending W-E to NW-SE.

The fracture fabric is characterized by the development of a con-
spicuous system of Q-joints which throughout the pluton run at right
angles to the parallel planar fabric. The relation of the flow- and
fracture fabrics to the surrounding rocks are very close. The major
structures are parallel to the surrounding rocks; the system of
Jjoints in the pluton also coincide with those in the surrounding
rocks.

Small massifs in the Upper Proterogoic of Central Bohemia are
closely connected with the Upper Proterozoic ntmosusn. All of
them are situated in the anticlinorial zones: the Stenovice massif
in the anticlinorial and synclinorial zone, the Stod massif in two
antiulinorial zones, which account for its bend in the map, and
the Cista-Jeaenico massif in two main anticlinorial zonmes. A pecu-
liar feature of the Cadomian structural layer in this area are the
fold axes stretching over long distances and well-defined ac cross
faults and longitudinal be faults, which coincide in trend with the
deep fault zones.

The Bory massif being a boundary pluton between the Cadomian
Moldanubian structures, extends athwart the structures of both the
Upper Proterozoic and Moldanubicum. Nevertheless, its fabric is
identical with that of adjacent rock complexes. The planar parallel
structure and major fold structures of the Upper Proterozoic persist
into the pluton, transversely to its outer form. In contrast, faults
and the deep zone are parallel to the body surface and are in hkl
position towards the fabric of the pluton.

The Karlovy Vary-Eibenstock massif represents another boundary
pluton, being emplaced at the boundary of the Cadomian and Variscan
structures. It falls into two parts. In the Karlovy Vary part the
Cadomian structure is dominant over the transverse less marked Va-
riscan structure. The primary element of this portion of the body
is the anticlinorial zone of older granite, in the centre of which
occurs later, autometamorphosed granite. On the contrary, in the
Eibenstock part the Variscan directions are dominant and the Cado-
mian are subordinate. This portion comprise several anticlinorial

zones and young autometamorphosed granite is developed in the cen-
tral zone.



The Krkonode-Jizerské hory pluton lies in the northern part of
the Bohemian Massif, in the central part of the West Sudetic area.
The pluton is a petrographically uniform body. It shows parallel
planar orientation which builds up two domes. The axes of these do-
mes agree with the axes of major folds and the B-axes of the surroun-
ding crystalline complexes. Q-joints are perpendicular to the para-
llel planar orientation and are conformable with the ac-joints of
the adjacent crystalline rocks. A similar structural plant can also
be observed in S-joints (bc-joints).

The Lusatian Massif is emplaced at the norther border of the
Bohemian Massif and represents an intraformational body between the
North-Saxonian greywacke formation and the gneisses. Although it is
not a petrographically uniform body, from the point of view of fabric
it is quite uniform. The flow fabric is controlled by the linear
orientations of minerals of ENE-WSW, NE-SW to NW-SE directions. Ta-
bular minerals produce a nearly or completely parallel planar
orientation. It is striking that such flow fabric is closely rela-
ted to the cleavage of the mantle. The major fold structures pass
from the mantle into those of the Massif. A classical example of
the fabric can again be observed in joints. The Q-joints occupy a
perpendicular position in relation to folds axes in the pluton as
well as in the mantle.

In the Meissen Massif composed of syenodiorites and granites
there are uniform flow- and fracture fabrics which are closely re-
lated to the flow phases is a structural element of the flow fab-
ric; it forms conspicuous domes and major folds (megafolds). The
linear parallel fabric is related to stretching (Streckungsgefiige)
always utr:'.ti.ng at right angles or obliquely to the parallel planar
orientation. The fracture fabric studied especially om Q-joints
completely corresponds to the fabric plan of the parallel orienta-
tion; the Q-Jjoints are perpendicular to parallel planar oriemtation
and also correspond to ac-joints in the surrounding rocks.

CONCLUSION

The Variscan granitoids of the Bohemian Massif lie conformably,
corcondantly or discordatnly within the plan of flow fabric of the
Moldanubian, Cadomian or Variscan structural layers. They are al-
ways located in the basic axes of megastructures, i.e. in anticli-
nes or synclines. Major bodies reproduce the complicated megafold
structure of the respective structural layer.

The granitoid bodies thus fit into older flow fabrics of the
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mantle, which they either adapt or mske them more pronounced. The
boundary interformational plutons assume the patterms of flow
fabric of two or more structural layers, providing evidence that
the granitoid bodies fully reprcduce the flow fabric of individual
structural layers.

The conform fabrics of the pluton and mantle permit tc consider
the "magma" to have been a little active plastic-viscous substance
controlled, even at high temperatures and pressures, by the laws
similar to those which have been accepted for the origin of meta-
morphic rocks. By release of pressure this substance can rise up
to higher layers of the Earth's crust and produce mimor intrusive
bodies which display fabrics and shapes of their own and enforce
them to their surroundings.

The achieved results prove that the applied structural methods
are suitable for systematic study of granitoids of all parts of the
area to be correlated.



Be®.Y H H z 11 H (BemHEOGPHTAHNE)
PACCJIOEHHHE KOMILIEKCH M3BEPEEHHHX IOPOL B PAMOHAX
TIYBOKO METAMOP3I30BAHHOTO APXEA

B.F.Windley <(Great Britain)
LAYERED IGNEQUS COMPLEXES IN
ARCHABAN HIGH-GRADE REGIONS

B HormeEpuE, T'peHNAE7MM, Ha Jadpajzepe, B HPeAcNaX NosCca
Juunmono » DxHo#t Agpuxe, a Taxxe » Dxmell HEgum cpezu nozeft
pacmpocTpPaHeHUMS HATPHOBHX rHelicod HACADASDTCHA BHXOZH CXOj-
HEX Moxjy coCof MeTAMOPPUB0BAHHHX, CKEAZTATHX CAQMCTHX
KOMNZeKCOB HBBOPEOHHHX NOPOA, MOCTEMH OKDYyXOHHNX &MPMO0mM—
TaMmK. B Tex MecTax, rze STH KOMOAGKCH Iy4ué BCEre MNpezcTas-
J6HH H X0pomo COXPAaHHIMCEH, OHW XapaKTepAByNTCA WO TROH
crpaTHrpaduvecKol moCAeZ0BATEABHOCTED, CMOHADNOHCA CHMBY

0T yasTpaMaduuecEMX nepes Ae recOpe, IelikoracGpo M aHopTo-
8uTeB,. [lozo6HaR acconquandds B BanazHEo#l I'peEABHAMA [1P6ZCTEB-
Ig6T Co00d BAMXy WM DpUMep mOAHOr9 paspesa o0NeH MOmHOCTED
OKOAD 3 KM M OPOTAXGHHOCTSD N0 NPOCTHPAHKD CKIAZUATOM CTpyE-
Typu ne ueHsmwed mepe 500 kM. OzHAKO CHOAYET NOZYEDKHYTH,

yro Gonee 0OHUHH MB30AMPOBEHHHO BHXOJH 9THX [0p0oZ B TrHelicax
B BHA6® NMHBOBHZHHX TeX pasuepoM 0Koxo I KM, 00pasyDmMX

mM6o parueHTH paspesa (asur-ranepéasdrTes (Hanpumep, B DxEolt
WEzuM, DoTnaszMA), ouGo AMHSOBMAHHG BEJIDYOHMA DABMEDOM DKOJIO
I M, COCTOAWMME MB NOPOJ OAHOI'® THOA, B TARMX MBOAMDOEEHHMX
BHX 078X BHABAADNTCA B DABPOBHOHHOM BKJZe BCe MHTeDBAIH B8K0-
HoMepHO{ mecrezo0BaATENBHOCTH G83MT-TMNe POasUToB.

OrzenibEbe NOPOAM M8 DABIMYHHX DErMoHOR 00HADyXMBADT BHA =~
YuTeIBH0e NeTporpajuuecKpe CXOACTBO, B Npejezax K0Toporo yc-
TaHABIHBADTCA DOTMOHAJNBHNE BApDHALMH. [lopozH yasTpamadnuec—
KOT0 COCTABA BADHMPYDT 0T AyHUTOR 710 MEPHAOTHTOR M MHPOKCE=
HATOB; OHA YaCT0 060TameHH XeJeBOM; HelKoraéopo 0CHYHO X8-
paKTepAsyeTCA SAMETHO{l KyMyZaTMBHOR TeECTypoi#t, Moz pPEMBAEMON
MOT8KpHCTAJUIAMA NIATMOKNAB8 B DOr0BOOGMAHR0DBOR 0CHOBHOH
macce (B Tpemnanzum, Juunono ® Kazasyp B UEzmu), a agopro-
BMTH GACTO COAGPEAT KaIpLMeBHe NJATHAKNASH DAZA

# uecramy xpoumuts (JMmmono u CHTTaMOyHZY B HEpue). Bamomoit
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XuMuyecKEMR cocTa® NGPOA 0TAGABHHX KOMONOKCOB CBMJO TOABCT-
ByOT 0 TOM, YT0 AMjPepeHnMANMs HE NPOTORANA N0 OGHTHOMY
OyTd 00PT@MOHHA X6X6B0M, & HByYOEHEe HTOre KOMNIGKCE B
TpoEZAHZNN NOKABHBEGT, W0 B OTAOAHHHX DaBHOBEJHOCTAX

MMHO PANOB COXPAHMIMCH CKDHTHO XMMMYOCKMO pasaMums (naarue—
K188, OIMBME, OPTOOMDPOKCOE M aMdmGox), HECMOTDPA HE OOCHO-
AyomEil MeraMopfMaM 3 yCAOBMAX DOPXon ambuGomrosod H rpaHy-
aurosolt danuil, [pepcTaBIAETCHA BODOATHHM, YTO 00pas0BaHUE
STHX TeX NPOMCXOAMAC B Npenecce paKOEOEHDOBEHMA BOAOCOJS P~
zamell, GoraToll KaAsOMEM M AXOMAENGM ToaeMTeBOR marwH, Pac-
CMaTPUBAGMHO KOMONOKCH HOPOX YACTO OKpyZeHH MOTABYNXAHI-
YOCKHMM aMdueonMTAMH Z0 I KM MOMEOQCTH, 8 TAKXG KBapuuTa-
MH, CADZMCTHMM CIAGHOEMM W MPAMPPAMH; B CBH3H C STHM C0Xi~
WMECTBO HCC/IOZ0BATENONR CWTANT, YTO OHM CHAM BEHOZPEHH B
cynpakpycranbEHe TOImH.

OcHoBENE Mozeau GopMUpOBAHMA HTMX accofuanall nopog Mo-
TyT OWTH CHGAYDmME.

I. BcA mocae A0BaTOABEOCTH yALTPaMA(H T6CKUX-MaDH TOCKHX
nopoz chopumupoBaEs B yCIOBMAX OK6BHMYSCKOIQ A0XA H HAZBH-
HyTA HA CHANMYGCKYD KODy MAM BASBISHA B Hee,

2. ByaxaHMyecKMe Nopozs 0GPABOBANMCH B OPeA6I8X 0K6aHH-
YeCKOTD I0X8, & BaTeM BMOCTe C KoHTHHeHTAIBHOH Kopolt (B
HACTO0AMES BPOMA 5T0 I'IABHHM 06pPasoM rHefiCH) yuacTBOBaIM B
Ha7iBUroeGpaBOBaHME M OuIM "BHOAPOEH" B HaZBHT0BHE HaTpOMOE-
b.C1LUE

3. Besa nocuezosaTeabH0CTh CHOPMUpPOBEEACE B KOHTMHOHTANE~
HHX YCHOBMAX; PACCMOTDOHHHO KOMOJNGRCH mOPOR, OyAyTH BHEZ-
POHHHMH B OCTDOXYXEHE CTPYKTypH BYIKEHAYOCKMX NODOZ H B
MeIKOBOJIHHG 00DaSOBAHMA KPBOBHX MODOH, NOPOKPHIM CHEIU-
yeckill rEeiicoBuyt QyHpameHT,

SajgeraHWe STHAX NOPOA CpPeZM HATDHEBHX NIATMOTrHeiicos 06—
HAPyXHBE6T B8METHOE CXOACTB0 C acconManueil mopoj KOHTHHEE-
TAAbHHX OKpPadE BOCTOYHOI'0 modepexsf TuUxXoro oxeaHa, IA6
TOHEIUTO-TPAHOAUOPUTOBHS OATOJMTH MEB0BOACKO=TPeTH THOTD
B08pacTa CO/ePEAT BRADYOHUA HOOOHYHHX, CXOZHHX C OOHCH-
BAEMHMH CJOMCTHX KOMNZOKCOB 4856 PREHHHX NODOA, KOTOpHE,

Kex noaarapt (Nishimori, 1974 ), OpeacCTaBAswT colo# oc—
TATKM paHHAX nporneccod GpaKkuMoHEMPOBAHMA (a3aNbTOBO-8HJE BU-
TOBON Marus, KOHO THHMM [DPOAYKTOM K0Topol Obao BHegpeHUe

TOHANMTOB, ECIM T8 MHTepNpeTands NPABANBEE, TO BA6CH MOE~

HO BHZOTH 8HAJNOT DOXJMA8 TEKTOHHEM NAUT B apxee. Ecau 3



apxee M Moria OHTh MHAA TOKTOHMYOCHAA Cpeza N0 CPaBHEHMD

¢ coBpeMeHHOR (CHCTPE® NEPeMOmMOHEME, HOGOIBNMe MMEM-NIMTH?),
T0 acConMalNMA COBOPHeHHO ONpeze AGEHHX N6TPorpadu YeCEHX
THNOB NOpoA OHIa (esyCI0BHO CXojHoM, 00pasoBaHME BTUX NOPOA
NpOMCXOAMI0 CEDpe® B GOMMDHMX pailpHax, 9YeM B Opezelax ys-
KX IHHEOHUHO BHTHHYTHX CKJAAZYATHX O0ACOB.

ABSTRACT
In the high-grade Archaean cratons of the world there are two types
of layered igneous complexrs that occur as deformed and metamorpho-
sed relict layers and lenses conformably in commonly tonalitic grei-
sses and often bordered by meta-supracrustal rocks. One type con-
sists predominantly or (up to a kilometre thick) anorthosite and
leuco=-gabbro with calcic plagioclase, hornblende, locally chromi-
tites, but few ultramafics, that are not komatiites, as in W,Green-
land (e.g. Fiskenaesset Complex), Limpopo belt (Messina Formationm),
S,India (e.g. Sittampundi Complex), and Scourian (Rodil and Ness
in the Outer Hebrides of Scotland). The second type comprises
peridotite (with basaltic komatiite chemistry),gabbro and locally
anorthosite (up to about twenty metres thick), such as in the nor-
thern marginal zone of the Limpopo belt and in the Scourian on the
mainland of Scotland. It is suggested that the anorthositic type at
least may be an ancient analogue of similar complexes that occur in
the Mesozoic tonalitic batholiths of California.

INTRODUCTION

In the high-grade Archaean ( 2500 m.y. old) regions of the world
there is commonly a group of rocks belonging to intrusive layered
igneous complexes which occupy an important position in the petroge-
nesis of these segments of early continental crust. They range from
anorthosites to gabbros and ultrabasics and have been variably de-
formed and recrystallised to a high amphibolite or granulite grade,
although the metamorphic overprint is usually nmot so severe as to to-
tally -obliterate their igneous structures, textures and chemistry.

In an earlier review of these bodies Windley (1973) emphasised
their similarities and anorthositic component. But with recent work
in many quarters it is now possible to get a better understanding
of the variations and differences between rocks and regions and the
aim of this paper is to bring out these coatrasts.
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COMPONENTS OF HIGH-GRADE REGIONS
On the whole, but perhaps not surpisingly, the Archaen high-grade
regions of the world are remarkably similar in their range of cons-
tituent rocks, rock associations, grade of metamorphism, deforma-
tion patterns, and geochemical characteristics. Three broad rock
groups can be distinguished: 1. Quartzo-feldspathic gneisses usu-
ally constitute about 80-90% of the present surface area of the
regions (Bridgwater et al., 1973). They range in composition from
granitic (Izo-rich) to tonalitic (Kao-poor). from mafic (horablen-
de/biotite or hypersthene-rich) to felsic (quartz/feldsparrich),
and from banded to homogeneous. Until recently it was thought
that all the gneissed in any one region were roughly of the same
age; or rather, no means had been discovered of separating older
from younger types. The discovery of McGregor (1973) that the -re-
sence/absence of amphibolite dykes can be used as a means of making
such a division has anabled two groups of gneisses of widely diffe-
ring age to be distinguished in West Greenland (Moorbath et al.,
1972; Pankhurst et al., 1973), Labrador (Bridgwater et al., 1975;
Collerson et al., in proas) and in Scotland (Davies, in press):

W.Greenland Labrador
Younger Gneisses 3040-3110 m.y. 7
Older Gneisses 3700 m.y. 3614 m.y.

The. layered igneous complexes are temporally associated with the
younger generation of gneisses.

There is considerable disagreement about the origin of Archaean
gneisses. Some might be recrystallised sediments such as arkoses
and greywackes. It is widely (but not totally) accepted in the
USSR that the Precambrian is composed predominantly of sedimentary
rocks, and this includes the precursors of the Archaean gneisses
(Siderenko, 1969; Pavlosky, 1971; see also A.V.Sidorenko, V.A,.Te-
nyakov, L.N. Belkova, V.N.Ognev, these volumes: 1,2). However, many
gneisses elsewhere in the world are considered on geochemical
grounds to be derived from a calc-alkaline volcanic suite, largely
of andesitic-dacitic composition (Sheraton, 1970; Bowes et al.,
1971; Bowes, Hopgood, 1973). A third shool of thought, in particu-
lar with regard to the North Atlantic Craton, regards the gneisses
there as deformed and recrystallised granitic-tonalitic rocks (Brid-
gwater et al., 1973, 1975). This conclusion emphasises the discove-
ry of McGregor (1973) that in low deformation zones tonalitic gnei-
8ses can be seen to be derived by deformation of homogeneous tona-
lites - it should be noted that this is the only unequivocal piece
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of field evidence for a specific mode of origin of high-grade Ar-
chaean gneisses. :

Within the gneisses there are conformable layers and lenses of
metasupracrustal rocks which are, without doubt, recrystallised
sediments such as carbonates (marbles), orthoquartzites or cherts
(quartzites), K-pelites (biotite-silimanite schists and gneisses,
sometimes with graphite) and basic volcanics (amphibolites). It is
emphasised that the fact that the gneisses contain remnants of such
0ld sediments and volcanics cannot be used as a convincing argument
that the gneisses themselves are of supracrustal derivation.

Also within the gneisses are remnants of the layered igneous com-
rplexes under discussion. They form layers (up to about a kilometre
wide) and lenses (down to metre size), either bordering or within
the supracrustal rocks (a common occurrence) or entirely within the
gneisses themselves. Usually they are conformable with their wall
rocks but locally there are discordant contacts demonstrating that
the complexes were intruded into supracrustal rocks (Escher and
Myers, in press). Bordering gneisses can often be seen to be in-
trusive into the complexes (injected sheets and veins) and the fact
that some gneiss layers contain innumerable inclusions of them is
probably connected more with intrusion by the gramitic precursors
of the gneisses than simply with the break up of formerly conti-
nuous bodies by boudinage-type deformation.

Two types of igneous complexes can be broadly distinguished:
those in which anorthosites and anorthositic gabbros (or leuco-
gabbros) predominate, and others consisting largely of gabbros
and/or ultramafics; the main features of these will he conmsidered
in turn.

ANORTHOSITIC COMPLEXES
Prominent anorthosite-rich complexes include the following:

W.Greenland

(especially the Fiskenaesset
‘Complex)

Sakeny, Malagasy

Rodil, Scotland

Ness, Scotland

Limpopo belt, S. Africa
Southern India

Sittampundi Complex, S. India

EKondapalli, India

Windley (1969)

Windley et al., (1973)
Boulanger (1959)

Dearnley (1963)

Watson (1969)

Hor et al. (1975)

Windley, Selvan (1975)
Subramaniam (1956)
Ramadurai et al. (in preas)

Janardhanen,Leake(in press)
Leelanandam {1967)



In the USSR Archaean anorthosites similar to the above types are
reviewed by Moshkin and Dagelaiskaja (1972) and Bogatikov (1974).
They occur especially in the Belomorian and Lapland blocks of the
northern Baltic Shield and, according to L,V.Makhlayev and A.Leites
(pers. comm. at the Moscow Conference), in the Aldan Shield.

The complexes range up to about a kilometre in thickness. iost
commonly associated with the anorthosites are leuco-gabbros (that
might also be termed gabbro(ic) anorthosites) which often have a
distinctive cumulate igneous texture marked by sub-euhedral plagio-
clase megacrysts in a hornblendic matrix. The Fiskenaesset Complex
(Fig. 1) has an upward succession?! ultramafics (dunite, peridotite
pyroxenite), leuco-gabbro, gabbro, leuco-gabbro, chromite layered
anorthosite, in part garnet-bearing (¥indley et al., 1973). Other
anorthosites in West Greenland are mostly accompanied by leuco-
gabbros and gabbros. The Hodil Complex in the Scourian of Scotland
has essentially the same stratigraphy as Fiskenaesset except for
the absence of the basal ultramafics and the chromitites (A.Heyes,
pers. comm,). The Limpopo Complex (Fig. 2) consists predominantly of
fine-grained leuco-gabbro underlain in places by a thin ultramafic
and overlain by garnet anorthosite; chromitites occupy an unknown
position in the stratigraphy (Hor et al., 1975). The Sittampundi
Complex has an upward succession: gabbro (with inclusions of pyro-
xenite), chromite-layered anorthosite, clinozoisite anorthosite
(BRamadurai et al., in press/. It is interesting that sapphirine-
bearing rocks are associated with many of these complexes, namely
Fiskenaesset (Herd et al., 1969), Limpopo (R.Linnel, pers. comm.),
Sittampundi (Janardhanan and Leake, 1974) and Sskeny (Lacroix,
1941).

The rocks in these bodies are dominated by the association plagi-
oclasehornblende, the plagioclase being rather calcic with an anor-
thite range of ahout 80-100 where they are best preserved, whilst
in areas of low-grade overprint there may be zoned plagioclases
with An;O—AO' Ultramafics at Fiskenaesset (unpubl. inform. of BFW)
and Sittampundi (Janardhanan and Leake, in praaa) are not komatii-
tiz. All complexes display calc-alkaline differentiation trends
(Windley, 1973; Hor et al., 1975; Janardhanen and Leake, in preas;
and my unpubl. analyses from Fiskenaesset) and several are chromite-
layered, the chromite having a distinctive high-FeAl composition
different from that of chromites in ophiolites and layered intru-
sions like the Bushveld Complex (Fig. 3). The original igneous
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crystallisation pattern of the Fiskenaesset Complex has been only
partly or weakly modified by metamorphic re-equilibration as igneous
cryptic chemical variations are preserved in olivine, orthopyroxene,
hornblende, plagioclase and magnetite (Windley, Smith, 1974); the
original mineralogy of the Limpopo Complex, however, has been more
highly altered by lower grade retrogressive metamorphism (Hor et
al., 1975). On the whole, the impression is gained that most of

these bodies retain much of their igneous stratigraphy, layering,
texture and chemistry in spite of intemse deformational strain and
metamorphic overprint.

BASIC-ULTRABASIC COMPLEXES
Previously no distinction has been made between these and the anor-
thositic complexes but preliminary data suggest that they may be
regarded separately. They occur in the northern marginal zone of the
Limpopo belt (Robertson,1970) and in the Scourisn on the mainland
of Scotland (Fig. 4) (Bowes et al., 1964, 1971; Davies, 1974). In
these regions rather than thick anorthosites there are layers and
inclusions, up to about a few hundred mertres thick, of gabbro (with
or without garnet) and/or peridotite in the gneisses. The gabbros
stratigraphically overlie the ultramafics and are locally succeeded
by thin anorthosites. Some of the scottish bodies are overlain by
supracrustal rocks, others lie entirely within gneiss. Original
igneous structures such as opaque oxide layering in ultramafics,
cunulate textures and grading are preserved in places.

The chemistry of these rocks has not yet been worked out in detail.
Those in the Limpopo have calc-alkaline differentiation tremds, but
the distinctive chemical characteristic of these complexes (Scot-
land and Limpopo) is that their ultramafics are komatiitic in compo-
sition (Robertson, in discussion of Windley, 1973), i.e. CAO/A12037
1, Mg0 > 9%, KEO < 0,9 (Brooks, Hart, 1974); Fig. 5 shows that the
Scottish peridotites are basaltic (as opposed to peridotitic) ko-
matiites. According to Robertson (in discussion of Windley, 1973)
the Limpopo bodies are somewhat similar to the Noordkaap layered in-
trusive complexes in the lower part of the Barberton greenstone belt
in South Africa (Viljoen, Viljoen, 49691’2).

Like the anorthosites, these basic-ultrabasic rocks have been hea-
vily deformed, often occurring as isotlated pods, but note the semi-
continuous (for 12 km) isoclinally folded layers of Davies (1974)
(Fig. ) which have been recrystallised by high amphibolite-to=horn-

blende granulite facies metamorphism; nevertheless their ingeous
parentage is not in doubt,
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CONDITIONS OF FORMATION AND METAMORPHISM
From an assessment of the mineral assemblages in tho Fiskenaesset.
Complex it was concluded by Windley et al. (1973) that the original
magma contained appreciable water, which gave rise to primary am-
phiboles; this was corroborated by the fact that present metamor-
phic hornblendes retain cryptic Mg/Fe variations related to the
stratigraphy (Windley, Smith, 1974). It has not, however, been
possible to demonstrate such relations in the Sittampundi Complex
(Janardhanan and Leake, in press).

There is no doubt that the hydrous Fiskenaesset Complex was in-
truded intc a high level of the crust because Escher and Myers (in
proas) report a discordant contact in a low strain area which shows
that the upper anorthosites were intruded into pillow-bearing basic
volcanics. In many areas the complex is bordered on both sides by
meta-volcanic amphibolites, and the Limpopo Complex by marbles and
quartzites of the Messina Formation; from such relations it can be
inferred that the bodies were intruded into supracrustal successions,
although some parts of the Fiskenasesset Complex are not bordered by
supracrustals and are thus situated entirely within gneisses (Myers,
1973), from which it might be concluded that it was emplaced or
formed below the supracrustal level. There are likewise no supra-
crustals bordering the Sittampundi Complex (Ramadurai et al., in
press). This discussion is intended merely to demonstrate the point
that not all these bodies, or parts of them, may have been emplaced
at or near the earth's surface: a few may have formed at some dis-
tance, although perhaps not far, below it.

The basaltic komatiites belonging to the basic-ultrabasic com-
plexes represent 40-60% melting of mantle material (Brooks, Hart,
1974). Fractional crystallisation of such magmas can give rise to
extensive gabbros and small quantities of anrothositic rocks (Vil-
Joen, Viljoen, 1969,). Robertson, in discussion of Windley (1973),
was one of the first to suggest a genetic connecticn between koma-
tiites and anorthosites but the petrochemical details of such.a re-
lationship have still to be worked out, both for the Kaspmuiden-
Noorkdaap Complexes in the Barberton belt and for bodies in the
northera Limpope and Scourien mainland areas,

A few studies have been made of the metamorphic conditions under
which the layered complexes were recrystallised. Prom an examination
of the element distribution betwsen garzet and clinopyroxene, and
the composition of the clinopyroxenes, Chappell and White (1970)
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suggested that the Sittampundi ultramafics were recrystallised at
850°C and 7-8 kb; A.S.Janardhanan (pers.comm.) has recently repor-
ted that kyanite occurs within the complex. In a discussion of the
experimental production of relevant sapphirine-bearing assemblages
by Yardley and Blacic (in press), Leake with joint authors point
out that the Sittampundi metamorphism was in the range of 8-10 kb
PBEO at ¢. 800°C and therefore that the overburden must have been
of the order of 25-35 km; this implies that the continental crust
had reached an almost "normal™ thickmess by the late Archaean.
Windley et al. (1973) estimated that the granulite facies condi-
tions at Fiskenaesset were 800-900°C and 7-17 kb pressure (from
assemblages in ultramafic rocks) and that the amphibolite facies
metamorphism was at 650-700°C and 5-6 kb pressure (from sapphirine
assemblages), whilst Platt and Myers (in press) made a calculation
of 9 kb from a study of olivineplagioclase reactions in coromas.
The above data lead to the impression that pressures during mete-
morphism of these complexes were moderately high and that neither
was the crust very thin nor the thermal gradients very steep in
the late Archaean (Kalsbeek, in press).

TECTONIC RELATIONSHIPS
These are early days to suggest a definite or detalled tectonic re-
lationship between the anorthositic and basic-ultrabasic complexes,
and between these and the layered complexes in neighbouring green-
stone belts, but the following ideas are pertinent.

One of the best places to study the relations between an Archaean
high-grade mobile belt and greenstone belts is in southern Africa,
where the Limpopo belt adjoins the Rhodesian craton in the north
and the Kaapvaal craton to the south (Mason, 1973). Shackleton (in
press) envisages that these represent deep- and high-level exposures
through the Archaean crust. He suggests that the Limpopo anorthosite
complex corresponds to the Rooiwater layered complex at the bottom
of the Murchison greenstone belt in the eastern Transvaal.

By incorporating data from key regions there should ideally be
three zones on passing from a low-grade craton to a high-grade mo-
bile belt. Pirstly inthe cratonthere are greenstone belts that, in
their lower part, may contain intrusive layered igneous complexes
consisting essentially of peridotitic and basaltic komatiites (as in
the Belingwe, Matsustama and Tati schist belts of the Rhodesian cra-
ton and, particularly, with regard to the Kaapmuiden and Noordkaap
Complexes in the Barberton belt (Viljoen and Vilgoen, 19691). Second-
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ly, in the marginal zone of the high-grade belt there may be layered
complexes with basaltic komatiite passing upwards into gabbro and
small quantities of amorthosite (such as in the northern marginal
zone of the Limpopo belt (Robertson, 1970). Thirdly, in the cenmtral
part of the mobile belt there are characteristically anmorthositic
complexes with much leuco-gabbro but rare non-komatiitic ultrabasic
material (as in the central zone of the Limpopo belt). According to
this interpretation there may be two zones in the Scourian: in the
Outer Hebrides, on the island of Harris/Lewis, there are anorthosi-
tio complexes (Rodil and Ness), whilst on the mainland there are
ultrabasics (with basaltic komatiite chemistry) and gabbros but on-
ly rarely anorthosites; accordingly one should look towards the
east and south-east within the Caledonian fold belt for the succee-
ding low-grade Archaean craton and its greemstone belts. The main-
land Scourian represents the marginal zone of the main Archaean
high-grade belt to the west within the Greenland-Labrador part of
the North Atlantic craton (Bridgwater et al., 1973).

MODERN ANALOGUES
It is being increasingly realised that meny Archaean rocks (an in
particular their trace element chemistry) and rocks associations are
remarkably similar to those of Mesozoic-Cenozoic times (e.g. Jakes,
1973; Jahn et al., 1974; Moorbath, 1975; Tarmey, in press) and it
is thus not surprising that a plate tectonic environment is envisa-
ged for the Archaean (Burke et al., in press; Tarney et al., in
press).

According to Smith and Windley (in prep.) the anorthositic type of
Archaean complexes situated within tonalitic gneisses (deformed to-
ndlites) are comparable in their lithology, mineral assemblages and
chemistry with remnant layered igneous complexes within tonalites
belonging to the Peninsula Range batholith of California described
by Nishimori (1974). The Mesozoic rocks include peridotites, horn-
blede gabbros and anorthositic (leuco-) gabbros, with igneous amphi-
boles, calcic plagioclases in the range Angn_100? cumulate textures
and layering, leading Nishimori to conclude that the bodies formed
at an elevated water pressure and represent the refractory residue
of the basaltic-andesitic magma that fractionated further to give
rise to the tonalitic calc-alkaline batholiths. Tarnmey (in press)
points out that the Archaean gneisses have highly fractionated tra-
ce element patterns and most closely resemble the calc-alkaline sui-
te along modern continental margins, as in California and the Andes.
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Allowing for various, mostly minor, differences to be expected in
rocks of such disparate age, Smith and Windley suggest that the Ca-
lifornian rocks and rocks associations represent a modern analogue
of the Archaean examples,

More active ridge and subduction activity in the mid-late Archa-
ean (Burke et al., in press) was responsible for the generation of
great quantities of tonalites in continental margin environments;
within the tonalites (now seen in a deformed state as gneisses) is
the early residue material that rose either to the surface to crys-
tallise as layered complexes in supracrustals, or formed at depth
within the tonalites. Todey one sees in Archaean terrains anortho-
sitic complexes and their (sometimes) bordering supracrustals that
commonly occur (certainly in the Fiskenaesset region) as vast sheet-
like remnant rafts within engulfingz "gneisses"., Taking into account
these chronological relationships, the structure, stratigraphy and
geochemistry of the complexes, and the chemistry of the gneisses,
it is difficult to avoid the conclusion that the older and younger
rock suites underwent essentially a similar petrogenesis.
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Fig. 1. Map of the western part of the Fiskenaesset region,
West Greenland (after Kalsbeek and Myers, 1973) showing the occu-
rrence of the layered anorthositic complex
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THE MESSINA AREA
CENTRAL LIMPOPO BELT
SOUTH AFRICA
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F ig. 2. Map of the central part of the Limpopo belt, southern
Africa showing the distribution of the anorthosite complex in the
Messina Formation (derived from several sources and For et al.,1975)
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Fig. 3. The composition of chromites from the Limpopo (after
Hor et al., 1975) and Fiskenaesset (after Steele et al., in prep.)
complexes compared with chromite compositions for layred and alpi-
ne-type complexes after Irving (1967). Cr/(/Cr + Al) is ;plotted
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Fig. 5. Ca0 versus 41,0, showing that Scourian mainland peridoti-
tes (dots) have the oonponition of basaltic komatiite (> 1), whilst
overlying gabbros (crosses) asre nmon-komatiitic. Analyses from
O'Hara (1961), Bowes et al. (1964) and Bowes et al. (1971). PK
indicates the field of peridotitic komatiites of Viljoen and Vil-
joen (19692)
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V.Zoub e k (Chechoslovakia)
THE IGCP PROJECT N 22: "PRECAMBRIAN IN YOUNGER FOLD BELTS"™ -
ITS PAST, PRESENT STATE AND FUTURE

1. THE BASIS AND REASONS OF THE PROJECT PROPOSAL

(1.1) Already in a very early development stage of the geological
sciences it has been recognized that thare are two fundamental types
of continental crust. (a) In the regions of early consolidation (the
Precambrian shields, ancient platforms), the complexes that origi-
nated (i.e. were dsposited, folded, metamorphosed and penetrated by
plutonic bodies) in the Precambrian times underwent later none or
insignificant changes; (b) In the younger fold belts, called gene-
rally the mobile zones of the Earth's crust, geosynclinal-tectoge-
nic cycles developed in the Phanerozoic times, and also the Precam-
brian socle was intensely reworked by the pertinent tectonic, meta-
morphic and plutonic processes.

Different signification and importance was attributed to this
well known feature of the Earth's crust. One of the two fundamental
concepts is based on the presumption that the whole of the continen-
tal sialic crust (viz. its deep layors) formed in early Precambrian
times; in this conception, the younger geosynclinal-tectogenic
belts (called also "orogenic belts", "mobile zones", "fold belts")
originated by regeneration in regionally delimited zones. - The
other concept is based on the idea that the Phenerozoic mobility of
the respective belts resulted from specific features existing since
the beginning of the Precambrian times; these specific conditions
caused also the rejuvenation processes affecting the fundament
(socle) of the geosynclinal=tectogenic belt in question. Thus, in
this second concept, the "mobile belts" differ from the "stable"
type of the Earth's crust since the earliest times of the geologi-
cal history.

These two concepts reflect in different approaches to the corre-
lation of the Precambrian complexes. (a) The first concept resulted
in the correlation trend based mainly on the lithological (pre-me- .
tamorphic and metamorphic) similarity of the complexes to be corre-
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lated, also if they belonged to different geosynclinal-tectogenic
belts or even to different fundamental crustal types mentioned
above. (b) According to the second concept, the conditions in di-
fferent fold belts (and in a different fold belt and its consolida-
ted fore-land) were essentially different in a given time period;
on the other hand, different orogenic belts may show similar fea-
tures in analogous development stages. Thus, the time correlation
of the Precambrian fundament can be based on lithological simi-
larities only within the limits of one (for instance, Variscan)
belt (and not in two different orogenic belts, nor in a younger
orogenic belt and its consolidated fore-land).

According to the results achieved during the last decades, it
is the second concept which corresponds to the geological reality.
On the other hand, the comparison and correlation of the Precam-
brian fundament in different fold belts (mocbile zones) and/or in a
fold belt and its consolidated fore-land offers the possibility to
recognize the primordial causes of the specific development of the
respective parts of the Earth's crust and, moreover, to understand
the global processes by which the first, oldest Earth's crust for=-
med.

(1.2 ) The other reason emphasizing a specific importance of the
correlation studies centred on the Precambrian of mobile zones of
the Earth's crust is the unsatisfactory state of our knowledge when
compared with the ancient platforms and shields. It would be useless
to repeat the well known reasons of this state of things which have
been epumerated in many dosuments. I would emphasize here only that
the insufficiency in this field of geology acts as a brake in the
general development of the geological sciences: the progress of any
scientific discipline is retarded if one of its important parts sta-
¥8 backwards. This is particularly serious in the given case as one
of the keys of the development of any area of the Earth's crust is
concealed in its oldest development.

(1.3 ) Under the specific conditions of correlating the Precam-
brian in younger fold belts, the "non-stratiform" geological events
are of outstanding importance. Therefore, a particular attention
was paid to the volcanic, metamorphic, plutonic, tectonic and other
events (Zoubek, 1969).

2. ORIGIN AND DEVELOPMENT OF THE PROJECT
The above outlined ideas attacted and encouraged me some eight years
ago to present the first proposition to correlate the Precambrian
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fundament of the mobile zones of the Earth's crust and, on the other
hand, to correlate it with the Precambrian of the regions of early
consolidation. The final aim of the design is global; it is inten-
ded to correlate the Precambrian fundament of all Phanerozoic oroge-
nic belts and, secondly, to correlte the principal features and
events in Precambrian complexes of mobile zones with the Precam-
brisn of the early consolidated areas. In this, the Project Pre-
cambrian of Mobile Zones represents a complementary correlation
study to the projects proposed to correlate the Precambrian in the
shields and ancient platforms. When considering the extraordinary
complexity of the problem, it appeared to be reasonable to establish,
in the first period, the correlation within the limits of rather
homogeneous geological regions (provinces). Following this line,

I have proposed, for the first IGCP period in 1970-1975, a project
comprehending the area of European Variscides which was rumning at

that time under the short title "Precambrian of Mobile Zones I"
(Project leader V. Zoubek). When the IGCP was accepted into the
inter-governmental programmas of Unesco (as a common Unesco and

IUGS venture), the IGCP Board decided at its session held in Vienna
in 1974 to associate, with the original Project dealing with the
Precambrian of the EBuropean Variscides, the project concerned in the
Precambrian of the Balkan area (proposed by V. Vergilov, Bulgaria),
the project concerned in the correlation of the Precambrian of the
Carpathians and Eastern Alps (proposed by V.Ianovici and the Rouma-
nian Geological Survey) and of the Himalayas (proposed by the Geo-
logical Survey of India). The IGCP Board accepted this comprehensi-
ve project as Project N 22 under the title "Precambrian in Younger
Fold Belts" within the priority area 2 of the Category A ("key pro-
Jects"). According to the proposal of F.W.Dunning and A.L.Harris
(U.K.), the project has been extended by the Precambrian of Nordic
Caledonides. Besides the pertinent European and Himalyan countries,
representatives of some other countries (Brazil, Zambia) also announ-
ced their interest to participate in this Project. 4

In the organigramme convened by the Project Assembly in Rennes,

September 1974, the regional principle of the original projects has
been respected and four regional Commissions (I-IV) have been cons-
titued. These Commissions corresponding generally in the regional
extension to the originally proposed projects are centred, in the
first stage, on the correlation within the limits of their rather
homogeneous geological provinces. The mutual coordination and inte-
rregional correlation is secured by the Coordinating Council con-
sisting of the leaders (coordinators) of the Regional Commissions
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and by the General Assemblies which should be convocated 1n two-
(or exceptionally three-) years' intervals.

From the above mentioned it follows that the Precambrian develo-
pment in the younger fold belts can be satisfactorily understood
only when compared and correlated with the Precambrian of their
early consplidated fore-land. Thus, the north-eastern foreland of
the Buropean Caledonian, Variscan and Alpine belts (the Baltic and
Ukrainian shields, -the East-European platform, the comsolidated
Early Precambrian blocks of the British Isles) will be involved, to
a limited necessary measure, into the correlation studies.
~ The first results have been reported and discussed at the two
conferences organized by the Czechoslovak part (Precambrian des...,
1974)4 and the French part (Rennes, 1974, materials are in press)
of the Project. Some of the problems and results in question have
been reported and discussed also at the conference "Les corréla-
tions du Précambrien" (Rabat, 1970, see Actes du... 1972) organi-
zed jointly by the Geological Survey of Maroc and the C.N.R.S,
under the leadership of G.Choubert and A.Faure-Muret (leaders of the
IGCP Project N 2) and at the Kossmat colloque (Karl-Marx-Stadt,
1974, materials are in press) organised by the Deutsche Akademie der
Naturwissenschaften "Leopoldina” under the leadership of A.Watznau-
er. In agreement with the recommendation of the IUGS, a regional
IGCP meeting of the East-European countries was orgenized in Cze-
choslovakia in 1974 (Geological..., 1975). It was agreed that the
results of integrated regional studies should be used for the aims
of the IGCP Projects.

In the following I would like to mention,

3. SOME SELECTED RESULTS
which may be of some interest for the other IGCP Projects, referring
to the Reports (Collected papers) of the mentioned conferences for
further details.

In the Precambrian of the Bonemian, Frenmch and Iberian massifs
and of the German "horst-mountains”, it was possible to distinguish
and partly delimit and correlate two main developments of Precam-
brian complexes. For the Barrandian-Brioverian complex, the Late
Precambrian (Upper Proterozoic) age has been definitely stated. The

1

To be obtained at the IGCP Searetariat Unesco or at the Geologi-
cal Institute of the Czechosl. Acad. Sei., 165 00 Praha 6-Such-
dol, Czechoslovakia.
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age of the Moldanubian complex has not yet been unequivocally estab-
1ished. At present, the relation of these two complexes remains a
crucial problem of the Precambrian of the Buropean Variscides. To
find the definite solution, two models are being elaborated, using
lithostratigraphical, structural-analytical, petrological, micropa-
leontological, geophysical and other methods. - One of the two mo-
dels takes the two developments for individual (even if incomplete)
geosynclinal-tectonic cycles, the Moldanubian being older (Middle
Proterozoic ?) in age; in this conception, the two developments
represent two individual lithostratigraphic supergroups. - In the
other model, the two developments are supposed to represent diffe-
rent lithological and metamorphic facies of one geosynclinal-tecto-
genic cycle. - The "two-models' approach" has proved to be very
fruitful for the solution of some important partial problems, e.g.,
the guestion of appurtenance of some "dubious" units to one or
another complex. This also helped to advance the study of some most
complex correlation problems and to refine some of the methods and
interpretations.

The results of the studies speak mostly in favour of the first
of the above mentioned models which is accepted now by the prevail~
ing part of the interested specialists. However, a not negligible
number of specialists basing, first of sll, on some radiometric da-
ta (Eb-Sr), and on the lack of unconfomities and of the transgres-
sion phenomena are defending the second model. To clear up defini-
tely this cardinal question, detailed studies are envisaged, with
the aim to establish main stratotypes and lithotypes in both deve-
lopments, to find out the geochemical characteristics of the initial
volcanic formations and of the terrestric metasediments, particu-
larly of the organogenic materials, to perfectionate the radiomet-
ric methods and interpretations of the obtained data, to proceed
with the micro-paleontological studies, eté.

Irrespective of the rather controversial chronostratigraphical
position of the two complexes, some partial correlation problems
have been solved. General regional lithostratigraphical columns
have been elaborated for the two complexes, the "supergroups" being
divided intoé "groups", "formations", and occasionally even "mem-
bers". The general validity of some stratigraphical columns has
been stated for a good part of the Precambrian of the European
Variscides by the first interregional correlation studies. But,
most of the correlation work remains to be done in order to reco-
gnize and elucidate the lateralefacial changes, the tectonic com-
plexity, the cyclical stage development etc. Some of the first
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results proved to be of economic value. Through the stratigraphi-
cal subdivision and correlation of the Moldanubian unit, the posi-
tion of some formations important for the site of graphite deposits
stated formerly in the Czech part of the Bohemian Massif has been
applied and extended to other regions; lithostratigraphical horizons
topomineralogically favourable for the epigenetic ore mineraliza-
tion have been established. - The structural and geochemical analy-
sis of plutonic rocks emplaced into the Precambrian fundament has
given some useful indications for the prospection on epigenetic
ores.

First steps in the correlation of the Precambrian fundament in
the Variscan and West-Carpathian belts have shown a constancy of
character of the Precambrian in the individual belts, and essential
differences between the two belts. Through micropaleontological
studies, essential differences have been stated between the forma-
tions of the pre-~Variscan socle of the Bohemian Massif and the
pre-Neoidic socle of the West Carpathians. In the but slightly me-
tamorphosed rocks of the Barrandian Precambrian, only the Upper
Proterozoic (and "Cambrian") forms of sporomorphs (acritarchs) have
been found (Timofeev, Konzalova, Pacltova); from the Carpathian
rather strongly metemorphosed rocks (amphibolite facies), many
post-Cambrian forms have been reported (0.C8rnd). Thus, the Pre-
cambrian age of the West-Carpathian crystalline complexes, formerly
correlated with the Precambrian of the Variscan belt due to their
lithological similarity, has been brought to doubt. Further detai-
led studies are planned to elucidate this primordial question of the
Precambrian correlation. Generally, the results of micropaleontolo-
gical studies supported the above mentioned presumption of essen-
tially different development of the Precambrian in different oroge-
nic belts.

Through comparative studies of the anomalous gravimentric field
in the area extending from the Bohemian Massif to the Vosges, a
rather constant character of individual structural units has been
stated. It was possible to follow (tentatively) the general course
of the main Precambrian structural units burried below the platform
cover in the German epi-Variscan platform. These prealable results
have to be confirmed and documented by the results of deep borings
carried out in the platform cover in West German territory which
penetrated into the socle.

The problem of the Precambrian/Cambrian boundary, very diffi-
cult and complex in mobile areas, has been attacked by paleo-paly-
nological, paleoclimatic and structural methods. The importance of
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the paleovolcanic events for the stratigraphic division and correla-
tion of the Precambrian complexes studied has been recognized and
successfully applied in scme concrete correlation cases.

The first comparative studies of the "central massifs" (inter-
montane stable blocks) incorporated into the younger fold belts have
shown essential differences in their composition, behaviour, gravity
character etc. For example, the Precambrian complexes of the Va-
riscan intermontane block in the Bohemian Massif do not differ
essentially from those of the subsided neighbouring more mobile
areas; one of its main parts - the Moldanubian Elevation of &' nega-
tively anomalous gravity character - has been strongly reheated and
re juvenated by the Varsican plutonism. On the contrary, Jantski
stated that the Panonian intermontana block of a pronounced posi-
tively anomalous gravity character resisted the Variscan and Neoi-
dic tectonic and geothermic processes and represents a fragment
torn from the East European platform (fore-land). A quite diffe-
rent type is represented, according to the studies by the Bulgarian
specialists, by the Massif of Rhodope. - The correlation studies
will surely contribute to clear up some general problems of the
formation of mobile belts (the problems of rejuvenation, remobiliza-
tion, incorporation of the "megafragments" of the fore-land into a
younger fold belt, etc.).

The first steps in the correlation of the Precambrian of the
motile belts with the Precambrian of the areas of early consolidation
proved that the hope of particularly important results of these
studies was fully justified. (1) As presumed, the basic correlation
of the two essentially different types displays an antithetic cha=-
racter as far as the paleogeographic, sedimentary, eustatic and
some other phenomena are concerned. (2) On the other hand, it has
boen confirmed that the general chronostratigraphic scale can be
obtained only from the Precambrian of the early consolidated areas.
(3) Many of the basic phenomena occurring in the Precambrian com-
plexes - particularly the "development in stages" - can be rightly
understood only on the basis of experience obtained by the study of
the Phanerozoic geosynclinal-tectogenic cycles associated with the
Precambrian fundament. The regular succession of the initial (eugeo-
eynclinal), middle ("micgeosynclinal™, "flysch"), late ("orogenic",
"molasse") and the final (platform) stages clearly documented in

. the Phanerozoic folded belts is valid also for the post-Archean
Precambrian sequences as it has been recognized, e.g., by common
studies of the Czech, Finnish and Soviet specialists in the Prote-
rozoic complexes of EKarelia and southern Pinland. The correct dise
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tinction, definition and delimitation of the four named basic sta-
ges is of a primordial importance for the regional stratigraphical
subdivision and correlation of the Precambrian complexes. Consequen-
tly, this is one of the first tasks which should be solved when im-
plementing the Precambrian Projects. In particular, the last two
development stages - the orogenic (molasse) stage and the platform
stage - have been in many cases not clearly distinguished, both
formations being nmon-metamorphic and not at all or very slightly
folded, cover unconformably the folded fundaments and are not sepa-
rated from each other by pronounced unconformity. The correct dis-
tinction of the two last development stages of the geosynclinal-
tectogenic cycles is of primordial importance for the understanding
of the development of the magmatic processes and the associated
endogeneous mineralization. Moreover, the presence or absence of the
molasse stage is decisive for the further development of the perti-
nent fold belt.

Another result of the comparative and correlative studies of the
Precambrian in the Phanerozoic fold belts and in their consolidated
fore-land is the knowledge of the significance of (meta) volcanic
leptynitic rocks for the regional and interregional stratigraphy
of the Precambrian complexes., After the importance of the leptyni-
tic rocks as stratigraphic markers has been recognized in the Mol-
danubian complexes, it was possible to establish analogical cases
in the earlier sequences of the Baltic shield. At the same time,
the petrographical (and geochemical) composition of the initial
magnatic formations proved to be characteristic of individual Pre-
cambrian complexes and, by this, they may be used as important
markers of geosynclinal cycles. The results of pertinent studies
are in print.

THE WORE PLANNED
The programme of the correlation studies for the next future has
been elaborated by the Liblice (1972) and Rennes (1974) meetings.
I shall quote the last propositions (Remnes) in the original French
wording:
41 - Btablissement de lithostratotypes généraux
Etablissement de lithostratotypes-limites
Ils peuvent &tre obtenus par les méthodes pétrologiques, géo-
chimiques, structurales, radiométriques, palynologiques etc.
Dans une premisére étape il est décidé, gréce & une collabora-
tion franco-tchécoslovaque, de définir le-lithostratotype de
oIl,pa::'tila supérieure du Protérozoicue (Briovérien-Barrandien)
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de la limite emfre la série flyschoide sans volcanisme et la
gérie volcanisée sous-jacente dans la coupe de la vallée de
la Vltava au sud de Prague (barrage de St¥chovice) ot dans la
série de Binic, et si possible dans une coupe du Briovérien
normand. Il est recommandé 4'établir des coupes analogues dans
d'autres domains du Précambrien des zones mobiles phanérozoi-
ques.,

2 - Développement de la palynologie appliguée aux corrélations du
Protérozoique supéeieur.

3 - Corrélations de la zonalité métemorphique dans ces domaines.

4 - Typologie comparée des structures internes, 4 toutes échelles,.

5 - Corrélations entre les formations volcaniques en utilisant en
particulier la géochimie des élements majeurs et en traces.

6 - Corrélations des données géophysiques et de leurs interpréta-
tions géologiques.,

7 = Corrélations des roches granitiques gisant dans les complexes
précambriens.

8 = Corrélation des gites minéraux stratiformes.

9 - Etude géochimique comparée des oligoélements et hydrocarbures
dans les couches carburées.

10 - Recherches des relations mutuelles entre le Protérozoique Bae
rrandien-Briovérien d'une part et les domaines rapportés au
Moldanubien de 1'autre. Signification géologique des lgu
radiométriques obtenus sur ces terrains.

XXX s

Allow me to conclude my report with some personal words. Due to the
well known particularities of the development of the Earth's crust
in the Precambrien times, the Precambrian in general is the most
complex and most difficult part of the geological correlaticn, and
the Precambrian fundament of the Phanerozoic fold belts poses the
most complex problems to the correlation of Precambrian. I was well
aware of many of the difficulties already when presenting the first
draft of the Project "Precambrian of Mobile Zones™ some eight years
ago, but I was to meet more of them in the course of the implemen-
tation of the Project. Thus, sometimes, I have enjoyed this rather
advanturcus undertaking (as a source of many interesting studies),
sometimes regretted (due to the methodical, organizational and other
difficulties which I had to meet in consequence of the extraordina-
ry complexity of the task). But I feel that, with regard to the
results so far achieved, the auspices of the Project are favoura-
ble; only we have to be aware that this is one of the most diffi-
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cult, but also most promising areas of the geological sciences of
the present time and the next future and thus it deserves high
efforts to be centred upon its study.
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3.B.Ha nuskuHAE (CCCP)
0 KPUTEPUAX KOPPENALMA OBPABOBAHM{ PAHHETO JOKEMEPUA

E.B.Nal ivkina (USSR)
ON CRITERIA OF CORRELATION OF EARLY PRECAMBRIAN
FORMATIONS

YuMTHBEA ABAGHWE HANpP3B/SHHOTO DABBMTMA B6MHOM KOpH, MOXHO Nola-
raTh, YT0 06pas0BaHWA, BUBHUKNME B pasAMyHHe 3MO0XM 66 DasBUTHA,
KDOME T60J0TMYECKOT0 CXO0ACTBE HMMENT YePTH, cBOMiCTBEHHHEe o06paso-
BaHUAM MMEHHO ZAHHOI'D BpPeMEHM, — crneyupuyecKue 4Y6pTH, HE NMpoAB-
JANNKAECA HW paHbBWe, HM nosEe. OTcCoza CaelyeT HeoGX0AUMOCTEH BHAB-
JNeHUs BTUX YepTr, T.6. JJIA KOPPOJNALMM PAHHErD Z0KEMOPUA OCHOBHHMH
0CTANTCA MNOKA I'60J0TMYECKNE KPUTODMUM.

Cpez¥ TeoJIOTMYECKMX KDUTBDUEB KopPPeNALMM MH BHZEJAGM CJ6Z1yn-
mMe TJaBHefmKue.

I. Kpurepuit cocTaBa mopoj, acconManuii mopog - dopmanuii, acco-
uuanMit opuanuif. Hanpumep, oZHAMM N8 JpOBHeMNUX - a8pxefCKUX AB-
JADTCA Y8 PHOKMTH, DPAaBAMYHHE DPasHOBUZHOCTM KoTopuxX o6pasynT oCo-
6yn cneyrduyecKyn WEPHOKHTOBYD QopMaguw, MOBXEe HE MOBTOPHALLY KCH.

2. KpaTepmit CTPyKTyP B WMPOKOM Macmrate — cTPyKTyp nopez, dop-
umayuit, CTpyKTyp acconguanuit fopmayuil, clarapmux WBCTH BEMHON Ko-
PH pasHOro BPOMOEM 00pasobaHMA. Hampumep,CTpyKTypa accouuanui
Gopumanuit = zpepHeime# ofuoauToBoft M YA PHOKMTOBOW — XAapaKTephsy-
O6TCH MOBAMYHHM CTDOGHMWEM, li038MUYHOE CTDOEHWO MMENT TDOMEZHHE
GI0RM apeBHeil, apxelicKolf seMHOf KopH HAa pasI¥yHHX KOHTUHEHTAX.

B oTaMune 0T M0BAMYHOM CTPYyHTYDH apXEUCKMX CRIAGZYETHX o0jaac-—
Telf 06pasoBaHdA (0JN6e MONOZNX CKIBZYATHX 00JacTeli, Ha WHAA C
paHHETo NpoTepos0d,MMEDT [0ACOBOE CTDO6 HAE,.

3. Kpurepuli ucropuu o6pasoBaHMA M Ope 0GPas0BAHMA BELOCTEA .
Hanmpumep, MH BHZGAMAM JZpeBHedmyw, apxelickyo ofuoanToByL acco-
ynaguo,. [IpM ee usy4YeHMM yZ8J0CH yCTAHOBMTE, YT0 HAUGDIEEe pac-
NpoCTPAHOHHHEMHM M3 CIATADMMX €6 Nopoz OHJM OCHOBHHE BYJAKaHOIeH-
HHE . 38TéM OHH NOZBEPriUCH CKIAZYATOCTH M DOTHOHANHHOMY METAMOD-
QusMy B yCHOBMAX TIPEHyIMTOROR QanmuM C 06PaB0BAHM6M NMDPOKCEE—
NZATHOKIABOBHX KPUCTALNMYECKMX CIAHNOB M THeilcoB. 3aTeM 9TM MO-
POZH NOZBEPIAMCH POIMOHAABHOR I'DAHMTHBALNUM B yCHOBUAX, OGIMBKHX
K rpabyI4ToBo# Qanuu, ¢ pOpPaBOBAHMOM WBDHOKATOB. YKasaHHAR uC-

375



(xeM& KODpeJAINE OfHOJHTOBHX accoumanult paEHero HOKeMOpHA

CrOMpo- | Jyngament Ha-
Opuouma—| IyHEAMERT BOCTOTHO— OyEnaMenT
ropue | EBpomeficroft mrardop- roft mrardopuu mocTaHCKoR
acconm-| MH mra THo pME
anuu
CepEE ROHRCEO-CeJo- Cepma emmcefickas, Cepu: napeap,
sepckad, nedosepckas, B pAme cepult Cra- COROME CHEHRC-
E napaHnoBCKasd, Gep- HOBOT'O KOMILTEKC&, XYHA, S&RM-
5 TayaBCKad, XayToBap- SaKINUeHHHe B Hux YeHHHe B HEX
e CEAT H Ip., SAKMOYeE- CHEXDOHHHe Tena  CHHXPOHHN®
§ HHe B HEX CHHXDOHHHE ragCpoEnoB X TeJs radépom-
& tena TradCpOENOB R rune péasuToB JIOB H THNED-
§+ TENepOasATOB GasuToB
]
i
Cepur moGyxcrad, B cepuax xamc- B Rosatxexoe
_ GypcKo-IHEeCTPOBCKAT, Koft, HeHIpCKoit, T
a B cepmax roamckoit, TEMIITOHCKOR H ZyocTpoBa”
3 Gexnomopekoft sarum- Ip., SAKINIeRHES
-} UeHHHe B HUX CHHXPOE- B HUX CHHXDOR-
5. HHe TeJa raéCpORIOB HHe Texa Tradc-
B TuneplasEToB POHJIOB ¥ I'M-
nepGasuToB

TgpHA o0paBoB&HUA W NpeoGpasoBaHMA BeWECTBA HA GoXBUMX OJOMAZAX
3eMHOl KODH XapaKTepHE MMEHHO AJM O0NPEAeNeHHOTD BDeMeHH, U HU
paHpie, HA OO8EE HUUET0 MOAOCHOTD HO NPOMCXOZMND.
TakuM 06pasoM, CHEAYET NOAYEPKHYyTH, YTO NopojH, Qopuanua M ac-
conManuM dopMmanuii, BOBHMKIAe B pasHOe BpeMd HA JeMmie, Da3midapT-
CH COCTABOM, CTPyKTypaMd, MCTODKAM MX 00pasoB&HMA M npeodpasoBa-
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Kamranckmit PyunameHET AH- dyunamenT Appu- | TyHnameHT AB-
T TapKTHIECKOH KaHcKo#f mmar- crpamniickolt
wIaTHo pMH dopuu naaTHopMy

Cepsu KuUBa- He usBecTHH llopors ramoym, Cepua {cprec—
THH, HeJJIO- CUpHMESA, KHOa- KBD X Jp, E
yuahd @ mpy- JH IouoMa, SarInYeHHHe B
THE AHANOIR HBAH3a, COOaK- HEX CHEXDOH=-
9TEX cepuft, Brfickoit, Oyno-  HHe Texa racc-
SaKOYeHHHS Baftckoit ¥ npy- PORIOB E TE-
B HUX CHHXDOH- THX cepuft IepoasEToB
HHe Tesg Tadl- CHCTEM, Sar-
POHIOB H I'H- YeHHHe B HEX
nepoasHToB CHHXPOHHHE Te-

Ja radCporuoB

H TEnepdaszm-

TOB
B "rmeftco- PesmKTH Cpenu B Kommiexce 00~  PeuRm cpen:
TPAHYMUTO- TPAHETHASHPO- HOBaHUA, CpenH T'DAHATHSEPOBAH-
BOM KOMII- BaHHHX apxef- IOPOX NOTOMEA HHX apxefficrmx
Jexce" CKEX NOpPOX oopoxn

THeflcoBoro
KOMILTeKCa

HAf, YTO M O03BOJAET NO STHM OPUBHAKAM BHJIGNATH B BOMHOR Kope
0ZHOTHOHNE 8CCOLMALMA, XADAKTODHHO AJA ASHHOTO BPeMeHH ee o06pe-
B0BAHMA # HO MDPOABAADNMECH B TORGCTBOHHOM BUZS HM B Kaxos

MWI‘DB BpeMs, M KoppemMpoBATH 3TH 8CCOLMALHM NOPOA B pasHHX DeTHOHAX.

B KauecTHe NpUMEpa MoXeT OHTH NPUBE716HA CX8M8 EODPONANME ApPeB-
HejWuX opUOMMTOBEX 8CCONMAnMEA (cM.Talmany).
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A.H.H e e 1 0 B (CCCP)
9BOJIOUMA SEMHOWM KOPH M TEOJIOI'M YECKAA NEPHOMBALMA

A.N.N e el o v (USSR)
EVOLUTION OF THE EARTH CRUST AND DIVISION INTO
GEOLOGICAL PERIODS

C pasBMTMEM WB0TONHON Ieoi0rMM BHABMAOCH, WO crpaTurpaduuec-
Kide moJZpasiefieHds M CTPYKTYPH 36MHOM KopW, OTHOCAWLMECHA K O0AHO-
My TGKCOHOMETDM YeCKOMY DaHry, XapaKTepusynOTCA NDUMEDHO 0AMHAKO-
Boil AmATEeNBHOCTHO GopMupopanuA (Xaud, 1973, 4 ap.), @ IeoloTH-
gecKasa CTaZMA PasBUTUA 3eMIM 0XBATHBAET IpPOMAAHNI MHTEpPBAJT BPE-
ueHM (He MmeHee 4,0-4,5 mnpa. J1eT).

B HacToAmee BPeMA BHABJAEHA NEPUOZMYHOCTE KpYynHOro MacurTaca
C AJAMTeNLHOCTHD Merayukaos 0,8-1,0 mapz. ZneT, B TEUEHMO® KOTOPHX
(opuMMpy OTCA KOMIOAGKCH MeTaMopPMyYeCKHX MopOJ PAHHOTD Z0K6MODHMA.
OHM HepejKo NAPAINSNM3YDTCA C I'e0CHHKINWHANBHHMU KOMMAGKcamu Qa-
He pos0fA, & GoABWUAA AAKTEABHOCTH: UX GopMupoBaHMA 0CBACHAETCA MO-
CTeNeHHHM "yCKODEHMBM TeMNa H yBeAMYeHMeM aMnMTyzH TEKTOHH BC-
KUX ZBUEGHMA"™ 0T ZoKeMOpus Ao HawMx zHel (Caxonm, I964, I973).
lonarepr, YT0 MHTEPBAJH BPEMEHM, COOTBETCTBYLWMS TAKMM Mera-
OMKIEM, NPBZCTEBJAADT cOG0#l sTamy (MIM cCKopee CTafuM) HeoGpaTu-
MO}l 2BOZDLMM 3eMIM, KaxZuil M8 KOTODHX XapaKTepH30BalCH
OpUOGMUODKHAEITISEO MMHBHMMA BEKDHOMODHOCTAMM OpPOABIE—
HMH BaEHOUWMX I 0A0rMJYeCKAX npoueccos. Cnenudura poxemOpmiicKux
(oco0eHHD paHHeZOKOMODMHACKMX) STANOB MOAYEPKWBAJACH BHJOJ6HMOM
zZopadeiickoR "naHreoCHMHKAMHEAABHOM" MauM “maHnaaTdopueHHo#" cra-
AMM, paHHe 0KeMOpUiiCKoM "nyHHOW"™ M "HykueapHoi" crazmi (laBmom-
cKuil, 1962, 1975), paHHeaoKeMGpUACKMX "apo-" M "OpoTOIe 0CHUHKIN-
HanbsHHX" crazuii (llypkud, Murpofanos, 1970). OAHAKD JieTANBHHE MC—
CH6Z0BAHNA APEBHUX (~v 3 MApPA. JOT) ZoKeMOpAHCEAX oGpasoBaEBMil,
0CDO8HHO cIaGo McTaMopfusoBasHux ( Anhaeusser, 1969; Glikson,
1970 ¥ ap.), OOKAs&8Jd, YTO HE DABAMWHHX KOHTWHOHTAX (SamazHas
Anctpanus, Heuespa, WxHEas Afpuxa, WHAMA) STH 0TAONeHMA HAKANIMBE=
JHCH B Nperucax, nNpuypoveHHHX K B0HAM DPaslJOMOB, M X8PAKTEDUSYDTCA
OCHYHHMA ZJA I'e OCHHKAMBA 6! opMamuAMM W HAMPE BI6 HHOCT B0 Ie0I0TH-
YeCKHMX NpONEcCOB,.
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HecpaBHeHHO GOXNBEME B3 TDyZAHOHWA BOSHMEADT NDU MBY Y6HUE IAy60-
KO METamMOp@N30BAHHHX # HEOOJHOKPATHO Z6(QOPMAPOBaHHHX Z0KeMODMICKAX
KOMOAGKCOB. UX BuZ@JN6HMe, DACUIGHOHMe M KOPDeNALMA TPEOGYNT NMpUMe-
HOHMA CHEOMSABHHX MeTOA0B. MeHnbme# MB)OpPMATHUBHOCTED X4 pPAKTOpPU3Y-—
OTCA M WBOTONHHE JATUPOBKH, IE0JOPMYECKAA WMHTEDPNPeTANUA KOTOPHX
HE6 HMM@6T NO0KA 0/1H0BHA YHOI'0 PemeHMs.

UsyvyeHAD DAHHMX NOPUOZOB BBONDLMM 3OMHOU KOPH JpPeBHMX KOHTU-
HEHTDB NOCBANOHH MHOTDIOTHAE MCCAGZOBAHMS WHCTHTYTA I'60JOTHMM M
reoxpoHoNor#d zoxemcpus AH CCCP, nposozusmue B BocTouHo# CuGupM.
CneguduEoll STMX KOMIAGKCHHX HCCNOAOBEHWMA ABIAETCA WCNOIBBOBAHME
B KAYeCTBE OCHOBH ZJf PACWISHOHMA M KODPEJALME M6eTaMODPHUYeC KuX
o6pasoBaHAM CTpPy KTy PHO-MOTaMopP(MYeCKOr0 METOA8, [N08B0JANNEID
BOCCTAHABANBATE 0THOCHUTOILEYNO NOCJ6I0BATE/IBHOCTE (OPMAPOBRAHUA ME-
TaMopPu YECKMX M M8 IMET M YECKUX KOMIOJAGKCOB M ONpPEAGMATH TPAHMOH
MX NepBOEA WIBHOr0 pacnpocTpaneEds (Jpyrosa, Heexos, 1960; Cyao-
BUKOB M Zp., I965). lMpoKo NpUMeHAAMCH TAKES METOZH POCTABpa-—
[MM4 NepPBMYHOT'D0 COCTABE W I'eHO3MCA MeTAMOPHHMW\CKAX mopoz, YTo Oo=-
SBOJNN0 BHABMTH HAMODZBE® CYMOCTBOHHHE JUTOAOr0-fOPMAINMOHHNE 0T=-
JMYHA OZHOBO3PACTHHX KOMOIBKCOB MOPOA B PASHHX CTpPYKTy PHEX B0BAX.
Kpoue Toro, OHI& C6A8HA NONMHTKA BHABATH M MBYy WITH SNOXH IIyCo-
Kolf 2po8MM M NIAEBANMM NANEOCTPYKTYD BS6MHOM KODH C [MOMOmMBD Manep-
MeTaMoppuveckux KapT. TepMoZMHAMAYECKM® yCIHOBMA (OpMHDOBAHMUA pas-
HOBOCHHX [18 DATGHEBUCOB MOTaMOPJOTeHHHX MUHepanoR (onupavmuecs Ha
SECMOPUMEHTANBEHG JAHHHO) OHJMM MCNONBSDBAHH AJAA ONOHKM NPUMEPHOH
aMIAMTyAH BOpPTUKAABHHX ABuxeHMR (Heemos, 1972). McnoibsoBaHMe HBO-
TOOHHX ZAGTHPOBOK A8 O0OPEZ6ASHWA BospacTa M KOpPPeJANMM METaMopHiu—
QeCKMX M MAUME8TMYECKMX KOMNIGKCOB OHJI0 OrDAHMYERD B CHIy [0YTH
D0BCEMBCTHOTD M DABIMYHOI'O N0 BPOMOHEM MX OMOIOXOHMA B DaBHOBOBPACT-
HHX CTPYyKTypHHX 30HaX (I'@0XDBEOJIOIMA..., 1968). Tem He MeHee Ho-
KoTopHe BaxHeliuMe reédJOrMYeCKHe NDON6CCH B DO TMOHAABHOI
CTPYKRTy PHO-MOTAMOPJH Y CKOMf mKane ¢ Tof MIM WHOM CTeNeHED ZOCTO-
BODHOCTH MOIyT OHTH NpHBAS&HH K Ie0XpoHDJOTAYeCKo# mxaze. B mep-
BYyD 89Y6P6ZAB 8T0 OTHOCHTCA K HOSZHMM "0POreHHHMM™ M 128 T{opMOHHHEM
o0pas0BaHMAM, 8 TAERO K BO0XAM NNAHAOWM ADOBHAX CTpPyKTyp, comnpo-
BOETAMAMCH OOYTH OXHOBPOMOHHHM BKIDYEHWEM MBOTONEHX YaCOB HA
OCMMDHMX TOPPUTOPMAX "BCHIHBADEMX" APEBHAX KpaToHOB (puc. I).

CyxzeHd® 0 OPUMEHMMOCTH COBOKYIHOCTM 6D WCAGHHNX BHEO METO-
Z0B, M8y WOHUA MOTAMODPMUSCRMX KOMOAGKCOB MOEST OHTH BHCKABAHO TOAB~
K0 B TOM CIywe, 6CIM COSJAHHAA BA UX OCHOBO MOZeAb CTDOOHMA H
SBOADIMA BOMHO KODH KOHTMHEHTOB OK4®e TCA POAIBHOM M Oy@T COrla-—
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CpBAEA C HMODMUMMCE B HACTOANEO BPOMA TO0NOT0-Ie 0PUBM WCKMMA JAH-
HEMH,

Jlns paspaGoTHK TaKoM MOZeN¥ ABTOPOM NDHBA6WH METEPHAJ OO Ieo-
J0THM pra BocTouHo#t CuOMpH, MoEroaud, ceBepHHX palloHoB Kurag u
Kopeu H CeBEpO-BOCTOWHOre CoKTOpa THX0OKEAHCKOI'0 CEISZAYSTOrD NDACA.
HopelmMe m8TEPUANH N0 I'eOAOIMM JOKOMODHA STUX PEIMOHOB CHCTOMATH-
BMpOBAHN B pAZI6 060CMADEMX DadoT, BHUNGZUAX B OOCI6ZHAE TrozH
(Teonord ©CKO® CTDO6HHO..., 1966; JIOKOMODHi...,1973; MapaKymen K
APs, I97I; YTHACKE M ZP., I975). BaxEHe HOBHO J8HHHE OHIM NOJy-—
Y9HS TAKX6 00 CTDOGHHD M SBONDUMM BSOMHoll RopH B 0GIBCTH nepexoza
0T ABHATCKoro KoHTHHeHTA K TéxoMy oxeasy (PozedkoB, PopHuKoBa,
I974; CrpyETyDPSeeey I974; YTHACHH M 2p., I975) M B oxeanax (lefi-
Be, I975; Coxomsesa, I975).

B paMkax cTATHM MOXHO JHMUE 09 HH KPATKO 0XADAKTEPHBOBATH HP6 2~
JaraeMym Mo7ieXb CTDOGHHA M SBOINDNMM KOHTMHOHTAIBHON 20MHOM EOpH Ha
npumepe BecTovHO-ABMATCKOT0 DerdoHa M OCTAHOBMTHCA HE CIGACTBHAX,
BHTORGONEX M3 9ToH MOZ6NHM M HONOCPEACTBEEHD KACANMMXCA NPOGIBMH
re0IoTMYeCKOd nepuoAMBAIME J0KEMODMUA.

PaccuaTpuBaeMas TEPPHTODHSA, KAK STD NOKASAHQ HA CX6MO DBOIDLHUH
reoGaokos (puc, I), 00DeAHAET PAZ KDy IHMX GAOKOB B6MHON Kopu,
rpaHANaMM KOTOPHX ABJAADTICA SO0HM riIyOMEHNX pasioMoB. Hauaae npenec-
C0B KOHTHHOETAIBHOI0 K0PonGPasoBAHMA B STHX Ie 06AOKEX 0THOCUTCA
K pasdeMy BpeMeHH., HeojiHOBPOMEHHD B8BODUNAOTCA M WX CTAOHIAMBANMA C
nepexoZoM K CTpyKTypaM, QopMEpyDmMMCH yxe HA 8peXoft Keps KeHTHHOH-
TAIBHOTD THNE., B To Xe BpeMs BCe BTH DASHOBOBSPACTHHO IOO0GIORH (HC-
Kanvaf BEemEDD 80Ey THX@0KeAHCKOM CRIaZzwTOHl 0GMACTH) XapaKTepHsynT-
CA OAMHMM THIOM CTPOGHMF IXyCHHHOI'D MEeTaMopjuweCcKoro QyHzsmenTa,
OCH2XeHHOT'O HA 0OWMPHHX OMONAZSX B ZAPOBHMX CTpyKTypax M Couee
Ty GoX0 SAJA6TEDESTO B MOJOZHX Ie06I0KaX.

MeramopduweCckHl (yHZaMOHT HME6T ZBYXBADyCHDe CTPOSHHO, HaxEMU
CTPyETYyPHNR ApyC CHOXOH NOPOAAMH, OTHOCANMMHCH [P MMYHECTBE HHO
E cIade 2udde psHOMPOBAHHHM IPAYBAKKO-TONEHTOBHM Qopuanusm, B xapag-
TEpPHByeTCH BAMGOIEe IAyCHMHHHM DOrHOHANBHHM METAMODJMSMOM, 0TBOGAD-
MMM TPAaHyIHTOBOM MAM BHCOKeTeMNepaTypHOY aabMaHAMB-aMGUC0MATOB OH
danum (smepeBcKall, ypKAHCKUM M aApyrue MEI@KOMONEKCH), BepxEMit
meTaMopuyueckMll CTPYRTYPHNM mpyC moBCeMECTHO (TaM, I'Ae 3TO CHeLk-
aubH0 M8y WANCH) NOPOKPHBAGT IAyGoK0 BPOAXPOBAHHHE 00pAB0BEHMA HUE-
Her9 CTPyKTypPHOI'® ApPyca, Ero crarap? mOpojH, OTHOCAWMMECH [DEMMY~-
HMOCTBOHHO K 0Cazo9HHM QopManuaM, B KOTODHX KUCJHNE ¥ OCHOBHH® ByJ-
EKaHHTH MTpawT NOAWMHGHEyD pons., OHM TAEXe XApAaRTODUBYDTCA TIAy6o-

EAM ¥ CDABEMTONEHO 0AHODOJHHM HA COABMHX MIONAZAX POrY0HANBHHM ME-
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TaMop)HBMOM, COOTBOTCTRYDMEAM AIEMAHJME~-amfHGomMTeBOl fanum (cra-—
HOBO¥, yHAMHCKMR W Apyride MerakoMniexcH). Ha rayGomo spopupoBai-
HOft MoBEPXHOCTM NOPOA BTOPEre® CIpyKTypPHOIrS fpyca B8ASIapT O0HT=
HO0 MOHO6 IAFCHHEHG KOMOAOECH, X8DAKTO DHBYNEMOCA GOIsEOHR waCTEHD
30HANHHHM MeTEMODHHBMOM BHAAIYBHT-CAINMMBHETOBOM QanmansHoll ce—
PHM KAM BONOHDCAAHNEBHM (pAC. I). B QopMAIMOEESM OTHONOHHM 3TH
KOMONGKCH DABHODOPABHM M BEIDUYADT NOPOAH, XAPAKTODHHE ANA I60CHE-
KAMBAABHHX, AJ8 NOPOX0AHHX K OPOTeHHEM H NPACYMM® ODOTEHHNM
dopuanuaM. HoRADYOHHA M8 STOTP NPABANA, 0THOCAmMECA E DxHo-MoE-
roAsCKolt BoHe M HOEOTODHM JpyTHM CTpy KTypaM, OyAyT PaccMoTpe M
npd 0680pe NAJNS 0TOKTOHHYSCEMX CXOM.

JilBa HAXHMX M6TaMopPJH 9 CKHX KOMOINOKCE B DA 8HOBOBPACTHHX I6o-
(HORaX HMODT CYHOCTBOHHNEe OTIMTHA 0T BHNOJOXAHEMX EOMIOIEKCOB 20—
KeMOpUiicEOre ¥ QaBeposoilcKere sospacra, OHM caarapr GoibEHe NI0-
mazd, B Opajensx KoTOPHX N0poAH OAEOPOAHO 7edopMHDEBAHH E DETHO-
HANBHO MeTaMODPMBOREHH. BHIGAOHMe EARHX-IMO0 EDyNHHX KOHCOZMMOHTE-
OMOHEHMX CTPYyKTyp (NpoTridGoB, NOZHATEN @ T.O.) B mpepedax HTUX
onomazeit HOBOBMOXHO, X0TA AJdA ©TZOABENX 0aY6K M TOPH30HTOR IMTOD-
JOTHUECKME METOZAH NOSBOIANT MHOIZE OOPEZOIMTH [NONOX6HMEe 00IacToR
CHOCA M YZGNOHHOCT: 0T HMX. 376CH MH MMOeM PXyCMHHNS COYSHHA MON-
Holf NpABMH NOAMUMKIMYHO BAKSNAMBABEHXCA 0CAZOWHHX M 0CAZDYHO-

By AKAHOTOHHHX OOpPOA, B KeTopHX (HECHMDYyDTCA NOCHSZHM® ND BPOMOHH
Zedopmanui X meTaMopyH3M, DAHOPOZH® NP 0ABHBEMECH GoXsaMx Iay-
0HHax. [oIMOMKJIHYHEOCTS JOPMHDOBAHMA MOTAMOD)MICEHX KOMINSBKCOB
N0TBE PXAGETCH ZOMOTAMODHHYSCKEME HOCOTZACHAME, DaBAOIANGHME TOI-
WM pABIAMYHOT® QOPMANMOHHOrD CcoCTABA, OHH MOTYT OHTEH BHABIOHH IANB
C NOMOMBD clenMansHHX MeTeges ( AdanacoB, I97I; Jyk # ZAD., I975,
Heemos, I975).

Kamzuit 48 TARMX MOTAMODPMUOCKMX KOMNJIGKCOB Nepsz NoxHo# KoH-
coauzanuelt M rayCGoKod sposHeil MCINTEA HOOZHOKDATHHE 20d0opMaiuM
(medopuanuoHHHe LMKIH), OTPAREADEES NOCA6]0BATEJNBE0 BOBPACTAD-
HyD ZOCTEOCTH CTPyKETyD M NepexoA K perpecCHBHOMY MAHEPpaIo—
0GPaseBAHAD, OPOABIANMEMYCA JAOKAABHS B BOHESX IIHOOBHX ZBUEGHMi,
CyuMmapHaa GMONETYZE OOZHATHH @ DDeBMH Ie o0I0KeB, cyzas no PT yc-
I0BHAM 00pAB0BAHMA DPABHOBOCHHX MMHED8JIBHHX GCCOLME muil
(P = 7-I3 k6; T = 650-800"), cocrasnser He Mexee 30-40 EM. [Ipa
5TOM apealbHHil xapaKTep perdoHAABHOTD MeTAMOP(MBMAE He NOBBOAHET
HAPAAY CO CKABAHHMM BHN6 NPUBAO Ys AJA 00OCHOBAHMA AXLTEDHATHBHHHX
pPemOHM NpPeANETAEMHS B HACTOAMES® BPOMA MOXBHABMH BOBHMKHOBOHUA B
30MHOM Kope CBepXsiaBIeHHil, MaAo 0G0CHOBAHHHMH ABIADTCA TAKXE
IPSTONOREHAS O CYMECTBOHHOM M3MEHOHAM TEPMAJBHOTO DEXEME et B
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TeDUOTHYBCKYD CTAZMD 66 DaBBHTHH, TAE KAK NOJ00HHE6 KOMONOKCH Hop-
MHEpy pTCH pasHHX BOBpPACTHNX yPOBHfX, B TOM WicIe, BOPoATHO, H Ba
COBpOMOHHOM, OHM 0TDAXANT, NO-BHZKMOMY, TODMOAMHAMHWCEYD BOHAIE~
HOCTH BOMHeH E0pH M BOpXHell MAHTMN.

Bpems ¢epMHpoBaHMA DACCMATPHBE 6MHX MOTAMOPOHUYECKHX KOMONOKCOS,
onpeze BHEeS NPMOAMXOHHD 08 BOBPACTY DaSAGIAMMMX HX BMOX NIAHALMM,
cocrasager npuuepeEe 0,8-I1,0 mapa.zeT, HaxeHen, saBepHOEHE pasBH-
THA KAXZ0r0 MeTAMODPPH WCKOr0 KOMINOKCE XADAKTODHBY6TCA HA HOBOM
9TANe DeBKOM CMOHOH TOKTOHHYGCKOI'D DOXMME M COOTBOTCTBOHHD yCUPBHH
COZMMAHTAIMM , MATMETHBME B DOrMOHAIBHOI'® MeTaMepyesma, uTe 01—
paEa 6T CyWOCTBOHHHOG WBMOHOHMA B CTDOGHMM M COCTABe BEMHOM Kopu B
npeAenax reodaoKa,

Bce 3TH ®COCEHHOCTH METAMODPMUYSCKMX KOMONGKCOB, CISTANMMX HMXHHE
CTpy KTy PHHE APyCH PABHOBOSPACTHHX re0GIOKeB BSeMHOH Eop, TPyAH®
0GBACHATD C NOBMOWE reOCHHKAMHEA IbHOR TeOpUM. X QopMmupoBaHHE oTpa—
£aeT MNPUEIMOMBABHO MHOM N0 MBCWTACAM W JAJMTENBHOCTM OPPLECC, OTBE-
EoREid 6oae6 KpyOoHeR OD6DUOZM YHOCTM B 2BOJIDOHA 36MIH, C AMMTEAE~
HocTsD UHMEZ0S B 0,8-1,0 mapp. meT, ¥ HOMOCPOACTBEHHD CBASAHHHM C
nponeccaMd rayGuEHOrD EopoodpasosaBus (Heexos, I968). [peacranamer—
Ci LenecooCpPasEEM O05TOMy HADAZY C Te0CHHKIMHANBEHMM OIpOLECCAMM,
OTPARANMMME DURIMUHOCTH MOHBEMX MOPAZKOB, BHAGMAATE NDONO6OCH KOHTH-
HOHETAABHOTD KOP0oOGPABOBAHMA MIM KpacTOoreHesa, CTPyKTypH B6MHOHR Ko-
pH, B OpeAeJAX KOTOPHX OH NPOABAAACHA B ONPOZSAGHHHO MO6T&LMEINH,
MOXKHC COOTBOTCTBEHH) DACCMATPHBATE B K& Y6CTHE KPacTOIreHoB. B oTin-
Y46 0T KOMOAGKCOB NOPOA, HAKENAMBADEMUXCA B TOW HMO I'60CHHKINHANBHHX
MKJI0B, COBOKYyOEOCTH fepManui, o0pasyomascA B TeWHMe LNUKIA Kpac-
TOIeH6B88, 00BEAMBAGTCA B MOTAKOMNAEKCH, CTIDyKTypH 3eMHEeH KOpH,

B KOTODHX NPOABIAICH OEPBHHl, B8 WABHHN LMEI KpacToreHesa, Xapar-
TepUByDNMICH HAKOMINS HUOM MPOUMymeCTEEHHO CAAGO ZMddepeEHuMpoBa HEHX
rpayBaKKOBO-TOAGUTOBHX KOMOJSKCOB, MMEDNMX B CDPejHeM Z0CTATOYED
OCHOBHOH#t CocT8B, MOXHO BHZONHTH B K8YSCTHe CUMAKpDAcTOreE0B, &8 gop-
MU[yDEMECH BA MX MECTe CTACMJMBMPOBAHHHO CTPYyKTYPH C IAyGOKe 8po-
ZMPOBAHHEM MeTAMOP(H YeCKMM (QyHJAMEHTOM —= B KaYeCcTHe CHMaKpa—
TOHOB.

Jug BTOPOre OMKIA KDACTOreHesa, B TOYWHHe KOToDPOr0 HAKANAWBADTCH
[peMMyme CTBEHHD 0CBZ0WHHE (GOpMANKA M B MOHBIOff CTONEGHM BYIKAHHTH
KHCIOTD ¥ OCHOBHOI'D COCTaBa, COOTBETCTBOHEO MOKHO BHZSIUTH CHAIB~
KpacTOreHH M CHANBKDATOEH. B olmeum ciyvyae {opuupoBEHUE HOPMAABHOR
KOHTMHEHTAAbHO# KoPH ABJAAGTCA AJNMTOALHHM M CJA0OEHHM NpOLecCOM, 00be-
ARHADNMM ZB& OMKI8 KPaCTPreHesa — CUMAKDACTOTeHHHR M CHAIBKDACTOIEH—

Hull. Kexzuil W8 9TUX LMKIOB pacnajaeTcs HA ABe CTAZUM — KOHCTDy KTMB-
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Hyo (CcuMa— M CHaTBLKDACTOTEHHYD) M Z6CTPy KTMBHYD (C 0GDE30BAHMOM
CHMa8- ¥ CHAJIBKPATOHOB).

B reonorMueckoil MCTODAM pPACCMBTDUBAGMOU TEDPUTODHM MOXHO
BHZOMMTE NATH NOJHHX LOUKJI0B KPacTOI'eHesa, WIM METaNUKI0OB: pakH-
Heapxe CKuil (anzaHCKMi), noszHeapxelicku#t (craHoBolt), paHHenpo-
TeposoifCckAit (yAOKaHCKMYU), cpeAHe-BepXHeNpoTeposoitcKuit (yuypckuit),
noszAHenPoTe posoiCRUA-DPCKU (MOET0AECKMA) U MEA0BOi-Ka{HOB0 M-
cKkuit (TMxooxeaHckui). [ocmenuuii Ms HMX ABAAETCA HAaWMJOM HOBOTO,
60é He Ba8BOPUEHHOI'D MOTrayMKia. COOTHOWSHMA 'STUX MEranMKIOB C
reoxpoHoloryyeckodl wxanoll nokasaHN Ha puc, I. I'paHuna Mexmy yuyp-
CKMM ¥ MOHTODJO0-0XOTCKMM MET8LMKJIaM)i 0npeZeaAeTCsi IPeHBMIBCKOH
CKI87%@TOCTED. [IpM BHGODE DEruoHANBHHX HaUMeHuBaHMIl MeIaLMKI0B
Y YATHBAANCH 06J8CTH DACHPOCTDAHE HUF MOTAKOMMNJIEKCOB, HauGolee
[0JHO X8paKTepUsyDUUX DECCMETPHBAEMHE MHTSDBalH BDeMEHA, B aTux
008 CTAX MOTAKOMONAEKCH MMENT G0JIee WUJIM MeHE® U8 TKUe Ieol]oryyec-—
KMe ¥ Ire0XDPOHDJOTM W9CKMe TpaHunH (BepXHOD ¥ HAXKHDN) W, HaKoHen,
HaMG0Nee NOJNHO WSy YeHH,

Te0J0TNYECKUMM M TI'60XDOHOJOTHYGCKUMM Z@HHHMM G0JEee yBEpeH-
HO ZOKjMEETMDOBAHH BOBPACTHHE DyGexW, paszeiApmue THXO0OKE6aH=-
CKMii, MOHIOJO-0XOTCKAM, ydypcKuil, yAOKAHCKMA M craHoBolf Mera-
qukad. OHM 0TBEYAWT NepUOZAM HAaUG0Jee BaxHHX NEPOCTPOGK 36M-
Holl KOPH M BN0XaM NiaHayMid KpyNHHX reoCI0KoB. BospacTHas rpa-
HMI@ CTAHOBOr0 ¥ AIZ8HCKOIO MEIanUKJI0E, UCXOAA U8 D6 0JMOTUYBCKUX
JI@HHHX, MOXET DLOHMBATHCA npUMepHo B 4000 MaH. AeT. OCHOBaHUEM
AAfi 8TOT0 CIAYXAT NPOABIGHME B KOHIE DAHHEID &DXOA CTAZUM
KPaTOHMBALUMM CTPYyKTyP 86MHO{l KOPH, KOTOpDAA N0 CBOMM MacuTalaM
¥ SHEWMMOCTHM He 0TIMYBETCA CyWOCTBEHHD 0T MOZOOGHHX CTPYKTYD,
38B6PNANMMX DaSBMTHE (066 NOSZHHX MOTANUKI0B, T.6. OTHOCUTCH
K CTDyKTypam TOro %6 NOpAAKa. DTOMy He NPOTMBOPEYaT 6AUHMUHHE M
HENOCTATOYHO HAZEXHHE NO0KA ApeBHe#ude ZATUDOBRA paHHeapXe ii-
CKMX M0p07Z, ONPEGIGHHHE DasHHMH METOZEMA M NONaZapmue B HHTEP-
Baxl 3500-4500 wmipp. neT,

- ) s 2
9B0M0LMD NPOLeCCOB KPacTOreHes8 W (OPMADOBAEMA MATEHEOBHX

CTPYKTyP MOXHO NPOCIEAMTH HA CEDHM NAJOOTORTOHMYECKUX (pHC. 2,

I-y) u naneomeramopduueckux (puc. 2, YI-X) cxem, Xapakrepusyi-

NWMX COOTBETCTBEHHO KOHCTDyKT/BHHE W JOCTPYKTHBHHO CTAjMM 8ljaHE-

CKOI'0, CTAHOBOIO, yPKAHCKOIO0, Y9y PCKOTD M MOHETOABCKOI'O MOI8UMKIOB.

Ha cxeMax noKA38HH NANOMAAM PACNPOCTPAHOHHMA METAKOMIONEKCOB, HX '
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rIABHHe (QopMElMOBHH® 0COGEHHOCTH M DOrMOHANBHHR MeTaMODDMBM.

B o0nacTAx GoJee pPaAHHON KOHCOAMZAUMM BHZGIEHH 06IACTH C pBS=-
IWYHHEM TOKTOHH UBCKHM DORMMOM. JlIA MEH8O ZeTaABHO MBY YOHHHX

te ppuTopuit CuHo-Kopelickodt nigsTdopuMs ¥4 ee 0GpAMIGHMA NANGDTEKTO-
HiiYyeC KMe DeKOHCTDPyKLMM, 0COGOHHO ZAJA pAHHAX MEIralMKIOB, MeHe®
HA7ZIeXHH, M TPaHMNH N8J60CTPYKTYDP BA6CH NOKABAHH ITyHKTUPOM.

AnrpaBscrkuf#t wmeranguwia (pac. 2, I u JI). ¥Y=e
H8 caMoil paHBe@l CTAZMM TOO0JOTMUSCKON McTopuM BeMau (0xapaxTe-
PUB0BAHHO! Ie0NOTHYOCKMMM 06DaB30BAHMAMM, BHXOZANMMM HA [0BE PX-
HocTh) B Bocroudolt CHGup¥ pocTaTOYHO HAZERED BHAGAANTCH CTPyK-
Ty PH 86MHOM KOPH C NpMHELMIOMEIEHQ DPABMAYHEMA TEKTOHMYE CKEM
pexy¥MOM M YCIHOBMAMH C6JMMEHTALMH. ITO0 CHAIBKDACTOIMSHH, K KOTO-
pHM 0THOCATCA AxazaHCKMii, TaceeBCKuit ¥, BepoATHD, AHadapo-JleE-
CKMit KPUCTENNUYBCKUE MECCHUBH, M CHUMAKDACTOreHH, OKalMIgomUe
3TK (0JB6 CTAGMAXBMPOBAHHNG® CTPYyKTYpH. BHOWHAR I'paHALE CHMaKpa-
CTOTGHOB ONPOJA6JNAETCA LEN0Yxoif HAMG0JA6® MODHUJEepM Y6CKMX BHCTY-
noB QyHpaMeHTa, 3@ KOTOpPoH MeTaMopuuecKMe 06GpaspBaHMs HUEHOSD—
XeijiCKoro BospacTa He QMKCHpynOTCA. B o0mUx yeprax 9Ta rpaHHMna
COBNAZA6T C TPAHMOAMM CHM8~ ¥ CHAJBKPAaTOHOB CJH6AYDmero, CraHo-
BOI'O MerapUKJa, YTo [0ATBEPX786T 060CHOBAHHOCTH €6 BHIENSHUA
M I'IyCMHHOCTH BaN0KEHMA,

B yedoM o6IACTM aKTUBHOI'0 KOHTMHEHTANBHOTO KopooGpasoBaHMA
(KpacToreHs) NpezCTAaBJANM C060# CpPABHATONBHO KpyIHHE, WB0AAPO—
BAHHHG 0B 0T ZApyroil UBOMETPUMYECKME CTPyKTypH B8eMHO{ KODH,
pachnoioxeHdhe Ha MecTe coBpeMeHHHX CuOMpCKoit, CHHo-HopeicKoit,
Oxorckolt 4 TapuMcKolt cTaGM.BHHX CTPYKTyD, KOTOPHe® DaBAEJAJNMACE,
BEPOATHO, CTPYKTyPaMA THNA COBDOMEHHHX TanaccoKkpaToHoB (7).

B npezenax CHMaJsKPACTOI9HO0B HaKaNJMBaJMCE B DPABIUYHONW CTeme-
HY zufdepeHyupoBaHHHE 0CAaZ0YHHE M BYJAKAHOTEHHO-0CAZ0YHNE QopMa-
LMA, craranmMe MeHrpCKyn, TUMNTOHO-ZAXONTY IMHCKyW, KaJaHTATCKO-
aTaMBHOBCKyD, HAHAMCKYD M Jpyrde CODHM AJNZAHCKOI'D MeraKoMmasK-
Ca M ero BOBPACTHHX AHANOTOB. JIf CHMAKpACTOIE@HOB X8DAKTEPHO
pesKoe npeoGiaazanue caado AuQde peHUMPOBAHHHX I'PAYBAKKOBO-T0JI6K-
ToBHX (opmamuil, 06MIME PAHHECKJE] W THX Z0OMETAMODP)MIECKMX WHTDY-—
i OCHOBHOrO M yAHTPAOCHOBHOLD COCTAaB& W 8HOPTOBMTOB. MeHHuee
PacnpoCTpAHeHUS WMENT TOJmM, BRANYADNME KBADUATH, B TOM YACHS
=6J8BACTHE, BHCOKOTIMHOS6MUCTHE IHEMCH, TOHKOCAOMCTHO® CHAHLEBO-
MepreJMcTHe @ KapGoHATHHe N8 ukM, OTMEYAeTCA BHE WATe]NLHAA K-
M6H9MBOCTS yCAOBMA COAMMOHTALUM KAK No JNATepald, TAK ¥ B BEPTH-
KalZbHOM paspese, XapaKTepHO, Yo AJAA AAJ8HCKOT'0 MOI8LUKIA He BH-
IeJA0TCA JCTol uMBHe 00A&CTHM DPOBMM M KPaCTOTeHHW pasBMBEDTCHA, KAK
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W MHOIMe SBIOOCHEEJMBAIM, 00 OPHHNUOY CAMOBAXODOHEHHs, C HOCTYyI-
I6HWOM TIEBHOY# MECCH BONECTBA M8 I'XyCMHHNX HOTONHHKOB.

B zecTpyKTMBHYD CTAZMD KPACTOreHH HCOHTANH MEBODCHD M Iyl oKyD
aposkp. OzHOBpeMOHHO mo MX nepHdepuH GopMMPOBAXKHCH 00mMpPHHe CHMa-
KpacToreHH, pa@BATHE KOTOPHX NPOASNEANOCE B CASAYDMOM, CTA HOBGM
Merapgueie. Ha noBepxXE0CTs OHIM BHBOZGHH rAyOGoKHe I'opMBeHTH 86 MHoll
KOPH, OTBO W DNMe TrPAEyIATOBOM JapguE, WHOTZAS C NEPOXOZAMH K ampu-
GosmToBoil fanue B npezesax CHaXskpaToHoB (MeErpckM#t Gaex) u rpa-
HyauTosolt danud yMepOHHHMX M BHCOREX JABIBHHHU B CHMAKpA TOHAX.
Musepanphye accopMamdy 2THX Gauuik BoBHMEADT NpPM A& BAGHHAX 0F 6-7
7o II-I3 k6, YT0 H0BBOJROT OUGHHBATH CyMMADEyM AMOAKTYZy B pTH-
KaJABHHX ZIBUEGHME 0TZ6ABHHX OA0K0B 0T 22 A0 45 KM.

CraHoBofft Merangugaxa (puc. 2, I » JI). B nesz-
HOM 8pX86 yX6 CyMecTBo5axd (BHABAGHHHS C HOMOHBD CT[y KTypHe-MOTa&-
MOpfMYSCKAX METOZ0B) CTPYKTypH, B Opejiesax KoTOPHX D6 IMoHANBHHH
MeTAMOPOMEBM DPACCMATPHBAGMOr0 BDOMOHHM HE NPOABAAICH. DTH CTpy KTy pH
(Anpasckuii, TaceeBckMit ¥, BepuATHO, ARaCapo-JleHCKHR MACCHBH) BH-
CTYyNAIM B KaWCTBe JpcBHOUNEX CTACMIBEHX 00mBOT6ll B FBIANMCH
NePHOZMYSCKY 0CNACTAMY SPOSMM, B oOmMX ©PTAX 9HE HACIOAYDT LI
mAjH paHHea pxe CKMX CHANBKPATOHOB, X0TA MOCTAMH IDaHAOH HX CMe-
mapTcA Ha 30-40 XM B Ty MAM ApyIyo CTOPOEy (HAampuMep, EA KpPAXE
3Bepesa). Ha MecrTe pAHHAAPXelOKMX CHMAKDATOHOB BOBSHMKAM CHAIRKpac-
TOreHH., B MX npaseaax (opMHpoBEANMCEH NPOMMyMOCTBEHHO 0CAJ0YHHE
(DecwHG~CIAHNOBHE, N6CTAHO~CIAHIEBO~MEPreNMCTHE H EADOOHATHHS )
fopuar@u (cTaHOBOW, ODNGEKMMHCKMR, GATOMICKMM, eHUCelCKEE MeraxeMn-
IBKCH), MEOPZA C KMCIHMH M OCHOBHHMY BYAKSEMTAME (y vy WMETHHCKaH
cepds) M XOIESMCTHME KBApNETAME (GepCAIMHCKAA CODMS H AP.).

HeCKOABKO HHOY TOKTOHMYOCKUN DOXEM 0TMEWANCA B ST0 BPeMs BO
BHyTpeHHMX pailoEax Baikansckoil repHe#l o6mactu (Heemes, I97I),
rfie CymeCTBEHHDE DABBHTHE MOXY I CCHOBEHE BYIKAHMTH (yOIh—
ZXMIMEZAMBCKME MOIMSKOMNEGKC M erc asazord). Ha meppuropmd CuHe-
KopeiicKoli NaMTH apxelickue o6pasoBAHHA He DaC WIOHOHN® W IpaHMIH
naneocTPyKTyp HAMeWeHH yCJI0OBHO.

*{ounzerc yralt 4 ero BospACTHHE BHANOTH MH B 0TAMTHE 0T AM.Cuup-
HoBa (JloKeMOpHile.., I973) 0THOCHM K HMXHOMY MPOTEPUBOD 00 MX
CTPKTyPHOMy MOA0X9HWD, JopuMenoEHOMy cOCTABy M XapaKTepy
ueTaMopdusua,
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B MoEreao-3adaiikansCRoll 80HO NPOAOARSNOCEH HAKONIGHWE CHMA-
KpacTOTeHENX (fopuanuii (ypKaHCKAf, MAIAXAHCKasA, HMKMTKMECKAHA
M ApyrHe CepUM yPEAHCKOrOD Meraxouniaexca). ToT xe BospacT # GIus-
KMJ COCTAB UMODT, MO-BUZMMOMY, UMAHCKME MOTAKOMIIOKC U €0 BOs-
pacTHHe 8HENOTH, (QOPMEDYOWAECH B CHMAKDACTOTOHE, OK&AMIADMOM
Cuso-Kopefickiil cuaasEpacTored., OHA BRADWEDT MomEHe, 200-800 M,
roxme auducomiTor (JoKeMOpAl..., 1973).

JlecTpyKTHBHAA CTAZMA CTAHOBOI'D MOTANMKIA 3a8B6pUMIachs Gopuupo-
BAHMOM OCMMDHOTO H reTeDOreHHOI'0 KBASHKpaToHa, 00macTH paEHel
CTEGMIABALMM B Or0 NPOA6NaX, HO-BUAMMOMY, HO MCNHTHBAAM BEDTH-
KAIFHHX JBMEOHMN CoXbNOM aMmamMTyzH. B oTaiMe 0T 3TOr0 B CHMA-
H CHANBKPATOHAX COHAM BHBOZGHN HA ROBOPXHOCTH CEYGHMA BOMHOU KopH,
0TBS B DEHe BHCOEOTOMIEDATYyDHEM cyOdanusM alpMaHzuHE-aMPucomnToB0Ml
$anME ¢ perdoBANBHHM OPORBAGEHMEM yIsTpaMeramopiusua. ToXbKD B
BaiikaisCKoR ropHoit o6ZSCTH M HOROTOPHX APy TruX, 60lee MOIKHX,
CTPyKTypax Cpes COOTBETCTBOBAN Tolf xe Jamud, Ho BHO BOHH yABETPa-
MeraMopusua. B CUMEKDPATOHAX 0TMOGANTCA NEPOX0ZH K IpaHyAKToBRO N
(faguu cpaBEMTeNBHO HOBHCOKHX JABN6HHMI, noIy wismell HaWCoIbm06
pacnpocrpaHeE4e B OxHoM [IpuMopse (T'e0R0OrUYECKO® CTPOGHHE...,
1966). OTe ABAAGTCH NGDBHM YEKASAHWGM HA CMONEHH® 00IACTOH Mak-
CUMBAHHHX NOZHATHE B NpHOKeaHMYeCKMe 00IBCTH, I'Zle yX8 B 3T0
BpeMf BADOXJAIMCH CTPYKTyPH BeMEOM KopH cyOMepHAMOHAABHOTOD TH-
X00R68HCKOT0 HANPaBAGHH:A.

OGuzacTaMA HA WIBHHX CTazMil pABBMTHA CHMEKDPACTOTEeHOB, Nepe-—
XOAAMMX B DAHEONpPOTODoBOMCRENM MeraiguEm, ABIAAMCE B BTD BDPEMA
DzEo-MoEToNBCKAS S0HS M BOCTOYHEMe oKpauEH BocTouHo-CHGHPCKOTO
A CeBepo—~Kara iCKoro KBaBsMEDATOHES.

CynMMepHAR AMOANTY X8 BOPTAKAIBHHX ABMEXOHHY 0L GHHBEGTCA AXH
PasAMUEEX ONOKOB KDACTOreHOB CTAHOBOTD MOTamuknas B 22-33 KM
(6=9 x0).

TAoRaHCEHRH Merangukxkax (puc, 2, I u JO). B
paHHeM IPOTOpP0S06 CHANLKPACTOreHH pasMemaluchs B npezenax Mos-
rejo-3adaligransckoit, BEyTpeHHe-MoHroAscKoRf ® [IpuaMypoRoil seEH,
yBacie eBa3 TOPPHTODHE NOSAHOADXe HCKHX CHMEBRDATOHOB. 376CH OH-
JH pacnopocTPaEGHN CYMECTBOHHO TOPPUIOHHHS C OCHOBHHME H KMCHLH-
MA ByAKAHNTAMH OTIAORSHEA yHAMHCKOTO, yCCypUUCKOIrD,MyCaHCKOTD
A APyTHX.MOTAKOMONOKCOB. CHMMEKDACTOTOHHNE (QopMamM Ipo70IEAIH
HaEAMIMBa®ECA B Npezensx DxHEo-MoETOABCKON 30HH M BAOIb BOCTOY-
HOI'0 Epag NANeOEOHTHHOHTOR. OHEM JODMHDYNT, Ne-BHAMMOMYy, Tpany-
TMT0-0aBHTOBHE M HAXHMe TOpPHBOHTH I'PaHMTO-THeHCOBOrs CA06R
80NHOH EKOPH, OTAGIBEHG OXOKM KOTODHX BHCTYyIADT HS N0B6PXHOCT B
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B Dro-BocTouHoli MoHromuu (KpUCTAJINMTCKMe CHIAHOH M IHe fACH Xpeo-
708 Toro-llasas ¥ Hykyr-Jla6ana) u B [Ipuamy pcko#t soHe (TeppUreHHO-
BYIKBHOTOHHHE® OTIONOHHMA Ty IOBUAXMHCKON M AMTYHCKOMR CBAT aMypcKo-
T0 MeraKoMITeKcE).

B npepenax apxe#CKUX CHAIBKPATOHOB TOKTOHAYECKMA pexuM Oba
cunsH0 ZudPepeHyMpoBEHHEM, Hapagy ¢ o0JacTAMM OTHOCHTENBHO CTa-
OMIBHHMM, BHCTYNABMMMA B K8 YECTB6 0078CTeA CHOCA 0CAJ0YHOI'D Ma-
TEpPUANA, mMMPOKO OHAM DPABBMTH SNHCHAJNBKPATOHHHO I'60CHHKEIHMHAIN.

B 0oCHOBAHHM TAKMX CTDyKTyP MOCTaMH 3a/6P80T KOMOAGKCH 0C&70E0-
By ARBHOTEHHHX NOPOX C yABTPAOCHOBHHMA (KOMATHMTH), OCHOBHHMA I
CpeZiEOID COCTABA BYJAKAHATAMM (OJZOHAWHCKH{ KoMmaske), C aupuco-
IMTEMH M ROJOBMCTHMM KBapuuraMd (KoMmmaekc yraft ¥ ap.). Hepeaxo
0HM COMOCTABAADTCA C ZAPSBHMMM "apxe HCKHMU™ BeJ6HOKEMOHHHMU M0A-
caMi DAHHOZ0KGMOPHUCEMX WUTOB. T8KUE KOMIIEKCH, BOPOATED, O He-
corzacueM NePORPHBAVTCA TEPPUIeHHHMA H KapOoHaTHO-TODDUI6HHHMA
TOIMAMM, HAKANAMBABUMUMACH B yCHAOBAAX NEPEX0ZAHOTD K NAaTdopMeHHD-
My pexuma (yZORAHCKM}, GoA8iGMHECKAN KOMONOKCH W, BOBMOEHD, Cé-
puu BasE-06o0 u XyTo).

B nepudepHUeCKUX YaC TAX KDATOHA M HOKOTODHX BHYT PEHEMX CTDyK-

rypax GopuMUpoBANMCE GONOe TUNMYHNE IEOCHEKIMEANN, B KOTOPHX
HaKanAMBAAMCH MONMHHO OCAAOYHHE, HOPEAKO C KOHTJAOMepaTAMHA, W 0Ca-
20 $i0-ByIKAHOTEGHEHe C KUCIHMM M OCHOBHHMM BYJIKEHMTAMHE TOJmA
(mrenTynakcrag, TyB8IWHCKAA, BATUMCKAS, Mylckan, Teilcked M Apy-
THE COpRM). [loUTH ZAA BCEX STHX CepUil XApaKTe peH B0HEJBHHY Me-
raMopdusn aHzayBUT~CHINMMAHUTOBOR QagnaapHOM cepud (BHe B0-
HH yasrpaMeraMopfusma). MCRIANYeHWE npeACTABARKT TEHUCKAA CepHA
Esuceiickoro kpaxa (AaHJ8IysHT-KHAHAT-CUIAHMAEMTOBAA (anuaibHAA
cepun) M GozaiGuHcRanm cepus Balikano-[laTOMCKOI'® HAropsA C Me -
TaMopHHBMOM KHAHMT-CHINMMAHATOBOTY THOA.

JlecTpyETHUBHAA CTAZMA B KPACTOreHax 84BepmWMIACEH BHBOJZOM Ha mno-
BEPXHOCTH I'IyCOKMX CO WBHMI BoMHO#t KODH, 0TBOYANLMX 8JABMAH-
ZuB-amMducomiToBolt jafuu, [oBHmeHU® CTeMeHd METAMOPPABSME K BOC—
TOKy DPOFBI6HD H3 9TOM 2Talle em6 Godee 0TYWTIMBO. B npuoKea-
HAYeCKOM NolAoce OWAM BOKDHTH, BOPOATHO, NOPOZH I'paHyadTo-0a3n-
TOBOT'D CHOF, 0 YOM MOXST CBAJGTOJIHCTEOBATH, HANpUMep, OTCYTCTHUE
TPaHMTI-TEEHCOBOrD CA0A B NpeAenax IJyGoKoBOAHO# BNAAWEN ANoE-
CKOI'0 MOPf.

CyMmapHss BMIONATYZa BODTHKAJIBHHX JBMEEHMA B KpacToreHax
npesumais 22-30 EM (6-8 K6), 8 B NOABMEEHX GNOKax APOBHUX CHEIE-
KpaToHOR = I2-I8 KM (3~5 K6) B mecTamn 20 kM M Goxbme (5-6 KO).
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HawsapHHe CTEZMM DA BBMTHA CMMAKDACTOIOES, BAB6pMUBIETO CEOD
9BOJNIMD B CIGAYDMEM METrai¥EAe, PACNPOCTPAHMAMCH HE BHyTDeHHDD
soHy TUX00KeaHCKOTD MORCA,

Yuypoeruai#t mera gquea (puc. 2, I¥ u IX). B npege-
Jax MaTepMKE CMa8ABKDPACTOIeHHH{ DemMM COXPEHKMACA JANS B KmHO-
MoHronsCKO# 30HE, IZl9 HAKANAMBAAMCH rOOCHHKIMBANBHHG (UAmATO-
CIBHN6BHE, KapOOHATHHE M BYIKAHHYOCKHO 0TN1030HHA, B2I6TAaDEHe B
OCHOBEHMM paspesa MoHroasckoro Axtag ¥ Uro-BocTowHoll MoHroaum.
OHA mapallexHsynTCH 00HWHO C OKMHCKO# cepueif CesepHeil MoHroimME.
BocrouHee, B [I[pHAMyDEe K STOMy MOISLURAy 0THOCATCH J PHABCKAHA,
GOMAHTyHBCKAA, XyJAHCKAA M DAA ADYTHX CBAT (JIOKOMODHH...,

1973). OHE CHOX6HH UAMMTAEMM, HBBOCTHKOBACTHMA CIGHNAMH, KBEp-
[HTAMHE, MEOTZA BONOBUCTHMM M Ma8preéHNOBKCTHMM, CJDIACTO-KDPEMHHAC-
THMH ¥ B6JOHHMH CIAHOAMM, MpaAMODAMK, OPOPHBEADTCA Y IETPAGABUTAMM.

BEyrpenHAs s0B8 THUX0OKGAHCKOIe Nnofca, BOBMOXHO, NpuACTABIANA
cefo#f cUMaKpacTores. B ero npezenax Q(opMUpOBANMCE 0TAOXOHHF, BO-
mejuHe, No-BHZMMOMY, B COCTAB rPaHyIMTI-088MTOBOIr0 CI0f BOMHOi
EOpH, OTenBEHe CHIBHO mepepaCioTaHHNe GNOKM BTHX 00pasoBaHMH
BHCTYNANT HEA NOBePXHeCTH HA KAMva?Re (roHaMCKRUMl TpaHyIMTOBHH
MeraKeMOI6KC) M, BOSMOXHO, HA fOOHCKAX 0CTPOBA8X. HanGolzee Ga4Bs0K
K NOBEPXHOCTH 8ToT cloff B npezeaax UxHEe-(xoTCKoll BnAagMEH, Ize 0T-
CyICTByeT rpaHNTo-rHefiCoBull caolt.

Bonee cunsHo audGepeHnupy eTeA TORTOHMUWGCKMN DexMM 3 Np67e=
IaX CHAIBKPATOHDE, B 06racrax paHHeN cTafuaMsapuHl 87ech, I0OC
00pa30BAHMA HA MX OKDBMHAX BYAKAHUYOCKMX moAcod (yAHCKad, 8KMT-
Ka8HCKAf, CyOAyKCKAs M JApyrHe CepUM), UKOEUATOIXBHO yTB6DAMICA
nae ipopueHHEE pexuM (yWypckas, MAiCKAs CepUM M MX BOSpacTHHE
aEan0rd). HeCKoABKO NOBX6 5T0 OpoMsomae Ba CuHo-KopelickoM naar-
¢opue (BUXHMEe CBUTH CHEAH)., HB OCWHPHHX TEpPPUTODUAX, MPHMHKAD-
MHX K naaT{opMeHHHM 06EECTAM, TOCHOACTBOBAX 0DOTGHHHHM DexMM
(conpHnoBCKAA CepUA M AP.), M IMUE B OTAGLBHHX CTPYKTypex (EmH-
celicKM® Xpax, BalikanIsCK08 HArops8) COXPAHMIMCH OCTATOYHHE 60—
CHHKJHHAABHHE NPOTACH.

T'o0CHHRIMEA IBHHY pexHM OHN xapaKTepeH ana MoHroxe-3adaitkans-
CRoli, BHyTpeHHe-MoHroasckolf 4 DxHo-[puMopckoif soE, Ize Hakam-
NUBENACH TOpPPUIreHHO~BY AKAHOTOHEN® M KapOoHa THo-CIaBNeBHe op-
magdm (aruBECKMUit, NpUapryEsCEME, EAGAPTHECKAR M APyTrHe KOMIA8E-
CH).

JIeCTpyKTHBHEAA cramusd §J9yPCKOT0 MerapuEia B npezeusax ImHo-
MoHr0A5CKOI0 CRANBKPACTOreHA NPOABMIECE CP&BHUTOABHe BAXe. Ha
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COOTBTCTBYyDmME Goarme# wacTeD QanM SeN6HHX CIaHNeB (apeaNBHE-
r0 DasBUTHA), XApAKTepMBymOmOilcA ZABIGHMAMA 3 3-4 KG, H IAEE _

B BocrowHolt wacTH, B [IpHaMypHe BCEPHBAINCH Golee IIyCdoKAe Ce-
weHNA, Z0 SMpUSOMMTOBOM dayuM BEIDUMTOABHO ( A 5-6 EG). I'my-
OMEHHE CEYeHMF, KAK yXe JYIOMHHANOCH, (GuAM 0CBAXOHH, HO-BAZHMO-
My, B NPMOKESHMYSCKOH W@CTH CHAIRKpACTOIeHa H B IpOZOIAX CH-
MB8KpaTOTeHa, _

HesasepueEE0CTH pasBuUTHA DxHe~MOHroABCROT0 CHSABKPaTOreHa,
88XaTOTD MeXJy G0Jee HAM MeHee CTAGKIbHEMM I8 I6OK DA TOEAMH,
npezonpezeakua, BePoATHD, cnenufMKy BCero faisHeimero passuTHA
8T0ll CTPyKTypH, 0THOCANMGHCH K HaMGOMBO SKTHBHHM B0BAM [leETpans-
HO~ABMETCKOI0 CEAEZYATOrD Nofca B oanxanwnne, KaZI60HCKO® H
BapucnMiiCKoe BpeMf.

O6macrTd HaMGoAee BHKTABHOr0 KPACTOIeHES8 B j Yy PCKOM MOIE [HK-
e CMECTHINCE 8 Npeziels THX00K6aHCKOID CKIAZ9ATAr0 NOsCA H
OKANIATA C BOCTOKAS CTECMIMBMPYy DmHiica ASMETCRMI MOIaKOHTHHS HT.

MoBEroazscEui#® mMeranguiegax (puc. 2, ¥ B X).
TeHZOELNWA K CMEmMGHKD KPaCTOI6HODB B CTOPOEy 0XeaHa 0Co0eHHD 0T-
9o TAMBO OPOABMIACH B MOEIOAECK0® BpPeMA. DoXee MEM MeHES THIONT
Ho BHpaxOHAuY IeCHHRAMHAABHHE DOXMM C OCHOBHHM BYIAKGHHBMOM
coxpauaacs 3 KxBo-MoEroascko# soHe (ocTaTovHNE CHaZBKpAcTOTeH).
Ha ocranpHoif TeppMTOPHM Bpa:nnu fopuUpeBANMCE I8 T)0PMEH HHE ,
OporeHHNe ¥ CyOTe0CHEKAMEANSEHE 0TNOXOHMA (B 9CTATOVENX MM
BNMEDaTOHEHX 160CHHKIMHANAX).

B orauwdie o® 3TOT0 Bo BEyTpeHHe R soHe THX00KeaHCROro Nnosca
HEBKA[IMBANNACH MOVEHO, CyNECTBOHH) TODPHIeRHHe C BYJAKAHUTaMH
0TI0XOHMA, JopMHpyNmEe rpaHMTe-THeHceRHM cxell, OTaeIBEHe GHEKH
6ro, BepOATHD, DCHAXEHH EA KamyaTke (KAMWATCRAS TOJNA) H B
fnoEuM (rHEeficH Xuaa M Ap.).

Opesla CEIaZW@THX CTPyKIyD B NpejeisX NaNeOMATEDMES OHIH
OTHOCHTONEHS HOTXIyOeKo#, 'e0CHEKIMHANHHNG XOMIASKCH, HCINT&BUHO
HeoZHopPoAHENR 86JeHoCHAHNeBRHM umeraMepfHsM, OHAIN FHBOJGHH BEa Oo-
BOPXHOCTH IMMB B NpeZeJAX DCTATOUHOre CHANBKpacToresa. Ha oc-
TanpHEofl TOPPHTODHE B0J6HOCAAENEBHHR MerTaMeDHEsM NPOABHICH B
0770 AFHHX HMBONMPOBAEHHX CTPyKTypax H HOpPeZKe B CHHBM C HHTDY sH-
fAMl, OTMEWEOTCH NOKAILHDO NOBHNOHHEe MeTaMOPQHEMA A0 HMBEQTOM-
nepaTypHEX cyOfanHil KyMMEHTTOHAT-a8MQHCoZNTOBOM QaguE, uTe CRE-
BHBAETCH HOEOTOPDHMY MCCIeZ0BATOXAMH ¢ {OPMMDOBAEHEM B KeENE Me-
TAOMENA "TepMalBHHX Kymoaes".
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Boxee rayOoKe MeTaMop)usoBE&HHHe HNoszHeNpoTeposoiickue ToJmu
OHJM BHBOSHW HA MOBODXHOCTH, BOPOATHO, B DxHOoM [IpuMopse (Zo
HH3KOTOMNOPATYPHHX cyopanuil fanuM KyMMHMEITOHMTOBHX aMPudoim-
ToR). Ho ocoGeHHO moXHo AecTpyKTHBEAA QanMa NPOABMIACE B npe-
IeN8X KpacToreHoB. CyZa OO0 MUHG DANBHHM 8CCOLMANWAM JDEBHEX
THOtcoR finoHMM M KaMyaTHM, yX6 B NpeACHXAypuitcKoe BpeMs TaM
OuaM 0CHSXGHH NOPOZH, MeTAMOD)HB0BAHHHG B BHCOKO0TOMIEpATyPHHX
cyffanuax GanMM aIpMAHZMHOBHX aMfudoamToB. 376CH QMECHpPyDTCH
NepepHB B COAMMOHTANHE M cyOnuardopMeHHEHe yCIHOBMA B DaHHOM na-
60806, 0THEWNONHE AGCTPYKTHBHO#f CTafMM MOHrOIECKOIS Mera-
muema. Ha ocransHoit TeppATopHM OPHCA N0BZHENPOTS PoBeHCEKHMe ToJ-
@ CIATADT ero rpaHHTo-rHelicoBee ocHoBaHWe (PojHMKOB, PojHMEO-
B8, 1974)0

JlansEeftmas SBOANGMA OPONECCOB DOTMOHANBHOrO MeTaMopfusma
Ouna croxHO# ¥ gauTensHo#i. B cpezHeM mazeospe H, BOBMOXHO,
M680806 BJ6CH BOBHHKAIM CDPABHHTENBHO y8KHe riayKodaH-seleHO-
CIAHNOBHE N0ACA, CBABAHHENE C (ODMMDOBAEMEM yBKMX NOBHHX mpo-
rU6oB, HamGolee nosAHMM OHJI MOTAMODPMSM AHNAILY3HT-CHLIAMAHATO-
Boit panuansHOR cepHM ¢ TPAHMTOMZHHM MATMATHBMOM, KOTOPH HA-
EIAZHBAGTCA MOCTAMM KHAHMT-CHANMMA HITOBHO M raayKodaH-

86 IOHOCAAHNOBHE MOTAMPPH W CKHE BOHH M 00pasyeT CAMOCTOATOIE~
HHe nosca (Mapaxywes M AP., I97I). C repgMHECKEM 9TamoM CBgsa-
H0, BMZMMG, JopMHpUBaEHEe IMHBOBHZHO BaI6rammiX yWCTEOE "rpa-
HEMTHOTrO"™ CHOR C NMOHMXOHHHMM CKODOCTAMM COMCMHY CEMX BOIH, JT0T
perdoH NpeACcTaBAA6T ocoOult MHETEepec B cCBABM C TOM, YTO CojA-
MeHTAOHA CpejHe-BepXHenaleosoHCRAX M HUXHOMEBOBOHCEMX TOMN,
pasieAeHHNX MHOI'0 YMCAG HHHMM yTAOBHMA HOCOTAACHAME M MOPOpPH-
BaMM, OTPAXAOT, BODOATHO, APCTPyKTHBHYD CTAAHD MOETOJACKOIO0
MOTEOHMENA # XapaKTepHsyeT OPONOCCH MeTaMopdusua, CBABEHEHE C
reOCMHKAMHANEEHME OEKZAMH, MoxHO moIaraTs, 9T0 3TH NPONECCH He
pacnpecTpaHANMCSs HA BCD T6PDHTODHD THX00KeaHCKOrD CRESWETOrD
nefica M IOEKAIMBYDTCA B ChenMduwecKEX NOrpAHMYHEX CTpy KTy pax,
B 76 WHHO JNANTONHHOI® BPOMOHM BHCTyNABNHX B EAYOCTHEE EOp—
ARIB6D.

Be sHemHeRl 3oHe THX0OKOAaHCKeI'? HOSCE& HA ZPCTPYRTHBHGR cra-
JHH OHXM, BOPOATH®, BCEDHTH HAMO0I6e IAyCMEHHS rDAEyAHTOBHS
KOMOASKCH,

THXo0KeaHCEKENR MerapgHEX HIWIACA Cpam-
HEETOJBH0 HOZABHO (C MeIA) M 0BHEAMOHOBANCA IAyOOKNM MOrDyZeHHEM
0K68HEYSCKOr9 rpaEyIT-0a8HTOBOr's ClIos Bo BEemHeN soHe mesca.
TpaECcrpeccis pacOnpocTpaEHAACH TAKXe®  HA BHyTDOHEDD BOHy M
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YaCTHYHE® BA Coxse JpeBENe cTpyRTyps (CHEe-Kepeilcras namra).
KamuwarcEo-fil0HCEAR 0CTPOBHAS JAyI'a HPOZOIXANE MIPaTs PoXs Kep-
AMABODH, pasae AApmel GacceliEW ¢ NpedMymeCTBOHHE TOpPPHTeHHOM
cezNMeETANMER HA BOCTOKE M BYyAKEHOreEHO-TOPDHICHHOW HE 880879 .

‘BAoXs 80HH PaBIOMOB, 0TZOIABNMX ONYMOHEN® M NPHOOAHATHe yWCI-

EM KOHTMEOH?8, BOBHME YyKoTcRo-HaTasHaTCRUll ByIKAHWTIECKAH

Oesc., B npejemax maTepUKA AKTMBMBALMA CONPOBOXZaRachr HopmEposa-
HEeM HOBOTO fAipyca CTPyKTyp "zuBa™ ¥ 0OMMPHHX NOACOB DOrMOHEIB—
HOTO OMONOXOHME MBOTONHHX JATUDPOBOK, HAHGONe® TPAHMOBHHM M8 Ko-
TOPHX gBAfeTCHA Jixyraxype-CraHoBolff moAc, mpoTsTMBADEMiicA 0T
Baitzaza zo Tuxore oxeana, mHPHHOM Goxee 300 XM, C STHM X6 NUE-
IoM CBgeaHo QopuHpoBaEHe CTpPyKETyp BaflReiascKoro pl(bra H HWBIMAHME
MO ZHX CA838ALTOBHX NOKDOBOB.

- S s -
NlepexeAs K 00CyXZ6 HMD DPoByIBTATOB, HYyXHO NOZYEDKHYTH CAGAYNOUME
N0N0KOEHA.

I. lpogeccH KpacToreHs3a BHCTYNANT B KA JSCTBEO BOAYNEX B
SBOMOAM 3eMEM HA Tre0IOrHYecKoll cTazuM 66 DasBUTMA, OHM ABIADT-
CA HaNpaBJOHHEMM, NpePHBUCTO-HONPODHBHHMH M DABIMUHEM 0GDEB0M
NpPORBAADTCA B DASHOBOBPACTHHX Ie00N0KAX S6MHOR KOpH.

2. [lepUOZMIEOCTS NPOIBCCOB KPAaCTOreEesa8 BHPAKOEHA IMKJAMM
pasHere nopsaka: 0,8-0,I man. ner, 0,32-0,35 mapa. zer, 0,16~
0,I75 mapa. zer, 0,024~0,030 MapZA. 78T ¥ Goxee MeIKEMH. Hax-
ZOMy OOPAJAKY LHUKIOB COOTBOTCTBYDT ONDPAAON6HHOrD MacmrTada 4 sHA-
QWMOCTH CTPYKTyDH 86MHOM KOpH M KeMIZeKCH 0cCAj09YHHMX, O0CAA0YHO-
BYIESHOTOHHNX M MATMATHYECKHX 06pasoBaBuil.

[egaaM I NOpAAKE COOTBOTCTBYNT KPaCTOIGHH, OP6JCTABIAADMUO
codoit 97eMBHTADHHE TOO0GIOKM BS6MHON KODH BECEME ANMTARHOTI'0 8BTO-
HOMHOTO DasBMTHA. B KaxjieM U8 ROTANUKA0S OHM BHCTyNEWT B K& Y8 CT-
BO CTpyKTypHO-JopMANUOEHENX MDACOB KDACTOTeHes88 M ABAANTCA No-
CI670B8TEARHD TAIACCOKPaTOHAMM (?), CHMAKDECTOreHAMH, CHMAKDATOHA-
MM, CHAIBKDACTOTOHAMM M CHaNBKDATOHAMM,

ConpAxeHHO® DABBMTME MEraGloKDB, C 0TCTABAHWEM Kaxjoro Golee
MOZOZOT'0 M8 HAX HA OJMH Meranuka, o0yCloBAKBaeT, C DZHe# CTOPOHH,
COXpaHeHHE 00me#l NpeeMCTBEHHOCTM B OpPUeHTUPOBKE METaCIOKOB M
UX BHyTDeHHMX CTPyKTyp, & ¢ ApyToit - mocaesoBaTeNEHES paspac-
rague marepuxos (Heemos, I968). [lofBieHMe NPUHLANMEABHO HOBHX
DPHEHTUPOBOK MEralZ0K03 0TB6YA6T NEPHOAAM CDE8CTAHMF M 0GBeH-
HeHAs odmacrell pAHHeN KOHCOMMJSOME B OAME:{ MOraKOHTMHEHT ¥ CME-
NEHAA KPACTOTeHOB HA HMX mepHUfepun.
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[urgman I A I nopsAKoB COOTBOTCTBYNT CTPYRTyPH 86MHON KOpH MOHE=
mero Macurads M rAyCuUHd BAN0OEEEMA. DT0 TFOOCHHKIMBEANBEHG M CHJIAZW®@-—
THO MN0ACE M CHCTOMH C MX CTPyKTypHO-(PanuaAGHHMH BOHEMH H CTAZMAMM
pasBUTHA.

3. QopuupoBaHHe 8pexoil BeMHO! KopH KOHTHHEHTAIBLHOI'D TMME #BAA-
8TCA CHEACTBHEM JByX METAOUEIOR DASBMTHA - CUMEBKDACTOIeHHOTO M
CHANEEPACTOr6HHOID., JI6CTDYKTHBHHE CTAJZMM 3THX MOTGOUEIOR MMENT B
Nponecce CTAHOBIGHMA ¥ KOHCOIMZAIHM CTDYKTYyD MaTE PUK0BOH KepH He
M6HEMOE BHAWSHWME, UM KOHCTDyKTABHHe, TaK, €CHM CyMMmapHO® Norpyxe-
HE® B nonctpy:ﬂ'nn]n CTAZND CyMOCTDHe HHO NDPUBHMAGT CyMMEPHEe H0ZHA-
THe Te00UOK0B B ASCTPYKTUBHYD CTAZED, T0 BOSHHKEDT CTDYETy[H Hesa-
BEPNEEHOTD Pa8BHUTHa (O0CTATOYHH® CHANb~ M CHMAKDACTOI®HH), BHOTYyNaD—
m¥e B NOCAGXKYONMX MOraQMKIAX B K8Y9CTHEE 0C0O0 AKTHBHHX BHYTpEMATE-
PEKOBHX o0zacTell CepUMeHTANMM, ByJRGHMBMA M MATMATHBMA.

4, llnromame reoGNOKOB, OTBeYADIMX HA WA ABHHM CTAAMAM CHMAKDSCTOIe HAa
B N9pH0Z "BCOANBAHMA" KpacToreHoB M (OpMMpPOBAHME KpPaTOHOB, CymecT -
BOHHD OPeBHNAKT NAOMAZM S8KTUBHO HoJEMMADWMXCH Ieo0IoKoB (DAC,

2, YI-X), uTo yKABHBAET HA (AN8HC BOMOCTBE B [PONECCEX KpaCTOreHs-
83, 78X6 C yUBTOM BAXEOHmeN poaM SHAOIrEHHOTO BYIK8HM W CKOI'0 MaTE-
puana » cHMaKpacToreHax, C aTux nosenui BHemHEWD 80HY THX00XeaHCKoH
CKJazweToft 06IacCTH B COBPEeMEHHOM THX0CKOAHCKOM [MEI6 CI6AYy 6T pac-
CMATDHBATE B K8YOCTBO CHMAKDATOHA C TPafyAMT0-C88MTOBHM CI06M SHAD-
reHHO=-3KBOI'@HHOT0 NPOMCXORAGHHMA, 8 BHyTDOHHDD BOHEYy — B KaueCIRe

Mare puKoBOfl CTPYKTypH - nepufepMYBCKOT0 CHAIBKPATOHA ¢ CYGreOCHHR M-
HANEHHM DO XMMOM. DTO X0DomO yBABHBEGTCA C HOBHMM JIGHHHMM 0 I'eTepo-
TeHHOCTH CTPOGHMF M AAMTONLHOCTH SBOADOUH "oKeaHHwCKoU" KopH B
axksaTopusax TUXoro M Apyrux oxeaHoB ([lefipe, CumMume, I950; CoxoBresa,
1975; CTpyKTyPAs.., 1974).

5. B orMuwde 0T j@HEpPOBOMCKUX M ZOKEMGDHAUCKAX K 0 M I I 6 K =
C 0B O0THOCHTOAHHO MAJOINyOMHHOr0 SANOR6HHA M HeCoasmolf AAMTEldE~
HOCTH (OPMMDOBAHHA, M € "8 K 0 M I I @ K C H, CIATENNME MOTAMOD-
(fMyecKoe OCHOBSEMG KpaCTOIeHOB, NpPOACTABIANT cofolt rayOuUHHHEe CI0H
BOMHO/ KODH, BHBEJIOHHHO HA NOBEPXHOCTH. [l6pBOHAUANBEyD IAyOMHY sa-
JeraHAA HTHX CA06B MOEHD NpUOIMXOHHD ouyeHHT: mo PT ycaomdaM o6pa-
80BAHHA MHHODANBHHX IADaTeHE3HCOB, CNGZyeT yWITHBATH HDH DTOM,

YT0 NA0THOCTHHE M CKopocTHHO ( U]o ) XApaKTepMCTUEH MOTEKOMIO~
NI6KCOB, ONPOAGJAGHENS® B NPUNOBOPXHOCTHHX JCIOBMAX, CYWECTBEHHD

0TIHYANTCA 0T TOX, KOTODHO OHM MMeIM B nepvoZ HopuMHpOBEHMA MMHe—
PaIBHHX D8 PAr6@HEBMCOB BA rayouEs. CeBPoMEHHHS HCCIS I0BAHMUA KaMe-
HOHHMA CKOpoCTe# CelicCMAYeCKAX BONH B MOTaMOD)H UeCKMX NOpPEZaX NOpH
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BHCOKMX JIBBIGHMAX M TeMneparypax (Boxnapesuu, I964; Tanaur, IS7I;
Jyro, 1974) nosBolADT OOAOKTH K BOCCTAHOBMGHAD N6PBOHA W IBHHX
CKOPOCTHHX X8PaKTEPHCTHK MOTAKOMINGKCOB M TOM CAMHM K yTOYHGHHAD
HMX nepBOHA YAABHOH NpMHAZASXHOCTH K COOTBOTCTEYDMAM CIDAM B6MHOH
KopH (peKPHCTDYKLNUf CTPOeHHH BeMHOM KopH mpouiero).

o 9BOJIDOUM MMHEDAIFHHX NAPATEHEBMCOB B NOJMMETAMODGUUSCKAX
MOTaKOMNIGKCAX MOX6T OHTH NPOCH6XeHA CIOXHAA H AAMTE IbHAR MCTO-
DHf BEDTUKAIHHHX ZBMEOHM{ MeraGIoKOB HA DaBHHX CTAZMAX MX pag-
BuTHA, lZeansnas wmeTaMopduveckas konoEka (Heemom, IS72), orpaxapmas
TEPMOZMEAMM YBCKYD PACCI0GHHOCTE TOET0HOCHEpPH, HMMEGT B KPaCTOTIoHAX
BO PXHOD rpaHANy fanuyM BeNEHHX ClaHNeB Ha rayduse I0-I2 kM (3-3,5 KG),
Ganuu smuzerTonsx aupucomiros - I5-I7 kM (4-4,5 KO), &ABMAHAME-
auduéomuTopodl fanum - I7-22 kM (5-6 KO), TpaHyauToBo#t - 35-40 KM
(I0~II kK6) W sEkzoruTosoil (GecniarmokissoBoft) ~» 65 KM (IB KO).
CpaBHATOIHHED OZHOPOZHHH peruosansHENil MeTaMopPMsM METAROMINEKCOB
o0ycaoBI6H, C oAHOM CTODOHM, IiyOoKOoA ¥ ZpCTATOYHO OZHOPOZHOM MX
sposueii, 8 ¢ Zpyroif - cymeCTBEHHO MeHBNOY mo CPABHOEMD C MONHOCTED
"auduGomMToB0TO" M "rpaHyAMTOBOrO" CA0EB AMNIWTYZ0H BepTHUKAIEHEHX
ZABUEEHE} B MocHSZyDmMUe Ie 0CHEKIWEAJBHHE MIA 0DOTGHHHE BTANH pasBd-
TMA., MeTaMopddw CKAA 30HAIBHOCTL OTMEUAETCA B TEX MOIEKOMIIGKCAX,
TIyOMEE SPOBMM KOTODHX COBNAZA6T C IDAHMuEMA ganuli Wm cyodamuit.
Bozee 4aCTo ST0 POGUMSYy 6TCH NpY QopMMDOBAHWM KOMOJABKCOB MEHE® Iiy-
60KOI'0 BaI0X6HUA, B DTMX CIywWAX Z0CTATOYHO OTYETAMED NPOABIARNTCA
W 8HOMBJMM TENIOBOTD NOTOKA, CBASAHHHe C TOKTOHO-IJyTOEMYSCKUAMA
nponeccaM mukaos I ¥ Il nopAZKOB.

B nezoM xe SBOJDNAA MOTAMODOHYSCKMX N0ACOB HepasPHBHO CBABaHER
¢ sBoupOuel KpacToreHos. B KaxjoM reoClIoKe OO0 Mepe ero craduiausa-
UM cTeneHs weTaMopdusma nopop nazaer (Heemom, I97I). CymeCTEEH-
Hoe NOHHE@EME CTeNeHM MeTaMopfmsua HS CHANBKDACTOIGHHON CTAgUM
" XapaRTepHO JMEE ZJA BHY TPUME8TEPMKOBHX reo0JO0K0B C HO38BEDNEHHHM
pasBuTHeM (Hanpuuep, DxHE-MOHEI0ALCKAR B0HE B JYypCKDE BpeM#).

B npHoKeaHWY8CKHX KDACTOreHSX HA Z6CTPy KTHUBHHX CTAZMAX 9y PCKOTD

¥ MOHTOZECKOI'O METayMKI0B OWIM BCKDHTH, BePOATHD, HaUG0MBe IAySuH-
HHE CEeUeHHAs 36MHOY KOpH., HeT 0CHOBQHMII MoSTOMy I'OBOPHUTE D CymECT-
BOHHOR SBOJANGMA I'eTEPMMYOCKOrD IpajiMeHTa AJMA 36MIAM B LENOM BO
BPOMEHH,

6. [lpeacTanieEne 0 eUHOM M@XAHASMe M 00mMMX 848 K0oHOMEDPHocTAX (op-
MMpOBaHMA S0MHO RODH 0T apxXes A0 HAmMMX ZHe#k He ACKIpDYaeT, &, Ha-
060p0T, OTKPHBAST MMDOKAe BOBMOEKHOCTH BHABIOHMA 2BOJDLAM EpacTore-
H688 B0 BpemeHM. OfHMM WB SPKAX BHPaxeHM{ SBOINDOMM HBAADTCA METa—

CTa0MIBHHG (C HE 3986 DUGHHHM DAasSBUTHOM) Te00N0KM, BOBHMKNKE B 3H0Xy
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cpacT@HMA APOBHMX AZ6P B KPyNHH® MOTAKOHTMHOHTH, OHH X8paKTepHsyDT-
cA crnenudu YoCKHMA TOKTOHMYOCKHM DOXHMOM M QopMamMsMd, I108B0J DREME
NpoBOAMTE YOTKYD I'PAHS MOXJY NOHTDE IHOAB8HATCKMM M THXOOKOGHCKHM
THNAME DaSBUTHA BS6MHOM KoDH HS WHAA C yYypPCKore MerauExza, docaezo-
BATONBHAA CTACHIMBAIMA ZPOBHUX AJI6D) MATODHKOB HPUDEIA K BOBMORHOCTH
COXPAHOHAR B HX npezexax nnardopMeHHHX 0TAOXOHHHE HA WHAH C y Yy PCRo~
T'0 MOTanéRiIa,

Hezjo 0TMOTHTH, WO COCTEBIGHWO® TOKTOHMYOCKMX KapPT, 0TPARADEMX
BpeMag (QopumMpoBAHHE CHMA- M CHAIBEKDACTOIOHOB, T.0, CTAJMHE SBOADOHN
M CTPOGEHMA B6MHO{ KODH, N0830AMT yTOWHETH COOTHONOHMA EPACTOrens s
C Ie0CHMEEIMHEANLHHME OPONECCAME M paspafeTaTs OoXee APoGHYD Eyaccafu-
KAOQUD rIaBHOMNMX IOOCHHEKIMHSNBHHX CTPYETYpP M Qdopwanuit. HETEpecHHE
pesyAsTaTH B STOM HANPaBNGHHM OHaM moxyveEd M.B.Myparomam (I971)

M ZIPyTHME MCCHGZ0BE T IAMH,

7. [lpepaaraeMas MoA6Xb CTPOGHMA M HBOJDIMH KOHTHHOHTER HaHO0Xee
O0IED BHABAAGT CONOJWMHOHHOCTH Ie0AeIM W CKHEX CTPyKTyp M Openecces
pasHOr0 00 MacmTataM M AAMTOABHOCTM HODAAKA, DTA MeA0As He OPOTMBO~
pewuT npe;jCcTABNGHEAM 0 ZBOHCTBOHHY NPHPOZ6 CeUCMMYSCKAX I'DAHHI 36M-—
HOMt KOpH M BepXHef#t MAHTHM, KoTODHe B OZHMX CXy T8AX 0TPARADT Dasili-
TS B COCTABe BOWOCTBA, & B APYyIMX - HANOESHHHE HEeAHOPOAHOCTH,
CBAS8HHHE C (a80BHMM nePeXoJa MM, C orolf moBHNME MORED, HO—BHZHUMONY,
DOACHTH K MCCZ@I0BAHHD NANEDTHMNOB BOMHOM KopH H K BHARISHAD TIy-
OMHHHX NpoONecCOB, ONPeZ6AADEMX (MBHUSCKHe XADAKTeDHCTUKH CI06B 86 M-
Holi KopH H8 pABHHX CTAJMAX 66 DABBMTHA, DBoubike aMOIATYZH BE PTH-
KAIBHHX JBUEGHAR MOryT ONpPeZONATHh MHOTHe 0COCGHHOCETM KDAGBHX B0H
KoH?UBOHTOS (QopmuposaHme 30H BoHpufa, TpaHCHOPMHHX DABIOMOBE,
OCTDOBHNX ZyT ® T.N,) 068 NPUBIO WGHMA NPEZCTAaBAGHHMA 0 MaTODHEOBOM
zpeiije. [ocaezHMe B NpPUHOANe OPOTHBOPewAT HAGIDZaeMofl TecHolf Bsal-
MOCBABH A naaunnnﬁycnuxnean&cu 00166 MOMOZHX CTDyKTyD M IMEIOE
pasBMTHA C G0Xee ZPeBHMMHA. A moZoGHAA BBAMMOCBASE DTMEUR6TCA HA
npoTAXEHUM BCelt reomorMueckolfft WcTepum (puc. 2).

B To xe BpeMg NOKA He COBCOM fCEH ABMXyI@ CHJN H MOXQHABM 00-
pasoBaHNA KpPacTOreHOB M EPATOHOB M KOpPPeNATMBHHO &CTDO{HM3MYSCEHE
npogeccH, C KOTOPHMH MOXHO CBFSATH M6 T8 [MKIH.

8. OOmas nepMeAMsanda reo0AordyecKolf MCTODMM BeMIM MOXET OHTH
N0CTPOGHA TOABKO HA WMCTOPHMKO-TO0ABIMYSCKAX ZAHHHX, 07 KPeNAeHHHX
HBOTONHHMM AGTHDOBKAMH, B ©TOM 0THONO HHM S5BOIROHS MATEDHKOBHX
CTDYKTYD, UDOCHEXMBAUNAACH HONDOPHEHO HAYHHAS C PAHHOT'O ApX0A
npezcTaBAAST 0COCGHY METEpec, Tak, HaWGonee KpyIENe BTANH Epacrore-
HE338 - METAOUEMH M COOTBEETCTBYOMMe HM M6 I8 KOMOA6KCH MOryT paccMar-
PMBATHECA B KaYeCTBE J0HOB M BO0HOTOM,D0HH BHAGAANTCA JAA BCEX NEpHO-
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A0B, EMONT puMTeABHOCTH 0,8-I,0 MApZ. NeT, rpaHMNH MX yKASaHH HA
puc. I. Boxee zpoGHoe AeneHMe, 0TBe w@nmee uukmam [I (320-350 MaH.
ner), Il (I60-I80 muH, 16T) 4 GoiBE BHCOKAX NOPAZKUB, BOBMOXHOD
cefiuac TOABKO ZAA OTAOXGHMH, (HOPMUDYDNMXCA BA CHANBKDA TOHAX MM
B NpeeJax KPaCTOreEOB B /I8CTPYyKTUBHYN CTAZMND DEBBMUTHA MOCJI6ZHUX
(r.8. B CIPyKTypax OTHOCHTEABHD HOIIyGOKOID SaI0XEEHA). B cHaNs-
KPAcT OréHHHX ¥ CHMAKDACTOTOHHHX MOraKOMNIeKCaX JaTWPOBEHME DT7E Jb-
HHX CTpaTMrpaduuecKMx mozpaspedeHMit ceMuyac BeceMa CHORHO. BT0 00y-
CHOBAGHO HEOAHOKDATHHMM NDOABIGHMAMM B MODOJAX STHX MOTI&KOMIIEKCOB
Aedopuanuit ¥ Mx rayGoHMM MeTaMoppusMOM. OZHOM M8 MOMHTOK B DTOM Ha-
npaBleHMM ABIAETCHA BHjeJeHWe joMeTaMoppuuecKuUX HecoIriacuii, pasze-
IAONMX KOMOASKCH PASAMUHOTO fopMai#oHHOTD COCTABA, HA OCHOBE CNe-
OMAaABENX CTPyKTypHuX (Jiyk 4 2p., I975), auToaoro-(opManHoHHHX M
APyTEX MOTOZOB, paspadoTKa KOTODHX ©m@ TOJIBKO HE&WUMHAGTCH.
[IpexMymecTs0 HpeAZaraeMoil MepHOAMB3EMHE SAKINYAETCA B TOM, YTO
Alf BCOr'D OTPOMHOID MHTEPBAJZa BPEMEHM B Hell BHZepEAHA eMHAA TaK-
COHOMOTDHWCKAR WMEAJA pOTrdoHANBHRX CTpaTHrpadMuecKMX M IeoXpoHoIo-
THYECKMX OOApaBA6leHMA. [[o00HEsA WKAJA HeoGXoZWME OpM TEKTOHHUBCKMUX,
naJeoTeKTOHMYECKAX W ZAPYyTMX DOKOHCTPyKuMAX. [6pexoz 0T DErMOHAIBHHX
cTpaTUTrpadu yeCKMX WKEN C MOCTHHMM HEMMOHOBAHMFMM CTpATMUTDAJM YeCKUX
nozpaszeeEMi ¥ OuEAes (puc. I) K oOmMM WKAIAM Oy78 T BOBMOXGH TOJNE~
K0 nocae paspaGeTKH PerMoHAJALHHX WKAX ANA APYyTHX DOTHOHOB HE e7iMHOH
0CHDBO® M MX HaZiexHo#f TeASK0PPEIALMM.
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P r c. I. Cxema 2B0oIwuHH reoCaokes Oro-Bocroudol Cudupu, Jlaae—-
Hero BocToka M NPUASTEDEUX TepPpUTOpPMit
I - CHMAKDACTOIOHH; 2 - CHAJNBKDACTOI6HH; 3 = 0CTATOYHHE
CHANBKPACTOTOHH; 4 = CHANBKPATOHH C I 0CHHKNMHANBHHMU () ¥ me-
PexoZHEMM K oporeHHHM (O) QopMamusMM; 5 - CHBABKPATOHH C DPOTeH-
HEME (a) ¥ na8TdopumeHEHMM (C) QopuamMami; 6 ~ NEPePHBH, CODTRET-
CTByDNMe IIABHHM BO0XaM "BCNAHMBAHMA™ M NIAHANMM I'6 0GA0KDB, X&PaK-
TOPMBYDUMXCA: 8)BABEPWEHHHM MOIGNUENOM DasBUTHs, () HOBABEPWOHHNM
MOT8IMEIOM DABBETHA, B) MepepHBAMM 063 riyOokoll zeHyjzauMu BeMHOH
KOpH; 7 - ONpeAnoNOXMTENFHHE BOBPACTHHe DyGexd IIABHSHMMX BHOX
CHEIAZYATOCTM, PBTUOHANBHOTD METAMODfUBMA M KOHCOMMZALMM BOMHON Ko-—
PH reo6A0K0B; 8 - BTODOCTONOHHH® HOCOTJIACHA: &) CTparTMrpapuveckue,
6) yr;fome; 9 - riaBHelimMe BOBSpPaCTHHE py(exM, 0THO YARWME B8B6pP-
UADMEM CTAZMAM SHOX NJASHALMM M QOPMMDOBAHMA: 8) CHMAKPATOHOB,
6) cuanskpaToHos; I0 - XapaKTe pDHCTUKA YCAOBHM DErMoHANBHOI'D MeTa-
MODJMBME NMOPOA, BHBEZGHHHX B BNOXH NASHALMM DaBHMX NOPAZKOB Ha
‘N0BOPXHOCTH: @) "yOAoTHOHHHE", HeMeTaMopQUBOBAHHHE, 6) fayda se=
ZHOHHX CJHBHN6B, B) BOHAABHEH{ MeTaMopyueM &HZa Iy 8K T—CHIIMMEHATOB O
paguansHoil cepud (Goiabwell YACTHD BHE BOHH yARTPAMEOTEMODHASME);
r—n)uanr—cumnnunnaa panuansHes O@pUA: T') BHO BOHH yABTpaMeTa-
MopdksMa, 4) ¢ DEPOX0ZAMM K yArTpaMeTaMoppusMy, 6) BOHE yABTpa-
MeTaMopjusMa, X) rpaHyaMToBas QauMs HMBKMX ZaBASHME C mepexozaMy
K BHO®E®TEMIeparTypHHM cyOpauusu amducomuTosoll Gauguu, 8) rpany-
AHTOBAA fAnWa CPOZHMX M BHCOKMX JaBlAeHUEt.
KoMnmeKCH H MEraKoMINeKCH: HEEHEADXeMCKHe (AI)s i - WeHrp-

CEMlt, t-d] - TUMOTOHO-ZAXOATYyNMHECKMH, un - yHUPUHCKUH,

kr - KyPyABTHHCKMM, om -~ OMHUHCKMl, szw - 8BOpPEB-
CEHff, Kkl - EQIapCKuil, sm - CyTAMCKMN; ©g ~-uorapcKuil;
BOpPXHOADXEHCKHEE (Aa): ol - QNOKMHHCKME, br - GOpCaJMHCKUI,

bg ~- OaTOMICEKMil, st =— craHoBOll, gl = ruapoiicRuit, tg -
TAATHHCKH}, ur  ~ yPKAHCKMH, nk -~ HUKATKMHCKAN, mlh - M8J-
X8HCKAN, im - MMBHCKMM; HEUXEenpoTeposolickue ( PR, ): sb -
cyOraHckull, od -~ ONOHAMHCKMHA, wd - yAOKBHCKMA, ¢k = UyMUKaH-
CKult; mb - HOAb08YSHOKHH, bl - CHIAKWEHCKMH, djl - AEOATy—
I8KCEMH, wnd - YHAMHCKMU, ws - YCCypUHCKiM, +t - THeliCH
Tore-llens (Dro-Bocroumas MOHToZMg); CPeAHE - M BEPXHENPOTEPO-
soiickMe ( PRy, 4 ): kb - KeCBKTHHCKAA CBHTA, ug - YIyHCKHMil
KOMOZOKC, uja - YJAHCKAH CODHA, g¥ ., = YWpckas cepus, = -
Malickas cepus, uly =- ylckas cepus, s1© - CONOHLOBCKAEA CepHd,
ag =~ GU'HHCKHH x'aunnaxc. dr - Z8pxaTcKaf cepuf, kbr - KalapDuE-
CEMl KOMION6KC, pr = OPOXOPOBCKME KOMONGKC, klp =~ KOXMEHOBCKMi
KOMIONBKC, kmé - KaMuaTCKEN KoMnaexc, hd - rHeitcH Xuza M Ap.
(finoRua) 399
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IHEexskona, BBHOrmes (CCCP). drams ocam-

KOHAROILIGHER M KOPPeJAIHA HEXHETo NOReMOpEa CpemHeft Asui,..... 94
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A2 0o p-Mpp o (Ppamms). Crparurpabrueckas KODDENAIHEA IIO-

pon moxemépua (¢ BospacToM mpesHee 1,0 mipm. ser) Cesepo-
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pEft NOIBEXHHX 30H" - €ro IpONJIOe, HACTOAWEE H OYAYHEC.ss.ssss s 300
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Puc, 2. [laTe0TOKTOHMYECKUE U NANEOMETEMODINUSCKMAS CXSMH Boc-
ToyHO# CHOMpPH, JlansHeTo BoCTOKE ¥ NPUIETaRWUX TEPPUTOPUiL

I-y - NaleoTEKTOHMYECKYUE CXeMH JJIf MOTalnuKIoB: I - aIJaHCKo-
ro (Ag), I - craHoBoOTo (Ay), I - yzoxasckore ( PR 1), Iy -
J 4y PCKOTO (PR?_+3) Y - MoHTO;BCKOTD (R - I5)e

I - razaccokpaToHd (?); 2 ~ CLEMAKPaCTOIeHH; 3 - 0CTATOYHHE
CUMBKPACTOI6HH; 4 - CHEABKPACTOrSHH; 5 - 0CTATOYHHE CHaIBKpac-
TOreHH; 6 — CHAIBKPATOHH C TOKTOHM WCKHM DEXVMOM: 8) HE Z0Ky-
MEHTMPOBAHHHM 0CaZiKaMM, 063 PEruUOHANBHOTO MeTaMopdusma, 0) reo—
CHHK/IAHAABHHM ¥ CYOI'60CHHKIMHAIBHEM, B) OPOTGHHEM ¥ I6PEX0ZHHM
K DPOTEHHOMY, T') NAATPOPMEHHHM, C NOBHIGHHHMM MONHOCTAMM 0CEZ~
K0B, 7) nuaTdopMeHHHM; 7 - T'DaHAUH KPAacTOIeHoB X KpaTOHOB;
8 - rpaHANH y9ACTKOB KPaTOHOB C Dasii YHHM TEKTOHMUYSCKUM DPEXMMOM.

YI-X - raznecueTaMophuU4eCKUS CXEMH 7if SaBEpUAREAX STEM0B Me-
raguaes: JI - angaHckoro, JII - craseBoro, Yl - yZoKaHCKOIrg,
IX - ywypcKkoro, X = MPHTOAECKOI0., 9 =~ CTAGUIBHHE TaJACCOKPETOHH
(?), B KOTODHX 0CaZ0YHO-METaMOP)UUYECKHE KOMIIEKCH, BEDOATHO,
He Qopmuposamics; 10 - 06/BCTH CeZMMEHTANMM B NEPUOJ] BCHAHBAHUA
W NIBHEOUM KpaToHOB, C BO3MOXHHM NDOABIGHMEM DErMGHANIBHOTO
MeTaMopQu3Ma, CBASAHHOI'0 C HAUWAJBHHMA I'e 0CHHKIMHE IBHHMM LUKIGMM;

II - cTa0MABHNG yWCTKA CUAaIBKDATOHOB, B NPEASJNAX XOTOPHX Ha-—
J0KEGHEH! peTHOHAJNBHHI MeTaMopdusM He OHJ nposgBiaeH; I2-I6 -
Qanue pervoHal>HOT0 MeTaMoppusuas I2 - rpasyauTosas ganum: a)
BHCOKMX, §) yMepeHHHX, B) HUBKMX Z@BJ6HUU, I') Hepac WIeHeHHAH
rpaHymuTosas fanua; I3 - KMaHMT-CUANMMAHMTOBAA (8pnuanbHas cepus,
ampMaHZMH-aMPUO 0IMToBasA aguas a, 6)- B CH3IBKPACT 0TeHHHX 00—
pa30BaHMAX: &) B0HA yAbTpameTaMoppusua, 6) BHe B0HH yAbTpaMeTa-
MoppusMa; B, I)- B CHMAKPaCTOr6HHNX 00pa30BAHMAX: B) 30HA y i~
TpaMeTaMopdusMa, I') BHe B30HH yJbTpaMeTaMepduasua; ) SOHAABHNHA Me-
TaMopduaM (BHE B0HH yAbTpaMeraMopfusma); I4 - aHZAIysHT-KUQHAT=
CUIIMMAHNTOBES M 8HAANYSHT-CUANMMAHWTOBEA (QanualbHEHe CODUR (BHO
80HH yJABTpaMeTaMopPuaMa): 8) aHIANYSAT-KUGEMT-CUIIMMAHNTOBEA
(QanuanpHas CepusA; AHZAIY3UT-CHIIMMAHMTOBAs QanuanbHas CepUd,

6) KyMMMHEITOHUT~8ISMAHAUHORAs Qanus, B) BSOHANBHH{ MeTaMopdusu,
r) Qayda seneHHX CJAHNEB; IS5 - QaguanbHHe CepUM HeoNnpezAeJeHHOTY
JaBaeHua: 8) (fagus seJ6HHX CIHAHLEB 8peaJbHOTO PAacHpPOCTpa HOHMS,
6) 3o0HAIbBHH{l MeTamoppusMm Ao aMduCoauToBON Gagud; B, r)— danus
86J8HHX CI8HI6B, NPOABIGHHAA B OTZGJIBHHX CTDyKTypax nosca: B)

B HAJOXGHHHNY I'6 0CMHKJMHANBHHX, I') B [6POX0ZHHX X4 OPOTOHHHX KoMI-
neKcax; I6 - (fanug raayKo@aHoBHX CIAHLEB



F i g. 3. Sketch map of the Canadian Shield %o show some aspects
of the nature and distribution of major Aphebian fold belts

The area enclosed by the fine dashed line in the northern part
of the map shows the region studied by Jackson and Taylor (1972).
Symbols at left may be described as follows: 1 = platform sediment:
2 = miogeosynclinal rocks; 3 - eugeosynclinal rocks; 4 - aulacogen:
and other areas of accumulation of thick piles . of essentially
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F i g. 2. Sketch map to show the location of some of the tectonic
Provinces of the Canadian Shield and some of the major Aphebian

(early Proterozoic) fold belts
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B.F.Windley :
TAYERED IGNEOUS COMPLEXES IN ARCHAEAN HIGH-GRADE REGIONS

250

shallow water~sediments; 5 — other areas of preservation of Aphe~
bian supracrustal rocks; 6 = mio-and eugeosynclinal rocks in area
studied by Jackson and Taylor (1972); 7 - miogeosynclinal rocks of
‘ the Coronation Geosyncline; 8 — metamorphic balt of Coronation
Geosyncline; 9 - batholithic belt of Coronation Geosynclime; 10 -
cover rocks of Helikian age on Churchill orogen; 11 - limit of
Canadian Shield; 12 - primary transport direction; 13 -~ secondary

transport direction (from tectonic uplifts)
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Fig. 4., Map of part of the Scourian of the mainland of Scotland
showing the distribution of folded and fragmented ultrabasic-basic
complexes (after Davies, in press)
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